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Abstract  
Background: Bacteria belonging to the genus Klebsiella have developed resistance mechanisms to clinically used antibiotics, leading to their 

loss of efficacy. In the present study, the in vitro antibacterial activity of methanol extracts from Aframomum letestuanum, as well as their modes 

of action against a panel of 14 bacterial species belonging to the genus Klebsiella including multidrug-resistant (MDR) phenotypes 

overexpressing efflux pumps were evaluated. 

Methods: The broth microdilution method was used to assess the antibacterial activities of plant extracts (botanicals), while standard 

experimental protocols were used to study modes of action. Harborne's qualitative reference methods were used to identify the major groups of 

secondary metabolites present in the botanicals. 

Results: Phytochemical screenings revealed that botanicals contain alkaloids, terpenoids, phenols, flavonoids, tannins, saponins, and 

anthocyanins. Botanicals from A. letestuanum seed pulp and seed inhibited the growth of all the bacteria tested, with MICs ranging from 16 to 

512 μg/mL (pulp) and 64 to 2048 μg/mL (seed). The pulp extract had excellent activity, with MIC values of 16 μg/mL against K2, 32 μg/mL 

against Kp 80, and Kp 126, and 64 μg/mL against Kp55, Kp63, and ATCC11296. The seed extract displayed a MIC of 64 μg/mL against Kp58 

and Kp2. A. letestuanum seed pulp extract inhibited bacterial growth in the exponential phase and induced inhibition of H+-ATPase-dependent 

proton pumps in K. pneumoniae ATCC11296. 

Conclusion: Botanicals from A. letestuanum are potential phytomedicines that deserve further investigation to develop novel drugs to overcome 

the multidrug resistance of Klebsiella species. 
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Background 
 

Infectious diseases are a major public health concern and are 

responsible for 17 million deaths worldwide each year. These 

infections represent approximately 30% of global mortality, with 

huge burdens, particularly in the developing countries of South 

Asia and sub-Saharan Africa.  Among the bacteria responsible for 

human infections, Klebsiella species, more particularly Kebsiella 

pneumoniae and Klebsiella oxytoca, cause 7 to 14% of nosocomial 

pneumonias, 6 to 17% of urinary tract infections, and 3 to 20% of 

neonatal sepsis [1]. The mortality caused by bacterial infections 

has prompted the discovery of antibiotics that has contributed to 

improving human health. However, the success of antibacterial 

therapy is seriously hindered by the development of resistance of 

microorganisms to almost all classes of antibiotics. The resistance 

mechanisms developed by bacteria of the genus Klebsiella include 

reduction of cell membrane permeability, enzymatic inactivation of 

drugs, mutation of the cellular target, and active extrusion of drugs 

by efflux pump systems [2]. The World Health Organization (WHO) 

has recognized Klebsiella species among priority pathogens. The 

high rates of resistance to antibiotics used in the treatment of 

community-acquired and nosocomial infections due to the genus 

Klebsiella led to a reduction in the number of antibiotics that are 

still effective and usable in the care of patients [3]. The worrying 

rise in antibiotic resistance of Klebsiella species makes it 

necessary the search for novel antibacterial agents to effectively 

manage infections due to this bacterium. The role of medicinal 

plants as a good source of antibacterial agents has been 

demonstrated [4-14]. Several African medicinal plants, including 

dietary plants, have previously shown promising antibacterial 

activity against multidrug-resistant (MDR) bacteria [15-18]. In this 

work, we have targeted another African medicinal spice, 

Aframomum letestuanum Gagnep. (Zingiberaceae). The plant is 

traditionally used in Cameroon in cases of vomiting, nausea, skin 

infections, diarrhea, fever, toothache, inflammatory conditions, and 

stomach aches [19, 20]. This study was designed to evaluate the 

antibacterial activity and the effect of the association of botanicals 

from seed pulp and seed of this plant with antibiotics against MDR 

Klebsiella species. The mode of action of the botanical from the 

seed pulps was also determined. 

 

Methods 
 

Plant material and extraction 

 

The seeds of A. letestuanum were collected in the city of Dschang 

in December 2022. The plant was identified by botanists from the 

National Herbarium of Cameroon (HNC) under the identification 

number 43134/HNC. The parts used were the seed pulp and 

seeds. The seeds and seed pulp of A. letestuanum were cleaned, 

dried away from the sun, and then ground. The powders obtained 

were macerated in 95% methanol in the proportions 1/3 (m/v) for 

48 hours, the mixture was stirred 3 to 4 times each day to 

maximize the extraction yield. After maceration, the mixture was 

filtered using Whatman n°1, and the filtrate obtained was 

evaporated using a rotary evaporator (BÜCHI R-200) at 65°C 

(reduced pressure). The crude extracts were recovered in dry, 

sterile flasks and dried in an oven at 40°C for complete evaporation 

of the residual solvent. After drying, the extracts (botanicals) were 

stored at 4°C. 

