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ABSTRACT 
 
The present study focus on the hydroethanol extract which, unlike the aqueous 
extract, was obtained with a better yield and showed the diameters of the most 
important zones of inhibition against the bacteria of the groups Pseudomonas 
aeruginosa and Staphylococcus aureus at 100 mg/mL. The biological tests carried 
out on selective extracts obtained from the hydroethanol macerate showed better 
antibacterial profiles than the ethyl acetate fractions GB2.3 of Gossypium 
barbadense and n-butanolic MK2.4 from Microdesmis keayana against S. aureus 
and P. aeruginosa strains. The co-presence of flavonoids, coumarins and tannins 
was detected by qualitative analysis using TLC in the said fractions. The 
determination of the phenolic compounds, flavonoids and tannins thereof yielded 
respectively 16083.13 μgGAE/gDM; 33.65% and 16.46 μgCTE/mgDM for GB2.3 
against 8194.55 μgGAE/gDM; 6.71% and 41.78 μgCTE/mgDM for MK2.4. In the 
study of the antioxidant activity, percentages of inhibition of the DPPH radical 
comprised between 75.09 and 96.00% for GB2.3 and MK2.4, which approximate 
those of vitamin C. 
 
Key words: Gossypium barbadense, Microdesmis keayana, antibacterial activity, 
phenolic compound. 

 
 
INTRODUCTION 
 
Each antibiotic has a limited lifetime at the end of which the 
microorganisms develop resistances (Stephen, 2001; Xian-
Zhi, 2005). In Côte d’Ivoire and other countries in sub-
Saharan Africa, the emergence of bacteria and fungi is a 
public health problem, given their resistance to many 
conventional antibiotics (Benbachir et al., 2001; Kacou-
N’Douba et al., 2001; Akoua et al., 2004; Akinyemi et al., 
2005; Soro et al., 2010). Herbal remedies are therefore an 
alternative in primary care systems and therefore a 
promising avenue for the development of traditionally 
improved medicines. In order to find new molecules with 
antibacterial activities, a bio-guided phytochemical study 
was carried out on Gossypium barbadense (Malvaceae) and 
Microdesmis keayana (Pandaceae), two plants of the Ivorian 
flora used in the treatment of superinfection of shingles. 
The literature reports some studies (Catherine et al., 2003; 
Alexis et al., 2009; Eugene et al., 2012; Gbadamosi and 
Obogo, 2013) on these two vegetable species. However, the 
phytochemical and biological investigations on their  leaves 

remain very limited. This study therefore results in a bio-
active fraction with a chromatographic profile established 
for G. barbadense and M. keayana. 
 
 

MATERIALS AND METHODS  
 

Plant matrix 
 

The leaves of G. barbadense and M. keayana were harvested 
respectively at Cocody-Angré in the Autonomous District of 
Abidjan (South of Côte d’Ivoire 5 ° 20 '11' North 4 ° 01 '36' 
West) and at  Bongouanou in the Region of Moronou 
(Central-East of Côte d’Ivoire, 6 ° 38 '55' north 4 ° 11 '57' 
west). These organs were authenticated at the Centre 
National de Floristique (CNF) of the Félix Houphouët-
Boigny University (Abidjan-Cocody) from available 
herbaria. After cleaning, the plant matrix was dried for 3 
weeks under air conditioning at 20C and then reduced to 
powder with a grinder (Laboratory Blender®). 
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Bacterial strains 
 

Fourteen (14) bacterial strains, 12 of which were collected 
from patients' tissues comprising 6 of the Staphylococcus 
aureus (408C/14; 446C/14; 485C/14; 499C/14; 1000C/14 
and 1541C/ 14) resistant to methicillin (MRSA) with a 
cross-resistant to fluoroquinolone (RCFQ) and 6 others 
from the Pseudomonas aeruginosa group of codes 
(489C/11; 891C/11; 1060C/11; 1076C/11; 1780C/14 from 
1810C/11); resistant to carbapenems (PARC). S. aureus 
ATCC 25923 and P. aeruginosa ATCC 27853 were the 
reference strains used for quality control. All of these 
bacteria were obtained from the Unit of Antibiotics of 
Natural Substances and the Microorganisms' Surveillance 
against Infectious (ASSURMI) of the Department of 
Bacteriology and Virology of the Pasteur Institute of Côte 
d’Ivoire. 

