
Appendix 1 WHO Priority Pathogen Data 

 

Systematic Review and Meta-Analysis of Plant-Derived Antimicrobials in WHO Priority Pathogens- 

Carina Harkin 

 

WHO Priority Pathogen Data 

 

Priority 1Critical  

Acinetobacter baumannii (carbapenem-resistant) 

 

Definite 

ZOIs 

Acinetobacter baumannii MβL- metallo β-lactamase Carbapenem resistant strains 1-5 average. All 

strains IPM- imipenem and MEM- meropenem resistant DEFINITE 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Ethanol  24 (1) 

 

Acinetobacter baumannii MβL- metallo β-lactamase Carbapenem resistant strains 1-5 average. All 

strains IPM- imipenem and MEM- meropenem resistant 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Methanol  23.2 (1) 

 

 

11-12 MDR acinetobacter baumanni mentioned in context of —methicillin-resistant Staphylococcus aureus 

(MRSA), extended spectrum β-lactamase (ESBL) producing Escherichia coli and MDR Acinetobacter spp., 

Klebsiella pneumoniae and Pseudomonas aeruginosa. antibiotics: penicillins (ampicillin), cephalosporins 

(cefuroxime, cefotaxime, ceftazidime, cefipime), carbapenems (imipenem, meropenem), quinolones 

(ciprofloxacin), monobactams (aztreonam) and aminoglycosides (amikacin, netilmicin, gentamicin) DEFINITE 

Plant and  

 

Part AST Extract Mean diameter of zones of inhibition 

(ZOI)  

Terminalia bellirica  Fruit  Cut-well 

diffusion 

 

sequential methanol 

extracts (10 mg/mL) 

prepared from Soxhlet 

method 

 

17 (mean of 2 strains) (2) 

 

MIC 

Acinetobacter baumannii MβL- metallo β-lactamase Carbapenem resistant strains 1-5 average. All 

strains IPM- imipenem and MEM- meropenem resistant DEFINITE 

Plant Part Extract AST MIC (μg/ml) 

Piper betle L. Leaf Ethanol  

 

dilution methods 406 (1) 

 

Acinetobacter baumannii MβL- metallo β-lactamase Carbapenem resistant strains 1-5 average 

Plant Part Extract AST MIC (μg/ml) 



Piper betle L. Leaf Methanol 

 

dilution methods 562.4 (1) 

 

 

11-12 MDR acinetobacter baumanni mentioned in context of —methicillin-resistant Staphylococcus aureus 

(MRSA), extended spectrum β-lactamase (ESBL) producing Escherichia coli and MDR Acinetobacter spp., 

Klebsiella pneumoniae and Pseudomonas aeruginosa 

Disc diffusion antibacterial sensitivity testing was carried out on 35 bacterial isolates according to the Clinical 

and Laboratory Standard Institute method with antibiotics representing different classes of antibiotics: 

penicillins (ampicillin), cephalosporins (cefuroxime, cefotaxime, ceftazidime, cefipime), carbapenems 

(imipenem, meropenem), quinolones (ciprofloxacin), monobactams (aztreonam) and aminoglycosides 

(amikacin, netilmicin, gentamicin) DEFINITE 

Plant Part Extract AST MIC (mg/mL) 

Terminalia bellirica  Fruit Methanol  

Sequential extract 

bottle shaker method 

Agar dilution method 1 (2) 

 

Plant Part Extract AST MIC (mg/mL) 

Terminalia bellirica  Fruit Methanol  

Sequential extract 

Soxhlet method 

Agar dilution method 0.5 (2) 

 

 

Carbapenem resistant A.Baumannii (A1 and A 2) Meropenem resistant DEFINITE 

A1 

Plant Part Extract AST MIC (mg/mL) 

Plectranthus barbatus  

 

Leaves Ethanol  

 

Broth microdilution  >2.0  (3) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Ocimun basilicum 

 

Leaves Ethanol  

 

Broth microdilution  >2.0  (3) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Rosmarinus 

officinalis  

 

Leaves Ethanol  

 

Broth microdilution   1.0 (3) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Mentha sp.  

 

Leaves Ethanol  

 

Broth microdilution  >2.0  (3) 

 

 

A2 



Plant Part Extract AST MIC (mg/mL) 

Plectranthus barbatus  

 

Leaves Ethanol  

 

Broth microdilution  2.0  (3) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Ocimun basilicum 

 

Leaves Ethanol  

 

Broth microdilution  2.0  (3) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Rosmarinus 

officinalis  

 

Leaves Ethanol  

 

Broth microdilution   2.0 (3) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Mentha sp.  

 

Leaves Ethanol  

 

Broth microdilution  2.0  (3) 

 

 

Carbapenem-resistant Acinetobacter baumannii (strain CDC33) CAZ, CIP, CRO, CTX, DOR, FEP, 

GEN, IPM, LVX, MEM, SAM, SXT, TOB, TZP RESISTANT (CAZ, ceftazidim; CIP, ciprofloxacin; 

CRO, ceftriaxone; CTX, cefotaxime; DOR, doripenem; FEP, cefepime; GEN, gentamicin; IPM, 

imipenem; LVX, levofloxacin; MEM, meropenem; SAM, ampicillin-sulbactam; SXT, trimethoprim-

sulfamethoxazole; TOB, tobramycin; TZP, piperacillin-tazobactam) DEFINITE 

Plant Part Extract 

 

AST Growth inhibition ≥50% 

(IC50) (μg/ml) 

Martynia annua L. Fruit  Ethanol Broth microdilution 256 (4) 

 

Not Definite 

Multidrug resistant Acinetobacter sp. (MDR Acinetobacter sp.)MDR Acinetobacter sp Not 100% positive 

carbapenem resistant but imipenem is mentioned as positive control and mentioned in context of 

methicillin resistant Staphylococcus aureus (MRSA), methicillin resistant coagulase negative 

Staphylococcus (MRCoNS), multidrug resistant Acinetobacter sp. (MDR Acinetobacter sp.), extended 

spectrum beta lactamase Escherichia coli (ESBL E. coli) and extended spectrum beta lactamase 

Klebsiella pneumoniae (ESBL K. pneumoniae) NOT DEFINITE 

Plant and  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Quercus infectoria 

 

Gall Disc diffusion test  Ethanol  12.67 ± 0.33 P value0.52 (5) 

 

 

 

Acinetobacter baumannii: Ac: amikacin 30; Ak: amoxyclav 30; Am: ampicillin 10; Cf: cefpodoxime 10; 

Ch: chloramphenicol 30; Cot: co-trimoxazole 25; Ce: ceftriaxone 30; Gt: gatifloxacin 5;; Le: levofloxacin 



5; Lz: linezolid 30; Of: ofloxacin 5; Pt: piperacillin/tazobactam 100/10 RESISTANT; Nx: norfloxacin 10 

MODERATELY SENSITIVE CARBAPENEM NOT MENTIONED NOT DEFINITE 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Anogeissus 

acuminate  

 

Leaf/ Bark Agar well 

diffusion  

Methanol   23 (6) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Azadirachta indica  

 

Leaf Agar well 

diffusion  

Methanol  17 (6) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Bauhinia variegate  

 

Leaf/Root Agar well 

diffusion  

Methanol  14 (6) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Boerhaavia diffusa  

 

Leaf Agar well 

diffusion  

Methanol  13 (6) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Punica granatum  

 

Leaf/ Bark/ Fruits Agar well 

diffusion  

Methanol  22 (6) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Soymida febrifuga  

 

Leaf/ Bark Agar well 

diffusion  

Methanol   23 (6) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Terminalia chebula  

 

Leaf/ Fruits Agar well 

diffusion  

Methanol  15 (6) 

 



 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Tinospora cordifolia Leaf/ Bark 

 

Agar well 

diffusion  

Methanol  – (6) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Tribulus terrestris Leaf 

 

Agar well 

diffusion  

Methanol  15 (6) 

 

 

Acinetobacter baumannii (Ab3394 only) Drug-Resistant Strains Staphylococcus aureus, Acinetobacter 

baumannii and Pseudomonas aeruginosa.  Six clinical antibiotic-resistant isolates Carbapenem not mentioned 

NOT DEFINITE 

Plant Part Extract AST Mean ± SD * (n = 2) diameters (mm) 

of inhibition zones  

Polygonum cuspidatum Root 

 

Ethanol  Disc diffusion 15.0 (7) 

 

MIC 

Multidrug resistant Acinetobacter sp. (MDR Acinetobacter sp.)MDR Acinetobacter sp Not 100% positive 

carbapenem resistant but imipenem is mentioned as positive control and mentioned in context of 

methicillin resistant Staphylococcus aureus (MRSA), methicillin resistant coagulase negative 

Staphylococcus (MRCoNS), multidrug resistant Acinetobacter sp. (MDR Acinetobacter sp.), extended 

spectrum beta lactamase Escherichia coli (ESBL E. coli) and extended spectrum beta lactamase 

Klebsiella pneumoniae (ESBL K. pneumoniae) NOT DEFINITE 

Plant Part  AST Extract MIC (mg/ml) MBC (mg/ml) 

Quercus infectoria Gall 

 

micro 

dilution 

Ethanol  0.63 0.63 (5) 

 

 

Acinetobacter baumannii: Ac: amikacin 30; Ak: amoxyclav 30; Am: ampicillin 10; Cf: cefpodoxime 10; 

Ch: chloramphenicol 30; Cot: co-trimoxazole 25; Ce: ceftriaxone 30; Gt: gatifloxacin 5;; Le: levofloxacin 

5; Lz: linezolid 30; Of: ofloxacin 5; Pt: piperacillin/tazobactam 100/10 RESISTANT; Nx: norfloxacin 10 

MODERATELY SENSITIVE CARBAPENEM NOT MENTIONED NOT DEFINITE 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Anogeissus 

acuminate 

Leaf/ 

Bark 

Methanol  

 

Microdilution  1.51  3.41 (6) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Azadirachta indica Leaf Methanol  

 

Microdilution  4.27  9.63 (6) 

 



Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Bauhinia variegate Leaf/ 

Root 

Methanol  

 

Microdilution  9.63  

 

21.67 (6) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Boerhaavia diffusa Leaf Methanol  

 

Microdilution  9.63  21.67 (6) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Punica granatum Leaf/ 

Bark/ 

Fruits 

Methanol  

 

Microdilution  3.41  4.27 (6) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Soymida febrifuga Leaf/ 

