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Abstract  
Background: Bacterial infections involving the multidrug resistant (MDR) strains are among the top leading causes of death throughout the 

world. Healthcare system across the globe has been suffering from an extra-ordinary burden in terms of looking for the new and more potent 

antimicrobial compounds. The aim of the present study was to determine the antibacterial activity of some Cameroonian edible plants (Garcinia 

lucida bark, Phoenix dactylifera pericarps, Theobroma cacao pod, Solanum macrocarpon leaves and Termitomyces titanicus whole plant) and 

their antibiotics-potentiation effects against some MDR Gram-negative bacteria phenotypes expressing efflux pumps (Escherichia coli, 

Enterobacter aerogenes, Klebsiella pneumoniae, Pseudomonas aeruginosa and Providencia stuartii strains). 

Methods: The antibacterial activities of plant extract alone and in combination with usual antibiotics were carried out using the micro-dilution 

method. The effects of the most active plant extract (Garcinia lucida bark) on H+-ATPase-mediated proton pumps and on bacterial growth kinetic 

were performed using experimental protocols, while qualitative reference methods were used to highligh the major groups of secondary 

metabolites present in the extracts. 

Results: Qualitative phytochemical screening of plant extracts indicated that all analysed secondary metabolites were present in Theobroma 

cacao and Termitomyces titanicus while one (saponins) of them was absent in Garcinia lucida and Solanum macrocarpon. Only three of them 

(polyphenols, flavonoids and saponins) were detected in Phoenix dactylifera. Antibacterial essays showed that G. lucida was the most active 

plant as it inhibited the growth of all studied bacteria with strong activity (MIC<100 µg/mL) against E. coli ATCC8739, significant activity 

(100≤MIC≤512 µg/mL) against 80% of bacteria and moderate activity (512<MIC≤2048 µg/mL) against E. coli AG100A and E. aerogenes (EA289 

and CM64). It was followed by T. cacao and S. macrocarpon extracts which exhibited an antibacterial potential against 95% and 80% of bacterial 

strains, respectively. These three extracts exhibited a bactericidal effect on a few bacteria. Extracts from T. titanicus and P. dactylifera were less 

active as they moderately (512<MIC≤2048 µg/mL) inhibited the growth of 35% and 10% of bacteria. All extracts selectively potentiated the 

activities of all antibiotics with improvement activity factors (IAF) ranging from 2 to 256. G. lucida, T. cacao and S. macrocarpon potentiated the 

activities of 100%, 89% and 67% of antibiotics respectively against more than 70%, suggesting that they contain bioactive compounds which 

could be considered as efflux pumps inhibitors. Whereas T. titanicus and P. dactylifera improved the activities of almost 40% and 20% of 

antibiotics, respectively. This increase of activities also characterizes synergistic effects between antibiotics and these bioactive compounds. G. 

lucida extract at all tested concentrations, strongly inhibited the growth of bacterial strain E. coli ATCC8739 and exhibited an inhibitory effect on 

this bacterial H+-ATPase-mediated proton pumps increasing the pH of the medium. 

Conclusion: The overall results indicated that food plants among which G. lucida, T. cacao and S. macrocarpon could have a benefit interest in 

combatting resistant types of bacteria. 
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Background 
 

The control of infectious diseases is badly endangered by the rise 

in the number of microorganisms that are resistant to antimicrobial 

agents. Today’s, microbial infections, resistance to antibiotic drugs, 

have been the best challenges, which threaten the health of 

societies. Microbial infections are responsible for millions of deaths 

every year worldwide. In 2013, 9.2 million deaths have been 

reported because of infections, i.e. about 17% of total deaths [1,2]. 

This is because infections caused by resistant microorganisms 

often fail to respond to conventional treatment, resulting in 

prolonged illness and greater risk of death [3]. For several 

decades, antibiotics have been critical in the fight against infectious 

diseases caused by bacteria and other microbes [4]. Antimicrobial 

chemotherapy has been a leading cause for the dramatic rise of 

average life expectancy in the twentieth century. However, 

diseases-causing microbes that have become resistant to antibiotic 

drug therapy are an increasing public health problem [3]. One part 

of the problem is that bacteria and other microbes that cause 

infections are remarkably resilient and have developed several 

ways to resist antibiotics and other antimicrobial agents. Another 

part of the problem is due to increasing use and misuse of existing 

antibiotics in human and veterinary medicine. When are 

underused, overused or misused, the process of antibiotic 

resistance is increased [5]. Bacteria resist to antibiotics through 

several mechanisms or strategies including chemical modification 

of antibiotic, its inactivation through physical removal from the cell 

reducing its intracellular concentration, modification of target size 

so that it is not recognized by the antibiotic [6,7]. Many bacteria 

developing resistance such as Escherichia, Klebsiella, 

Pseudomonas, Enterobacter or Staphylococcus species are 

become a serious clinical problem throughout the world [8,9]. At 

the present time, about 70% of the bacteria that cause infections in 

hospitals are resistant to at least one of the drugs most used for 

treatment [3]. Healthcare system across the globe has been 

suffering from an extra-ordinary burden in terms of looking for the 

new and more potent antimicrobial compounds. Natural products 

are important sources of medicinal compounds with various 

pharmacological properties. A wide variety of organisms among 

which food plants produce such bioactive compounds and some of 

these natural substances have been shown to be able to kill 

bacteria or be able to potentiate the activities of usual antibiotics 

[10-15]. Combination therapies may result in the administration of a 

low dose of commercial antimicrobial which might reduce drug 

toxicity and improve efficacy. Moreover, many food plants including 

Garcinia lucida, Phoenix dactylifera, Solanum macrocarpon, 

Theobroma cacao and Termitomyces titanicus (Table 1) are used 

in indigenous medicine to treat infectious diseases and other 

illness. For this reason, the present work was carried out to 

evaluate the antibacterial properties of the above mentioned 

Cameroonian dietary plants and the effects of their combination 

with some commonly used antibiotics as well as their mechanisms 

of action against several multidrug resistant Gram-negative 

phenotypes.   

 

Methods 
 

Plant collection 

 

Plants used in this study were constituted of five Cameroonian 

edible plants including part of Garcinia lucida (bark), Phoenix 

dactylifera (pericarps), Solanum macrocarpon (leaves), Theobroma 

cacao (pod) and Termitomyces titanicus (whole plant). They were 

collected in Bamboutos and Menoua Divisions, West Region of 

Cameroon between September and October 2019 and then 

identified at the National Herbarium (Yaoundé, Cameroon) where 

voucher specimens were deposited under the reference numbers 

(Table 1). Some information concerning the traditional use as well 

as previous biological activities of these plants are summarized in 

this Table 1. 

 

Microorganisms and culture media 

 

Microorganisms were constituted of twenty multidrug resistant 

Gram-negative bacterial phenotypes overexpressing efflux pumps. 

These bacteria provided some from American Type Culture 

Collection (ATCC) and others from laboratory of UMR-MD1 of 

University of Mediterranean, Marseille (France) included reference 

and clinical isolates of Escherichia coli, Enterobacter aerogenes, 

Klebsiella pneumoniae, Providencia stuartii and Pseudomonas 

aeruginosa strains. They were maintained on agar slant at 4 ℃ and 

sub-cultured on a fresh appropriate agar plates 24 hrs prior to any 

antimicrobial test. Their main characteristics are summarized in 

Table 2. 

Two culture media were used. The Mueller Hinton Agar for 

bacterial activation and the Mueller Hinton Broth for bacterial 

conservation as well as for determination of minimal inhibitory 

concentrations (MICs) and minimal bactericidal concentrations 

(MBCs). 

  

Chemicals 

 

Nine antibiotics belonging to different families and commonly used 

in infectious diseases treatment including Oxacillin (OXA), 

Thiamphenicol (THI), Erythromycin (ERY), Gentamycin (GEN), 

Doxycycline (DOX), Ciprofloxacin (CIP), Ofloxacin (OFL), 

Azithromycin (AZT), Flucloxacillin (FLC) were used. para-

Iodonitrotetrazolium chloride (INT) was used for colorimetric 

detection of living bacteria and dimethylsulfoxide (DMSO) for 

extracts and antibiotics dissolution. All these substances provided 

from Sigma-Aldrich (St. Quentin Fallavier, France). 

 

Plants extraction 

 

Freshly collected plants were washed with water, then dried safe 

from sun at room temperature. After crushed these dried samples, 

powders obtained were soaked in the methanol solvent in the 

proportions 1:3 m/v for 48 hrs and stirred three times per days. 