The solvents and reagents employed were commercially 
purchased and were of analytical grade. 
 
 

Obtainment of macerates 
 

Aqueous maceration  
 

20 g of crushed leaves powder of each plant were 
macerated in 500 mL of water (H2O) for 24 h with permed 
stirring. After filtration under vacuum, the filtrates were 
concentrated with a rotary evaporator (BUCHI Waterbath 
B-480) and allowed to dry in a stove (50°C.) for 7 days to 
provide the dry extracts GB1 and MK1, respectively for G. 
barbadense and M. keayana. 
 
 

Ethanol  maceration 
 

100 g of crushed leaves powder of each plant were 
macerated in 1.2 L ethanol (EtOH) 80% (v/v) under 
permed stirring for 24 h. After filtration under vacuum, the 
filtrates were concentrated with a rotary evaporator 
(BUCHI Waterbath B-480) and then stored in the 
refrigerator (4C) for 48 h to decant the lipophilic 
constituents. After decantation and separation, the liquid 
fractions were again concentrated with the rotary 
evaporator at 50°C. and then allowed to dry for 3 days in an 
oven at 50°C to obtain the dry extracts GB2 and MK2, 
respectively for G. barbadense and M. keayana. 
 
 

Liquid-liquid fractionation 
 

20 g of GB2 and MK2 taken up in 300 mL of distilled H2O 
were successively exhausted with 3 × 100 mL of normal 
hexane (n-C6H14), chloroform (CHCl3), ethyl acetate (AcOEt) 
and normal butanol (n-BuOH) to provide the organic 
fractions (GB2.1 and MK2.1), respectively; (GB2.2 and 
MK2.2); (GB2.3 and MK2.3); (GB2.4 and MK2.4) and 
aqueous (GB2.5 and MK2.5). 

 
 
 
Antibacterial activity 
 
Sterility test 
 
The sterility test was carried out according to the method of 
Konan et al. (2013) taken up by Atsain et al. (2016). 
 
 
Preparation of the solutions  
 
One gram (1 g) of each organic dry extract (GB2.3, MK2.3, 
GB2.4, MK2.4) and aqueous (GB2.5, MK2.5) was dissolved 
in sterile distilled water (5 mL). 1 g of dry extract of GB2.1, 
MK2.1 and GB2.2, MK2.2 was previously solubilized in 0.5 
mL of DMSO and then taken up in sterile distilled water (4.5 
mL). Thus, 10 mother’s solutions of concentrations 200 
mg/mL were obtained, from which 10 daughter’s solutions 
of concentrations 100 mg/mL were prepared. The 
reference negative control is 0.5 mL of DMSO and 4.5 mL of 
sterile distilled water. 
 
 
Inoculum preparation for solid state tests 
 

Two colonies isolated from a 24-h bacterial culture were 
taken and emulsified in 2 mL of 85% (w/v) NaCl 
suspension. Then, their optical density was adjusted to 0.5 
Mac Farland. 1000 and 10 μL of this suspension 
respectively for the strains of S. aureus and those of P. 
aeruginosa were diluted in 10 mL of the physiological 
solution (0.9% of NaCl) that constituted the bacterial 
inoculum. 
 
 
Efficacy test 
 
This test was carried out using the solid-state diffusion 
method (Dosso and Faye-Kette, 2000; Koné et al., 2004; 
Atsain et al., 2016). The evaluation of the efficacy of the 
extracts was carried out according to Ponce et al. (2003). 
 
 
Preparation of the inoculum for liquid tests 
 

The inoculum was obtained according to the method used 
by Atsain et al. (2016). 
 
 
Determination of antibacterial parameters MBC, MIC, 
MBC / MIC 
 

The minimum bactericidal (MBC) and inhibitory (MIC) 
concentrations were determined according to the liquid 
dilution test (Koné et al., 2004; Konan et al., 2013; Atsain et 
al., 2016). The MBC / MIC report made it possible to specify 
the modality of action of the sample tested (Fauchere and 
Avril, 2002). 
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Figure 1: Yield of macerations. GB1; MK1: aqueous macerates of G. barbadense and M. keayana. GB2; MK2: 
hydroethanol macerates 80% of G. barbadense and M. keayana. 

 
 
 
Efficient extracts phytochemical study 
 
Qualitative test 
 
The phytochemical screening by TLC was carried out 
according to analytical procedures used in literature 
(Markham, 1982; Békro et al., 2007; N’Gaman, 2013). 
 