Bark 

Methanol  

 

Microdilution  1.51  

 

3.41 (6) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Terminalia chebula Leaf/ 

Fruits 

Methanol  

 

Microdilution  9.63  

 

21.67 (6) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Tinospora cordifolia Leaf/ 

Bark 

Methanol  

 

Microdilution  NA  NA (6) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Tribulus terrestris Leaf Methanol  

 

Microdilution  9.63  21.67 (6) 

 

Acinetobacter baumannii (Ab3394) (Ab2260) Drug-Resistant Strains Staphylococcus aureus, Acinetobacter 

baumannii and Pseudomonas aeruginosa.  Six clinical antibiotic-resistant isolates Carbapenem not mentioned 

NOT DEFINITE 

MIC 

Plant Part Extract AST Mean ± SD (n = 2) MIC (mg/mL) 

Polygonum cuspidatum Root 

 

Ethanol  Agar dilution 

 

11.5 (7) 
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Pseudomonas aeruginosa (carbapenem-resistant) 

ZOIs 

Definite 

# 16 - MDR P. Aeruginosa 

Pseudomonas aeruginosa mentioned in context of —methicillin-resistant Staphylococcus aureus (MRSA), 

extended spectrum β-lactamase (ESBL) producing Escherichia coli and MDR Acinetobacter spp., Klebsiella 

pneumoniae and Pseudomonas aeruginosa. antibiotics: penicillins (ampicillin), cephalosporins (cefuroxime, 

cefotaxime, ceftazidime, cefipime), carbapenems (imipenem, meropenem), quinolones (ciprofloxacin), 

monobactams (aztreonam) and aminoglycosides (amikacin, netilmicin, gentamicin) DEFINITE 

 

Plant and  

 

Part AST Extract Mean diameter of zones of inhibition 

(ZOI)  

Terminalia bellirica  Fruit  Cut-well 

diffusion 

 

sequential methanol 

extracts (10 mg/mL) 

prepared from Soxhlet 

method 

 

17.5 (mean of 2 strains) (1) 

 

 

P Aeuruginosa MβL- metallo β-lactamase Carbapenem resistant strains 1-3 average 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Ethanol  21.33 (2) 

 

P Aeuruginosa MβL- metallo β-lactamase Carbapenem resistant strains 1-3 average 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Methanol  17.33 (2) 

 

 

MDR and Carbapenem- resistant P. Aeruginosa (%75 strains showed resistance to Imipenem antibiotics 



Plant  

 

Part AST Extract Mean diameters (mm) of inhibition 

zones  

Nigella sativa Linn. Seeds Disk agar 

diffusion  

Methanol 

Maceration 

 13       P < 0.001 (3) 

 

 

MIC 

# 16 - MDR P. Aeruginosa definite carbapenem resistant see above 

Plant Part Extract AST MIC (mg/mL) 

Terminalia bellirica  Fruit Methanol  

Sequential extract 

bottle shaker method 

Agar dilution method 0.5 (1) 

 

Plant Part Extract AST MIC (mg/mL) 

Terminalia bellirica  Fruit Methanol  

Sequential extract 

Soxhlet method 

Agar dilution method 1 (1) 

 

P Aeuruginosa MβL- metallo β-lactamase Carbapenem resistant strains 1-3 average 

Plant Part Extract AST MIC (μg/ml) 

Piper betle L. Leaf Ethanol  

 

dilution methods 260 (2) 

 

P Aeuruginosa MβL- metallo β-lactamase Carbapenem resistant strains 1-3 average 

Plant Part Extract AST MIC (μg/ml) 

Piper betle L. Leaf Methanol 

 

dilution methods 468.67 (2) 

 

 

Carbapenem resistant P. Aeruginosa (P 2) Meropenem resistant  

Plant Part Extract AST MIC (mg/mL) 

Plectranthus barbatus  

 

Leaves Ethanol  

 

Broth microdilution   0.5 (4) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Ocimun basilicum 

 

Leaves Ethanol  

 

Broth microdilution  >2.0   (4) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Rosmarinus 

officinalis  

 

Leaves Ethanol  

 

Broth microdilution   >2.0  (4) 

 



 

Plant Part Extract AST MIC (mg/mL) 

Mentha sp.  

 

Leaves Ethanol  

 

Broth microdilution   2.0   (4) 

 

 

NOT DEFINITE 

carbenicillin-resistant P. aeruginosa LMP0102U (NOT carbapenem-resistant) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Albizia gummifera 

Leguminoseae– 

Mimosaıdeae  

Stem bark, leaves Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm 

(5) 

 

carbenicillin-resistant P. aeruginosa LMP0102U (NOT carbapenem-resistant) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ficus exasperate 

Moraceae 

leaves Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (5) 

 

carbenicillin-resistant P. aeruginosa LMP0102U (NOT carbapenem-resistant) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ficus exasperate 

Moraceae 

Stem bark Agar disc 

diffusion  

Methanol  No activity (5) 

 

carbenicillin-resistant P. aeruginosa LMP0102U (NOT carbapenem-resistant) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

leaves Agar disc 

diffusion  

Methanol  No activity (5) 

 

carbenicillin-resistant P. aeruginosa LMP0102U (NOT carbapenem-resistant) 

Plant  Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 



 (+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

Stem bark Agar disc 

diffusion  

Methanol  (+++): Id bn 16–20 mm (5) 

 

carbenicillin-resistant P. aeruginosa LMP0102U (NOT carbapenem-resistant) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ricinodendron 

heudelotii 

Euphorbiaceae  

Stem bark Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (5) 

 

carbenicillin-resistant P. aeruginosa LMP0102U (NOT carbapenem-resistant) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Senna hirsute  

Fabaceae  

Leaves  Agar disc 

diffusion  

Methanol  (+): Inhibition diameter (Id) between 

(bn) 7–10 mm (5) 

 

 

Pseudomonas aeruginosa (P. aeruginosa) MDR as per MAR index including Ciprofloxacin (Cf) 

Vancomycin and Methicillin NOT carbapenem 

Ampicillin, amoxicillin, amikacin, cephalothin , chloramphenicol , ciprofloxacin , ceftriaxone , clindamycin , 

co-trimoxazole , erythromycin , gentamycin, kanamycin, methicillin, novobiocin, nalidixic acid, norfloxacin, 

ofloxacin , penicillin, rifampicin, streptomycin , tetracyclin and vancomycin  

Plant  

 

Part AST Extract 

200 μg/mL 

Mean ± SEM diameters (mm) of 

inhibition zones  

Garlic 

 

Cloves Agar diffusion  Ethanol   19.45 ± 0.68 (6) 

 

 

Plant  

 

Part AST Extract 

200 μg/mL 

Mean ± SEM diameters (mm) of 

inhibition zones  

Ginger 

 

Rhzome Agar diffusion  Ethanol   14.45 ± 0.66 (6) 

 

 

Pseudomonas aeruginosa Ac: amikacin 30; Ak: amoxyclav 30; Am: ampicillin 10; Cf: cefpodoxime 10; 

Ch: chloramphenicol 30; Cot: co-trimoxazole 25; Ce: ceftriaxone 30; Ge: gentamicin 10;Nx: norfloxacin 

10; Le: levofloxacin 5; Lz: linezolid 30; Of: ofloxacin 5; Pt: piperacillin/tazobactam 100/10 RESISTANT 

Gt: gatifloxacin 5 MODERATELY SENSITIVE not 



Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Anogeissus 

acuminate  

 

Leaf/ Bark Agar well 

diffusion  

Methanol   25 (7) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Azadirachta indica  

 

Leaf Agar well 

diffusion  

Methanol  15 (7) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Bauhinia variegate  

 

Leaf/Root Agar well 

diffusion  

Methanol   20 (7) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Boerhaavia diffusa  

 

Leaf Agar well 

diffusion  

Methanol  15 (7) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Punica granatum  

 

Leaf/ Bark/ Fruits Agar well 

diffusion  

Methanol  24 (7) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Soymida febrifuga  

 

Leaf/ Bark Agar well 

diffusion  

Methanol  18 (7) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Terminalia chebula  

 

Leaf/ Fruits Agar well 

diffusion  

Methanol   16 (7) 

 

 



Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Tinospora cordifolia Leaf/ Bark 

 

Agar well 

diffusion  

Methanol  18      (7) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Tribulus terrestris Leaf 

 

Agar well 

diffusion  

Methanol   20 (7) 

 

 

Pseudomonas aeruginosa (Pa4016 only) Drug-Resistant Strains Staphylococcus aureus, Acinetobacter 

baumannii and Pseudomonas aeruginosa.  Six clinical antibiotic-resistant isolates Carbapenem not 

mentioned 

Plant Part Extract AST Mean ± SD * (n = 2) diameters (mm) 

of inhibition zones  

Polygonum cuspidatum Root 

 

Ethanol  Disc diffusion  11.00 (8) 

 

MIC 

Pseudomonas aeruginosa (Pa4016)  

Plant Part Extract MIC (mg/mL ) 

Polygonum cuspidatum  Root 

 

Ethanol  7.00 (8) 

Pseudomonas aeruginosa (P1347)  

Plant Part Extract MIC (mg/mL ) 

Polygonum cuspidatum  Root 

 

Ethanol  11.00 (8) 

 

P. aeruginosa carbenicillin-resistant LMP0102U (NOT carbapenem-resistant) 

Plant Part Extract AST MIC (mg/ml) 

F. exasperate  

 

Leaves  Methanol  Microbroth dilution 

assays  

258 (5) 

 

carbenicillin-resistant P. aeruginosa LMP0102U (NOT carbapenem-resistant) 

Plant Part Extract AST MIC (mg/ml) 

N. latifolia Leaves  Methanol  Microbroth dilution 

assays  

Not tested 

P. aeruginosa LMP0102U carbenicillin-resistant (NOT carbapenem-resistant) 

Plant Part Extract AST MIC (mg/ml) 

N. latifolia Stem bark  Methanol  Microbroth dilution 64 (5) 



assays   

P. aeruginosa LMP0102U carbenicillin-resistant (NOT carbapenem-resistant) 

Plant Part Extract AST MIC (mg/ml) 

R. heudelotii Stem bark  Methanol  Microbroth dilution 

assays  

512 (5) 

 

 

Pseudomonas aeruginosa (P. aeruginosa) MDR as per MAR index including Ciprofloxacin (Cf) 

Vancomycin and Methicillin 

Plant Part Extract AST MIC (μg/mL) 

Garlic Clove  Ethanol  

 

Serial tube dilution 58.50 (6) 

 

 

Plant Part Extract AST MIC (μg/mL) 

Ginger  Rhizome  Ethanol  

 

Serial tube dilution 67.00 (6) 

 

 

MDR Pseudomonas aeruginosa Ac: amikacin 30; Ak: amoxyclav 30; Am: ampicillin 10; Cf: cefpodoxime 

10; Ch: chloramphenicol 30; Cot: co-trimoxazole 25; Ce: ceftriaxone 30; Ge: gentamicin 10;Nx: 

norfloxacin 10; Le: levofloxacin 5; Lz: linezolid 30; Of: ofloxacin 5; Pt: piperacillin/tazobactam 100/10 

RESISTANT Gt: gatifloxacin 5 MODERATELY SENSITIVE NOT CARBAPENEM RESISTANT 

carbapenem not tested 

AB tested Ac: amikacin 30; Ak: amoxyclav 30; Am: ampicillin 10; Cd: clindamycin 2; Cf: cefpodoxime 10; 

Ch: chloramphenicol 30; Cot: co-trimoxazole 25; Ce: ceftriaxone 30; Ge: gentamicin 10; Gt: gatifloxacin 5; Nx: 

norfloxacin 10; Le: levofloxacin 5; Lz: linezolid 30; Of: ofloxacin 5; Ox: oxacillin 1; Pt: piperacillin/tazobactam 

100/10; Tei: teicoplanin 5; Va: vancomycin 30.  

