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Abstract

Nowadays, thanks to the rise of microbial resistance, the lack of health care personnel and especially the high cost of
synthetic molecules, phytotherapy could be a panacea in many developing countries. For this reason, the present work
which aims to evaluate the phenolic compounds and to study the antibacterial capacity of extracts of roots, stems, leaves
and fruits of Solanum incanum L., (Solanaceae) traditionally used for the treatment of pasteurellosis or avian cholera in
Burkina Faso, was undertaken. For this purpose, we collected plant material in the commune of Dedougou. After
extraction with acetone and water, colorimetric tests were carried out on the different extracts and revealed mostly the
presence of tannins and coumarins. The Hydroacetone macerated extract was found to be very interesting for biological
activities compared to the macerated extracts and the aqueous decoctions. Inhibition of bacterial growth on different
bacterial strains was also shown for all the extracts, especially with Hydroacetone extract. These results could be mainly
explained by the inhibitory effect of phenolic compounds. The Hydroacetone extract was also found to be especially
very relevant for the prevention and treatment of microbial diseases from poultry.

Keywords: Solanum incanum; Phenolic compounds; Antibacterial activity; Pasteurelloses

1. Introduction

Burkina Faso is an agro-sylvo-pastoral country where livestock farming employs nearly 86% of the country's active
population and represents about 10 to 20% of the country's gross domestic product (GDP). The livestock sector is the
second largest contributor to agricultural value added, after cotton, whose poultry sector alone accounts for 6% of value
added [1]. The country produces over 44 million head of poultry. Poultry provides livelihoods to about 1.6 million
households and its positive contribution has been quantified at USD 31.5 million (about 27% of the sector's GDP) [2].

Today, in an environment marked by climate change, resistance of microorganisms to antibiotics and globalization of
the economy, poultry commonly raised in villages (hens and guinea fowl) suffer from devastating diseases such as
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pasteurellosis that strongly affect growth and production [3]. Poultry can thus have adverse effects on public health due
to zoonotic diseases such as pasteurellosis [1, 2].

Pasteurellosis, also known as fowl cholera, is in fact an infection caused by the bacterium Pasteurella multocida (P.
multocida) which is a Gram-negative, immobile, capsulated, extracellular bacterium [4]. It affects all avian species and
there are many healthy carriers in wild birds [5]. Virulent materials include secretions, droppings, eggs and especially
cadavers where the bacterium multiplies readily. The transmission of P. multocida is horizontal, indirect but mostly
direct [5, 6, 7, 8, and 9]. There does not appear to be vertical transmission. The route of entry of the bacterium is mainly
aerial, but oral, conjunctival and cutaneous routes are possible [10].

Moreover, the treatment of pasteurellosis is effective in acute forms if it is quickly implemented, but it is disappointing
in chronic forms and too late in superacute forms. It is treated by antibiotic therapy based on an antibiogram, associated
with vitamins (A, B and C). Synthetic products such as quinolones, cephalosporins and tetracyclines are mainly used
[10]. However, due to the high cost of synthetic products and their ineffectiveness and unavailability, some farmers
resort to traditional medicine which is very relevant in the management of infectious diseases [11, 12 and 13].

It is in this context some medicinal plants are used in the Boucle of Mouhoun region to treat pasteurellosis in village
poultry farming. Indeed, the production of phyto-medicine often requires the composition of two or more plants [14
and 15]. One production involves the combination of the leafy stems, leaves and fruits of Solanum incanum. This
combination is prepared with water some of which are used to bathe poultry and wash the barnyard while some are
drunk by the poultry. This combination, claimed by the traditional poultry farmer, ensures the management of bird flu
in village poultry farms within one to two weeks. But no study to our knowledge has reported on the antioxidant and
antibacterial properties of polyphenol-rich bark extracts in the management of salmonellosis in traditional poultry
farming. The lack of scientific data to support these claims prompted this study to evaluate the potential antioxidant
and antibacterial properties of polyphenol-rich fractions of the bark of this plant in bacterial models to provide a
scientific basis for the traditional use of this plant for improved management of salmonellosis. More specifically, we will
determine the major molecular families through phytochemical screening and evaluate the biological activity of these
extracts.