 

 

 

Chemicals and culture media 

 

Chemicals used in the present study included the efflux pump 

inhibitor (EPI), the antibiotics, and bacterial growth revelator among 

others. The EPI, phenylalanine-arginine β-naphthylamide (PAβN) 

was used. para-Iodonitrotetrazolium chloride ≥ 97% (INT) was 

used as the bacterial growth indicator. Dimethyl sulfoxide (DMSO) 

served to solubilize plant extracts. Eight antibiotics, namely 

doxycycline (DOX), levofloxacin (LEV), imipenem (IMI), 

ciprofloxacin (CIP), ampicillin (AMP), ceftriaxone (CRO), 

tetracycline (TET), and vancomycin (VAN) were used. Mueller 

Hinton Agar (MHA) was used for the activation of bacterial strains 

and isolates; Mueller Hinton Broth (MHB) was used during 

microdilution as a nutrient medium for bacteria; Eosin methylene 

blue (EMB) was used as a specific and differential culture medium 

to confirm the purity of bacterial strains All chemicals and culture 

media were purchased from Sigma-Aldrich (St. Quentin Fallavier, 

France). 

 

Klebsiella species tested 

 

The bacteria used in this work included fourteen (14) reference 

strains and clinical isolates of Klebsiella species amongst which 

twelve were K. pneumoniae and two were K. oxytoca. Their 

bacterial features are summarized in Table 1. 

 

Determination of minimal inhibitory and bactericidal concentrations 

 

The minimal inhibitory concentrations (MIC) and the minimal 

bactericidal concentrations (MBC) of the studies botanicals and 

antibiotics alone, in the presence of PAβN (EPI) were determined 

using the broth microdilution method combined with the rapid INT 

colorimetric method as previously described in the similar 

experimental conditions [21-26]. Each experiment was repeated 

three times in triplicate. 

 

Evaluation of the effect of the botanical from A. letestunuam seed 

pulp on the kinetics of bacterial growth  

 

The kinetics of the growth of K. pneumoniae ATCC11296 in the 

presence of the botanical from the seed pulp of A. letestunuam 

was performed using spectrophotometric techniques, by measuring 

the optical densities (OD) as previously described [27-29] in the 

experimental conditions similar to those of Ngakam et al. [30] and 

Mapie Tiwa et al. [29]. 

 

Evaluation of the effect of the botanical from A. letestunuam seed 

pulp on the H+-ATPases proton pumps 

 

The effects of the botanical from A. letestunuam seed pulp were 

assessed on the H+-ATPase-mediated proton pumps of K. 

pneumoniae ATCC11296, at 0.5×MIC, MIC, and 2×MIC as earlier 

described [31] in the similar experimental condition reported 

previously [29]. 

 

Determination of the antibiotic-potentiating effects of the crude 

extracts  

 

The effects of the association of the botanicals at the sub-inhibitory 

concentrations of MIC/2 and MIC/4 with antibiotics (DOX, LEV, IMI, 

CIP, AMP, CRO, TET, and VAN) were determined against the 

MDR bacteria using the microdilution method combined with the 

rapid INT colorimetric method as previously described in the similar 

experimental conditions. Antibiotic-resistance modulating factor 
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(AMF) was calculated as the ratio of the MIC of the antibiotic alone 

versus MIC in combination with the plant extract. The potentiation 

effect was considered for AMF ≥ 2 [32]. 

 

Phytochemical screening of the botanicals 

 

The phytochemical screening of the botanicals from the seeds and 

the seed pulp was done following the standard methods described 

for alkaloids, anthocyanins, flavonoids, phenols, saponins, tannins, 

and triterpenes [33, 34]. 

 

Interpretation of antibacterial data  

 

According to Kuete [35], the following threshold values are applied 

to botanicals: significant activity (MIC <100 µg/mL), moderate (100 

<MIC ≤ 625 µg/mL), and low or negligible (MIC> 625 µg/mL). 

According to Tamokou et al. [36], the cutoff points for the 

antibacterial activity of botanicals from edible plants are as follows: 

highly active (MIC below 100 µg/mL), significantly active (100 ≤ 

MIC ≤ 512 µg/mL), moderately active (512 < MIC ≤ 2048 µg/mL), 

low activity (MIC > 2048 µg/mL), and considered not active (MIC > 

10 mg/mL). However, updated and rationally defined cutoff points 

of the antibacterial botanicals have been defined, considering the 

various bacterial species [37-40]. For Enterobacteria including 

Klebsiella species: outstanding activity (MIC ≤8 µg/mL), excellent 

activity (8 < MIC ≤64 µg/mL), very good activity (64 < MIC ≤128 

µg/mL), good activity (128 < MIC ≤256 µg/mL), average activity 

(256 < MIC ≤512 µg/mL), weak activity (512 < MIC ≤1024 µg/mL), 

and not active (MIC values >1024 µg/mL) [37]. Bactericidal 

activities are considered when the ratios MBC/MIC are below or 

equal to 2; MBC/MIC ratios above 2 define the bacteriostatic 

activities [41-44]. The above appreciation criteria have been used 

to discuss the antibacterial activities reported in the present study. 