After filtration using Whatman N°1 filter paper, obtained solution 

was concentrated at 65°C temperature under reduced pressure to 

give the crude extract that was also dried at room temperature 

under sterile conditions to complete evaporation of methanol. This 

crude extract was then kept at 4°C for further tests. The extraction 

yield (EY) of each plant was calculated using the following 

formulation EY= (mass of crude extract / mass of powder) x100 

(Table 3).  

  

Phytochemical analysis 

 

Plant extracts were submitted to a qualitative phytochemical 

screening for identification of the main classes of secondary 

metabolites or bioactive components responsible of the 

antibacterial properties of each plant. These tests were carried out 

using a colorimetric method as described by [16].   

 

Antibacterial assays  
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Bacterial susceptibility to plant extracts 

 

Antibacterial activities of tested samples were performed through 

the determination of the minimal inhibitory concentrations (MICs) 

and minimal bactericidal concentrations (MBCs) using the broth 

micro-dilution methods as described by [17,18]. One hundred 

microliter of MHB culture medium were introduced in a sterile 96-

wells microplate followed by 100 µl of sample solution in first wells 

and serial dilutions. Wells contents were completed to 200 µl by 

introducing 100 µl of bacterial inoculum 106 UFC/mL final 

concentration and microplate was covered and incubated at 37°C 

for 18 hrs. After incubation, 40 µl of INT 0.2 % were introduced and 

microplate was reincubated at 37°C for 30 min. During this time, 

INT reacts with viable bacteria to yield a pink colour complex. MIC 

of each sample was defined as the lowest concentration that 

prevented the change of this colour and which resulted in the 

complete inhibition of bacterial growth. Ciprofloxacin (tested at a 

final concentration of 256 µg/mL) and DMSO 2.5% were used as 

positive and negative controls, respectively. MBCs were 

determined by adding 50 µl from the previous wells content that did 

not received INT and that correspond to MICs values, to 150 µl of 

MHB contained in news plates. After incubation at 37°C for 48 hrs 

and addition of 40 µl of INT 0.2 %, MBC of each sample was 

determined as described above. Each assay was performed in 

triplicate and two independent times (Table 4).  

Plant extract was considered to have strong activity if 

MIC<100 µg/mL, significant activity if 100≤MIC≤512 µg/mL, 

moderate activity if 512<MIC≤2048 µg/mL and weak activity if 

MIC>2048 µg/mL. Moreover, plant extract was considered to 

bactericidal effect if MBC/MIC≤4 and bacteriostatic effect if 

MBC/MIC>4 [19]. 

  

Determination of MICs of antibiotics in combination with sample 

extracts 

 

Conventional antibiotics (tested at a final concentration of 256 

µg/mL) were associated with tested plant extracts and the effects 

of these combinations were determined calculating the 

improvement activity factors (IAFs). Tests were done using broth 

micro-dilution assays [18]. Antibiotics solutions (100 µl) were 

serially diluted in a 96-wells microplate and 50 µl of extract solution 

followed by 50 µl of bacterial inoculum (4x106 UFC/ml) were then 

added. The microplate was then covered and incubated at 37°C for 

18 hrs after which 40 µl of INT 0.2 % were introduced and the MICs 

of antibiotics alone and those of antibiotic-extract combinations 

were determined as described above. Preliminary tests were 

performed against Pseudomonas aeruginosa PA124 strain which 

was the most resistant bacteria and extracts were tested at MIC/2, 

MIC/4, MIC/8 and MIC/16 (results are summarized in Table 1 of 

supplementary file). Two concentrations of extracts (MIC/2 and 

MIC/4) were chose to be tested against the other studied bacteria 

including E. coli (ATCC8739 and AG102), E. aerogenes 

(ATCC13048 and CM64), K. pneumoniae (ATCC11296 and KP55), 

P. aeruginosa (PA01 and PA124), P. stuartii (ATCC29916 and 

NEA16). The improvement activity factors (IAF) of each 

combination were determined by calculating the MIC of antibiotic 

alone / MIC of combination. Each assay was also done in triplicate 

and two independent times (Tables 5-9). Extract and antibiotic 

were considered to have synergistic, indifference or antagonistic 

effects if IAF≥2, IAF=1 or IAF≤0.5 respectively [20].  

  

Mechanisms of action 

 

Effect of G. lucida on bacterial growth kinetic  

 

The effect of G. lucida extract which was the most active sample 

was investigated on E. coli ATCC8739 strain, the most sensitive 

and a reference studied bacterium using optical density 

measurements with respect to time. Extract was tested at different 

concentrations MIC/2, MIC and 2xMIC and ciprofloxacin was used 

as positive control while DMSO (2.5% v/v) and bacterial inoculum 

(1.5x108 UFC/ml) were used as negative controls. Optical densities 

(OD) were read at 600 nm wavelength using a spectrophotometer 

and the growth kinetic of this bacterium was followed-up for a 

period of 18 hrs. The experiment was carried out using a described 

method by [21] with some modifications. A quantity (500 µl) of 

bacterial suspension from preculture of 24 hrs followed by 500 µl of 

tested samples were added to 450 mL of MHB (1/100 v/v dilution) 

culture medium and the overall was incubated at 37°C under 

magnetic agitation. After 18 hrs of incubation, aliquots of 1 ml from 

the preparation were deducted at regular interval times of 2 hrs 

from 0 to 18 hrs and introduced in a spectrophotometric tab for 

optical densities reading. From the obtained results, bacterial 

growth curves [OD = f (times)] were plotted using Microsoft Excel 

software (Figure 1). 

 

Effect of G. lucida on bacterial H+-ATPase-mediated proton pumps    

 

G. lucida extract was also tested to evaluate its capacity to inhibit 

the H+-ATPase-mediated proton pumps of E. coli ATCC8739 

strain. This assay was done using an experimental method 

described by [22]. A fresh bacterial colony was dissolved in 20 mL 

of MHB culture medium and incubated at 37°C under magnetic 

agitation for 18 hrs. Aliquots of 1 mL from this bacterial preculture 

were deducted and added to MHB to afford 100 mL final volume 

(1/100 v/v dilution), and then re-incubated at 37°C for 18 hrs under 

magnetic agitation. One hundred millilitre from this bacterial culture 

was centrifuged at 4000 rds/min for 30 min at 4°C. Recuperated 

gut was washed with sterile distilled water then with KCl 50 mM 

and was dissolved in 50 mL KCl 50 mM. obtained bacterial 

suspension was conserved at 4°C for 18 hrs (for glucose 

starvation), after which the pH was adjusted to 6.48 by adding HCl 

or NaOH solution. Then, 0.5 mL of tested sample was added to 4 

mL of this bacterial culture (1.5x108 UFC/mL) and the mixture was 

incubated at 37°C for 10 min, after which, 0.5 mL of glucose 20% 

was added in order to initiate the acidification of the environment. 

DMSO (2.5% v/v) constituted the negative control. The pH values 

of tested samples were read at room temperature (25°C) every 10 

min for 1 hr, using a pH-meter. The curves [pH = f (times)] were 

labelled using Microsoft Excel software (Figure 2). 

 

Results 

 
Phytochemical screening 

 

Qualitative phytochemical analysis revealed the presence of 

selected main classes of secondary metabolites in tested plant 

extracts. Two extracts, Theobroma cacao and Termitomyces 

titanicus contained all the six analysed bioactive constituents which 

are alkaloids, polyphenols, flavonoids, triterpenes, steroids and 

saponins. Among them, saponins were absent in Garcinia lucida 

and Solanum macrocarpon extracts meanwhile, Phoenix 

dactylifera extract was found to has only three of them, 

polyphenols, flavonoids and saponins (Table 3).  