2. Material and methods

2.1. Study site
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Figure 1 Map of the study area (Santara, 2020)
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Our study was carried out in Dedougou in the Boucle of Mouhoun Region (Figure 1). Indeed, this region is located in the
North-West of Burkina Faso with an area of 34497km? and with Dedougou as its capital. Between longitudes -2.4 E and
-4.6 0 and latitudes 11.23 N 0 and 13.70 §, it is bounded to the East by the Centre-West region, to the North and West
by the Republic of Mali over nearly 437 Kilometers of border, to the North-East by the North region, to the South by the
Hauts-Bassins and South-West regions [16].

2.2. Plant material

2.2.1. Collection and identification of plant material

Leafy stems, leaves and fruits of Solanum incanum (Solanaceae) were collected in Dedougou, in the month of February
2016. It was recognized by its local name and then taxonomically identified and confirmed by a Professeur plant
taxonomist Millogo Rasolodimby of Plant Sciences Department, University of Ouagadougou. All samples were collected
in the morning at 7 am. They were air-dried (23 * 2 - C) for two weeks before powdered using grinder Retsch type SM
2000/1430/Upm/Smf, Haan, Germany.

2.3. Microbiological material

The microbiological material consisted of ATCC (American Type Culture Collection) bacterial strains from Grenoble
Cedex 2, France: Pasteurella multocida ATCC 11039, Pasteurella multocida subsp. Multocida ATCC 43137 and 12947,
Pasteurella haemolytica ATCC 33396, Pasteurella multocida subsp. Gallicida ATCC 51689, Pasteurella multocida subsp
Septica ATCC 51688, Pasteurella stomatis ATCC 43327, Pasteurella dagmatis ATCC 43325, Pasteurella canis ATCC 43326,
Pasteurella testudinis ATCC 33688. And, on the other hand, wild strains of gastroenteritis in poultry from the LNE
(Laboratoire National d'Elevage) such as: Pasteurella multocida, haemolytica and gallinarum. These strains were
identified according to the protocol of the Medical Bacteriology Manual (11).

2.4. Growing media

We used Muller Hinton Agar medium (B D DIFCO, USA) and Muller Hinton Broth medium (DIFCO, USA). These media
are specific in that their pH is neutral; this allows the growth of any microorganism. In addition, the Muller Hinton Agar
medium (B D DIFCO, USA) which is specific for antibiograms was.

2.5. Extractions

2.5.1. Maceration

In a judged 500mL flask, we first took 50g of powder of leafy stems, leaves and fruits of Solanum incanum. Then, we
added 400mL of acetone (80%) and supplemented with distilled water to the mark. Finally, we centrifuged and
macerated with water for 24 hours.

2.5.2. Total aqueous decoction

We first weighed 50g of powdered plant material of fruits, leaves and leafy stems of solanum incanum. Then we put in
flasks containing respectively 500 ml of distilled water after which they were centrifuged. Finally, the decoctates were
boiled in 500ml flasks for 1h followed by condensation (BUCCHI Rotavapor R200). The macerates and decocts were
freeze-dried in a freeze-dryer (TELSTAR-Cryodos50), then the freeze-dried products were packaged in sterile bottles
and stored in a dark place at room temperature. The yields of the extractions were calculated by the following formula:

Mass of extracted residue
= X100

"~ Vegetable powder mass

2.6. Qualitative analysis of phenolic compound

The different extracts of leafy stems, leaves and fruits of Solanum incanum were subjected to different tests in order to
characterize the main groups of secondary metabolites. The methods described by Ciulei [17] were used. These are
qualitative methods to identify the chemical groups present in the plant.

2.6.1. Identification of tannins and polyphenols by the FeCl3 test

This test was performed on the aqueous and hydroacetone extracts as well as on the hydrolysates of the extracts. We
added a few drops of a [1%] FeCl3 solution to 1 ml of each extract diluted in 2 ml of distilled water. The appearance of
a blue-black coloration indicated the presence of gall tannin [17].
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2.6.2. Identification of flavonoids by the Shibata test

This test also was performed on the aqueous and hydroacetone extracts as well as on the hydrolysates of the extracts.
Each residue obtained was dissolved in 2 ml of 50° methanol at warm temperature and transferred to test tubes.
Fragments of magnesium turnings and 4-5 drops of hydrochloric acid were added. A red or orange colour indicated the
presence of flavonic aglycones [17].