 
Quantitative test 
 
Determination of total phenols: The method of Singleton 
et al. (1999) taken up by Konan (2010) was used to 
quantify the phytophenols. 
 
Dosage of total flavonoids: The total flavonoid content 
was determined according to the method of Hariri et al. 
(1991) taken up by Kadja et al. (2011). 
 
Determination of condensed tannins: The determination 
of the condensed tannins was carried out according to the 
method of Broadhurst and Jones (1978) modified by 
Heilmer et al. (2006). 
 
 
Estimation of antioxidant activity 
 
The antioxidant activity was evaluated according to Blois 
(1958) taken up by Kadja et al. (2011). 
 
 
Statistical analysis 
 
The experiments were performed three times (n = 3). The 
statistical evaluation of the data acquired was carried out 
using the Excel 2007 software. 

RESULTS AND DISCUSSION 
 
Extraction yields 
 
Figure 1 shows the yields of the macerations. For each of 
the plants, the macerations with ethanol provide the best 
yields as compared with the macerations with water 
(Figure 1). These findings suggest a better relative hydro 
alcoholic extractability of phytoconstituants. 

The Figure 2 shows the yields obtained at the end of the 
liquid-liquid extractions from the hydro ethanolic 
macerates. 

The organic extracts GB2.1, GB2.2, GB2.3 and GB2.4 were 
obtained with yields ranging from 0.05 to 4.29%, whereas 
MK2.1, MK2.2, MK2.3 and MK2 .4 had significant yields 
ranging from 0.20 to 11.88%. It is therefore believed that 
the active principles of M. keayana exhibit a good profile of 
extractability by organic solvents. 
 
 
Extracts antibacterial power 
 
The tests carried out showed that the analyzed extracts did 
not contain germs. 
 
 
Efficiency of the extracts 
 
The efficiency of the extracts was demonstrated by the 
diffusion test in agar medium. The results obtained are 
summarized in Tables 1 and 2. Extracts GB2 and MK2 were 
more active than extracts GB1 and MK1. Indeed, at 100 
mg/mL, extracts GB1 and MK1 were inefficient against 
strains of P. aeruginosa. Besides, the bacteria 1060C/11, 
1780C/14 and 1810C/11 of the P. aeruginosa group 
exhibited  sensitivity  with  regard  to  the  extract MK2 with  
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Figure 2: Yield of liquid-liquid extractions. (GB2.1; MK2.1): hexanic extracts, (GB2.4; MK2.4): n-butanol extracts, 
(GB2.2; MK2.2): chloroformic extracts, (GB2.5; MK2.5): aqueous extracts, (GB2.3; MK2.3): ethyl acetate extracts. 

 
 
 

Table 1: Diameters of inhibition’s zones of P. aeruginosa by the aqueous and hydro ethanolic macerates and by the control (Tm). 
 

Bacteria codes 
Diameters of inhibition’s zones  (mm)  

GB1(100 mg/mL) GB2 (100 mg/mL) MK1 (100 mg/mL) MK2 (100 mg/mL) Tm 

489C/11 6±0.0 6±0.0 6±0.0 6±0.0 6±0.0 
891C/11 6±0.0 6±0.0 6±0.0 6±0.0 6±0.0 
1060C/11 6±0.0 6±0.0 6±0.0 12±0.6 6±0.0 
1076C/11 6±0.0 6±0.0 6±0.0 6±0.0 6±0.0 
1780C/14 6±0.0 6±0.0 6±0.0 11±0.8 6±0.0 
1810C/11 6±0.0 6±0.0 6±0.0 8.5±0.5 6±0.0 
ATCC27853 6±0.0 6±0.0 6±0.0 6±0.0 6±0.0 

 

GB1; MK1: Water macerates of G. barbadense and M. keayana; GB2; MK2: hydroethanolic macerates of G. barbadense and M. keayana. 

  
 
 
Table 2: Diameters of inhibition’s zones of S. aureus by the aqueous and hydro-ethanolic macerates and by the control (Tm). 
 