  

Determination of antibacterial activities of plant extracts 
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Table 4 shows minimal inhibitory concentrations (MICs) and 

minimal bactericidal concentrations (MBCs) of tested samples. This 

table indicates that samples have presented different level of 

antibacterial activities with MICs values ranging from 64 to 2048 

µg/mL. Garcinia lucida extract inhibited the growth of all studied 

bacteria. It showed strong activity (MIC<100 µg/mL) against 

Escherichi coli ATCC8739, significant activity (100≤MIC≤512 

µg/mL) against 80% of bacteria and moderate activity 

(512<MIC≤2048 µg/mL) against 15% of bacteria. It was followed by 

Theobroma cacao extract which inhibited the growth of 95% of 

studied bacterial strain with significative and moderate activities 

against 45% and 50% of them respectively. Furthermore, G. lucida 

showed bactericidal effects (MBC/MIC≤4) against 55% of bacteria 

including each specie type and T. cacao showed this effect against 

25% of bacteria mainly four E. coli strains and Providencia stuartii 

NEA16 strain. Solanum macrocarpon presented an inhibition 

spectrum against 80% of bacteria with strong activity on 

Enterobacter aerogenes EA298, significative and moderate 

activities against 25% and 50% of bacteria, respectively. This 

extract showed bactericidal effects against 25% of bacteria 

including three E. coli strains (ATCC8739, AG102 and MC4100) 

and two E. aerogenes strains (ATCC13048 and EA289). Extracts 

from Termitomyces titanicus and Phoenix dactylifera were less 

active as the moderately inhibited the growth of 35% and 10% of 

bacteria respectively without presenting any bactericidal effect. The 

antibacterial power of G. lucida is compared to that of reference 

antibiotic ciprofloxacin which inhibited the growth of all studied 

bacteria and presented a bactericidal effect against more of them. 

Notice that E. coli ATCC8739 and Pseudomonas aeruginosa 

PA124 were respectively the most susceptible and the most 

resistant strains. 

   

Effects of the combination of antibiotics with plant extracts 

 

Tables 5-9 shows minimal inhibitory concentrations of antibiotics 

alone and antibiotics combined to tested plant extracts. The 

improvement activity factors (IAF, in parenthesis in the tables) give 

information about the close link between antibiotics and bioactive 

components of extracts. This concerns the type of effect including 

synergism (IAF≥2), indifference (IAF=1) or antagonism (IAF≤0.5) 

which could exist between them. From these tables, it is noted that 

all extracts increased the activity of all antibiotics on a number of 

studied bacteria with IAF values ranging from 2 to 256. Extracts 

from Garcinia lucida at the two sub-inhibitory concentrations (MIC/2 

and MIC/4) potentiated the activity of all antibiotics (100%) against 

all bacterial strains (100%). It showed a strong synergistic effect 

(IAF≥16) with Oxacillin, Thiamphenicol, Erythromycin, Gentamicin 

and Ciprofloxacin against most bacteria. No antagonistic effect was 

observed between this extract and used antibiotics (Table 5). 

Theobroma cacao also improved the activity of 89% of antibiotics 

against more than 70% of bacteria and its strong synergistic effects 

were mostly observed with Gentamicin and Ciprofloxacin (Table 6). 

Extract from Solanum macrocarpon potentiated the antibacterial 

activity of 67% of antibiotics against more than 70% of studied 

bacterial strains. It also showed strong synergistic effects with 

some antibiotic including Oxacillin, Erythromycin, Gentamicin and 

Ciprofloxacin against most studied bacteria. Whereas it showed 

antagonistic effects with Flucloxacillin on some bacterial strains 

(Table 7). Extracts from Termitomyces titanicus and Phoenix 

dactylifera enhanced the inhibitory power of 40% and 20% of used 

antibiotics respectively against more than 70% of bacteria. They 

selectively presented strong synergistic effects with few antibiotics 

against some bacteria and antagonistic effects mostly with 

Erythromycin (Tables 8 and 9). Indifferent effects were also 

obtained in many cases with all tested extracts. Notice that 

preliminaries essays were carried out against Pseudomonas 

aeruginosa PA124 strain at four different concentrations of extracts 

(MIC/2, MIC/4, MIC/8 and MIC/16) at the conclusion of which 

synergistic effects were mostly obtained at MIC/2 and MIC/4 of the 

extracts (see Table 1 of supplementary file). For this reason, these 

two concentrations were selected for the other bacteria (Tables 5-

9).  

  

Effect of Garcinia lucida extract on bacterial growth kinetic 

 

The effect on bacterial growth kinetic of Garcinia lucida extract, 

which was the best tested sample, was evaluated on E. coli 

ATCC8739 strain, the more sensitive bacteria (Figure 1). This 

figure shows that with negative controls (curves of inoculum alone 

and inoculum treated with DMSO 2.5%), bacterial growth started 

after 2 hrs and the bacterial multiplication become more 

pronounced till 12 hrs of time after which the number of bacteria in 

the medium stabilized itself and remained constant till end of 

experiment. Meanwhile, when treated with tested sample at 

different concentrations, bacteria grow slowly after 10 hrs for MIC/2 

and 14 hrs for MIC and 2xMIC of extract because of weak 

multiplication of bacterial cell. This multiplication decreases when 

the concentration of extract increases. In presence of reference 

antibiotic, there is no growth of this bacteria during the time of 

experiment (see supporting graphics G1). 

 

Effect of Garcinia lucida extract on bacterial H+-ATPase--mediated 

proton pumps  

 

The mechanism of action of Garcinia lucida extract tested at MIC 

concentration on H+-ATPase-mediated proton pumps of E. coli 

ATCC8739 strain was also investigated (Figure 2). It was observed 

that when the solution was treated with DMSO 2.5%, the negative 

control, the pH values decreased from 6.2 to 4.9 during the time of 

incubation. Whereas the reverse situation was obtained when the 

medium was treated with tested extract whose pH values gradually 

increased from 6.2 to 7.5 at the end of experiment. It is important to 

mention that studied bacterial species grows well in acidic 

condition of environment and that increase of pH is unfavourable 

for its survival (see supporting graphics G2). 

 

Discussion 
 

Antibacterial activities of plant extracts  

 

The first part of the present work consisted at evaluating of the 

antibacterial potential of some dietary plants (Table 4) and the 

effects of their association with commonly used antibiotics (Tables 

5-9). The second part aimed at determining the mechanisms of 

action of the most active sample. The antibacterial activities were 

carried out by determining the minimal inhibitory concentrations 

(MIC) and minimal bactericidal concentrations (MBC) of tested 

samples. Some criteria concerning MIC values were defined to 

categorize the antimicrobial power of a natural substance [19]. 

Garcinia lucida which inhibited the growth of all studied bacteria 

showed strong activity (MIC<100 µg/mL) against E. coli ATCC8739 

and significant activity (100≤MIC≤512 µg/mL) against 80% of 

bacteria. Previous studies on G. lucida seeds as well as Garcinia 

kola seeds also showed significant activity against the most of 

used bacterial strains. Moreover, the antibacterial potential of the 

bark and seeds of G. lucida methanolic extracts against 
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Escherichia coli, Enterobacter aerogenes et Pseudomonas 

aeruginosa have been reported. Stem back extracts of this tested 

plant has been also shown to display strong and significant 

antimicrobial potential against some fungi and bacteria [23,24,25]. 

In the present work, from the 80% of bacteria inhibited, Solanum 

macrocarpon leaves extracts exhibited strong activity on 

Enterobacter aerogenes EA 298 and showed moderate 

antibacterial activity (512<MIC≤2048 µg/mL) against 25% of other 

strains. Previous studies reported antimicrobial screening of the 

leaves of S. macrocarpon showing their highest inhibitory activity 

against few pathogens. Alternatively, antimicrobial activities as well 

as antioxidant and other pharmacological properties of Solanum 

species have been reported [26,27,28]. Next to these two samples, 

Theobroma cacao extracts also displayed an inhibitory potential 

against all studied bacterial strains excepted P. aeruginosa PA124 

with significant activity against 45% of bacteria. Previous studies 

on different parts of T. cacao reported their antimicrobial potential 

against sensitive as well as resistant pathogens and their 

antioxidant properties. Pectin from T. cacao showed dose-

dependent moderate activity against Gram-positive and Gram-

negative microorganisms [29-33]. The other two tested extracts 

moderately exhibited selected antibacterial activities against 10% 

and 35% of used strains for Phoenix dactylifera and Termitomyces 

titanicus respectively. In contrary to results obtained in this work, 

leaves and fruits from P. dactylifera (data palm) extracts have been 

found to display strong and moderate antimicrobial potential 

against some drug sensitive microorganisms. Some previous 

literature works also reported the antioxidant activities of this plant 

[34-37]. Weak inhibitory power of this plant obtained herein is due 

to the fact that studied bacteria were multidrug resistant 

phenotypes. The antimicrobial activity of T. titanicus has not yet be 

reported in literature but plants of the same specie showed some 

properties as antioxidant, antitumor, immunomodulators and 

antimicrobial [38]. Its inhibitory activity is reported in this work for 

the first time. A part of all these properties on tested samples, they 

are traditionally used in treating infectious diseases and other 

illness (Table 1). 