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Anogeissus 

acuminate 

Leaf/ 

Bark 

Methanol  

 

Microdilution  0.67  

 

1.51 (7) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Azadirachta indica Leaf Methanol  

 

Microdilution  9.63 21.67 (7) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Bauhinia variegate Leaf/ 

Root 

Methanol  

 

Microdilution  3.41  

 

4.27 (7) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Boerhaavia diffusa Leaf Methanol  

 

Microdilution  9.63 21.67 (7) 

 



Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Punica granatum Leaf/ 

Bark/ 

Fruits 

Methanol  

 

Microdilution  0.67  1.51  (7) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Soymida febrifuga Leaf/ 

Bark 

Methanol  

 

Microdilution  4.27 

 

 9.63 (7) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Terminalia chebula Leaf/ 

Fruits 

Methanol  

 

Microdilution   9.63  21.67  (7) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Tinospora cordifolia Leaf/ 

Bark 

Methanol  

 

Microdilution  4.27 9.63 (7) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Tribulus terrestris Leaf Methanol  

 

Microdilution   3.41  4.27 (7) 

 

Pseudomonas aeruginosa (Pa4016, Pa1347) Drug-Resistant Strains Staphylococcus aureus, Acinetobacter 

baumannii and Pseudomonas aeruginosa.  Six clinical antibiotic-resistant isolates Carbapenem not 

mentioned 

MIC 

Plant Part Extract AST Mean ± SD (n = 2) MIC (mg/mL) 

Polygonum cuspidatum Root 

 

Ethanol  Agar dilution 

 

9 (8) 
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Enterobacterales (carbapenem-resistant) [carbapenemase-producing Enterobacterales (CPE) and 

extended-spectrum β-lactamase-producing Enterobacterales (ESBL-E) [Escherichia coli (E. coli) and 

Klebsiella pneumoniae (K. pneumoniae)] 

Enterobacteriales (carbapenem-resistant, ESBL‐producing)  

 

Escherichia coli  

ZOIs 

ESBL-producing e-coli 9-10 

Plant and  

 

Part AST Extract Mean diameter of zones of inhibition 

(ZOI)  

Terminalia bellirica  Fruit  Cut-well 

diffusion 

 

sequential methanol 

extracts (10 mg/mL) 

prepared from Soxhlet 

method 

 

12 (mean of 2 strains) (1) 

b-lactamase positive E. coli LMP0101U 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Albizia gummifera Stem bark, leaves Agar disc 

diffusion  

Methanol  (+++): Id bn 16–20 mm (2) 

 

b-lactamase positive E. coli LMP0101U  

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ficus exasperate 

Moraceae 

leaves Agar disc 

diffusion  

Methanol  (+++): Id bn 16–20 mm (2) 

 

b-lactamase positive E. coli LMP0101U  

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 



Ficus exasperate 

Moraceae 

Stem bark Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (2) 

 

b-lactamase positive E. coli LMP0101U 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

leaves Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (2) 

 

b-lactamase positive E. coli LMP0101U 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

Stem bark Agar disc 

diffusion  

Methanol  (+++): Id bn 16–20 mm (2) 

 

b-lactamase positive E. coli LMP0101U 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ricinodendron 

heudelotii 

Euphorbiaceae  

Stem bark Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (2) 

 

b-lactamase positive E. coli LMP0101U 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Senna hirsute  

Fabaceae  

Leaves  Agar disc 

diffusion  

Methanol  No activity (2) 

 

 

E Coli ESBL 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Ethanol  20 (3) 

 



 

E Coli ESBL  

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Methanol  19 (3) 

 

 

Escherichia coli ESBL (No 150C/12) STRAINS PRODUCING OF β-LACTAMASES AT EXTENDED 

SPECTRUM (ESBL) CONFIRMED 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Vitex Doniana  Bark Agar well 

diffusion  

Methanol  13 (4) 

 

 

MIC 

ESBL-producing e-coli 9-10 

Plant Part Extract AST MIC (mg/mL) 

Terminalia bellirica  Fruit Methanol  

Sequential extract 

bottle shaker method 

Agar dilution method >5 (1) 

 

Plant Part Extract AST MIC (mg/mL) 

Terminalia bellirica  Fruit Methanol  

Sequential extract 

Soxhlet method 

Agar dilution method >5 (1) 

b-lactamase positive E. coli LMP0101U 

Plant Part Extract AST MIC μg/ml 

A. gummifera  Leaves  Methanol  Microbroth dilution 

assays  

128 (2) 

 

b-lactamase positive E. coli LMP0101U 

Plant Part Extract AST MIC (μg/ml) 

F. exasperate  

 

Leaves  Methanol  Microbroth dilution 

assays  

128 (2) 

 

b-lactamase positive E. coli LMP0101U 

Plant Part Extract AST MIC (μg/ml) 

N. latifolia Leaves  Methanol  Microbroth dilution 

assays  

256 (2) 

 

b-lactamase positive E. coli LMP0101U 

Plant Part Extract AST MIC (μg/ml) 



N. latifolia Stem bark  Methanol  Microbroth dilution 

assays  

32 (2) 

 

b-lactamase positive E. coli LMP0101U 

Plant Part Extract AST MIC (μg/ml) 

R. heudelotii Stem bark  Methanol  Microbroth dilution 

assays  

512 (2) 

 

E Coli ESBL 

Plant Part Extract AST MIC (μg/ml) 

Piper betle L. Leaf Ethanol  

 

dilution methods 312 (3) 

 

E Coli ESBL 

Plant Part Extract AST MIC (μg/ml) 

Piper betle L. Leaf Methanol 

 

dilution methods 312 (3) 

 

 

Escherichia coli ESBL (No 150C/12) STRAINS PRODUCING OF β-LACTAMASES AT EXTENDED 

SPECTRUM (ESBL) 

Plant Part Extract AST MIC mean 

(mg/mL) 

MBC (mg/mL) 

Vitex Doniana Bark  Methanol 70% 

 

Agar dilution  

 

 71.42 

 

142.84 (4) 

 

Carbapenem-resistant E. Coli 

Carbapenem-resistant E. Coli. (EC27 surgical wound) Ast, Ax, Amp, Ami, Amox, Ca, Cfc, Cf, Caz, Cip, 

Chlo, Im, Kan, Szt, Tet, Tob. Ast = Aztreonam; Ax = amoxacilin; Amp = ampicillin; Ami = amikacin; Amox = 

amoxicillin; Ca = cefadroxil; Cfc = cefaclor; Cf = cefalotin; Caz = ceftazidime; Cip = ciprofloxacin; Chlo = 

chloramphenicol; Im = imipenem; Kan = kanamycin; Szt = sulfametin; Tet = tetracycline; Tob = tobramycin;  

Plant Part Extract AST MIC (μg/ml)  

Croton campestris 

A 

 

Leaves  methanol  

 

Microdilution  512 (5) 

 

E. coli (EC27) Resistant Azt, Ax, Amp, Ami, Amox, Ca, Cfc, Cf, Caz, Cip, Clo, Im, Kan, Szt, Tet, Tob 

Azt, Aztreonam; Ax, Amoxicillin; Amp, Ampicillin; Ami, Amikacin; Amox, Amoxicillin; Ca, Cefadroxil; Cfc, 

Cefaclor; Cf, Cephalothin; Caz, Ceftazidime, Cip, Ciprofloxacin; Clo, Chloramphenicol; Im, Imipenem; Kan, 

Kanamycin; Szt, Sulfametrim, Tet, Tetracycline; Tob, Tobramycin; Oxa, Oxacillin; Gen, Gentamicin; Neo, 

Neomycin; Paro, Paromomycin; But, Butirosin; Sis, Sisomicin; Net, Netilmicin. 