Bacteria  code 
Diameters of inhibition’s zones  (mm) 

GB1 (100 mg/mL) GB2 (100 mg/mL) MK1 (100 mg/mL) MK2 (100 mg/mL) Tm 

408C/14 13±0.5 15±0.5 6±0.0 10±0.6 6±0.0 

446C/14 6±0.0 22±0.8 6±0.0 6±0.0 6±0.0 

485C/14 14±1.0 16±0.8 6±0.0 11±0.5 6±0.0 

499C/14  6±0.5 10±0.8 6±0.0 12±0.5 6±0.0 

1000C/14 6±0.0 10±0.6 6±0.0 13±0.0 6±0.0 

1541C/14 6±0.0 12±0.5 6±0.0 10±0.6 6±0.0 

ATCC25923 9±0.8 10±0.6 6±0.0 6±0.0 6±0.0 
 

GB1; MK1: Water macerates of G. barbadense and M. keayana; GB2; MK2: hydroethanolic macerates of G. barbadense and M. keayana. 

 
 
 
diameters of zones of inhibition comprised between 8.5 ± 
0.5 and 12 ± 0.6 mm (Table 1). 

Similarly, the GB2 extract exhibited a better antibacterial 
activity (diameters of the zones of inhibition comprised 
between 10 ± 0.6 - 16 ± 0.8 mm) against all the bacteria of 
the S. aureus group, unlike the extract GB1 (Table 2). 

As for extracts from M. keayana, MK1 exhibited 
insensitivity (diameters of zones of inhibition of less than 8 
mm)  with  respect  to  S. aureus bacteria, whereas the latter 

were inhibited by MK2 with diameters of inhibition 
between 10 ± 0.6 and 13 ± 0.0 mm, except strains 446C/14 
and ATCC25923. Bacterial superinfection is mainly caused 
by bacterial strains S. aureus and Streptococcus pyogenes. In 
conclusion, the results of the pharmacological 
investigations carried out in this study show, in general, a 
certain activity of the plant extracts tested against S. aureus.  
Thus, it is obvious to state that the use of G. barbadense and 
M.   keayana     in     the    traditional    treatment      of      skin  
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Table 3: Diameters of inhibition’s zones of P. aeruginosa by the selective extracts (100 mg/mL) and the control (Tm). 
 

Bacteria 
codes 

Diameters of inhibition’s zones  (mm) 

GB2.1 GB2.2 GB2.3 GB2.4 GB2.5  MK2.1 MK2.2 MK2.3 MK2.4 MK2.5 Tm 

489C/11 6±0.0 6±0.0 9±0.5 10±0.6 8±0.8  6±0.0 6±0.0 6±0.0 11±1.0 6±0.0 6 0.0 

891C/11 6±0.0 6±0.0 12±0.6 11±0.5 6±0.0  6±0.0 6±0.0 10±1.0 13±1.0 6±0.0 6 0.0 

1060C/11 6±0.0 6±0.0 10±0.8 10±0.5 9±0.8  6±0.0 9±0.5 14.5±1.0 19±0.6 9±0.5 6 0.0 

1076C/11 6±0.0 6±0.0 10±0.6 9±0.5 6±0.0  6±0.0 6±0.0 6±0.0 18±0.8 6±0.0 6 0.0 

1780C/14 6±0.0 6±0.0 10±0.6 10±0.5 6±0.0  6±0.0 9±0.5 6±0.0 15±0.0 6±0.0 6 0.0 

1810C/11 6±0.0 6±0.0 9±0.8 6±0.0 6±0.0  6±0.0 6±0.0 11±0.6 16±0.8 11.5±0.8 6 0.0 

ATCC27853 6±0.0 6±0.0 9±0.6 8±0.6 6±0.0  6±0.0 6±0.0 7±0.0 10±0.0 6±0.0 6±0.0 
 

GB2.1; MK2.1: hexane fractions; GB2.2; MK2.2: chloroform fractions; GB2.3; MK2.3: ethyl acetate fractions; GB2.4; MK2.4: n-butanol fractions; GB2.5; MK2.5: 
aqueous fractions. 

 
 
 
Table 4: Diameters of the Staphylococcus aureus inhibition zones by selective extracts at (100 mg/mL) and by the control (Tm). 
 