 

Bioactive compounds of plant  

 

Natural products are important sources of medicinal compounds or 

bioactive components which are responsible for the pharmaceutical 

and therapeutic values of plants [39,40]. Phytochemical analysis 

showed the presence of some mean secondary metabolites in 

plants used in the present study (Table 3). Alkaloids, flavonoids, 

polyphenols, triterpenes, steroids and saponins were found in T. 

cacao and T. titanicus while saponins among them were absent in 

G. lucida and S. macrocarpon. Only flavonoids, polyphenols and 

saponins were present in P. dactylifera. Several studies also 

reported the presence of all or some of these phytochemicals in 

used plants. Moreover, bioactive compounds have been isolated in 

some of these plants and have shown antimicrobial and antioxidant 

properties [34,41,42]. Examples are terpenes (putranjivic 

acid, methyl putranjivate, his intermediate lactone, 

friedelin, cycloartenol), Dihydrochelerithrine, 6-

acetonyldihydrochelerithrine and lucidamine isolated from G. lucida 

that showed bacterial growth inhibition. Polyphenols contents from 

S. macrocarpon and P. dactylifera and peptin from T. cacao were 

found to possess pharmacological activities [24,30,43]. 

Antimicrobial potential of a natural product depends not only to the 

presence of bioactive compounds but also to their quantities or 

concentrations. Furthermore, these compounds in plants can 

display synergic or antagonistic effects. This can explain the fact 

that in the present study, G. lucida has highest inhibitory activity 

than S. macrocarpon and T. cacao. 

 

Antibacterial activities of plant extract-antibiotic combination  

                     

Since studied bacteria are MDR phenotypes overexpressing efflux 

pumps (EPs), tested plant extracts at sub-inhibitory concentrations 

were combined with conventional antibiotics to make these 

microorganisms more susceptible. Numerous natural products 

have also exhibited potent synergism against the drug-resistant 

bacteria when used in combination with various types of antibiotics 

[44,45,46]. It was reported that a substance which is capable to 

highly improve the activity of almost 70% of extruded antibiotics 

against 70% of bacteria is considered an efflux pumps inhibitor 

(EPI) [47]. According to obtained results, G. lucida and T. cacao 

extracts could contain bioactive compounds acting as EPIs (Tables 

5 and 6) and avoiding the removal of antibiotics from the cell 

cytoplasm. The intracellular concentration of the antibiotic is 

therefore high to be able to inhibit the bacterial growth. It had been 

reported that 5’-méthoxyhydnocarpine (5’-MHC) a flavonolignan 

isolated from Berberis fremontii plant, exhibited an inhibiting effect 

of efflux pumps NorA expressed by S. aureus restoring the activity 

of certain antibiotics [48]. In this work, many synergistic (IAF≥2) 

cases were observed. These synergistic effects result of the 

simultaneous or conjugated action of the combined substances at 

different target sites of bacterial cell. Antimicrobial agents exhibit 

their action inhibiting the synthesis of genetic materials, plasma 

membrane, cell wall, metabolism of folic acid and proteins [49,50]. 

For the best of our knowledge, no previous studies on the 

antibiotic-potentiation of plants used in the present work did not yet 

reported. This manuscript could constitute the first report for their 

combination with antibiotics against pathogens. Antagonisms 

(IAF≤0.5) observed is some few cases could result to the 

competition between bioactive compounds of plant and antibiotic 

on the same target site of bacterial cell, avoiding each one to 

display its inhibiting role. Moreover, indifferent effects (IAF=1) 

obtained in some cases indicate that the inhibitory effect of extract 

has not changed against concerned bacteria and could not thus 

influence the antibacterial activity of antibiotic. 

 

Effect of G. lucida extract on E. coli ATCC8739 growth kinetic 

 

Bacteria grow and multiply themselves following many stages of 

development which include lag, exponential, stationery, and 

decline phases. In normal growth conditions and without treating 

with an antimicrobial substance, it was shown the lag-phase 

duration is generally 2 hrs and the exponential-phase rate is very 

high [51]. In this work, curves obtained with negative controls 

(inoculum alone and DMSO 2.5%/inoculum mixture) showed well 

studied bacterial growth respecting the above different growth 

phases. When treated with tested samples (G. lucida extract which 

was the most active), growth was highly inhibited and exponential-

phase (also call steady-state growth) was almost inexistent (Figure 

1). For E. coli growing in broth medium, this phase has been 

estimated to end when optical density at 600 nm (OD600) is 

between 0.6 and 1.0 [52]. Similar results were obtained here with 

negative controls. Lag-phase consists of bacterial adaptation to its 

new environment and enzymes synthesis for substrates 

metabolism contained in nutrients. This provides energy to be used 

by bacteria for multiplication and growth at the exponential-phase. 

This energy decreases at the stationary-phase as metabolized 

substrates also decrease causing bacterial death whose number is 

equal to that of living bacteria. After 24 hrs of incubation, complete 

lack of nutrients is accompanied by a very increased number of 
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death and toxins production in the environment thus marking the 

decline-phase [51,53]. In presence of tested sample at all 

concentrations, lag-phase is prolonged till after 12 hrs and the 

number of living bacteria at the steady-state growth is very low (OD 

less than 0.34 for MIC/2 and less than 0.2 for MIC and 2xMIC). 

This indicates the highest inhibitory effect of tested G. lucida 

extract and its bactericidal character against the studied bacterium, 

E. coli ATCC8739 strain as shown in Table 4. 

 

Effect of G. lucida extract on E. coli ATCC8739 H+-ATPase-

mediated proton pumps 

 

Antimicrobial agents exhibit their inhibitory effects through many 

mechanisms of action. The effect of G. lucida extract in inhibiting 

the H+-ATPase-mediated proton pumps of E. coli ATCC8739 strain 

was investigated (Figure 2). Bacterial survival is highly dependent 

of a high concentration of intracellular hydrogen ions. It is well 

established that bacteria conserve and transduce metabolic energy 

by means of an electrochemical gradient of hydrogen ions across 

the cytoplasmic membrane [54]. Furthermore, it is accepted that 

secondary transport systems coupled to protons mediate the 

movement of K+ and Na+ ions. Proton movement across the 

membrane is the primary event not only for energy metabolism but 

also for performing this homeostatic work. The maintenance of a 

constant internal ion composition is indispensable to all living cell 

[54,55]. Influx of protons via a secondary K+/H+ or Na+/H+ antiporter 

can be excluded, and such that antiporter can be energized by the 

membrane potential. In several bacteria, acidification of the 

cytoplasmic pH has been attributed to secondary porters that 

exchange K+ or Na+ for H+ and cytoplasmic acidification appear to 

be required for the growth of Escherichia species in alkaline 

medium. The inhibition of these H+-ATPase proton pumps leads to 

the decrease of extracellular H+ protons and to the increase of pH. 

It is reported that the minimum pH supporting bacterial proliferation 

for an Escherichia coli strain is 4.4 [56]. In the present work, 

compared to negative control whose pH decreased (from 6.2 to 

4.9) during the time of experiment, tested sample provoked an 

increase of pH (from 6.2 to 7.5). This indicates that tested extract 

sample induced the inhibition of H+-ATPase-mediated proton 

pumps of studied bacterial strain suggesting that this mechanism 

could constitute one of the ways by which this extract exhibits his 

antibacterial activity. Other studies have demonstrated the 

inhibiting effects of H+-ATPase-mediated proton pumps of the 

same studied bacterial strain by dietary plant extracts [57]. 