IMPENEM resistant confirmed 

Plant Part Extract AST MIC ( ug/mL) 

Murraya paniculata 

 

Leaves Ethanol microdilution method 1024 (6) 

 

 



 

NOT DEFINITE 

E. coli Resistant to betalactams, Ampicillin (penicillin) [ESBL] Ciprofloxacin (fluoroquinolone), Gentamycin 

(aminoglycoside antibiotics), Nitrofurantoin (antimicrobial), Nalidixic acid (fluoroquinolone),Trimethoprim/ 

sulfamethoxazole (SMX) (sulphonamides), Cefotaxime (cephalosporin)  

Drugs tested ampicillin, ciprofloxacin, gentamycin, norfloxacin, nitrofurantoin, nalidixic acid, trimethoprim-

sulpha methoxazole, clotrimazole, cefotaxime, and tetracycline  

VERDICT MDR E coli carbapenem not or ESBLs not mentioned 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Cinnamomum cassia  Bark Agar well 

diffusion  

Methanol   19.66±0.57 (7) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Syzygium 

aromaticum 

Flower Agar well 

diffusion  

Methanol   19.33±0.57 (7) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Zingiber officinale Rhizome Agar well 

diffusion  

Methanol   17.0±0.60 (7) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Azadirachta indica Fruit Agar well 

diffusion  

Methanol   15.66±0.57 (7) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Terminalia chebula Fruit Agar well 

diffusion  

Methanol   13.66±0.57 (7) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Coriander sativum  Leaf Agar well 

diffusion  

Methanol   8.66±0.57 (7) 

 

E. coli Resistant to betalactams, Ampicillin (penicillin) [ESBL] Ciprofloxacin (fluoroquinolone), Gentamycin 

(aminoglycoside antibiotics), Nitrofurantoin (antimicrobial), Nalidixic acid (fluoroquinolone),Trimethoprim/ 



sulfamethoxazole (SMX) (sulphonamides), Cefotaxime (cephalosporin) VERDICT MDR E coli carbapenem 

not or ESBLs not mentioned 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Cinnamomum cassia  Bark Agar well 

diffusion  

Ethanol   21.33±0.57 (7) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Syzygium 

aromaticum 

Flower Agar well 

diffusion  

Ethanol  19.66±0.57 (7) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Zingiber officinale Rhizome Agar well 

diffusion  

Ethanol  20.0±0.60 (7) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Azadirachta indica Fruit Agar well 

diffusion  

Ethanol  18.66±0.57 (7) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Terminalia chebula Fruit Agar well 

diffusion  

Ethanol  17.66±0.57 (7) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Coriander sativum  Leaf Agar well 

diffusion  

Ethanol  11.66±0.57 (7) 

 

 

Escherichia coli EC1 AC=Amoxycillin/Clavulanic acid, CFX=Cefixime, CE=Cefotaxime, CI=Ceftriaxone, 

G=Gentamicin, LE=Levofloxacin, OF=Ofloxacin VERDICT MDR E coli carbapenem not or ESBLs not 

mentioned 

 

Plant  Part AST Extract Mean ± SEM diameters (mm) of 



 inhibition zones  

Azadirachta indica  

 

Leaf Agar well 

diffusion  

Methanol 

and ethanol 

8.00±0.10 (8) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Ocimum sanctum  

 

Leaf Agar well 

diffusion  

Ethanol  9.00±0.15 (8) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Origanum vulgare  

 

Leaf Agar well 

diffusion  

Methanol  14.00±0.11 (8) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Rosmarinus 

officinalis  

 

Leaf Agar well 

diffusion  

Methanol  10.00±0.05 (8) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Cymbopogon citratus  

 

Leaf Agar well 

diffusion  

Ethanol  14.00±0.30 (8) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Aloe barbadensis  

 

Leaf Agar well 

diffusion  

Ethanol  7.00±0.05 (8) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Bryophyllum 

pinnatum  

 

Leaf Agar well 

diffusion  

Methanol  8.00±0.11 (8) 

 

 

Plant  Part AST Extract Mean ± SEM diameters (mm) of 



 inhibition zones  

Thymus vulgaris  Leaf Agar well 

diffusion  

Methanol  8.00±0.11 (8) 

 

 

Escherichia coli EC2 AC=Amoxycillin/Clavulanic acid, CFX=Cefixime, CS=Cefoperazone+Sulbactum, 

CE=Cefotaxime CF=Ciprofloxacin, GF=Gatifloxacin, LE=Levofloxacin, OF=Ofloxacin 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Ocimum sanctum  

 

Leaf Agar well 

diffusion  

Ethanol  8.00±0.30 (8) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Origanum vulgare  

 

Leaf Agar well 

diffusion  

Ethanol  13.00±0.11 (8) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Rosmarinus 

officinalis  

 

Leaf Agar well 

diffusion  

Methanol  11.00±0.15 (8) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Cymbopogon citratus  

 

Leaf Agar well 

diffusion  

Ethanol  14.00±0.11 (8) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Bryophyllum 

pinnatum  

 

Leaf Agar well 

diffusion  

Methanol  8.00±0.20 (8) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Thymus vulgaris  Leaf Agar well 

diffusion  

Methanol   7.00±0.11 (8) 

 

 



Escherichia coli Ac: amikacin 30; Ak: amoxyclav 30; Am: ampicillin 10; Cf: cefpodoxime 10; Ch: 

chloramphenicol 30; Cot: co-trimoxazole 25; Ce: ceftriaxone 30; Ge: gentamicin 10; Gt: gatifloxacin 5; 

Nx: norfloxacin 10; Le: levofloxacin 5; Lz: linezolid 30; Of: ofloxacin 5 RESISTANT 

VERDICT MDR E coli carbapenem not or ESBLs not mentioned 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Anogeissus 

acuminate  

 

Leaf/ Bark Agar well 

diffusion  

Methanol  22 (9) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Azadirachta indica  

 

Leaf Agar well 

diffusion  

Methanol   19 (9) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Bauhinia variegate  

 

Leaf/Root Agar well 

diffusion  

Methanol  19 (9) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Boerhaavia diffusa  

 

Leaf Agar well 

diffusion  

Methanol  10 (9) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Punica granatum  

 

Leaf/ Bark/ Fruits Agar well 

diffusion  

Methanol  25 (9) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Soymida febrifuga  

 

Leaf/ Bark Agar well 

diffusion  

Methanol  19 (9) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 



Terminalia chebula  

 

Leaf/ Fruits Agar well 

diffusion  

Methanol  14 (9) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Tinospora cordifolia Leaf/ Bark 

 

Agar well 

diffusion  

Methanol  16       (9) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Tribulus terrestris Leaf 

 

Agar well 

diffusion  

Methanol  17 (9) 

 

 

Escherichia coli (EC1) MDR but not necessarily ESBL or carbapenem resistant Amp, Aml, Chl, Gen, Tet, 

Cip, Ctx Amp = Ampicillin, Aml = Amoxicillin, Chl = Chloramphenicol, Gen = Gentamycin, Tet = 

Tetracycline, Cip = Ciprofloxacin, Ctx Ceftriaxone resistant Ceftriaxone is a cephalosporin 

VERDICT MDR E coli carbapenem not or ESBLs not mentioned 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Acacia nilotica Leaves disc diffusion 

assay 

Ethanol  

Conc 

10mg/disc 

21.7 ± 0.6 (10) 

 

MIC MBC 

Escherichia coli (Ec 27) Multiresistant strains  

Plant Part Extract AST MIC (μg/mL ) 

Lantana 

montevidensis Briq 

 

Leaves 

and roots 

Ethanol  

 

microdilution test 

 

16 (11) 

??? 

 

Escherichia coli (E. Coli Enterobacter sp. MDR as per MAR index 

Plant Part Extract AST MIC (μg/mL) 

Garlic Clove  Ethanol  

 

Serial tube dilution 65.50 (12) 

 

 

Plant Part Extract AST MIC (μg/mL) 

Ginger  Rhizome  Ethanol  

 

Serial tube dilution 75.60 (12) 

 

 



Escherichia coli EC1 AC=Amoxycillin/Clavulanic acid, CFX=Cefixime, CE=Cefotaxime, CI=Ceftriaxone, 

G=Gentamicin, LE=Levofloxacin, OF=Ofloxacin 

Plant Part Extract AST MIC (mg/mL) 

Azadirachta indica  

 

Leaf Methanol  

 

Broth dilution  12.5 (8) 

 

Plant Part Extract AST MIC (mg/mL) 

Ocimum sanctum  

 

Leaf Ethanol  

 

Broth dilution  12.5 (8) 

 

Plant Part Extract AST MIC (mg/mL) 

Origanum vulgare  

 

Leaf Methanol and ethanol Broth dilution  6.25 (8) 

 

Plant Part Extract AST MIC (mg/mL) 

Rosmarinus 

officinalis  

 

Leaf Methanol and ethanol 

 

Broth dilution  12.5 (8) 

 

Plant Part Extract AST MIC (mg/mL) 

Cymbopogon citratus  

 

Leaf Ethanol  

 

Broth dilution  6.25 (8) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Bryophyllum 

pinnatum  

 

Leaf Methanol and ethanol 

 

Broth dilution  12.5 (8) 

 

Plant Part Extract AST MIC (mg/mL) 

Thymus vulgaris  

 

Leaf Ethanol  

 

Broth dilution  12.5 (8) 

 

Escherichia coli Ac: amikacin 30; Ak: amoxyclav 30; Am: ampicillin 10; Cf: cefpodoxime 10; Ch: 

chloramphenicol 30; Cot: co-trimoxazole 25; Ce: ceftriaxone 30; Ge: gentamicin 10; Gt: gatifloxacin 5; 

Nx: norfloxacin 10; Le: levofloxacin 5; Lz: linezolid 30; Of: ofloxacin 5 RESISTANT  

Carbapenem and ESBL not confirmed 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Anogeissus 

acuminate 

Leaf/ 

Bark 

Methanol  

 

Microdilution  3.41  4.27 (9) 



 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Azadirachta indica Leaf Methanol  

 

Microdilution  4.27  9.63 (9) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Bauhinia variegate Leaf/ 

Root 

Methanol  

 

Microdilution  4.27  9.63 (9) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Boerhaavia diffusa Leaf Methanol  

 

Microdilution  NA 

 

NA (9) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Punica granatum Leaf/ 

Bark/ 

Fruits 

Methanol  

 

Microdilution  0.67  1.51 (9) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Soymida febrifuga Leaf/ 

Bark 

Methanol  

 

Microdilution  4.27  

 

9.63 (9) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Terminalia chebula Leaf/ 

Fruits 

Methanol  

 

Microdilution  9.63  21.67 (9) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Tinospora cordifolia Leaf/ 

Bark 

Methanol  

 

Microdilution  4.27  9.63 (9) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Tribulus terrestris Leaf Methanol  

 

Microdilution  4.27  9.63 (9) 

 

E. coli (E2) MDR Beta lactam: Cefepime ,Cefotaxime , Ceftazidime ,Cephalothin , 

Piperaciclin+Tazobactam. Aminoglycosides : Gentamicin . Fluoroquinolones :Ciprofloxacin resistant 

Plant Part Extract AST MIC (mg/mL) 

Plectranthus barbatus  Leaves Ethanol  Broth microdilution  1.0  (13) 



   

 

Plant Part Extract AST MIC (mg/mL) 

Ocimun basilicum 

 

Leaves Ethanol  

 

Broth microdilution  2.0  (13) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Rosmarinus 

officinalis  

 

Leaves Ethanol  

 

Broth microdilution  >2.0  (13) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Mentha sp.  