 

Results 
 

Antibacterial activity of the botanicals from A. letestunuam 

 

The antibacterial activity of the crude extracts was determined by 

evaluating the MIC and MBC of each sample against fourteen (14) 

strains and clinical isolates of K. pneumoniae and K. oxytoca 

(Table 2). The bactericidal or bacteriostatic effect of the different 

extracts was determined by determining the MBC/MIC ratio. Table 

2 summarizes all the results obtained. It appears that the 

botanicals displayed antibacterial activities, with MIC values of 

between 16 μg/mL and 2048 μg/mL. The extract from the seed 

pulps of A. letestuanum inhibited the growth of all 14 tested 

bacteria with a range of MICs ranging from 16 to 512 µg/mL. This 

extract had excellent antibacterial activity against K. pneumoniae 

K2 with a MIC of 16 µg/mL. Other excellent activities of this pulp 

extract were obtained against K. pneumoniae KP80 and KP126 

with a MIC of 32 µg/mL, against K. pneumoniae KP55, KP63, and 

K pneumoniae ATCC11296 with a MIC of 64 µg/mL. Very good 

activities were recorded with a MIC of 128 µg/mL against the K. 

pneumoniae KP22, KP24, and KP42. Good activities were 

observed against the K. pneumoniae KP46, KP58, K. oxytoca 

KO107, and KO96 strains. An average activity with a MIC of 512 

µg/mL was observed against the strain K. pneumoniae KP44. A 

bactericidal activity was recorded with the extract from the seed 

pulps against K. pneumoniae KP80, KP42, KP46, and K. oxytoca 

KO107. Bacteriostatic activities were observed against the rest of 

the strains. The extract from the seeds of A. letestuanum also had 

a bacterial spectrum of activity of 100% with MIC values ranging 

from 64 to 2048 µg/mL. The excellent activities of the extract were 

recorded with a MIC of 64 µg/mL against K. pneumoniae KP58 and 

K2. This extract displayed very good activities of 128 µg/mL 

against K. pneumoniae KP22 and ATCC11296. Good activities of 

the extract were observed against K. pneumoniae KP80, KP24, 

KP126, KP63, and K. oxytoca KO107 with a MIC of 256 µg/mL; 

average activities of the extract were observed against K. 

pneumoniae KP55 and K. oxytoca KO96 strains with a MIC of 512 

µg/mL; the extract was not active on the rest of the bacteria (MIC 

values ranging from 1024 to 2048 µg/mL). A bactericidal activity 

was recorded with the extract from the seeds against K. 

pneumoniae KP80, KP55, PK24, KP126, and K. oxytoca KO107. 

Bacteriostatic activities were observed against the rest of the 

strains. 

 

PAβN enhanced the activity of botanicals from A. letestuanum 

 

The resistance of the tested bacteria through efflux pumps was 

evaluated by determining the MICs of botanicals in the presence or 

absence of an efflux pump inhibitor (PAβN) (Table 3). In the 

presence of PAβN, the activity of the extracts of the seed pulps 

and seeds of A. letestuanum increased by 2- to 128-fold on 100% 

(11/11) of the tested bacteria. The highest increase of 128-fold was 

obtained with the seed extract combined with EPI against K. 

pneumoniae KP42. The improvement of the antibacterial activities 

of the extracts in the presence of PAβN indicates that the 

constituents of the botanicals are substrates of the bacterial efflux 

pumps. 

 

Effect of botanicals from A. letestuanum seed pulp on bacterial 

growth kinetics 

 

To identify at which phase of bacterial growth A. letestuanum 

exerts its anti-klebsiella effects, the growth kinetics of K. 

pneumoniae ATCC11296 in the presence of the methanol extract 

of A. letestuanum seed pulp was performed. Figure 1 depicts the 

curves of the growth kinetics in the absence and in the presence of 

the botanical and the positive control, CIP at ½MIC, MIC, and 

2MIC. It is observed that the growth curve of K. pneumoniae 

ATCC11296 in the absence of any treatment, as well as that in the 

presence of the extract at the concentration MIC/2 show all the 

phases of bacterial growth except for the last phase: a latency 

phase (0 h - 2 h), an exponential phase (2 h - 10 h) and a 

stationary phase (10 h - 20 h). In the presence of the methanol 

extract of the seed pulp of A. letestuanum at MIC and 2MIC, a 

decrease in the exponential phase (02 h - 8 h) and an increase in 

the stationary phase (8 - 20 h) are observed. It can also be 

observed that there is a decrease in the exponential phase (2 h - 4 

h) and a prolongation of the stationary phase (4 h - 20 h) for the 

growth curve in the presence of CIP. 