 

 

 
Figure 1. Effect of Garcinia lucida extract at different 

concentrations on growth kinetic of Escherichia coli 

ATCC8739 
These results show that DMSO at 2.5% concentration used to dissolve tested samples, 

did not inhibit the growth of studied bacterial strains and did not influent the activity of 

these samples 

 

 
 

Figure 2. Effect of Garcinia lucida extract on Escherichia coli 

ATCC8739 H+-ATPase-mediated proton pumps 
Increase of pH values or acidic conditions of the medium favourites the growth of tested 

bacterial meanwhile, decrease of pH values or basic conditions allows his growth 

inhibition  
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Table 1. Plant samples, their extractive yields, traditional use, and biological activities 

Plants and 

reference 

numbers 

Family  Extractive 

yields (%) 

Traditional usage  Biological activities Identified or isolated bioactive 

compounds 

Garcinia lucida 

17973 NHC 

Clusiaceae 

 

37.40 Used as venom and poison antidote 

and aphrodisiac stimulant; treats 

gastroenteritis and gynaecologic 

diseases [58]  

Methanolic extracts against 

St, Sa, Ca, Ea, Kp, Pa, Pp 

and Ec [24,25]  

6-acetonyldihydrochelerithrine, 

Dihydrochelerithrine and lucidamine [43]  

Phoenix 

dactylifera 

14473 NHC 

Arecaceae 

 

36 Used as detergent and astringent for 

the treatment of sore throat, alcoholic 

intoxications, and gonorrhoea; treats 

paralysis, fever, nervous disorders 

and malaria [59,60,61]  

Aqueous, methanolic and 

acetone extracts against 

Ec, Pa, Sp, Sa, Bc and Sm 

[34,36]  

Alkaloids, tannins, steroids, flavonoids, 

saponins [34] 

Solanum 

macrocarpon 

21364 

SFR/Cam 

Solanaceae 

 

7.18 Treats articular rheumatisms, cardiac 

diseases, dyspepsia, constipation and 

gastro-oesophageal ebb [26,62]  

Ethanolic extracts against 

Ec, Sa, Ca, An [26] 

Alkaloids, saponins, flavonoids and 

tannins [41] 

Theobroma 

cacao 

66394 NHC 

Sterculiaceae 

 

19.90 Used to relieve symptoms linked to 

cardiovascular, gastrointestinal, and 

nervous diseases. It is also used as 

diuretic, immunostimulant, cardiotonic 

[63,64]  

Methanolic and acetone 

extracts against Sd, Kp, 

Sm, Pa, Pm, Ec, Sa, Se, Ef 

[31,65]  

alkaloids, anthraquinones, cardiac 

glycosides, phenolic compounds and 

saponins. [42] (Santos et al., 2014). 

Termitomyces 

titanicus  

/ 

Lyophyllaceae 

 

17.33 Not found but the same species plants 

were found to have potential for 

treating neurodegenerative and 

rheumatic disorders, constipation, 

fever, gastrointestinal problems, 

ulcers, haemorrhoids, abdominal pain 

and stomach-ache [38]  

Termitomyces species as 

potential uses as 

antioxidant, antitumor, 

immunomodulators and 

antimicrobial [38] 

Phenolic compounds, fatty acid amide, 

polysaccharides, saponins, ergostane 

and neurogenic cerebrosides were 

isolated from Termitomyces species 

[38] 

Ea : Enterobacter aerogenes ; Kp : Klebsiella pneumoniae ; Pm : Proteus mirabilis ; An : Aspergillus niger ; Sa : Staphylococcus aureus ; Ec : Escherichia coli ; Pa : Pseudomonas  aeruginosa ; 

Sp : Salmonella paratyphi ; St : Salmonella typhi ; Sd : Shigella dysenteriae ; Sp :Streptococcus pyogenes ; Se : Staphylococcus epidermidis ; Ef: Enterococcus faecalis ; Sm : Serratia 

marcescens Bp : Bacillus pumilus ; Bc : Bacillus cereus ; Ca : Candida albicans ; Pp : Pseudomonas pseudoalcaligenes   HNC : National Herbarium of Cameroon     SRF/Cam : Society of forest 

reserve of Cameroon    Extractive yield of each sample was obtained by calculating the crude extract weight / powder weight 

Table 2. Studied bacterial strains and their characteristics  

 

Species  Types Characteristics References 

Escherichia 

coli 

ATCC8739 Reference strain [66] 

AG100A E. coli K-12 expressing △acrAB: KANr  [67] 

AG102 △acrAB mutant AG100, owing acrF gene markedly over expressed 

TETr 

[68] 

AG100ATet △acrAB mutant AG100, with over-expressing acrF gene; TETr [69] 

W3110 Wild type E. coli K-12 
[70] 

MC4100 Wild type E. coli expressed ABC pumps KANr 

Enterobacter aerogenes ATCC13048 Reference strain [66] 

EA27 Clinical MDR isolate exhibiting energy-dependent norfloxacin and 

chloramphenicol efflux with KANr, AMPr, NALr, STRr, TETr 

[71,72] 

EA289 KAN sensitive derivative of EA27 

[71] 
EA294 EA289 expressing acrA: KANr  

EA298 EA289 expressing tolC : KANr [71,73] 

Klebsiella pneumoniae ATCC11296 Reference strain  
Kp55 Clinical MDR isolate, TETr, AMPr, ATMr, CEFr [66] 

Kp63 Clinical MDR isolate, TETr, CHLr, AMPr, ATMr  [74] 

Providencia stuartii NEA16 Clinical MDR isolate, AcrAB-TolC  [66] 

PS299645 Clinical MDR isolate, AcrAB-TolC associated to types OMPF and 

OMPC porins 

Pseudomonas aeruginosa PA 01 Reference strain [66] 

PA 124 Clinical MDR isolate, expressing MexAB-OprM [67] 

KANr, TETr, AMPr, NALr, STRr, ATMr, CEFr, CHLr : resistant (r) to kanamycin, tetracycline, ampicillin, nalidixic acid, streptomycin, aztreonam, cefepime, chloramphenicol, respectively;   MDR : 

Multidrug-resistant ; AcrAB-TolC, AcrAB and TolC are efflux pumps. 
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Table 3. Phytochemical analysis of plant extracts  

 

Phytochemicals  Plant extracts  

Garcinia lucida Theobroma cacao Solanum macrocarpon Termitomyces titanicus Phoenix dactylifera 

Alkaloids + + + + - 

Polyphenols + + + + + 

Flavonoids + + + + + 

Triterpenes + + + + - 

Steroids + + + + - 

Saponins - + - + + 

(-): absence of phytochemicals        (+): presence of phytochemicals  

 

 

Table 4. Minimal inhibitory and bactericidal concentrations of tested samples 

 

MIC : minimal inhibitory concentration       MBC : minimal bactericidal concentration       R :  MBC / MIC ratio (a sample is considered as bacteriostatic or bactericidal when this ratio is >4 or ≤4 

respectively)     (-) : MIC or MBC > 2048 µg/mL      nt : not tested       nd : not determined (as no MIC and MBC values were not observed till 2048 μg/mL)         PSBS : percentage of susceptible 

bacteria to substances           DMSO 2.5% used as negative control does not showed inhibitory effect against all bacteria 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bacterial strains Extracts samples Ciprofloxacin 

Phoenix dactylifera Garcinia lucida Theobroma cacao Solanum macrocarpon Termitomyces 

titanicus 

 

MIC MBC R MIC MBC R MIC MBC R MIC MBC R MIC MBC R MIC MBC R 

Escherichi coli                   

ATCC8739 2048 - >1 64 64 1 256 1024 4 128 512 4 1024 - >2 0.5 1 2 

AG100A - nt nd 2048 - >1 128 - >16 512 - >4 - nt nd 4 32 8 

AG102 - nt nd 128 1024 8 1024 1024 1 1024 1024 1 2048 - >1 2 8 4 

MC4100 - nt nd 128 128 1 1024 2048 2 1024 1024 1 - - >1 4 8 2 

AG100ATet - nt nd 256 2048 8 512 2048 4 - nt nd 1024 2048 2 8 32 4 

W3110 - nt nd 256 2048 8 1024 - >2 1024 - >2 2048 - >1 2 2 1 

Enterobacter aerogenes                   

ATCC13048 - nt nd 128 128 1 512 - >4 1024 2048 2 - nt nd 1 8 8 

EA289 - nt nd 1024 2048 2 1024 - >2 1024 2048 2 - nt nd 2 16 8 

EA294 - nt nd 128 256 2 256 2048 8 128 - >16 - nt nd 2 8 4 

EA27 - nt nd 256 1024 4 1024 - >2 1024 - >2 2048 - >1 4 64 16 

EA298 - nt nd 128 - >16 256 - >8 64 - >32 - nt nd 2 4 2 

CM64 - nt nd 2048 - >1 2048 - >1 256 - >8 - nt nd 4 32 8 

Klebsiella pneumoniae                   

ATCC11296 - nt nd 128 512 4 256 - >8 512 - >4 - nt nd 8 64 8 

Kp55 - nt nd 256 1024 1 2048 - >1 1024 - >2 - nt nd 8 16 2 

Kp63 - nt nd 256 2048 8 2048 - >1 - nt nd 2048 - >1 16 128 8 

Providencia stuartii                   

ATCC29916 - nt nd 128 128 1 1024 - >2 1024 - >2 1024 - >2 16 64 4 

NEA16 - nt nd 128 1024 8 1024 2048 2 2048 - >2 - nt nd 16 128 8 

PS2636 1024 - >2 256 1024 4 512 - >4 - nt nd - nt nd 2 8 4 

Pseudomonas aeruginosa                   

PA01 - nt nd 128 512 4 256 - >8 1024 - >2 - nt nd 8 32 4 

PA124 - nt nd 256 2048 8 - nt nd - nt nd - nt nd 32 256 8 

PSBS (%) 10   100   95   80   35   100   
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Table 5. MICs of antibiotics associated with Garcinia lucida 