 

Leaves Ethanol  

 

Broth microdilution  >2.0   (13) 

 

 

MDR confirmed E. coli (Ec 27, from sputum) Carbapenem and ESBL not confirmed 

Plant Part Extract AST MIC (µg/mL) 

Lantana camara Linn  Leaf 

Extract 

Ethanol  

 

Microdilution 256 (14) 

 

 

Plant Part Extract AST MIC (µg/mL) 

Lantana 

montevidensis Brig 

Leaf 

Extract 

Ethanol  

 

Microdilution  16 (14) 

 

Escherichia coli (EC1) MDR but not necessarily ESBL or carbapenem resistant Amp, Aml, Chl, Gen, Tet, 

Cip, Ctx Amp = Ampicillin, Aml = Amoxicillin, Chl = Chloramphenicol, Gen = Gentamycin, Tet = 

Tetracycline, Cip = Ciprofloxacin, Ctx Ceftriaxone resistant Ceftriaxone is a cephalosporin 

Plant Part Extract AST MIC (mg/mL) 

Acacia nilotica Leaves  Ethanol  

Conc 10mg/disc  

dilution methods 3.12 (10) 

 

Escherichia coli (E. Coli ) MDR as per MAR index including Ciprofloxacin,Vancomycin and Methicillin 

Plant  

 

Part AST Extract 

200 μg/mL 

Mean ± SEM diameters (mm) of 

inhibition zones  

Garlic 

 

Cloves Agar diffusion  Ethanol   18.50 ± 0.29 (12) 

 

 

Plant  

 

Part AST Extract 

200 μg/mL 

Mean ± SEM diameters (mm) of 

inhibition zones  



Ginger 

 

Rhzome Agar diffusion  Ethanol   15.50 ± 0.30 (12) 
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Klebsiella pneumonia 

ZOI 

13,14 - MDR K. Pneumonia extended spectrum β-lactamase (ESBL)-producing K. pneumoniae 

Plant and  

 

Part AST Extract Mean diameter of zones of inhibition 

(ZOI) mm 

Terminalia bellirica  Fruit  Cut-well 

diffusion 

 

sequential methanol 

extracts (10 mg/mL) 

prepared from Soxhlet 

method 

 

12 (mean of 2 strains) (1) 

 



 

13,14 - MDR K. Pneumonia extended spectrum β-lactamase (ESBL)-producing K. 

Plant Part Extract AST MIC (mg/mL) 

Terminalia bellirica  Fruit Methanol  

Sequential extract 

bottle shaker method 

Agar dilution method >5 (1) 

 

Plant Part Extract AST MIC (mg/mL) 

Terminalia bellirica  Fruit Methanol  

Sequential extract 

Soxhlet method 

Agar dilution method >5 (1) 

 

K Pneumonia ESBL  

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Methanol  19 (2) 

 

 

 

K Pneumonia ESBL 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Ethanol  20 (2) 

 

 

 

K Pneumonia ESBL  

Plant Part Extract AST MIC (μg/ml) 

Piper betle L. Leaf Ethanol  

 

dilution methods 625 (2) 

 

K Pneumonia ESBL  

Plant Part Extract AST MIC (μg/ml) 

Piper betle L. Leaf Methanol 

 

dilution methods 625 (2) 

 

 

Klebsiella pneumoniae ESBL (No 141C/12) 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Vitex Doniana  Bark Agar well Methanol  11 (3) 



diffusion   

Klebsiella pneumoniae ESBL (No 141C/12) 

Plant Part Extract AST MIC mean  

(mg/mL) 

MBC (mg/mL) 

Vitex Doniana Bark  Methanol 70% 

 

Agar dilution  

 

71.42  

 

142.84 (3) 

 

ESBL producing Klebsiella pneumonia (EU-32) AMC, PIP, SXT, TZP (AMC, amoxicillin-clavulanic 

acid; PIP, piperacillin; SXT, trimethoprim-sulfamethoxazole; TZP, piperacillin-tazobactam-Contains β-

lactamase K. pneumoniae carbapenemase (blaKPC) gene) 

Plant Part Extract 

 

AST Growth inhibition ≥50% 

(IC50) µg/mL 

Martynia annua L. Fruit  Ethanol Broth microdilution  256 (4) 

 

 

K pneumonia carbapenem-resistant strains 1-4 average 

Plant Part Extract AST MIC (μg/ml) 

Piper betle L. Leaf Ethanol  

 

dilution methods 390.25 (2) 

 

K pneumonia carbapenem-resistant strains 1-4 average 

Plant Part Extract AST MIC (μg/ml) 

Piper betle L. Leaf Methanol 

 

dilution methods 468.5 (2) 

 

 

K pneumonia carbapenem-resistant strains 1-4 average 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Ethanol  22.75 (2) 

 

 

K pneumonia carbapenem-resistant strains 1-4 average 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Methanol  22 (2) 

 

 

 

 

 

Carbapenem resistant K. pneumonia (K 3) Meropenem resistant 



Plant Part Extract AST MIC (mg/mL) 

Plectranthus barbatus  

 

Leaves Ethanol  

 

Broth microdilution   >2.0   (5) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Ocimun basilicum 

 

Leaves Ethanol  

 

Broth microdilution    >2.0   (5) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Rosmarinus 

officinalis  

 

Leaves Ethanol  

 

Broth microdilution  0.5  (5) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Mentha sp.  

 

Leaves Ethanol  

 

Broth microdilution   >2.0   (5) 

 

 

K. pneumoniae ATCC 9591 carbapenemase-producing K. pneumoniae 

Plant Part Extract AST Mean IC50 values 8 hr 

(mg/mL) and 95% 

confidence intervals 

Tinospora cordifolia Stem  95% Ethanol Broth microdilution 7.07 (6.73– 7.43) (6) 

 

Plant Part Extract AST Mean IC50 values 8 hr 

(mg/mL) and 95% 

confidence intervals 

Alstonia scholaris Stem bark 95% Ethanol Broth microdilution 4.06 (3.31 – 4.96) (6) 

 

Plant Part Extract AST Mean IC50 values 8hr 

(mg/mL) and 95% 

confidence intervals 

Crataeva Nurvala Stem  95% Ethanol Broth microdilution >12.5 (6) 

 

 

 

 

NOT DEFINITE 

Ampicillin-resistant K. pneumoniae LMP0210U (NOT carbapenem) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 



 

Albizia gummifera 

Leguminoseae– 

Mimosaıdeae  

Stem bark, leaves Agar disc 

diffusion  

Methanol  No activity (7) 

 

 

Ampicillin-resistant K. pneumoniae LMP0210U (NOT carbapenem) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ficus exasperate 

Moraceae 

leaves Agar disc 

diffusion  

Methanol  (+): Inhibition diameter (Id) between 

(bn) 7–10 mm (7) 

 

Ampicillin-resistant K. pneumoniae LMP0210U (NOT carbapenem) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ficus exasperate 

Moraceae 

Stem bark Agar disc 

diffusion  

Methanol  No activity (7) 

 

ampicillin-resistant K. pneumoniae LMP0210U (NOT carbapenem) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

leaves Agar disc 

diffusion  

Methanol  (+): Inhibition diameter (Id) between 

(bn) 7–10 mm (7) 

 

ampicillin-resistant K. pneumoniae LMP0210U NOT carbapenem) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

Stem bark Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (7) 

 

ampicillin-resistant K. pneumoniae LMP0210U (NOT carbapenem) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 



higher than 20mm 

 

Ricinodendron 

heudelotii 

Euphorbiaceae  

Stem bark Agar disc 

diffusion  

Methanol  No activity (7) 

 

 

ampicillin-resistant K. pneumoniae LMP0210U (NOT carbapenem) 

two Gram-positive (methicillin-resistant S. aureus LMP0206U and B. cereus LMP0404G), six Gram-negative 

(b-lactamase positive E. coli LMP0101U, S. dysenteriae LMP0208U, S. flexneri LMP0313U, chloramphenicol-

resistant S. typhi LMP0209U, carbenicillin-resistant P. aeruginosa LMP0102U, and ampicillin-resistant K. 

pneumoniae LMP0210U) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Senna hirsute  

Fabaceae  

Leaves  Agar disc 

diffusion  

Methanol  No activity (7) 

 

 

Klebsiella sp. Klebsiella pneumonia MDR as per MAR index including Ciprofloxacin (Cf) Vancomycin 

and Methicillin 

Plant  

 

Part AST Extract 

200 μg/mL 

Mean ± SEM diameters (mm) of 

inhibition zones  

Garlic 

 

Cloves Agar diffusion  Ethanol   11.50 ± 0.48 (8) 

 

 

Plant  

 

Part AST Extract 

200 μg/mL 

Mean ± SEM diameters (mm) of 

inhibition zones  

Ginger 

 

Rhizome Agar diffusion  Ethanol   7.50 ± 0.50 (8) 

 

 

K.pneumoniae resistant to Ciprofloxacin (fluoroquinolone), Gentamycin (aminoglycoside antibiotics), 

Nitrofurantoin (antimicrobial), Nalidixic acid (fluoroquinolone), Trimethoprim/sulfamethoxazole (TMP/SMX) 

(sulphonamides), Cefotaxime (cephalosporin) [ESBL] and Tetracycline antibiotics. 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Cinnamomum cassia  Bark Agar well 

diffusion  

Methanol  10.0±0.81 (9) 

 

 

Plant  Part AST Extract Mean diameters of Zone of Inhibition 

in mm 



 

Syzygium 

aromaticum 

Flower Agar well 

diffusion  

Methanol   8.33±0.57 (9) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Zingiber officinale Rhizome Agar well 

diffusion  

Methanol   7.67±0.58 (9) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Azadirachta indica Fruit Agar well 

diffusion  

Methanol   5.66±0.57 (9) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Terminalia chebula Fruit Agar well 

diffusion  

Methanol   9.33±0.57 (9) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Coriander sativum  Leaf Agar well 

diffusion  

Methanol   4.66±0.57 (9) 

 

 

K.pneumoniae resistant to Ciprofloxacin (fluoroquinolone), Gentamycin (aminoglycoside antibiotics), 

Nitrofurantoin (antimicrobial), Nalidixic acid (fluoroquinolone), Trimethoprim/sulfamethoxazole (TMP/SMX) 

(sulphonamides), Cefotaxime (cephalosporin) [ESBL] and Tetracycline antibiotics. 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Cinnamomum cassia  Bark Agar well 

diffusion  

Ethanol  15.66±0.57 (9) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Syzygium 

aromaticum 

Flower Agar well 

diffusion  

Ethanol  13.66±0.57 (9) 