Bacteria 
codes 

Diameters of inhibition’s zones  (mm)  

GB2.1 GB2.2 GB2.3 GB2.4 GB2.4  MK2.1 MK2.2 MK2.3 MK2.4 MK2.5 Tm 

408C/14 10±0.6 9±0.5 15±0.5 13±0.6 10±0.5  6±0.0 6±0.0 9±0.8 14±0.5 9±0.6 6±0.0 

446C/14 6±0.0 9±0.8 19±1.0 18±0.8 12±0.6  6±0.0 10±0.5 11±0.8 14.5±0.6 7±0.5 6±0.0 

485C/14 7±0.6 7±0.5 15±0.6 13±0.6 13±0.8  6±0.0 10±0.5 13±0.8 14.5±0.8 14±0.8 6±0.0 

499C/14 10±0.6 12±0.6 20±0.6 13±0.6 6±0.5  6±0.0 8±0.5 11±0.5 14±0.8 6±0.0 6±0.0 

1000C/14 8±0.6 11±0.6 31±0.6 29±0.8 12±0.6  6±0.0 11.5±0.5 14±0.8 15.5±0.8 13.5±0.8 6±0.0 

1541C/14 9±0.6 6±0.6 17±0.8 14±0.5 13±0.6  6±0.0 10±0.5 11±0.8 15±0.8 14±0.6 6±0.0 

ATCC25923 9±0.6 7±0.5 13±0.6 12±0.5 10±0.8  6±0.0 10±0.5 9±0.8 15±0.5 8±0.5 6±0.0 
 

GB2.1; MK2.1: hexane fractions; GB2.2; MK2.2: chloroform fractions; GB2.3; MK2.3: ethyl acetate fractions; GB2.4; MK2.4: n-butanol fractions; GB2.5; MK2.5: 
aquoeus fractions. 
 
 
 
superinfection is justified by the coexistence, within them, 
active principles with antibacterial action. However, in 
order to determine the phytoconstituants responsible for 
the antibacterial activity of the GB2 and MK2 macerates, the 
antibacterial potential of their respective selective fractions 
was evaluated (Tables 3 and 4). 

The results obtained with the fractions from GB2 and 
MK2 showed that the hexane fractions (GB2.1 and MK2.1), 
chloroform (GB2.2 and MK2.1) and the aqueous fractions 
did not exhibit any antibacterial activity in relation to the 
strains of P. aeruginosa at 100 mg/mL (Tables 3 and 4). 
Essentially, the antibacterial activities manifested by the 
hydroethanol extracts seem to be the consequence of the 
co-presence or the combined action of the phytocomposes 
contained in the ethyl acetate and n-butanolic fractions. 
However, for G. barbadense and M. keayana, the diameters 
of the most important zones of inhibition were observed 
respectively with fractions GB2.3 and MK2.4 against the 
strains of P. aeruginosa and S. aureus. Thus, we could say 
that the GB2.3 fraction of G. barbadense and that of M. 
keayana MK2.4 are the most efficient among all the plant 
samples tested. This could be explained by the nature of the 
phytomolecules  contained  in each of the fractions and this, 

as a function of the solubilizing capacity and of solvents 
extraction (Cowan, 1999). From this point of view, it seems 
logical to infer that the antibacterial substances G. 
barbadense and M. keayana exhibit a better solubility 
affinity for ethyl acetate and n-butanol, respectively (Bolou  
et al., 2011). The antibacterial parameters MIC, MBC and 
the MBC/MIC ratio of these extracts were determined 
(Tables 5 and 6) in order to evaluate their action profile 
(Ponce et al., 2003; Atsain et al., 2016). Thus, a bactericidal 
action profile is manifested if MBC/MIC ≤ 2. Where 
applicable, it is considered bacteriostatic (MBC/MIC  2). 
Tables 5 and 6 show that fractions GB2.3 and MK2.4 
exhibited bactericidal activity against S. aureus, except 
strains 1541C/14 and 485C/14 against which extracts 
GB2.3 and MK2.4 showed bacteriostatic respectively. 

The lowest MICs and MBCs were obtained with the GB2.3 
fraction against all tested strains except against strains 
891C/11, 1780C/14 and ATCC27853. The GB2.3 fraction of 
G. barbadense was bactericidal against 85.71% of the S. 
aureus strains tested and against 71.42% of the P. 
aeruginosa bacteria. The MK2.4 fraction of M. keayana was 
bactericidal against 85.71% of strains of S. aureus and 
42.85% of strains of P. aeruginosa. 
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Table 5: Antibacterial parameters of the efficient extracts vis-a-vis S. aureus strains. 
 