 

Botanical from A. letestuanum seed pulp inhibits the H+-ATPases 

proton pumps 

 

To verify the ability of the extract from the seed pulp of A. 

letestuanum to alter the functioning of the H+-ATPase proton 

pumps in K. pneumoniae ATCC11296, the pH of the medium 

contained the bacterium at different times was measured in the 

presence or absence of the botanical from the seed pulp of A. 

letestuanum. Figure 2 depicts the effects of this extract on the H+-

ATPases proton pumps of K. pneumoniae ATCC11296 at MIC/2, 

MIC, and 2MIC. It can be observed that the pH of the medium 

containing K. pneumoniae ATCC11296 in the presence of the 

extract decreased time-dependently. However, pH of the medium 
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containing K. pneumoniae in the absence and in the presence of 

the extract at MIC/2 has a more pronounced decrease and reaches 

the lowest pH values (from pH 6.4 to 4.4 in the absence of the 

extract and to 4.6 in the presence of the extract at the 

concentration of MIC/2). The pH of the medium containing K. 

pneumoniae ATCC11296 in the presence of the extract at MIC 

decreases to reach pH 4.9; while the medium containing the 

extract at 2MIC experiences a slight decrease in pH during the first 

10 minutes before remaining almost constant throughout the 

experiment to reach a finally reach pH 5.4. This is an indication the 

botanicals inhibit the H+-ATPase proton pumps in K. pneumoniae 

ATCC11296.  

 

The crude extracts from the seeds and seed pulp potentiated the 

activity of antibiotics 

 

Botanicals from the seeds and seed pulp at their MIC/2 and MIC/4 

were combined with antibiotics and tested against the studied 

bacteria (Tables 4 and 5). It appears that the antibacterial activities 

of the antibiotics increased in the presence of the extracts of A. 

letestuanum at MIC/2 and MIC/4, with the AMF ranging from 2 to 

128. At MIC/2 and MIC/4, the extract of the seeds of A. 

letestuanum potentiated the activity of DOX, CRO, and TET 

against at least 80% of the MDR bacterial strains tested (Table 5); 

this extract also potentiated the activity of LEV, IMI, and CIP 

against at least 70% of the bacterial strains tested; the extract of 

the seeds of A. letestuanum potentiated the activity of VAN on at 

least 50% of the bacterial strains tested; at MIC/2, the activity of 

AMP was potentiated by the extract against 20% of the tested 

bacterial strains. The pulp extract of A. letestuanum, at MIC/2 and 

MIC/4, potentiated the activity of DOX, CRO, LEV, IMI, and CIP 

against at least 80% of the tested bacteria (Table 4); the activity of 

TET and VAN were potentiated by the extract against at least 50% 

of the tested bacteria. At MIC/2, the effect of AMP was potentiated 

by the extract against 10% of the tested bacteria. 

 

Phytochemical composition of the botanicals 

 

The phytochemical composition of botanicals from A. letestuanum 

revealed the presence of alkaloids, flavonoids, triterpenes, 

saponins, phenols, and anthocyanins in both seeds pulp and seed 

extracts, while tannins were present only in the seed pulp extract. 

 

 

Discussion 
 

The search for naturally occurring phytomedicine against microbial 

infections, parasitic and viral infections, and malignant cells 

including the MDR phenotypes from the flora of Africa has been 

very successful in the last two decades [6, 13, 45-66]. To tackle the 

multidrug resistance of bacteria of the genus Klebsiella, the clinical 

isolates overexpressing active efflux pumps were selected. 

Resistance-Nodulation-Division (RND) efflux pumps are one of the 

most important determinants of multidrug resistance (MDR) in 

Gram-negative bacteria [67-69]. The EPI, PAβN has been shown 

to inhibit the RND pumps, namely AcrAB-TolC in Enterobacteria 

and MexAB-OprM in Pseudomonas aeruginosa [70-73]. In the 

present study, the activity of the reference antibiotic, IMI increased 

in the presence of PAβN against the tested strains of Klebsiella 

species (Table 3), clearly confirming that these bacteria actively 

express efflux pumps belonging to AcrAB-Tolc. According to the 

recent classification scale of the antibacterial activities of plant 

extracts proposed by Kuete [37], the extract of the seed pulp of A. 

letestuanum showed excellent activity against K. pneumoniae K2, 

KP80, KP126, ATCC 11296, KP55, and KP63 (Table 2). The 

extract from the seeds of A. letestuanum also displayed excellent 

activity against K. pneumoniae KP58 and K2. These results agree 

with many previous works, in particular, the work of Nguenang et 

al. [20] which showed significant antibacterial activity of the leaves 

of A. letestuanum on several bacterial species including K. 

pneumoniae; These data also corroborate those of Ekamgue et al. 

[74] and Tiotsop et al. [75] who had highlighted the good activities 

of A. letestuanum against Staphylococcus aureus and P. 