2.6.3. Identification of coumarins

We evaporated to dryness 5ml of each test extract and dissolved the residues by heating in 2ml of water. After cooling,
the resulting solution was divided into 2 test tubes. The first one was used as a control and 0.5 ml of NH40H 10% was
added to the second tube. The appearance of blue or green fluorescence under UV 365 nm lamp indicates the presence
of coumarins [17 and 18].

2.7. Study of antibacterial activity

2.7.1. Preparation of plant extracts for bacterial testing

For all our tests, we used plant extract solutions of concentration 100mg/mL. The lyophilisates of the macerated and
decocted aqueous extracts were dissolved in distilled water, while those of the hydroacetone macerates were dissolved
in DMS010% (1mL of DMSO in 9 mL of sterile distilled water). The extract solutions were sterilized by filtration through
0.22pm millipore filters. In addition, reference antibiogram discs including amoxicillin (10pg/disc) were used.

2.7.2. The bacterial inoculum

An inoculum of 10¢ CFU/ml was prepared from bacterial strain dissolved in sterile physiological medium (0.9% NaCl)
and compared with a solution of 0.5 Mac farland. When the two turbidities are identical then the inoculum contains 10®
CFU/ml [19].

2.7.3. Determination of inhibition diameters or antibiograms

Diameters were determined according to the method of Rabe and Van-Staden [20], Haidarliu et al. [21] and konaté et
al,, [22]. We poured 5ml of Muelle Hinton agar into 53mm petri dishes and inoculated with 0.2ml inoculums using 2mL
syringes. We used 3 plates for each bacterial strain. The plates containing the agar were then dried in a lighted fume
hood. Each 6mm diameter sterile Whattmam filter paper disc would be soaked with 10uL of each extract following the
cascade dilutions and then placed in each inoculated petri dish. The whole is incubated for 24 hours at 37°C. The
diameters of the inhibition zones were measured.

Extracts with 23 zones of inhibition (i.e. 9mm) were considered to have antibacterial activity [21 and 22]. We repeated
all tests 3 times.

2.7.4. Determination of MICs

MICs (minimum inhibitory concentration) were determined according to the techniques of Eloff [23], Konaté et al. [22]
and National Committee for Clinical Laboratory Standards [24]. A 96-well cell culture plate (NUNC, Denmark) was used
and in each well 100 pL of M.H. broth medium was introduced. For each bacterial strain, 3 columns of 8 wells (decreasing
dose 100- 0.78125mg/mL) of the plate were used and each well received medium (100p L + decreasing dose extract +
inoculum (10pL) and INT (50pL; 0.2mg/mL for 30min) respectively. Plates were plated for 18 to 24 hours incubation
in a 37°C oven with the lowest concentrations that turned red were considered to be the inhibition wells. The MIC wells.

2.8. Statistical analysis

The data obtained from the various analyses were statistically processed using R-Studio software in analysis of variance
to assess the inhibitory effect of extracts on bacteria. Duncan's multiple comparison test was used to judge the difference
between the means of the treatments at 5% probability level.

3. Results and discussion

3.1. Extraction yields

Figure 2 illustrates the yields of extractions of the various extracts. The best yield was obtained with hydroacetone
macerate followed by aqueous decoction and aqueous macerate. This would mean that acetone is a good solvent for
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extraction. Among the types of extracts, the combination of Leafy stems + Fruits + Leaves gives very relevant results
compared to other extracts. A comparison of the different types of extracts reveals a significant difference at the 5%
threshold between the extraction yields of Stems + Leaves and the other extracts. This could be explained certainly by
the fact that the leaves of Solanum incanum L contain essential oils, which gives a sticky aspect to the extract, with

enough losses.