Bacteria codes 

GB2.3  MK2.4 

MIC 

(mg/mL) 

CMB 

(mg/mL)  

 

Profile 

 

 

MIC 

(mg/mL) 

MBC 

(mg/mL)  

 

Profile 

408C/14 0.098 0.195 2 Bactericidal  0.78 0.78 1 Bactericidal 

1000C/14 0.78 1.56 2 Bactericidal  3.13 6.25 2 Bactericidal 

1541C/14 0.098 0.39 4 bacteriostatic  0.195 0.39 2 Bactericidal 

446C/14 0.049 0.098 2 Bactericidal  0.098 0.098 1 Bactericidal 

485C/14 0.049 0.049 1 Bactericidal  0.049 0.195 4 bacteriostatic 

499C/14 0.098 0.098 1 Bactericidal  0.049 0.049 1 Bactericidal 

ATCC25923 0.049 0.098 2 Bactericidal  0.39 0.39 1 Bactericidal 
 

MIC: Minimal Inhibitory Concentration  MBC: Minimum bactericidal concentration; GB2.3: ethyl acetate fraction G. Barbadense; MK2.4: n-butanolic 
fractions M. keayana. 

 
 
 

Table 6: Antibacterial parameters of the extracts efficient vis-a-vis P. aeruginosa strains. 
 

Bacteria codes 

Extract GB2.3  Extract MK2.4 

MIC 

(mg/mL) 

MBC 

(mg/mL)  

 

Profile 

 

 

CMI 

(mg/mL) 

MBC 

(mg/mL)  

 

Profile 

891C/11 0.390 3.13 8 bacteriostatic  0.78 1.56 2 Bactericidal 

1076C/11 0.39 0.78 2 Bactericidal  0.39 1.56 4 bacteriostatic 

1780C/14 1.56 6.25 4 bacteriostatic  0.39 0.39 1 Bactericidal 

489C/11 0.195 0.39 2 Bactericidal  0.39 6.25 16 bacteriostatic 

1060C /10 0.39 0.78 2 Bactericidal  0.39 0.78 2 Bactericidal 

1810C /11   0.195 0.39 2 Bactericidal  0.78 12.5 16 bacteriostatic 

ATCC27853 12.5 25 2 Bactericidal  0.39 1.56 4 bacteriostatic 
 

MIC: Minimal Inhibitory Concentration  MBC: Minimum bactericidal concentration; GB2.3: ethyl acetate fraction G. Barbadense; MK2.4: n-butanolic 
fractions M. keayana. 

 
 
 

Efficient fractions phytochemical composition 
 
TLC profile 
 
To establish the preliminary phytochemical composition of 
the efficient extracts GB2.3 and MK2.4, a phytochemical 
screening using TLC was performed. The developers used 
for this purpose were respectively the solvent gradients 
CH2Cl2 / MeOH (4.5: 1 v / v) and n-BuOH / AcOEt / AcOH / 
EtOH / Et2O. The TLC chromatograms revealed under UV/ 
366 nm light showed variously colored molecular 
fingerprints (Blue, yellow, green yellow, violet, brown, 
marron) corresponding to several groups of secondary 
metabolites (Markham, 1982; Ladigina et al., 1983; Békro et 
al., 2007). To precise their nature, the reagents specific to 
the flavonoids (Neu reagents (Wagner and Bladt, 1996; 
N’Gaman et al., 2009)), AlCl3 (Lagnika, 2005; N’Gaman et al., 
2009) to the coumarins (KOH, (CH3CO2)2Pb, NH3) (N’Gaman 
et al., 2009) and to the tannins (FeCl3) (Ekoumou, 2003) 
were employed. Based on information from the literature, it 
seems obvious that the molecular spots revealed in the 
GB2.3 extract are those of the flavonoids of type flavone, 
flavonol   and/or   aurone   and   isoflavone  type  (Rf= 0.05 ; 

0.13 ; 0.2 ; 0.38 ; 0.60) (Table 7). The existence of these 
flavonoids in the ethyl acetate fraction of G. arboreum seeds 
had already been reported (Rahim et al., 2015). However, 
the TLC chromatographic profile of the said fraction 
showed other molecular fingerprints (Rf = 0.29 ; 0.45 ; 
0.56 ; 0.67 ; 0.78 ; 0.84) which would reflect the co-
migration of flavonoids, coumarins and tannins. The 
molecular spots (Rf = 0.47; 0.75) of the MK2.4 fraction 
would correspond respectively to that of a flavonoid and/or 
a tannin. The other molecular spots (Rf = 0.04, 0.07, 0.22, 
0.36, 0.55, 0.67, 0.91) are those derived from the co-
development of flavonoids and/or coumarins of tannins 
(Table 7). 