aeruginosa respectively. The work of Olajuyigbe et al. [76] 

indicated that plants of the genus Aframomum are known for their 

antibacterial activities, and this was attributed to the presence of 

terpenoids like aframodial [77]. Indeed, aframodial has been 

reported to actively inhibit the growth of Salmonella enteriditis, 

Pseudomonas fragi, P. fluorescens, Proteus vulgaris, 

Staphylococcus aureus, Aspergillus flavus, Streptococcus 

pyogens, A. parasiticus, A. ochraceus and A. niger in biological 

assays of Aframomum extracts [78]. It was also reported by 

Djeussi et al. [16] that plants of the genus Aframomum are active 

against Enterobacter aerogenes EA294. Phytochemical screening 

of the extracts of A. letestuanum seed pulps and seeds revealed 

the presence of groups and classes of secondary metabolites 

known for their antibacterial properties, including alkaloids, 

polyphenols, flavonoids, tannins, triterpenes, saponins, and 

anthocyanins. Indeed, the work of Marzoqi [79] has shown that 

polyphenols bind to polysaccharides and proteins and thus inhibit 

their actions resulting in the interruption of energy metabolism. The 

kinetics of bacterial growth is specific to each bacterium. The 

bacterial growth curve generally comprises 4 phases: the latent 

phase, the exponential phase, the stationary phase, and the decay 

phase. Each phase corresponds to biochemical processes 

necessary for the proper development of the bacterial cell. The 

inhibition of these biochemical processes leads to an elongation of 

these phases, thus inhibiting the growth of the said bacterium. In 

the present work, the shortening of the exponential phase and the 

prolongation of the stationary phase indicates the inhibitory action 

of the extract of the seed pulp of A. letestuanum at the MIC and 

2MIC at these different phases. This indicates that it probably acts 

by reducing bacterial multiplication, thus making the stationary 

phase early. The prolongation of the latter could explain the 

inhibition of bacterial growth by the extract due to a limitation of 

nutrients, thus leading to the death of bacteria and the 

accumulation of metabolic waste [80, 81]. The pulp extract of A. 

letestuanum was also tested to highlight its possible effect on the 

functioning of the H+-ATPase proton pumps of K. pneumoniae 

ATCC11296. The proton pump is a trans-membrane protein (active 

membrane transporter), moving protons against their concentration 

gradient thanks to the energy released by the hydrolysis of an 

adenosine triphosphate (ATP) molecule. ATPase proton pumps 

play different roles in bacterial cells. One of the most important 

roles is to regulate the pH of the cytoplasm of Gram-negative 

bacteria. Inhibition of these pumps causes a decrease in H+-

protons in the extracellular medium which becomes less acidic 

[82]. The increase in environmental pH in the presence of an 

antibacterial substance could lead to an inhibitory effect on the H+-

ATPase-dependent proton pump of the substance. This could 

compromise the survival of bacteria since the amount of energy 

produced will be very low for their metabolism, growth, and 

multiplication [83]. The methanol extract of the seed pulp of A. 

letestuanum tested induces the inhibition of bacterial growth by 

disruption of the H+-ATPase-dependent proton pumps in K. 

pneumoniae ATCC11296, thus suggesting that these pumps 

constitute one of the targets of antibacterial action of the extract 
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from the seed pulps of A. letestuanum. In general, botanicals 

improved the activity of all antibiotics against at least one MDR 

bacterial strain. The extract of the seeds of A. letestuanum 

potentiated the activity of DOX, CEF, and TET against at least 80% 

of the tested MDR bacteria; this extract also potentiated the activity 

of the antibiotics LEV, IMI, and CIP against at least 70% of the 

bacteria tested. The seed pulp extract of A. letestuanum 

potentiated the activity of DOX, CRO, LEV, IMI, and CIP against at 

least 80% of the tested bacteria. The results corroborate those of 

Ekamgue et al. [74] and Tiotsop et al. [75] which showed that the 

plant A. letestuanum potentiated the activity of the antibiotics DOX, 

TET, AMP, LEV, IMI, and CRO against Staphylococcus aureus and 

Pseudomonas aerogenes, respectively. The potentiating effect 

observed in these extracts could be explained by the presence of 

flavonoids. In effect, Wiyogo et al. [84] showed that certain 

flavonoids associated separately with certain antibiotics such as 

AMP inhibit the activities of K. pneumoniae ESBL. Dey et al. [85] 

have demonstrated that polyphenols namely 

epigallocatechingallate can increase the activity of CIP and TET on 

strains of K. pneumoniae producing β-lactamase, mainly by 

interfering with the efflux mechanism antibiotic. Based on the work 

of Braga et al. [86], substances capable of potentiating the activity 

of antibiotics on more than 70% of a panel of MDR bacteria 

overexpressing efflux pumps are potential efflux pump inhibitors. 

Therefore, botanicals from the seed and seed pulp of A. 

letestuanum are potential sources of efflux pump inhibitors. 

 

 

 

 

 
Figure 1. Effects of the methanol extract of Aframomum letestuanum seeds polyps on the growth kinetics of K. pneumoniae ATCC 11296 

 

 

 

 
Figure 2. Effect of A. letestuanum pulp extract on ATP-ases-H+ proton pumps of K. pneumoniae ATCC11296 
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Table 1. Characteristics of strains and isolates of K. pneumoniae and K. oxytoca used. 