 

 



Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Zingiber officinale Rhizome Agar well 

diffusion  

Ethanol  9.0±1.0 (9) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Azadirachta indica Fruit Agar well 

diffusion  

Ethanol  9.33±0.57 (9) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Terminalia chebula Fruit Agar well 

diffusion  

Ethanol  7.33±0.57 (9) 

 

 

Plant  

 

Part AST Extract Mean diameters of Zone of Inhibition 

in mm 

Coriander sativum  Leaf Agar well 

diffusion  

Ethanol 6.33±0.57 (9) 

 

Klebsiella pneumonia (KP1 AC=Amoxycillin/Clavulanic acid, CFX=Cefixime, 

CS=Cefoperazone+Sulbactum, CE=Cefotaxime, CI=Ceftriaxone, CF=Ciprofloxacin, GF=Gatifloxacin 

OF=Ofloxacin, resistant)  

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Azadirachta indica  

 

Leaf Agar well 

diffusion  

Methanol  11.00±0.10 (10) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Ocimum sanctum  

 

Leaf Agar well 

diffusion  

Ethanol  9.00±0.15 (10) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Origanum vulgare  

 

Leaf Agar well 

diffusion  

Ethanol  7.00±0.10 (10) 

 

 



Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Rosmarinus 

officinalis  

 

Leaf Agar well 

diffusion  

Ethanol  10.00±0.11 (10) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Cymbopogon citratus  

 

Leaf Agar well 

diffusion  

Ethanol  14.00±0.25 (10) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Bryophyllum 

pinnatum  

 

Leaf Agar well 

diffusion  

Methanol  10.00±0.05 (10) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Thymus vulgaris  Leaf Agar well 

diffusion  

Ethanol and 

Methanol  

7.00±0.15 (10) 

 

 

Klebsiella pneumonia Ac: amikacin 30; Ak: amoxyclav 30; Am: ampicillin 10; Cf: cefpodoxime 10; Ch: 

chloramphenicol 30; Cot: co-trimoxazole 25; Ce: ceftriaxone 30; Ge: gentamicin 10; Nx: norfloxacin 10; 

Le: levofloxacin 5; Lz: linezolid 30; Of: ofloxacin 5; Pt: piperacillin/tazobactam 100/10 RESISTANT 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Anogeissus 

acuminate  

 

Leaf/ Bark Agar well 

diffusion  

Methanol   24 (11) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Azadirachta indica  

 

Leaf Agar well 

diffusion  

Methanol  17 (11) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 



Bauhinia variegate  

 

Leaf/Root Agar well 

diffusion  

Methanol  17 (11) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Boerhaavia diffusa  

 

Leaf Agar well 

diffusion  

Methanol  15 (11) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Punica granatum  

 

Leaf/ Bark/ Fruits Agar well 

diffusion  

Methanol   18 (11) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Soymida febrifuga  

 

Leaf/ Bark Agar well 

diffusion  

Methanol  21 (11) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Terminalia chebula  

 

Leaf/ Fruits Agar well 

diffusion  

Methanol  13      (11) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Tinospora cordifolia Leaf/ Bark 

 

Agar well 

diffusion  

Methanol  13 (11) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Tribulus terrestris Leaf 

 

Agar well 

diffusion  

Methanol  15   (11) 

 

 

MIC 

ampicillin-resistant K. pneumoniae LMP0210U (NOT carbapenem) 

Plant Part Extract AST MIC (mg/ml) 

N. latifolia Leaves  Methanol  Microbroth dilution 64 (7) 



assays   

K. pneumoniae LMP0210U ampicillin-resistant (Not carbapenem) 

Plant Part Extract AST MIC (mg/ml) 

N. latifolia Stem bark  Methanol  Microbroth dilution 

assays  

256 (7) 

 

 

Klebsiella pneumonia strain BYK-9 16s 

Klebsiella sp. Klebsiella pneumonia MDR as per MAR index including Ciprofloxacin (Cf) Vancomycin 

and Methicillin 

Plant Part Extract AST MIC (μg/mL) 

Garlic Clove  Ethanol  

 

Serial tube dilution 160.20 (8) 

 

 

Plant Part Extract AST MIC (μg/mL) 

Ginger  Rhizome  Ethanol  

 

Serial tube dilution 185.58 (8) 

 

 

 

Klebsiella pneumonia KP1 AC=Amoxycillin/Clavulanic acid, CFX=Cefixime, 

CS=Cefoperazone+Sulbactum, CE=Cefotaxime, CI=Ceftriaxone, CF=Ciprofloxacin, GF=Gatifloxacin 

OF=Ofloxacin, resistant  

Plant Part Extract AST MIC (mg/mL) 

Azadirachta indica  

 

Leaf Ethanol  

 

Broth dilution  12.5 (10) 

 

Plant Part Extract AST MIC (mg/mL) 

Ocimum sanctum  

 

Leaf Ethanol  

 

Broth dilution  12.5 (10) 

 

Plant Part Extract AST MIC (mg/mL) 

Origanum vulgare  

 

Leaf Ethanol Broth dilution  12.5 (10) 

 

Plant Part Extract AST MIC (mg/mL) 

Rosmarinus 

officinalis  

 

Leaf Ethanol 

 

Broth dilution  12.5 (10) 

 

Plant Part Extract AST MIC (mg/mL) 



Cymbopogon citratus  

 

Leaf Ethanol  

 

Broth dilution  6.25 (10) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Aloe barbadensis  

 

Leaf Ethanol  

 

Broth dilution  6.25 (10) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Bryophyllum 

pinnatum  

 

Leaf Methanol and ethanol 

 

Broth dilution  12.5 (10) 

 

Plant Part Extract AST MIC (mg/mL) 

Thymus vulgaris  

 

Leaf Ethanol and methanol 

 

Broth dilution  12.5 (10) 

 

Klebsiella pneumonia Ac: amikacin 30; Ak: amoxyclav 30; Am: ampicillin 10; Cf: cefpodoxime 10; Ch: 

chloramphenicol 30; Cot: co-trimoxazole 25; Ce: ceftriaxone 30; Ge: gentamicin 10; Nx: norfloxacin 10; 

Le: levofloxacin 5; Lz: linezolid 30; Of: ofloxacin 5; Pt: piperacillin/tazobactam 100/10 RESISTANT 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Anogeissus 

acuminate 

Leaf/ 

Bark 

Methanol  

 

Microdilution  0.67  1.51 (11) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Azadirachta indica Leaf Methanol  

 

Microdilution  4.27  9.63 (11) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Bauhinia variegate Leaf/ 

Root 

Methanol  

 

Microdilution  4.27  9.63 (11) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Boerhaavia diffusa Leaf Methanol  

 

Microdilution  9.63  21.67 (11) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Punica granatum Leaf/ 

Bark/ 

Fruits 

Methanol  

 

Microdilution  3.41  4.27 (11) 



 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Soymida febrifuga Leaf/ 

Bark 

Methanol  

 

Microdilution  3.41  

 

4.27 (11) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Terminalia chebula Leaf/ 

Fruits 

Methanol  

 

Microdilution  9.63  21.67(11) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Tinospora cordifolia Leaf/ 

Bark 

Methanol  

 

Microdilution  9.63  21.67 (11) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Tribulus terrestris Leaf Methanol  

 

Microdilution  9.63  21.67 (11) 
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Priority 2 High 

 Enterococcus faecium (vancomycin-resistant E. faecium) [vancomycin-resistant Enterococci (VRE)] 

Enterococcus faecium (vancomycin-resistant) GPB 

 

ZOIs 

Vancomycin Resistant Enterococci (VRE) (ATCC 51299) 

 

   GPB  

Plant Part Extract  Mean ± SD diameters (mm) of inhibition 

zones  

 

C. porrectum Stem 

bark 

 

Methanol 

 

 

 

 

7.5 ± 0.7071 

(1) 

 

Vancomycin-resistant Enterococcus VRE 1-3  

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Ethanol  28.3 (2) 

 

Vancomycin-resistant Enterococcus VRE 1-3 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Methanol  27.7 (2) 

 

 

MIC MBC 

Vancomycin-resistant Enterococcus VRE 1-3 

Plant Part Extract AST MIC (μg/ml) 

Piper betle L. Leaf Ethanol  

 

dilution methods 64.67 (2) 

 

Vancomycin-resistant Enterococcus VRE 1-3 

Plant Part Extract AST MIC (μg/ml) 



Piper betle L. Leaf Methanol 

 

dilution methods 64.67 (2) 

 

 

Vanomycin -resistant Enterococcus faecium (EU- 49)AMC, GEN, TET, SXT, TZP, VAN (AMC, 

amoxicillin-clavulanic acid; GEN, gentamicin; TET, tetracycline; SXT, trimethoprim-sulfamethoxazole; 

TZP, piperacillin-tazobactam ;VAN, vancomycin) 

Plant Part Extract 

256 µg mL−1 

AST Growth inhibition ≥50% 

(IC50)  

Adiantum capillus Whole plant  Ethanol Broth microdilution (3) 

 

Plant Part Extract AST Growth inhibition ≥50% 

(IC50)  

Artemisia absinthium Whole plant  Ethanol Broth microdilution 256 µg/mL (3) 

 

Plant Part Extract AST Growth inhibition ≥50% 

(IC50)  

Adiantum capillus Aerial parts Ethanol Broth microdilution 256 µg/mL (3) 

 

Plant Part Extract 

 

AST Growth inhibition ≥50% 

(IC50)  

Zanthoxylum 

armatum 

Fruit  Ethanol Broth microdilution 256 µg/mL (3) 

 

 

 

1. Buru AS, Pichika MR, Neela V, Mohandas K. In vitro antibacterial effects of Cinnamomum extracts on 

common bacteria found in wound infections with emphasis on methicillin-resistant Staphylococcus aureus. 

Journal of ethnopharmacology. 2014;153(3):587-95. 

2. Valle DL, Jr., Cabrera EC, Puzon JJ, Rivera WL. Antimicrobial Activities of Methanol, Ethanol and 

Supercritical CO2 Extracts of Philippine Piper betle L. on Clinical Isolates of Gram Positive and Gram Negative 

Bacteria with Transferable Multiple Drug Resistance. PLoS One. 2016;11(1):e0146349. 