Extraction yields (%)

e

Leafy stems

EMA
EAD
O MHA

Leafy stems  Leafy stems +
+Leaves  Fruits+ Leaves

Types of extract

These yields were determined from the Aqueous Macerated (AM), Hydroacetone Macerated (HAM) and Aqueous Decocted (AD) extracts

Figure 2 Extraction efficiency of the differents extract

3.2. Phenolic compounds of the extracts

Table 1 Results of characterization tests on Solanum incanum extracts

Sought-after compound | MA | MHA | DA
Tannins + + +
Leafy stems extracts Flavonoids - + -
Coumarins + + +
Tannins + ++ +
Leaves extracts Flavonoids - + -
Coumarins + ++ +
Tannins + ++ +
Fruits extracts Flavonoids - + -
Coumarins + + +
Tannins + ++ ++
Combination of extracts (Leafy stems + leaves + fruits) | Flavonoids - ++ +
Coumarins ++ ++ ++

+ = identified; - = not identified
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Table 2 Results of inhibition diameters and MICs with ATCC reference strains with Leafy stems extracts

Activities i’r‘lctf;ipts/ P.m.11039 P.m.43137Ph33396 |P.g51689 P.s.51688 P.m.12947 Ps.43327 |P.d.43325 P.c.43326 Pt33688 |
MA 11.92+1.62bcde| 10.22+0.54¢ {13.63+1.10abc{14.17+1.312b(10.81+1.10de(12.24+0.53abcde|1].44+7.37¢cde|13.21+0.58abc| 14.22+1.012 [12.66+0.542b¢| (0.004
DA 14.2141.01bcd | 13.01+£0.58d | 16.18+1.10a | 16.56+1.542 | 13.01+1.01d | 15.01+0.5abc | 14.02+1.01cd | 16.18+1.62a [16.01+1.102b| 16.02+0.582 | (0.005
LD. (mm) A 16.43+1.1¢d |16.3120.10¢| 20.62+0.54a | 21.01+1.1a | 15.23+0.54¢ | 19.32+0.3b | 17.31x1.1¢ |20.0240.31% | 21.2240.544 | 20.22+1.102 | <0.0001
Amoxicillin 45 >53 >53 >53 40 47 39 48 >53 >53
MA 25 25 12,5 12,5 25 12,5 25 125 125 125
Elrgl s |PA 12.5 12,5 6.25 6.25 12,5 6.25 12,5 6.25 6.25 6.25
MHA 6.25 6.25 3.125 3.125 6.25 3.125 6.25 3.125 3.125 3.125

P.m.: Pasteurella multocida ATCC 11039; P.m.: Pasteurella multocida subsp. multocida ATCC 43137 and 12947; P.h.: Pasteurella haemolytica ATCC 33396; P.g. : Pasteurella multocida subsp. gallicida ATCC
51689; P.s. Pasteurella multocida subsp. septica ATCC 51688; P.s.: Pasteurella stomatis ATCC 43327; P.d. : Pasteurella dagmatis ATCC 43325; P.c. : Pasteurella canis ATCC 43326; P.t. Pasteurella testudinis
ATCC 33688. Values with the same exponential letters are statistically identical while those with different letters are statically different.

Table 3 Results of inhibition diameters and MICs with ATCC reference strains with leafy Leaves

Activities i’l‘lttrif)‘;s/ P.m. 11039 [P.m. 43137 Ph:33396 P.g51689 [P.s.51688 Pm.12947 Ps.43327 P.d.43325 [P.c.43326 P.t33688 |
MA 13.63+0.10bc | 12.52+0.54¢<d | 14.31+1.103b 15.02+0.542 12.02+1.104 14.48+0.582> | 13.29+1.10bcd | 15.,53+0.542 15.26+1.01a 14.68+0.582b 0.001
DA 16.31+1.62abcd | 15,79+0.31bcd | 18.01+1.013b | 15.98+0.54abed | 15.35+1.10¢d | 16.21+1.103bcd | 14,78+0.54d | 17.02+1.623bcd | 17.52+1.013bc | 17.12+1.0713bv 0.056

bl (mm) MHA 19.22+1.104de 18.21+1/0¢ 20.96+0.54bc | 21.63+1.102bc | 18.12+0.58¢ | 20.63+1.01cd 18.63+£1.01¢ 22.31+0.58% | 22.43+0.542b | 22.18+1.102bc | <0.0001
Amoxicillin 45 >53 >53 >53 40 47 39 48 >53 >53
MA 12.5 12.5 12.5 12.5 12.5 12,5 12.5 12.5 12.5 12.5