Bacterial species Bacterial strains or 

isolates 

Characteristics Reference 

 

 

 

 

Klebsiella 

pneumoniae 

Kp 55 Clinical isolate: TETr , AMPr, ATMr, CEFr [71, 87] 

Kp 63 Clinical isolate TETr, Chlr, AMPr, ATMr [88, 89] 

ATCC11296 Reference strain [71] 

Kp 22 Clinical isolate MDR, LEV, ATMr, DOXr , IMIr , NITr Laboratory Collection 

Kp 58 Clinical isolate MDR, MINr, AMPr Laboratory Collection 

K 2 AcrAB-TolC Laboratory Collection, of UNR-MD1, University of Marseille, 

France [29] 

Kp 44 Clinical isolate MDR, ATMr; DOXr, MiNr Laboratory Collection 

Kp 126 Clinical isolate MDR, AMPr Laboratory Collection 

Kp 46 Clinical isolate TETr AMPr, ATMr, CEFr Laboratory Collection 

Kp 80 Clinical isolate MDR, AMPr Laboratory Collection 

Kp 24 Clinical isolate TETr, CHLr, AMPr, ATMr Laboratory Collection 

Kp 42 Clinical isolate MDR, MiNr, AMPr Laboratory Collection 

Klebsiella oxytoca Ko 107 Clinical isolate MDR, ATMr, DOXr, MINr, CIPr Laboratory Collection 

Ko96 Clinical isolate MDR, ATMr, MINr, AMPr,GENr Laboratory Collection 

OFXr, TETr, AMPr, ATMr,CEFr, CIPr, IMIr, CHLr, MINr , DOXr,  GENr, NITr LEVr resistance respectively to: Ofloxacin, tetracycline Ampicillin, Aztreonam, CEFixin ciprofloxacin, imipenem, 

chloramphenicol, minocycline doxycycline, gentamicin, nitrofurantoin, MDR : multidrug-resistant. Kp: Klebsiella pneumoniae; Ko:  Kebsiella oxytoca 

 

 

 

Table 2. Antibacterial activities of crude extracts of Aframomum letestuanum  

Bacterial species Bacterial strains or 
isolates 

Tested samples, MIC and MBC (MIC and MBC in µg/mL), and their ratio 

Seeds extract Seed pulp extract ATB (Imipenem) 

MIC MBC R MIC MBC R MIC MBC R 

Klebsiella pneumoniae KP80 256 1024 4 32 128 4 4 4 1 
KP55 512 2048 4 64 1024 16 8 16 2 
KP24 256 1024 4 128 2048 16 4 16 4 
KP126 256 1024 4 32 1024 32 4 16 4 
KP58 64 - nd 256 - nd 4 4 1 
KP2 64 1024 16 16 1024 64 4 4 1 
KP22 128 1024 8 128 1024 8 4 8 2 
ATCC11296 128 2048 16 64 2048 32 4 8 2 
KP44 1024 - nd 512 - nd 8 8 1 
KP42 2048 - nd 128 256 2 4 16 4 
KP46 2048 - nd 256 512 2 4 4 1 
KP63 256 - nd 64 - nd 4 4 1 

Klebsiella oxytoca KO96 512 - nd 256 - nd 4 4 1 
KO107 256 512 2 256 512 2 4 4 1 

R: MBC/MIC ratio; (-) : > 1024 or inactive; (nd): not determined; MIC: minimal inhibitory concentration; MBC: minimal bactericidal concentration; IMI: imipenem; ATB: Antibiotic. 

 

Table 3. Minimum inhibitory concentrations of the crude extracts in the presence of PAβN 

 

Bacterial species Bacterial strains or 
isolates 

Tested samples, MIC in the absence or presence of EPI (in µg/mL), and their ratio 

Seeds extract Seed pulp extract ATB (Imipenem) 

MIC alone MIC+PAβN R MIC 
alone 

MIC+PAβN R MIC 
alone 

MIC+PAβN R 

 
 
 
 
 
Klebsiella 
pneumoniae 

KP55 512 256 2 64 ˂16 4 8 1/2 16 
KP24 256 ˂16 ˂6 128 ˂16 ˂ 8 4 1 4 
KP126 256 256 1 32 ˂16 ˂ 2 4 2 2 
KP58 64 32 2 256 64 ˂ 4 4 1 4 
ATCC11296 128 32 4 64 ˂16 ˂ 4 4 1 4 
KP46 2048 512 4 256 256 1 4 1/2 8 
KP63 256 ˂16 ˂ 16 64 ˂16 ˂ 16 4 ˂1/4 ˂ 16 
KP44 1024 ˂16 ˂ 64 512 ˂16 32 8 8 1 
KP42 2048 ˂16 ˂ 128 128 ˂16 ˂ 8 4 1/2 8 

Klebsiella oxytoca KO107 256 16 16 256 128 2 4 1 4 
KO96 512 ˂16 ˂ 32 256 ˂16 ˂ 16 4 1 4 

R: MIC alone vs MIC with PAβN ratio; MIC alone: Minimum Inhibitory Concentration; MIC+PAβN: Minimum Inhibitory Concentration in the presence of PAβN; ATB: Antibiotic 
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Table 4. MICs (μg/mL) of antibiotics in the absence and presence of the seed pulp extract of Aframomum letestuanum. 