3. Khan MF, Tang H, Lyles JT, Pineau R, Mashwani Z-u-R, Quave CL. Antibacterial properties of 

medicinal plants from Pakistan against multidrug-resistant ESKAPE pathogens. Frontiers in pharmacology. 

2018;9:815. 

Staphylococcus aureus (methicillin-resistant [MRSA], vancomycin-intermediate S. aureus) 

Staphylococcus aureus (methicillin-resistant, vancomycin-intermediate)  

 

ZOIs 

MRSA (ATCC 700689) 

Plant Part Extract Mean ± SD diameters (mm) of inhibition 

zones  

Cinnamomum iners Stem bark 

 

Methanol  9.5 ± 0.7071 



Cinnamomum porrectum Leaves 

 

Stem bark 

 

Methanol 

 

Methanol 

9.5 ± 2.1213 

 

10.5 ± 0.7071 (1) 

MRSA ATCC 43300 

Plant and AST  

 

Part and 

strength  

1/4 (0.25)  

Extract Mean ± SD diameters (mm) of inhibition 

zones  

Scrophularia striata  

agar disk diffusion method 

Whole plant 

 

Methanol 70%  19 (2) 

 

    

Methicillin resistant Staphylococcus aureus MRSA ATCC 43300  

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Quercus infectoria 

 

Gall Disc diffusion test  Ethanol  13.33 ± 0.33 P value0.52 (3) 

 

 

Staphylococcus aureus ATCC 25923  

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Quercus infectoria 

 

Gall Disc diffusion test  Ethanol  14.33 ± 0.33 P value0.52 (3) 

 

 

MRSA 1-8 (mean ZOI) 

Plant and  

 

Part AST Extract Mean diameter of zones of inhibition 

(ZOI)  

Terminalia bellirica  Fruit  Cut-well 

diffusion 

 

sequential methanol 

extracts (10 mg/mL) 

prepared from Soxhlet 

method 

 

20.5 (mean of 8 strains) (4) 

Methicillin-resistant S. aureus LMP0206U  

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Albizia gummifera 

Leguminoseae– 

Mimosaıdeae  

Stem bark, leaves Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (5) 

 



 

Methicillin-resistant S. aureus LMP0206U  

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ficus exasperate 

Moraceae 

leaves Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (5) 

 

 

Methicillin-resistant S. aureus LMP0206U  

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ficus exasperate 

Moraceae 

Stem bark Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (5) 

 

Methicillin-resistant S. aureus LMP0206U  

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

leaves Agar disc 

diffusion  

Methanol  (+): Inhibition diameter (Id) between 

(bn) 7–10 mm (5) 

Methicillin-resistant S. aureus LMP0206U  

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

Stem bark Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (5) 

 

Methicillin-resistant S. aureus LMP0206U  

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ricinodendron 

heudelotii 

Stem bark Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (5) 

 



Euphorbiaceae  

 

Staphylococcus aureus MRSA strains 1-7 average 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Ethanol  32.7 (6) 

 

Staphylococcus aureus MRSA strains 1-7 average 

Plant  

 

Part AST Extract Diameters of zones of inhibition (mm) 

Piper betle L.  Leaf Disc diffusion 

method 

Methanol  30.4 (6) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Piper sarmentosum 

 

Leaves Methanol 70%  Ethanol  10.0 ± 0.0 mm (p=0.0018) (7) 

 

MRSA 

Plant  

 

Part AST Extract Mean ± S.D diameter zones of 

inhibition  

Jasminum sambac  

 

Flowers Agar diffusion  Ethanol  160.7 (8) 

 

Plant  

 

Part AST Extract Mean ± S.D diameter zones of 

inhibition  

Laurus nobilis (Ln) Bark Agar diffusion  Ethanol  180.7 (8) 

 

 

Plant  

 

Part AST Extract Mean ± S.D diameter zones of 

inhibition  

Laurus nobilis (Ln)  Leaves Agar diffusion  Ethanol  160.7 (8) 

 

 

Plant  

 

Part AST Extract Mean ± S.D diameter zones of 

inhibition  

Rosmarinus Flowers Agar diffusion  Ethanol  130.7 (8) 



officinalis  

 

 

 

Staphylococcus aureus (S. aureus) MDR as per MAR index including Ciprofloxacin (Cf) Vancomycin and 

Methicillin 

Plant  

 

Part AST Extract 

200 μg/mL 

Mean ± SEM diameters (mm) of 

inhibition zones  

Garlic 

Allium sativum 

Cloves Agar diffusion  Ethanol   14.55 ± 0.20 (9) 

 

 

Plant  

 

Part AST Extract 

200 μg/mL 

Mean ± SEM diameters (mm) of 

inhibition zones  

Ginger 

Zingiber officinale 

Rhzome Agar diffusion  Ethanol   13.55 ± 0.20 (9) 

 

MRSA clinical isolate no. 1-5 (average) 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Rafflesia kerrii 

Meijer  

 

Perigone lobe Disc diffusion Ethanol 95% 

 

11.1 (10) 

MRSA 

Plant  

 

Part AST Extract Mean (mm) of inhibition zones  

Hygrophila 

auriculata  

Root Agar well 

diffusion  

Methanol  22 (11) 

 

 

Plant  

 

Part AST Extract Mean (mm) of inhibition zones  

Hygrophila 

auriculata  

Root Agar well 

diffusion  

Methanol   17 (11) 

 

Staphylococcus aureus MRSA  

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Azadirachta indica  

 

Leaf Agar well 

diffusion  

Ethanol  16.96±0.10 (12) 

 

 

Plant  Part AST Extract Mean ± SEM diameters (mm) of 



 inhibition zones  

Ocimum sanctum  

 

Leaf Agar well 

diffusion  

Ethanol  18.10±0.10 (12) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Origanum vulgare  

 

Leaf Agar well 

diffusion  

Ethanol  14.90±0.05 (12) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Rosmarinus 

officinalis  

 

Leaf Agar well 

diffusion  

Ethanol  14.00±0.90 (12) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Aloe barbadensis  

 

Leaf Agar well 

diffusion  

Ethanol  17.90±0.35 (12) 

 

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Thymus vulgaris  

 

Leaf Agar well 

diffusion  

Ethanol  13.76±0.20 (12) 

 

Methicillin-resistant Staphylococcus aureus (RCMB 2658 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Tecoma stans (L.) 

 

Leaf Agar diffusion  Methanol  18.3 ± 0.25  (13) 

 

Methicillin-resistant Staphylococcus aureus non- clinical isolate  

 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Thuja orientalis Leaf  Disc diffusion Ethanol   29.80 ± 0.71 (14) 

 

 

Plant  Part AST Extract Mean ± SEM diameters (mm) of 



 inhibition zones  

Psidium guajava Leaf  Disc diffusion Ethanol   29.69 ± 0.78 (14) 

 

 

MIC MBC 

MRSA (ATCC 700689) 

Plant Part Extract MIC (μg mL-1 ) MBC (μg mL-1 ) 

Cinnamomum iners Stem bark 

 

Methanol  625.00 ±0 1250 ±0 

Cinnamomum porrectum Leaves 

 

Stem bark 

 

Methanol 

 

Methanol 

625 ±0 

 

625 ±0 

1250 ±0 

 

1250 ±0 (1) 

 

MRSA ATCC 43300 

Plant Part Extract MIC (g/ml ) MBC (g/ml ) 

Scrophularia striata  

 

Whole plant  

 

Methanol 70% 0.031  

31000 μg/mL 

0.031 (2) 

 

MRSA ATCC 43300 

Plant Part  Extract AST MIC (mg/ml) MBC (mg/ml) 

Quercus infectoria Gall 

 

Ethanol micro dilution 0.08 

80 μg/mL 

0.08 (3) 

 

      

Staphylococcus aureus ATCC 25923  

Plant Part  Extract AST MIC (mg/ml) MBC (mg/ml) 

Quercus infectoria Gall 

 

Ethanol micro dilution 0.08 0.16 (3) 

 

 

MRSA F2  

 

Plant Part Extract AST MIC 

(μgGAE/mL) 

MBC 

(μgGAE/mL) 

Chuquiraga 

straminea sandwith 

 

Flowers  

 

Methanol 80%. Broth microdilution 400 400 (15) 

 

 

Plant Part Extract AST MIC 

(μgGAE/mL) 

MBC 

(μgGAE/mL) 



Chuquiraga 

straminea sandwith 

 

Aerial Parts 

 

Methanol 80%. Broth microdilution 800 >800 (15) 

 

 

MRSA F7  

Plant Part Extract AST MIC 

(μgGAE/mL) 

MBC 

(μgGAE/mL) 

Chuquiraga 

straminea sandwith 

 

Flowers  

 

Methanol 80%. Broth microdilution 400 800 (15) 

 

 

Plant Part Extract AST MIC 

(μgGAE/mL) 

MBC 

(μgGAE/mL) 

Chuquiraga 

straminea sandwith 

 

Aerial Parts 

 

Methanol 80%. Broth microdilution 800 >800 (15) 

 

 

MRSA F31  

Plant Part Extract AST MIC 

(μgGAE/mL) 

MBC 

(μgGAE/mL) 

Chuquiraga 

straminea sandwith 

 

Flowers  

 

Methanol 80%. Broth microdilution 800 >800 (15) 

 

 

Plant Part Extract AST MIC 

(μgGAE/mL) 

MBC 

(μgGAE/mL) 

Chuquiraga 

straminea sandwith 

 

Aerial Parts 

 

Methanol 80%. Broth microdilution 800 >800 (15) 

 

MRSA 1-8 species all same result 

Plant Part Extract AST MIC (mg/mL) 

Terminalia bellirica  Fruit Methanol  

Sequential extract 

bottle shaker method 

Agar dilution method 0.5 (4) 

 

Plant Part Extract AST MIC (mg/mL) 

Terminalia bellirica  Fruit Methanol  

Sequential extract 

Soxhlet method 

Agar dilution method 0.25 (4) 

250 μg/ml 

Methicillin-resistant S. aureus LMP0206U  



Plant Part Extract AST MIC (μg/ml) 

A. gummifera  Leaves  Methanol  Microbroth dilution 

assays  

256 (5) 

 

Methicillin-resistant S. aureus LMP0206U  

Plant Part Extract AST MIC (μg/ml) 

F. exasperate  

 

Leaves  Methanol  Microbroth dilution 

assays  

512 (5) 

 

Methicillin-resistant S. aureus LMP0206U  

Plant Part Extract AST MIC (μg/ml) 