 
Antibiotics  MICs of 

plant extract 

Bacterial strains and concentrations of antibiotics PBS 

(%) E. coli E. aerogenes K. pneumoniae P. stuartii P. aeruginosa 

ATCC8739 AG102 ATCC13048 CM64 ATCC11296 KP55 ATCC29916 NAE16 PA01 PA124 

Oxacillin  0 32 32 64 64 64 8 64 64 64 

 

32  

MIC/2 0.125(256) 0.125(256) 4(16) 0.25(256) 16(4) 0.25(32) 0.25(256) 0.25(256) 0.25(256) 1(32) 100 

MIC/4 0.25(128) 0.25(128) 16(4) 0.25(256) 16(4) 0.25(32) 4(16) 0.5(128) 16(4) 8(4) 100 

Thiamphenicol  0 2 2 4 4 32 16 16 8 2 32  

MIC/2 1(2) 0.125(16) 4(1) 0.25(16) 8(4) 0.125(128) 0.125(128) 0.125(64) 0.125(16) 4(8) 90 

MIC/4 1(2) 0.5(4) 4(1) 0.25(16) 8(4) 0.5(32) 1(16) 0.25(32) 0.25(8) 4(8) 90 

Erythromycin 0 1 2 16 16 16 8 16 16 16 2  

MIC/2 0.125(8) 1(2) 2(8) 0.125(128) 0.125(8) 0.5(16) 0.125(128) 0.125(128) 1(16) 2(1) 90 

MIC/4 0.25(4) 2(1) 4(4) 0.25(64) 0.125(8) 0.5(16) 0.5(32) 0.25(64) 4(4) 2(1) 70 

Gentamicin 0 2 1 16 8 16 8 16 8 16 4  

MIC/2 0.125(16) 0.125(8) 0.25(64) 0.125(64) 0.125(128) 0.25(32) 0.125(128) 0.125(64) 0.125(128) 0.25(16) 100 

MIC/4 0.25(8) 0.25(4) 0.25(64) 0.25(32) 0.5(32) 0.5(16) 0.25(64) 0.25(32) 0.25(64) 0.25(16) 100 

Ciprofloxacin 0 1 2 1 4 8 8 16 16 8 32  

MIC/2 0.125(8) 0.25(8) 0.25(4) 0.125(16) 0.5(16) 0.25(32) 0.25(64) 0.25(64) 0.25(32) 8(4) 100 

MIC/4 0.25(4) 0.25(8) 0.25(4) 0.25(16) 0.5(16) 0.5(16) 2(8) 0.25(64) 4(2) 16(2) 100 

Doxycycline 0 2 8 2 2 4 8 2 16 4 16  

MIC/2 0.125(16) 0.5(16) 2(1) 0.25(8) 0.5(8) 0.5(16) 2(1) 4(4) 0.125(32) 0.125(128) 80 

MIC/4 0.125(16) 2(4) 2(1) 0.25(8) 0.5(8) 2(4) 2(1) 4(4) 0.5(8) 0.25(64) 80 

Azithromycin 0 4 16 16 16 4 4 4 16 4 64  

MIC/2 4(1) 1(8) 0.25(64) 0.125(128) 0.5(8) 0.25(16) 1(4) 16(1) 2(2) 0.25(128) 80 

MIC/4 4(1) 1(8) 1(16) 0.25(64) 1(4) 4(1) 2(2) 16(1) 2(2) 2(32) 70 

Ofloxacin 0 2 2 2 16 4 2 2 16 4 1  

MIC/2 0.5(4) 0.125(16) 0.125(16) 0.25(64) 0.25(16) 0.5(4) 0.125(16) 8(2) 2(2) 0.125(8) 100 

MIC/4 0.5(4) 0.25(8) 0.5(4) 0.5(32) 0.5(8) 2(1) 0.25(8) 16(1) 4(1) 0.5(2) 70 

Flucloxacillin 0 16 2 32 4 32 8 2 32 4 32  

MIC/2 0.5(32) 2(1) 4(8) 0.25(16) 4(8) 0.25(32) 0.125(16) 32(1) 4(1) 0.125(256) 70 

MIC/4 0.5(32) 2(1) 4(8) 0.5(8) 4(8) 4(2) 0.25(8) 32(1) 4(1) 0.25(128) 70 

The numbers in parenthesis represent the improvement activity factors (IAF) [there is synergism when IAF≥2, indifference when IAF=1 and antagonism when IAF≤0.5]         IAF values were 

obtained by calculating the MIC of antibiotic alone over MIC of the combination          0: MICs values of antibiotics tested alone       PBS : percentage of bacterial susceptibility        E. coli: 

Escherichia coli        E. aerogenes: Enterobacter aerogenes       K. pneumoniae: Klebsiella pneumoniae       P. aeruginosa: Pseudomonas aeruginosa       P. stuartii: Providencia stuartii         The 

MIC of extract sample is those showed in Table 4 

 

Table 6. MICs of antibiotics associated with Theobroma cacao  
Antibiotics  MICs of 

plant 

extract 

Bacterial strains and concentrations of antibiotics PBS 

(%) E. coli E. aerogenes K. pneumoniae P. stuartii P. aeruginosa 

ATCC8739 AG102 ATCC13048 CM64 ATCC11296 KP55 ATCC29916 NAE16 PA01 PA124 

Oxacillin  0 32 32 64 64 64 8 64 64 64 32  

MIC/2 4(8) 1(32) 32(2) 8(8) 16(4) 0.5(16) 32(2) 32(2) 16(4) 64(0.5) 90 

MIC/4 8(4) 1(32) 32(2) 8(8) 16(4) 0.5(16) 64(1) 32(2) 32(2) 64(0.5) 80 

Thiamphenicol  0 2 2 4 4 32 16 16 8 2 32  

MIC/2 1(2) 0.125(16) 4(1) 0.125(32) 16(2) 16(1) 16(1) 0.25(32) 2(1) 64(0.5) 50 

MIC/4 2(1) 0.5(4) 4(1) 1(4) 16(2) 16(1) 16(1) 0.25(32) 2(1) 64(0.5) 40 

Erythromycin 0 1 2 16 16 16 8 16 16 16 2  

MIC/2 2(0.5) 0.125(16) 16(1) 2(8) 8(2) 1(8) 2(8) 0.125(128) 64(0.25) 1(2) 70 

MIC/4 2(0.5) 0.25(8) 16(1) 2(8) 16(1) 1(8) 2(8) 0.25(64) 64(0.25) 2(1) 50 

Gentamicin 0 2 1 16 8 16 8 16 8 16 4  

MIC/2 0.125(16) 0.125(8) 0.25(64) 0.125(64) 4(4) 0.125(64) 16(1) 0.125(64) 16(1) 0.25(16) 80 

MIC/4 0.5(4) 0.125(8) 0.25(64) 0.25(32) 8(2) 0.25(32) 16(1) 0.125(64) 16(1) 2(2) 80 

Ciprofloxacin 0 1 2 1 4 8 8 16 16 8 32  

MIC/2 0.125(8) 0.125(16) 0.25(4) 0.25(16) 0.5(16) 0.25(32) 8(2) 0.125(128) 0.5(16) 8(4) 100 

MIC/4 0.25(4) 0.25(8) 0.5(2) 0.25(16) 2(4) 0.25(32) 8(2) 0.25(64) 2(4) 16(2) 100 

Doxycycline 0 2 8 2 2 4 8 2 16 4 16  

MIC/2 0.125(16) 0.125(64) 0.5(4) 1(2) 0.25(16) 0.125(64) 1(2) 8(2) 0.25(16) 2(8) 100 

MIC/4 0.25(8) 0.5(16) 1(2) 2(1) 1(4) 0.25(16) 1(2) 8(2) 0.25(16) 2(8) 90 

Azithromycin 0 4 16 16 16 4 4 4 16 4 64  

MIC/2 0.125(32) 2(8) 2(1) 8(2) 0.25(16) 0.125(32) 0.25(16) 8(2) 0.5(8) 64(1) 80 

MIC/4 0.5(8) 2(8) 2(1) 16(1) 0.25(16) 1(4) 0.5(8) 16(1) 2(2) 64(1) 60 

Ofloxacin 0 2 2 2 16 4 2 2 16 4 1  

MIC/2 0.125(16) 0.125(16) 0.25(8) 0.25(64) 0.25(32) 0.5(4) 0.25(8) 16(1) 2(2) 1(1) 80 

MIC/4 0.25(8) 0.25(8) 0.25(8) 1(16) 0.25(32) 2(1) 0.25(8) 16(1) 2(2) 1(1) 70 

Flucloxacillin 0 16 2 32 4 32 8 2 32 4 32  

MIC/2 4(4) 1(2) 8(4) 0.5(8) 4(8) 0.5(16) 0.125(16) 32(1) 4(1) 4(8) 80 

MIC/4 4(4) 1(2) 8(4) 0.5(8) 4(8) 4(2) 0.25(8) 321) 4(1) 4(8) 80 

The numbers in parenthesis represent the improvement activity factors (IAF) [there is synergism when IAF≥2, indifference when IAF=1 and antagonism when IAF≤0.5]         IAF values were 