 
ATB 
 

Extract 
concentration 

MIC of antibiotics in the presence of extract and Antibiotic-resistance modulating factor (AMF) PSP 
(%) 

  K. pneumoniae K. oxytoca  

     KP24 ATCC11296 KP46 KP44 KP42 KP63 KP58 KP126 KO107 KO96  

DOX 0 1/8 4 8 1/2 1/2 8 1/4 1/4 1/2 8  
MIC/2 ˂1/16(2) 1/16(64) 1(8) ˂1/16(8) 1/16(8) 1/2(16) 1/8(2) 1/8(2) ˂1/16(8) 1/8(64) 100% 
MIC/4 ˂ 1/16(2) 1/8(32) 1(8) ˂1/16(8) 1/16(8) 1/4(32) 1/16(4) 1/16(4) ˂1/16(8) 1/4(32) 100% 

LEV 0 1 1 4 1/4 4 8 1/2 1/2 1/4 1/2  
MIC/2 ˂ 1/16(16) ˂ 1/16(16) 1/16(64) ˂1/16(4) 1/16(64) 8(1) 1/8(4) 1/8(4) 1/16(4) 1/4(2) 90% 
MIC/4 1/4(4) 1/8(8) 1/16(64) ˂1/16(4) 1/16(64) 8(1) 1/8(4) 1/8(4) 1/8(2) 1/2(1) 80%% 

IMI 0 4 4 4 8 4 4 4 4 4 4  
MIC/2 1/16(64) 1/8(32) ˂1/4(16) ˂1/4(32) ˂1/4(16) 4(1) 1/4(16) 1/4(16) ˂1/2(8) 1/16(64) 90% 
MIC/4 1/8(64) 1/2(16) ˂1/8(16) ˂1/16(32) 1/4(4) 8(1) 1/4(8) 1/4(8) ˂1/8(8) 1/8(64) 90% 

CIP 0 1 1 2 1/8 4 4 1/2 1/2 1/4 2  
MIC/2 ˂ 1/16(16) 1/8(8) 1/2(4) ˂1/16(2) 1/8(32) 8(1/2) 1/16(8) 1/16(8) ˂1/16(4) 1/8(16) 90% 
MIC/4 ˂ 1/16(16) 1/16(16) 1/2(4) ˂1/16(2) 1/4(16) 4(1) 1/16(8) 1/16(8) ˂1/16(4) 1/2(4) 90% 

AMP 0 ˃64 ˃64 ˃64 ˃64 ˃64 ˃64 256 ˃64 ˃64 256  
 MIC/2 ˃64(1) ˃64(1) ˃64(1) ˃64(1) ˃64(1) ˃64(1) 128(2) ˃64(1) ˃64(1) 256(1) 10% 
 MIC/4 ˃64(1) ˃64(1) ˃64(1) ˃64(1) ˃64(1) ˃64(1) 256(1) ˃64(1) ˃64(1) 256(1) 0% 
CRO 0 16 8 8 16 8 32 16 64 8 16  
 MIC/2 ˂1/2(32) 1(8) ˂1/2(16) ˂1/2(32) ˂1/2(16) 2(16) ˂1/2(32) 4(16) ˂1/2(16) 16(1) 90% 
 MIC/4 ˂1/2(32) 1/2(16) ˂1/2(16) ˂1/2(32) 2(4) 4(8) ˂1/2(32) 2(32) ˂1/2(16) 4(4) 100% 
TET 0 2 1 8 8 1 1 1 1 2 8  
 MIC/2 2(1) 1/8(8) 8(1) 8(1) 1/8(8) 1/4(4) 1/2(2) 1/8(8) ˂1/16(32) 1/16(128) 70% 
 MIC/4 2(1) 1/16(16) 8(1) 8(1) 1/8(8) 1/4(4) 1/2(2) 1/8(8) 1/2(4) 1/16(128) 70% 
VAN 0 2 2 ˃64 1 ˃64 4 32 32 1 32  
 MIC/2 16(1/8) 16(1/8) ˃64(1) ˂1/2(2) ˃64(1) ˂1/2(8) 32(1) 1(32) ˂1/2(2) 8(4) 50% 
 MIC/4 16(1/8) 16(1/8) ˃64(1) ˂1/2(2) ˃64(1) 2(2) 64(1/2) 1/2(64) ˂1/2(2) 2(16) 50% 

MIC: Minimum Inhibitory Concentration; (): AMF (Antibiotic-resistance modulating Factor); PSP (%): percentage of strain where potentiation effect was observed; ATB: Antibiotic; LEV: 

Levofloxacin; VAN: Vancomycin; CIP: Ciprofloxacin; TET: Tetracycline; DOX: Doxycycline; IMI: Imipenem; Ceftriaxone: CRO; AMP: Ampicillin. 

 

Table 5. MICs (μg/mL) of antibiotics in the absence and presence of the seeds extract of Aframomum letestuanum. 