CMI DA 12.5 12.5 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25

(mg/ml)
MHA 6.25 6.25 3.125 3.125 6.25 3,125 6.25 3.125 3.125 3.125

P.m.: Pasteurella multocida ATCC 11039; P.m.: Pasteurella multocida subsp. multocida ATCC 43137 and 12947; P.h. : Pasteurella haemolytica ATCC 33396; P.g. : Pasteurella multocida subsp. gallicida ATCC
51689; P.s. Pasteurella multocida subsp. septica ATCC 51688; P.s.: Pasteurella stomatis ATCC 43327; P.d. : Pasteurella dagmatis ATCC 43325; P.c. : Pasteurella canis ATCC 43326; P.t. Pasteurella testudinis
ATCC 33688. Values with the same exponential letters are statistically identical while those with different letters are statically different.
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Table 4 Results of inhibition diameters and MICs with ATCC reference strains with fruit extracts

Activities f\’r‘ltt‘;g‘i:(t)s/ P.m. 11039 P.m. 43137 Ph33396 |Pg51689 |Ps.51688 Pm.12947 Ps. 43327 P.d.43325 P..43326 |P.33688 |
MA 13.87+0.58%(12.31+0.58%[14.69+0.10%(15.23+0.54%|11.73+1.01>[14.31+0.58%(12.51+1.10%| 15.32+0.542| 15.43+1.102|14.18+0.54%| 0.313
DA 17.15+1.102|15.11£0.54¢17.24+0.10 [16.86+0.58%[15.41+1.10b4 17.42+0.542 |14.72+0.54<(16.83+1.620|17.12+1.012 [17.72+0.582| 0.009
LD-Gmm) A 18.35£0.10¢|18.37+1.10¢ [21.69+0.58(22.17+1.1020| 17.22+0.54¢| 21.260.54b |18.22+1.10¢| 21.42+1.105[22.08+0.58%[22.36+1.10% <0.0001
Amoxicillin| 45 >53 >53 >53 40 47 39 48 >53 > 53
MA 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5
E:nl\fgl/ml) DA 12.5 12.5 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25
MHA 6.25 6.25 3.125 3.125 3.125 3.125 3.125 3.125 3.125 3.125

P.m.: Pasteurella multocida ATCC 11039; P.m.: Pasteurella multocida subsp. multocida ATCC 43137 and 12947; P.h. : Pasteurella haemolytica ATCC 33396; P.g. : Pasteurella multocida subsp. gallicida ATCC
51689; P.s. Pasteurella multocida subsp. septica ATCC 51688; P.s.: Pasteurella stomatis ATCC 43327; P.d. : Pasteurella dagmatis ATCC 43325; P.c. : Pasteurella canis ATCC 43326; P.t. Pasteurella testudinis
ATCC 33688. Values with the same exponential letters are statistically identical while those with different letters are statically different.

Table 5 Results of inhibition diameters and MICs with ATCC reference strains with the combination extracts

Extracts
Activities . / P.m. 11039 |P.m. 43137 | P.h.33396 | P.g.51689 | P.s.51688 | P.m.12947 | P.s. 43327 | P.d. 43325 | P.c. 43326 | P.t.33688
Antibio Pr>F
MA 15.784£0.102b | 14.46+0.58bc| 16.60+1.102 | 16.32£0.582 | 13.64+1.10¢c | 16.52+0.582 | 14.60+£1.01bc| 16.41+0.582 | 16.52+1.012 |16.27+0.54ab| 0.003
DA 18.21+0.54abc| 17.23+0.58b¢| 19.29+1.102 |17.71+1.01abc|17.47+1.01bc|17.33+£0.54bc| 16.68+1.01¢ |17.76+1.103bc | 18.23+1.10abc| 18.78+0.54ab| (0.099
D.I. (mm)
MHA 20.31+1.10¢ {20.42+1.01de|22.63+1.01bc| 24.22+1.1abc | 18.29+0.58f | 23.18+0.58bc [ 22.33+1.10¢d | 22.46+1.10bc | 24.17+0.583bc | 24,31+1.01ab | <0.0001
Amoxicillin 45 >53 >53 >53 40 47 39 48 >53 >53
MA 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25
CMI DA 6.25 6.25 3.125 3.125 3.125 3.125 3.125 3.125 3.125 3.125
(mg/ml)
MHA 3.125 3.125 1.5625 1.5625 1.5625 1.5625 1.5625 1.5625 1.5625 1.5625