obtained by calculating the MIC of antibiotic alone over MIC of the combination          0: MICs values of antibiotics tested alone       PBS : percentage of bacterial susceptibility        E. coli: 

Escherichia coli        E. aerogenes: Enterobacter aerogenes       K. pneumoniae: Klebsiella pneumoniae       P. aeruginosa: Pseudomonas aeruginosa       P. stuartii: Providencia stuartii         The 

MIC of extract sample is those showed in Table 4 
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Table 7. MICs of antibiotics associated with Solanum macrocarpon  

 
Antibiotics  MICs of 

plant extract 

Bacterial strains and concentrations of antibiotics PBS 

(%) E. coli E. aerogenes K. pneumoniae P. stuartii P. aeruginosa 

ATCC8739 AG102 ATCC13048 CM64 ATCC11296 KP55 ATCC29916 NAE16 PA01 PA124 

Oxacillin  0 32 32 64 64 64 8 64 64 64 32  

MIC/2 0.125(256) 0.125(256) 2(32) 2(32) 4(16) 0.25(32) 8(8) 32(2) 0.25(256) 16(2) 100 

MIC/4 0.25(128) 0.25(128) 8(8) 2(32) 4(16) 0.25(32) 8(8) 32(2) 0.25(128) 32(1) 90 

Thiamphenicol  0 2 2 4 4 32 16 16 8 2 32  

MIC/2 0.125(16) 0.125(16) 0.125(32) 0.5 (8) 8(8) 2(8) 8(2) 0.125(64) 0.125(16) 32(1) 100 

MIC/4 0.25(8) 0.5(2) 1(4) 1(4) 8(8) 4(4) 16(1) 0.25(32) 0.25(8) 32(1) 80 

Erythromycin 0 1 2 16 16 16 8 16 16 16 2  

MIC/2 0.25(4) 0.125(16) 0.25(64) 2(8) 0.125(8) 0.25(32) 0.25(64) 0.5(32) 0.125(128) 1(2) 100 

MIC/4 1(1) 0.25(8) 2(8) 2(8) 0.25(4) 2(4) 0.5(32) 0.5(32) 0.25(64) 1(2) 90 

Gentamicin 0 2 1 16 8 16 8 16 8 16 4  

MIC/2 0.125(16) 0.125(8) 0.25(64) 0.125(64) 0.25(64) 0.125(64) 16(1) 0.25(32) 0.125(128) 4(1) 80 

MIC/4 0.25(8) 0.25(4) 2(8) 0.25(32) 0.5(32) 0.25(64) 16(1) 0.25(32) 0.25(64) 4(1) 80 

Ciprofloxacin 0 1 2 1 4 8 8 16 16 8 32  

MIC/2 0.25(16) 0.25(8) 0.125(8) 0.125(32) 2(4) 0.25(32) 0.125(128) 0.125(128) 0.25(32) 16(2) 100 

MIC/4 0.25(16) 0.25(8) 0.25(4) 0.25(16) 4(2) 0.25(32) 0.25(64) 0.25(64) 0.25(32) 32(1) 90 

Doxycycline 0 2 8 2 2 4 8 2 16 4 16  

MIC/2 0.125(16) 16(0.5) 2(1) 0.25(8) 0.25(16) 8(1) 2(1) 2(8) 0.5(8) 0.25(64) 60 

MIC/4 0.5(4) 16(0.5) 2(1) 2(1) 0.5(8) 8(1) 2(1) 16(1) 0.5(8) 2(8) 40 

Azithromycin 0 4 16 16 16 4 4 4 16 4 64  

MIC/2 1(4) 4(4) 0.25(64) 2(8) 1(4) 4(1) 1(4) 16(1) 2(2) 2(32) 80 

MIC/4 1(4) 4(4) 1(16) 2(8) 1(4) 4(1) 2(2) 16(1) 4(1) 8(8) 70 

Ofloxacin 0 2 2 2 16 4 2 2 16 4 1  

MIC/2 1(2) 2(1) 0.25(8) 16(1) 0.125(32) 4(0.5) 0.5(4) 8(2) 2(2) 1(1) 60 

MIC/4 1(2) 2(1) 0.25(8) 16(1) 0.25(16) 4(0.5) 0.5(4) 16(1) 4(1) 1(1) 40 

Flucloxacillin 0 16 2 32 4 32 8 2 32 4 32  

MIC/2 2(8) 4(0.5) 4(8) 1(4) 4(8) 32(0.25) 8(0.25) 64(0.5) 2(2) 4(8) 60 

MIC/4 8(2) 4(0.5) 32(1) 1(4) 4(8) 32(0.25) 8(0.25) 64(0.5) 4(1) 16(2) 40 

The numbers in parenthesis represent the improvement activity factors (IAF) [there is synergism when IAF≥2, indifference when IAF=1 and antagonism when IAF≤0.5]         IAF values were 

obtained by calculating the MIC of antibiotic alone over MIC of the combination          0: MICs values of antibiotics tested alone       PBS : percentage of bacterial susceptibility        E. coli: 

Escherichia coli        E. aerogenes: Enterobacter aerogenes       K. pneumoniae: Klebsiella pneumoniae       P. aeruginosa: Pseudomonas aeruginosa       P. stuartii: Providencia stuartii         The 

MIC of extract sample is those showed in Table 4 
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Table 8. MICs of antibiotics associated with Termitomyces titanicus 