 
ATB 
 

Extract 
concentration 

MIC of antibiotics in the presence of extract and Antibiotic-resistance modulating factor (AMF) PSP 
(%) 

  K. pneumoniae K. oxytoca  

     KP24 ATCC11296 KP46 KP44 KP42 KP63 KP58 KP126 KO107 KO96  

DOX 0 1/8 4 8 1/2 1/2 8 1/4 4 1/2 8  
MIC/2 ˂1/16(2) 1/16(64) 1/2(16) ˂1/16(8) ˂1/16(8) 4(2) 1/16(4) 1/8(32) 1/4(2) 1/16(128) 100% 
MIC/4 ˂1/16(2) 1/16(64) 1/2(16) 1/8(4) 1/8(4) 2(4) 1/16(4) 1/16(64) 1/4(2) 1/16(128) 100% 

LEV 0 1 1 4 1/4 4 8 1/2 1 1/4 1/2  
MIC/2 1/2(2) 1/16(16) 1/16(64) ˂1/16(4) 1/16(64) 8(1) 1/16(8) 1/16(16) 1/4(1) ˂ 1/16(8) 80% 
MIC/4 1/2(2) 1/16(16) 1/16(64) 1/4(1) 1/16(64) 8(1) 1/16(8) 1/8(8) 1/4(1) 1/4(2) 70% 

IMI 0 4 4 4 8 4 4 4 4 4 4  
MIC/2 4(1) 1/16(64) 1/4(16) ˂1/4(32) 1/2(8) 4(1) 1/4(16) 1(4) 2(2) 1/4(16) 80% 
MIC/4 8(1) 1/8(64) 1/8(16) 4(0,5) 1/8(8) 8(1) 1/8(16) 1/2(8) 1/2(2) 2(4) 70% 

CIP 0 1 1 2 1/8 4 4 1/2 2 1/4 2  
MIC/2 1/4(4) 1/16(16) 1 (2) ˂ 1/16(2) 1/8(32) 4(1) 1/16(8) 1/8(16) 1/4(1) 1/16(32) 80% 
MIC/4 1/4(4) 1/16(16) 2(1) ˂1/16(2) 1/8(32) 4(1) 1/8(4) 1/16(32) 1/4(1) 1/16(32) 70% 

AMP 0 ˃64 ˃64 ˃64 ˃64 ˃64 ˃64 256 ˃64 ˃64 256  
 MIC/2 ˃64(1) ˃64(1) ˃64(1) ˃64(1) ˃64(1) ˃64(1) 128(2) ˃64(1) ˃64(1) 128(2) 20% 
 MIC/4 ˃64(1) ˃64(1) ˃64(1) ˃64(1) ˃64(1) ˃64(1) 256(1) ˃64(1) ˃64(1) 256(1) 0% 
CRO 0 16 8 8 16 8 32 16 64 8 16  
 MIC/2 16(1) 8(1) ˂1/2(16) ˂1/2(32) ˂1/2(16) 2(16) ˂1/2(32) 4(16) ˂1/2(16) 1/2(32) 80% 
 MIC/4 16(1) 8(1) ˂1/2(16) 8(2) ˂1/2(16) 4(8) 1(16) 4(16) ˂1/2(16) 8(2) 80% 
TET 0 2 1 8 8 1 1 1 1 2 8  
 MIC/2 1(2) 1/16(16) 8(1) 8(1) 1/8(8) 1/4(4) 1/16(16) 1/16(16) 1(2) 1/16(128) 80% 
 MIC/4 1(2) 1/16(16) 8(1) 8(1) 1/4(4) 1/2(2) 1/16(16) 1/16(16) 1(2) 1/8(64) 80% 
VAN 0 2 2 ˃64 1 ˃64 4 32 32 1 32  
 MIC/2 2(1) 2(1) ˃64(1) ˂1/2(2) ˃64(1) 2(2) 4(8) 2(16) ˂1/2(2) 1/2(64) 60% 
 MIC/4 8(1/4) 8(1/4) ˃64(1) ˂1/2(2) ˃64(1) 2(2) 32(1) 2(16) ˂1/2(2) 1/4(128) 50% 

MIC: Minimum Inhibitory Concentration; (): AMF (Antibiotic-resistance modulating Factor); PSP (%): percentage of strain where potentiation effect was observed; ATB: Antibiotic; LEV: 

Levofloxacin; VAN: Vancomycin; CIP: Ciprofloxacin; TET: Tetracycline; DOX: Doxycycline; IMI: Imipenem; Ceftriaxone: CRO; AMP: Ampicillin. 

 

 

Conclusion 
 
In the present work, it was demonstrated that the botanicals from 

seeds and seed pulp of A. letestuanum are promising antibacterial 

agents. The methanol extract of the seed pulp exerted its 

antibacterial effect at the exponential phase probably through the 

alteration of the bacterial H+-ATPase- proton pumps. The 

phytochemicals from the seeds and seed pulp are substrates for 

efflux pumps; The botanicals improved the activity DOX, CRO, 

LEV, IMI, TET, and CIP against at least 70% of the bacteria tested. 

Finally, the botanicals from the seeds and seed pulp of A. 

letestuanum are potential sources of effective antibacterial 

phytomedicine alone and in combination with antibiotics against 

MDR Klebsiella species. 
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