P.m.: Pasteurella multocida ATCC 11039; P.m.: Pasteurella multocida subsp. multocida ATCC 43137 and 12947; P.h. : Pasteurella haemolytica ATCC 33396; P.g. : Pasteurella multocida subsp. gallicida ATCC

51689; P.s. Pasteurella multocida subsp. septica ATCC 51688; P.s.: Pasteurella stomatis ATCC 43327; P.d. : Pasteurella dagmatis ATCC 43325; P.c. : Pasteurella canis ATCC 43326; P.t. Pasteurella testudinis
ATCC 33688. Values with the same exponential letters are statistically identical while those with different letters are statically different.
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Table 6 Results of wild type strains

Inhibition diameters (mm)
Types of extracts | Extracts
P. multocida | P. haemolytica | P.gallinarum
MA 9.62+0.54 10.82+0.58 12.61+1.58
Leafy stems DA 10.21+1.1 11.37+1.1 14.21+1.10
MHA 14.37+1.10 15.31+1.10 15.33+0.31
MA 12.22+0.52 12.26+0.54 13.31+0.58
Leaves DA 13.56+0.54 14.18+1.10 14.68+1.62
MHA 17.42+1.10 16.41+1.10 18.01+1.31
MA 11.94+0.52 13.21+0.54 12.93+0.54
Fruits DA 13.68+0.54 14.31+1.10 15.01+1.01
MHA 17.92+1.10 17.11+1.10 17.98+1.10
MA 13.62+0.58 15.29+0.58 14.72+0.54
Combination DA 15.46+0.54 16.21+1.01 16.22+0.58
MHA 20.41+1.10 19.32+0.58 20.22+1.10
Amoxicillin 24 26 28

The phenolic compounds investigated in this study were flavonoids, coumarins and tannins. Indeed, Table 1 shows that
phenolic compounds represented by tannins and coumarins were identified in all extracts. Flavonoids, on the other
hand, could not be detected in all extracts, which could reflect the probable absence of these compounds or that they
are in insufficient quantity to be detected by tube tests following the protocols described by Konaté et al [22]. This
justifie the presence of these secondary metabolites in almost all extract combinations (Table 1). Moreover, the absence
of flavonoids in the aqueous extracts further confirms that water used as an extraction solvent contains less secondary
metabolites than acetone. This would mean that acetone is a good solvent that would retain more polar compounds like
coumarins, tannins and flavonoids. These phenolic compounds can accumulate and actively participate in the defense
of the plant. Their mode of action is related to their antimicrobial power, their participation in the reinforcement of
plant cell walls and their capacity to modulate and induce host defense reactions [25, 26, 27].

3.3. Antibacterial activity

In relation to the sensitivity test, it is found that the best values of inhibition diameters are obtained respectively by
Hydroacetone Macerated extract (HAM), followed by Aqueous Decoctate extract (AD) and finally Aqueous Macerated
(AM). Of all these results, the combination extract (roots + leafy stems + fruits) shows the best results, followed by the
stem + leafy stem extract, fruits and finally roots. These results are due to the presence of secondary metabolites mostly
present in the MHA extract compared to the other types of extracts. This result makes us say again that acetone would
be a very good extraction solvent better than water [27].

Furthermore, the results obtained with the Minimum Inhibitory Concentrations (MIC), respect the same logic according
to which, the MHA extract would present the best result (Tables 2 to 6).

The results in Table 6 show that all our extracts are effective against wild strains, which justifies the traditional use of
the plant in traditional veterinary pharmacopoeia for the treatment of avian pasteurellosis [25].