Ammonia (NH3) makes it possible to distinguish the type 
of coumarins and of certain flavonoids (Dekker, 2002; 
N’Gaman, 2013). The persistence of the blue coloration of 
the molecular fingerprint (Rf = 0.56 in GB2.3) observed 
under UV light at 366 nm and after treatment with NH3 
indicates that it corresponds to that of coumarins 5,7-
dialkoxy- or 6,7,8-trialkoxysubstituted (Dekker, 2002; 
N’Gaman, 2013) or would be a flavonoid of type Anthocyan 
(Ladiguina et al., 1983) and/or isoflavone (Rahim et al., 
2015).  The  use  of  KOH  confirms  their  presence  in GB2.3  
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Table 7: Phytocompounds detected in the efficacious extracts. 
 

Fraction Rf Color Possible phytocompound 

GB2.3 0.05 yod Flavonol and/ or  auroned 

0.13 yge Flavonol and/ or  auronee 

0.20 yge Flavonol and/ or  auronee 

0.29 bra,g,i ; oc ; yob,d ; yge ; yf,h; l.mark ; d.marm ; grgn NIa,b,d,g,k,m,i ; hydroxyflavonolc ; Flavonol and/ or  auronee ;  Coumarinf,h, tanninn 

0.38 yga ; yob,c ; lbe NIa,b,c ; methylated flavonee 

0.45 pura ; blc ; yod ; yge,k ; yb,f,h; brg ; rdi ; grvn NId,k,i ; flavonoidsb de type methylated c Flavonea ; Flavonol and /or  auronee ; Coumarinf,h ; tanninn 

0.56 bla,g,m ; yb,f ; ygc,i ; lbe ; lgrn NIi ; phenol acidea ; Flavonol and/ or  auronec, methylated flavonee, anthocyanem, isoflavonea and m, 5,7-
dialkoxycoumarinsa and m or 6,7,8-trialkoxycoumarinsa and m ; taninn 

0.60 via ; yod ; yge,k; roug NId,g ; Flavonea; Flavonole,k and /or  auronee,k 

0.67 blc,g, lbe ; grcn Methylated flavone c,e, coumaring ; tanninn 

0.73 yod ; yge ; bgm Flavonole,d  and or auronee,d,  Anthocyanm 

0.78 pya ; pgc ; ybe ; lbg ; bli Flavonoidc of type Flavonola,e ; coumaring,i 

0.84 bla,c,e,i,m ; gg Methylated flavonec,e,m,  isoflavonea, , coumaring,i 

    

MK2.4 0.04 bla, gc , yh Phenol acidea, flavonoidc, coumarinh 

0.07 bla,c,e,m,i Phenol acidea, Flavone méthyléc,e,, anthocyanem ; isoflavonea,m, coumarini 

0.22 pura,m,g ; oc ; pye ;ygf,k ; yb,h ; bgi Flavonoidsb,e,k of types Flavonea and m ; isoflavonea and m ; flavanonea and m ; hydroxyflavonolc, a and m  ; coumaring,h,i 

0.36 mara yoc ; pye ; yb,f,h ; grbrn NIa ; Flavonoidsb of type Flavonolsc,e and /or aurones c,e ; coumarinf,h ; tanninn 

0.47 pya,e, yc,b, g ; oi; purm Flavonoidb of type Flavonola,e  and hydroxyflavonolc ; coumaring,m ; NIi 

0.55 yb,c;  pye; pura,m ; bli ; purbg grbrn Flavonoidb of type flavonea and m ; isoflavonea and m ; flavanonea and m  Flavonole ; hydroxyflavonolc ; Coumarini,g ; 
tanninn 

0.67 bga ; pyc ; blg,i ; grbrn NIa ; flavonolc ; Coumaring,i ; tanninn 

0.75 bla ; pyc ; purm ; grbrn Phenol acidea ; flavonolc ; coumarinm ; tanninn 

0.84 purg,m ; pyi NIg,i ; coumarinm ;  

0.91 bla,c ; grbrn Phenol acidea, methylated flavonec ; tanninn 

 