 
Antibiotics  MICs of plant 

extract 

Bacterial strains and concentrations of antibiotics PBS 

(%) E. coli E. aerogenes K. pneumoniae P. stuartii P. aeruginosa 

ATCC8739 AG102 ATCC13048 CM64 ATCC11296 KP55 ATCC29916 NAE16 PA01 PA124 

Oxacillin  0 32 32 64 64 64 8 64 64 64 32  

MIC/2 8(4) 32(1) 16(4) 32(2) 32(2) 8(1) 16(4) 16(4) 32(2) 8(4) 80 

MIC/4 16(2) 32(1) 32(2) 32(2) 32(2) 8(1) 32(2) 16(4) 32(2) 8(4) 80 

Thiamphenicol  0 2 2 4 4 32 16 16 8 2 32  

MIC/2 0.125(16) 1(2) 2(2) 4(1) 32(1) 4(4) 32(0.5) 0.25(32) 2(1) 4(8) 60 

MIC/4 0.25(8) 1(2) 2(2) 4(1) 32(1) 8(2) 32(0.5) 0.25(32) 2(1) 8(4) 60 

Erythromycin 0 1 2 16 16 16 8 16 16 16 2  

MIC/2 2(0.5) .0.125(16) 16(1) 16(1) 64(0.25) 4(2) 0.125(128) 1(16) 64(0.25) 1(2) 50 

MIC/4 2(0.5) 0.125(16) 16(1) 16(1) 64(0.25) 8(1) 0.25(64) 2(8) 64(0.25) 1(2) 40 

Gentamicin 0 2 1 16 8 16 8 16 8 16 4  

MIC/2 1(2) 0.25(4) 0.5(32) 4(2) 8(2) 2(4) 16(1) 16(0.5) 8(2) 0.25(16) 80 

MIC/4 1(2) 0.25(4) 1(16) 4(2) 16(1) 2(4) 16(1) 16(0.5) 16(1) 0.25(16) 60 

Ciprofloxacin 0 1 2 1 4 8 8 16 16 8 32  

MIC/2 0.125(8) 0.125(16) 0.25(4) 2(2) 1(8) 0.5(16) 8(2) 0.25(64) 1(8) 2(16) 100 

MIC/4 0.2(4) 0.25(8) 0.25(4) 2(2) 8(1) 0.5(16) 8(2) 0.25(64) 2(4) 2(16) 90 

Doxycycline 0 2 8 2 2 4 8 2 16 4 16  

MIC/2 0.125(16) 4(2) 0.25(8) 2(1) 0.25(16) 1(8) 0.125(16) 4(4) 0.25(16) 2(8) 90 

MIC/4 0.25(8) 4(2) 0.25(8) 2(1) 0.25(16) 2(4) 0.25(8) 16(1) 0.25(16) 4(4) 80 

Azithromycin 0 4 16 16 16 4 4 4 16 4 64  

MIC/2 2(2) 16(1) 8(2) 16(1) 2(2) 8(0.5) 4(1) 16(1) 2(2) 2(32) 50 

MIC/4 2(2) 16(1) 8(2) 16(1) 2(2) 8(0.5) 4(1) 16(1) 2(2) 2(32) 50 

Ofloxacin 0 2 2 2 16 4 2 2 16 4 1  

MIC/2 0.5(4) 0.5(4) 0.5(4) 16(1) 2(2) 2(1) 0.25(8) 16(1) 2(2) 4(0.25) 60 

MIC/4 0.5(4) 2(1) 0.5(4) 16(1) 2(2) 2(1) 0.25(8) 16(1) 2(2) 4(0.25) 50 

Flucloxacillin 0 16 2 32 4 32 8 2 32 4 32  

MIC/2 16(1) 1(2) 32(1) 2(2) 4(8) 4(2) 2(1) 32(1) 0.5(8) 64(0.5) 50 

MIC/4 16(1) 1(2) 32(1) 2(2) 4(8) 4(2) 2(1) 32(1) 0.5(8) 64(0.5) 50 

The numbers in parenthesis represent the improvement activity factors (IAF) [there is synergism when IAF≥2, indifference when IAF=1 and antagonism when IAF≤0.5]         IAF values were 

obtained by calculating the MIC of antibiotic alone over MIC of the combination          0: MICs values of antibiotics tested alone       PBS : percentage of bacterial susceptibility        E. coli: 

Escherichia coli        E. aerogenes: Enterobacter aerogenes       K. pneumoniae: Klebsiella pneumoniae       P. aeruginosa: Pseudomonas aeruginosa       P. stuartii: Providencia stuartii         The 

MIC of extract sample is those showed in Table 4 

 

Table 9. MICs of antibiotics associated with Phoenix dactylifera 
 

Antibiotics  MICs of 

plant 

extract 

Bacterial strains and concentrations of antibiotics PBS 

(%) E. coli E. aerogenes K. pneumoniae P. stuartii P. aeruginosa 

ATCC8739 AG102 ATCC13048 CM64 ATCC11296 KP55 ATCC29916 NAE16 PA01 PA124 

Oxacillin  0 32 32 64 64 64 8 64 64 64 32  

MIC/2 0.25(128) 0.25(128) 32(2) 32(2) 16(4) 4(2) 64(1) 64(1) 8(8) 8(4) 80 

MIC/4 0.25(128) 0.5(64) 32(2) 32(2) 32(2) 4(2) 64(1) 64(1) 8(8) 8(4) 70 

Thiamphenicol  0 2 2 4 4 32 16 16 8 2 32  

MIC/2 0.5(4) 0.25(8) 4(1) 4(1) 32(1) 8(2) 32(0.5) 16(0.5) 0.5(4) 16(2) 50 

MIC/4 0.5(4) 0.25(8) 4(1) 4(1) 32(1) 16(1) 32(0.5) 16(0.5) 1(2) 16(2) 40 

Erythromycin 0 1 2 16 16 16 8 16 16 16 2  

MIC/2 2(0.5) 1(2) 32(0.5) 32(0.5) 0.5(32) 8(1) 32(0.5) 16(1) 16(1) 2(1) 20 

MIC/4 2(0.5) 1(2) 32(0.5) 32(0.5) 2(8) 8(1) 32(0.5) 16(1) 16(1) 2(1) 20 

Gentamicin 0 2 1 16 8 16 8 16 8 16 4  

MIC/2 0.25(8) 0.25(4) 4(2) 8(1) 0.5(32) 0.125(64) 16(1) 4(2) 16(1) 4(1) 60 

MIC/4 0.25(8) 1(1) 4(2) 8(1) 2(8) 0.25(32) 16(1) 8(1) 16(1) 4(1) 40 

Ciprofloxacin 0 1 2 1 4 8 8 16 16 8 32  

MIC/2 0.125(8) 0.25(8) 1(1) 2(2) 8(1) 0.125(64) 16(1) 16(1) 8(1) 64(0.5) 40 

MIC/4 0.125(8) 0.25(8) 1(1) 4(1) 8(1) 0.5(16) 16(1) 16(1) 8(1) 64(0.5) 30 

Doxycycline 0 2 8 2 2 4 8 2 16 4 16  

MIC/2 0.5(4) 0.25(32) 0.25(8) 1(2) 4(4) 0.25(32) 2(1) 16(1) 4(1) 2(8) 70 

MIC/4 0.5(4) 2(4) 0.25(8) 1(2) 8(2) 1(8) 2(1) 16(1) 4(1) 2(8) 70 

Azithromycin 0 4 16 16 16 4 4 4 16 4 64  

MIC/2 4(1) 8(2) 2(8) 32(0.5) 4(1) 1(4) 4(1) 16(1) 1(4) 64(1) 40 

MIC/4 4(1) 16(1) 2(8) 32(0.5) 4(1) 2(2) 4(1) 16(1) 2(2) 64(1) 30 

Ofloxacin 0 2 2 2 16 4 2 2 16 4 1  

MIC/2 0.5(4) 1(2) 0.5(4) 16(1) 0.5(16) 2(1) 0.25(8) 16(1) 4(1) 0.5(2) 60 

MIC/4 0.5(4) 1(2) 0.5(4) 16(1) 4(2) 2(1) 0.5(4) 16(1) 4(1) 1(1) 50 

Flucloxacillin 0 16 2 32 4 32 8 2 32 4 32  

MIC/2 16(1) 1(2) 16(2) 2(2) 8(4) 8(1) 0.5(4) 32(1) 8(0.5) 4(8) 60 

MIC/4 16(1) 2(1) 16(2) 4(1) 8(4) 8(1) 0.5(4) 32(1) 8(0.5) 16(2) 40 

The numbers in parenthesis represent the improvement activity factors (IAF) [there is synergism when IAF≥2, indifference when IAF=1 and antagonism when IAF≤0.5]         IAF values were 

obtained by calculating the MIC of antibiotic alone over MIC of the combination          0: MICs values of antibiotics tested alone       PBS : percentage of bacterial susceptibility        E. coli: 

Escherichia coli        E. aerogenes: Enterobacter aerogenes       K. pneumoniae: Klebsiella pneumoniae       P. aeruginosa: Pseudomonas aeruginosa       P. stuartii: Providencia stuartii         The 

MIC of extract sample is those showed in Table 4 
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Conclusion 
 

The overall results presented here showed that G. lucida, T. cacao 
and S. macrocarpon extracts inhibited many studied bacteria with 
strong and significant antibacterial activities. Extract from G. lucida 
was most efficient. These three extracts highly enhanced the 
antibacterial activity of almost 70% of used antibiotics against the 
majority of studied bacteria indicating synergistic effects between 
these antibiotics and bioactive compounds of these plants on the 
one hand, and suggesting that these plants could contain 
substances acting as efflux pumps inhibitors on the other hand. 
Bacterial growth kinetic study showed that G. lucida extract 
inhibited the growth of E. coli ATCC8739 strain at the exponential-
phase. Furthermore, the same plant extract exhibited an inhibitory 
effect of the H+-ATPase-mediated proton pumps of this bacterial 
strain. This work provides additional files for the antimicrobial 
activity of used plants and their potential benefit in the fight against 
infectious diseases caused by MDR bacteria phenotype 

overexpressing efflux pumps.    
 

Additional file 
 
Table 1. MICs of antibiotics associated with plant samples against 
Pseudomonas aeruginosa PA124. Available online at: 
https://www.investchempharma.com/imcp49-ngaffo-et-al-
supplementary-file/  
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