Compared to wild strains, our extracts are more active on reference strains than amoxicillin. This could be explained by
the origin or provenance of the poultry and the resistance phenomena of the bacteria. However, in general, we note that
the strains Pasteurella multocida ATCC 11039, Pasteurella multocida subsp. Multocida ATCC 43137, Pasteurella
multocida subsp. Septica ATCC 51688 and Pasteurella stomatis ATCC 43327 seem to be less sensitive to the different
extracts. This difference in sensitivity would be related to the nature of the bacterial wall, which is thermoresistant [28].
Indeed, it should be noted that gram-negatives have an outer membrane consisting of phospholipids that constitute a
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barrier to apolar compounds on the one hand, while the porins of the plasma membrane constitute an elective barrier
to polar substances [22].

4. Discussion

Previous studies have been conducted in different parts of the globe to extract natural substances for screening
antibacterial activity [29]. Plants produce highly bioactive molecules that allow them to interact with other organisms
in their environment. Many of these substances are important in defense against herbivores and contribute to disease
resistance [30]. Many researchers have evaluated the bioactivity of plant extracts and isolated constituents against
serious infectious organisms [31].

In Africa, for the treatment of many infections, indigenous medicinal plants are often the only means [32]. Infectious
diseases caused by multidrug-resistant microorganisms pose a significant clinical problem. Many bacterial strains are
resistant to the standard antibiotic (amoxicillin) compared to the polyphenol-rich fractions. It could be said that
metabolites have been found to be responsible for the therapeutic activity of plants [33]. This may be due to the presence
of coumarins, polyphenolic compounds (tannins, coumarins and flavonoids) which we had then identified in Solanum
extracts on one hand and on the other hand by the alcohols, saponosides, steroids, etc. The natural products were found
to possess promising antimicrobial activities when applied alone or in combination and the metabolites were found to
be responsible for the therapeutic activity of the plants [34]. This aspect is indeed verified by our different results.

Analysis of the data indicates that the tested polyphenol extract showed significant results compared to amoxicillin.
Indeed, the antibacterial activity profile of the isolated constituents (polyphenols) in relation to the antibiotic effects
shows that the activity depends on the pure form of the constituents. This may be due to the fact that bioactive
constituents, such as polyphenol compounds, were responsible for the antimicrobial activity. Indeed, some previous
studies have shown that polyphenolic compounds cause inhibition of a wide range of microorganisms. Phenol is well
known as a chemical antiseptic [35]. In addition, phenolic and terpene antimicrobial activities are well documented
[36]. Polyphenols, such as tannins and flavonoids, have significant antibacterial activity [32]. The antimicrobial activity
of flavonoids is due to their ability to complex with extracellular and soluble proteins and to complex with the bacterial
cell wall while that of tannins may be related to their ability to inactivate microbial adhesions, enzymes and cell envelope
proteins [30]. The inhibitory activity of our extracts could also be explained by the fact that Pasteurela are Gram -
bacteria. This may be due to its outer membrane and cell wall structure which is permeable [37].

Bacterial resistance to current antibiotics requires further study of isolated constituents to determine their safety and
efficacy profile. This highlights the continued interest in laboratory screening of medicinal plants, not only to determine
the scientific rationale for their use, but also to discover new active ingredients. African medicinal plants have focused
on phenolic compounds, terpenoids or essential oils [38]. Plants have been found to have good antimicrobial activities
and some active principles have been isolated. This further confirms the traditional use of this plant in rural Burkina
Faso, especially in the commune of Dedougou for the prevention and treatment of pasteurellosis or avian cholera and
many other avian diseases.

5. Conclusion

This work allowed us to perform extractions from the roots, stems and leaflets of Solanum incanum. The extraction
yields showed a predominance of polar compounds with the Hydroacetone macerated extract either compared to those
of the aqueous macerated and decocted extracts, thus showing a low rate of apolar compounds.

In tube tests, polyphenols (tannins and coumarins) were found in all extracts. On the other hand, the Hydroacetone
extract showed a better antibacterial activity. These results are due to the presence of phenolic compounds such as
tannins and coumarins which are found in the majority. From these results, it could be said then that there is a
correlation between total phenolics and biological activities.

Beyond the valorization of local resources, this study contributes scientifically to the acceptance of the use of roots,
stems and leaves of Solanum incanum in local poultry farming in Burkina Faso by providing knowledge on the
production and use of improved traditional medicines responding to the most common pathologies in rural
communities.

In perspective, it would be interesting, even judicious, to test the biological activity, i.e. the antibacterial activity in vivo
of these extracts.
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