*bl/blue ;  l.bl/light blue ;  bg/blue green ; y/yellow ;  yo/yellow orange ; yb/yellow blue ;  yg/yellow green ;  py/pale yellow ;  g/green ; pg/pale green ; o/orange ; rd/red grg/gray green ; lgr/light geyr ; 
br/brown ; grbr/gray brown ; pur/purple ; purb/purplish blue ; mar/marron ; l.mar/light marron ; d.mar/dark marron ; a/without developer at 366 nm ; b/ Neu in the visible ; c/Neu at 366 nm ; d/AlCl3 in the 
visible ; e/ AlCl3 at 366 nm ; f/KOH in the visible ; g/KOH at 366 nm ; h/acéeate of lead in the visible ; i/acetate of lead at 366 nm ; k/NH3 in the visible ; m/NH3 at 366 nm ; n/FeCl3 in the visible; NI/not 
identified. 
 
 

and MK2.4 with respect to the yellow and blue 
molecular spots revealed respectively under the 
visible and under UV / 366 nm light (Table 7). In 
addition, the purple molecular spots (Rf = 0.22 and 
0.55 in MK2.4) that retained their color after 
treatment with NH3 could be hydroxyflavonols 
(Rahim et al., 2015). 

Quantitative analysis 
 

Total polyphenols contents 
 
The proportions of total polyphenols in the efficient 
extracts GB2.3 and MK2.4 were equivalent to 
8194.55  and   16083.13 μgGAE/g DM,   respectively  

(Figure 3). 
 
 
Total flavonoids contents 
 
The total flavonoid contents contained in the 
efficient fractions are shown in Figure 4. 



Academia Journal of Biotechnology; Koffi et al.         097
 

 
 

 
 
Figure 3: Total polyphenols contents of the efficient fractions. 
 
 
 

 
.  
Figure 4: Total flavonoid content of the efficient fractions. 
 
 
 

It appears that GB2.3 is richer in flavonoids with a rate of 
33.65%. By comparing these results with the phenolic 
compounds, we can deduce that among the phytophenols 
contained in the GB2.4 fraction, flavonoids are widely 
present. This is not the case with fraction MK2.4. The 
qualitative analysis using TLC confirms these results which, 
moreover, seem to justify the significant antibacterial 
activities exhibited by the GB2.3 fraction. 
 
 
Condensed tannins contents 
 
Figure 5 shows variable amounts of tannins in the samples 
of extracts analyzed. The MK2.4 fraction had the highest 
content of condensed tannins (41.78 μgCTE / mg DM) as 
compared with 16.46 μgCTE / mg DM for the GB2.3 extract. 
Thus, the obvious existence of condensed tannins explains 
the use of G. barbadense in the traditional treatment of 
wounds (Basli et al., 2012; Eugene et al., 2012) and tooth 
decay (Kari et al., 2004), and this is in relation to their 
antibacterial activities. 

 
 
 

 
 
Figure 5: Condensed tannins contents of efficient fractions. 

 
 
 

 
 
Figure 6: Evaluation of the antioxidant power of the efficient 
fractions. 
 
 
 

Antioxidant activity of efficient extracts  
 

The percent inhibition of the stable DPPH radical by the 
efficient fractions GB2.3 and MK2.4 in comparison with 
vitamin C is shown in Figure 6. It was observe that, 
whatever the variation of the concentrations, the fractions 
tested showed percentages of inhibition greater than 75%. 
This seems to be closely related to the coexistence of 
phytophenols, such as flavonoids and tannins, with respect 
to fractions GB2.3 and MK2.4 (Figures 4 to 5 and Table 7). 
 
 

CONCLUSION 
 

This study is a bio-guided phytochemical investigation 
carried out on G. barbadense and M. keayana. It showed, on 
the one hand, the antibacterial efficacy of the 
hydroethanolic extracts with respect to the aqueous 
extracts and, on the other hand, allowed selective ethyl 
acetate fractions for G. barbadense and n-butanol for M. 
keayana. Moreover, it has not only established the pre-
liminary  phytochemical composition  of  the  said  fractions 
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but also evaluated their antioxidant potential. It appears 
that the antibacterial activities of G. barbadense and M. 
keayana observed at 100 mg/mL in relation to the strains 
of P. aeruginosa and S. aureus are apparently due to the 
presence of identified phenolic compounds and that these 
in turn would result from the antioxidant activity of G. 
barbadense and M. keayana. Analyzes are being carried out 
to elucidate the molecular structure of the active secondary 
metabolites believed to be responsible for antibacterial and 
antioxidant activities. 
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