N. latifolia Leaves  Methanol  Microbroth dilution 

assays  

Not tested (5) 

 

Methicillin-resistant S. aureus LMP0206U  

Plant Part Extract AST MIC (μg/ml) 

N. latifolia Stem bark  Methanol  Microbroth dilution 

assays  

64 (5) 

 

Methicillin-resistant S. aureus LMP0206U  

Plant Part Extract AST MIC (μg/ml) 

R. heudelotii Stem bark  Methanol  Microbroth dilution 

assays  

512 (5) 

 

 

SStaphylococcus aureus MRSA strains 1-7 average 

Plant Part Extract AST MIC (μg/ml) 

Piper betle L. Leaf Ethanol  

 

dilution methods 122.6 (6) 

 

Staphylococcus aureus MRSA strains 1-7 average 

Plant Part Extract AST MIC (μg/ml) 

Piper betle L. Leaf Methanol 

 

dilution methods 167.14 (6) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Piper sarmentosum 

 

Leaves  Methanol 70%  Two-fold serial 

dilution  

50 (7) 

50000 μg/ml 

Staphylococcus aureus (S. aureus) MDR as per MAR index including Ciprofloxacin (Cf) Vancomycin and 

Methicillin 

Plant Part Extract AST MIC (μg/mL) 

Garlic Clove  Ethanol  

 

Serial tube dilution 78.90 (9) 

 



 

Plant Part Extract AST MIC (μg/mL) 

Ginger  Rhizome  Ethanol  

 

Serial tube dilution 68.45 (9) 

 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Hygrophila 

auriculata 

 Root Ethanol  

 

dilution methods  1 

 

4 (11) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Hygrophila 

auriculata 

Root Methanol  

 

dilution methods  0.5  

500 μg/mL 

 2 (11) 

 

MRSA clinical isolate no. 1-5 (average) 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Rafflesia kerrii 

Meijer 

Perigone lobe Ethanol 95% 

 

Broth microdilution 

methods 

 6 

6000 mcg/ml 

 

(10) 

S. aureus COL (MRSA) 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Hygrophila 

auriculata 

 Stem Bark  Ethanol  

 

microdilution   100 

 

>400 (16) 

 

S. aureus WB69 (MRSA) 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Hygrophila 

auriculata 

 Stem Bark  Ethanol  

 

microdilution   50 

 

>400 (16) 

 

 

MRSA 

Plant Part Extract AST MIC (mg/mL)  

Azadirachta indica  

 

Leaf Ethanol  

 

Broth dilution  1.56 (12) 

1560  

 

 

Plant Part Extract AST MIC (mg/mL) 

Ocimum sanctum  

 

Leaf Ethanol  

 

Broth dilution  1.56 (12) 

 

 



 

Plant Part Extract AST MIC (mg/mL) 

Origanum vulgare  

 

Leaf Ethanol  

 

Broth dilution  3.12 (12) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Rosmarinus 

officinalis  

Leaf Ethanol  

 

Broth dilution  3.12 (12) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Origanum vulgare  

 

Leaf Ethanol  

 

Broth dilution  3.12 

 

 

Plant Part Extract AST MIC (mg/mL) 

Cymbopogon citratus  Leaf Ethanol  

 

Broth dilution  6.25 (12) 

 

 

Plant Part Extract AST MIC (mg/mL) 

Aloe barbadensis  

 

Leaf Ethanol  

 

Broth dilution  1.56 (12) 

 

 

 

Plant Part Extract AST MIC (mg/mL) 

Thymus vulgaris  

 

Leaf Ethanol  

 

Broth dilution  3.12 (12) 

 

Staphylococcus aureus; HA-MRSA: healthcare-associated MRSA 

Plant Part Extract AST MIC (μg mL-1) 

Castanea sativa Leaf  Methanol  

 

Microtiter broth 

dilution 

(MIC 50) 16 

(17) 

 

Staphylococcus aureus (LAC) AH0845 OXA, PIP PFGE: USA300; CA-MRSA 

Plant Part Extract AST Growth inhibition ≥50% 

(IC50)  

Adiantum capillus Aerial parts Ethanol Broth microdilution  256 µg mL (18) 

 

Plant Part Extract AST Growth inhibition ≥50% 

(IC50)  

Martynia annua L. Fruit  Ethanol Broth microdilution  256 µg mL (18) 



 

Plant Part Extract 

 

AST Growth inhibition ≥50% 

(IC50)  

Swertia chirata Whole plant  Ethanol Broth microdilution 256 µg mL (18) 

 

Plant Part Extract 

 

AST Growth inhibition ≥50% 

(IC50)  

Zanthoxylum 

armatum 

Fruit  Ethanol Broth microdilution 256 µg mL (18) 

S. aureus ATCC 25923 methicillin-resistant 

Plant Part Extract AST Mean IC50 values 8 hr 

(mg/mL) and 95% 

confidence intervals 

Tinospora cordifolia Stem  95% Ethanol Broth microdilution 12.28 (10.81 – 13.95) 

(19) 

 

Plant Part Extract AST Mean IC50 values 8 hr 

(mg/mL) and 95% 

confidence intervals 

Alstonia scholaris Stem bark 95% Ethanol Broth microdilution 8.08 (7.25 – 9.00) (19) 

 

Plant Part Extract AST Mean IC50 values 8hr 

(mg/mL) and 95% 

confidence intervals 

Crataeva Nurvala Stem  95% Ethanol Broth microdilution 6.15 (4.75– 7.85 (19) 

 

Vanomycin intermediate!! Staphylococcus aureus Ac: amikacin 30; Ak: amoxyclav 30; Am: ampicillin 

10; 2; Cf: cefpodoxime 10; Ch: chloramphenicol 30; Cot: co-trimoxazole 25; Ce: ceftriaxone 30; Ge: 

gentamicin 10; Gt: gatifloxacin 5; Nx: norfloxacin 10; Le: levofloxacin 5; Lz: linezolid 30; Of: ofloxacin 5; 

1; Pt: piperacillin/tazobactam 100/10; 30 RESISTANT Ox: oxacillin Tei: teicoplanin 5; Va: vancomycin 

Cd: clindamycin MODERATELY SENSITIVE  

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Anogeissus 

acuminate  

 

Leaf/ Bark Agar well 

diffusion  

Methanol   27 (20) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Azadirachta indica  

 

Leaf Agar well 

diffusion  

Methanol   20 (20) 

 

 



Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Bauhinia variegate  

 

Leaf/Root Agar well 

diffusion  

Methanol  21 (20) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Boerhaavia diffusa  

 

Leaf Agar well 

diffusion  

Methanol   17 (20) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Punica granatum  

 

Leaf/ Bark/ Fruits Agar well 

diffusion  

Methanol  26 (20) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Soymida febrifuga  

 

Leaf/ Bark Agar well 

diffusion  

Methanol  25    (20) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Terminalia chebula  

 

Leaf/ Fruits Agar well 

diffusion  

Methanol  23 (20) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Tinospora cordifolia Leaf/ Bark 

 

Agar well 

diffusion  

Methanol  19 (20) 

 

 

Plant  

 

Part AST Extract Mean zones of inhibition (mm) 

Tribulus terrestris Leaf 

 

Agar well 

diffusion  

Methanol  21   (20) 

 

 

Vanomycin intermediate!! Staphylococcus aureus Ac: amikacin 30; Ak: amoxyclav 30; Am: ampicillin 

10; 2; Cf: cefpodoxime 10; Ch: chloramphenicol 30; Cot: co-trimoxazole 25; Ce: ceftriaxone 30; Ge: 



gentamicin 10; Gt: gatifloxacin 5; Nx: norfloxacin 10; Le: levofloxacin 5; Lz: linezolid 30; Of: ofloxacin 5; 

1; Pt: piperacillin/tazobactam 100/10; 30 RESISTANT Ox: oxacillin Tei: teicoplanin 5; Va: vancomycin 

Cd: clindamycin MODERATELY SENSITIVE  

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Anogeissus 

acuminate 

Leaf/ 

Bark 

Methanol  

 

Microdilution  0.29  

 

0.67(20) 

670 mcg/mL 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Azadirachta indica Leaf Methanol  

 

Microdilution  3.41  

 

4.27(20) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Bauhinia variegate Leaf/ 

Root 

Methanol  

 

Microdilution  3.41  

 

4.27(20) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Boerhaavia diffusa Leaf Methanol  

 

Microdilution  4.27  

 

9.63 (20) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Punica granatum Leaf/ 

Bark/ 

Fruits 

Methanol  

 

Microdilution  0.29  0.67 (20) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Soymida febrifuga Leaf/ 

Bark 

Methanol  

 

Microdilution  0.67  

 

 

1.51 (20) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Terminalia chebula Leaf/ 

Fruits 

Methanol  

 

Microdilution  1.51  

 

3.41 (20) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Tinospora cordifolia Leaf/ 

Bark 

Methanol  

 

Microdilution  4.27  9.63 (20) 

 

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 



Tribulus terrestris Leaf Methanol  

 

Microdilution  3.41  4.27 (20) 

 

Methicillin-resistant Staphylococcus aureus (RCMB 2658) 

Plant Part Extract AST MIC (µg/ml) 

Tecoma stans (L.) 

 

Leaf  Methanol  

 

Broth microdilution  7.81 (13) 

 

 

MDR Confirmed S.aureus (Sa 358, from sugical wound) Methicillin not confirmed 

Plant Part Extract AST MIC (µg/mL) 

Lantana camara Linn  Leaf 

Extract 

Ethanol  

 

Microdilution  512 (21) 

 

 

Plant Part Extract AST MIC (µg/mL) 

Lantana 

montevidensis Brig 

Leaf 

Extract 

Ethanol  

 

Microdilution  126 (21) 

 

 

Staphylococcus aureus (Sa225, Sa2805) Drug-Resistant Strains Staphylococcus aureus, Acinetobacter 

baumannii and Pseudomonas aeruginosa.  Six clinical antibiotic-resistant isolates Methicilin not 

mentioned 

ZOI 

Plant Part Extract AST Mean ± SD * (n = 2) diameters (mm) 

of inhibition zones  

Polygonum cuspidatum Root 

 

Ethanol  Disc diffusion 21.5  (22) 

 

Staphylococcus aureus (Sa225, Sa2805) Drug-Resistant Strains Staphylococcus aureus, Acinetobacter 

baumannii and Pseudomonas aeruginosa.  Six clinical antibiotic-resistant isolates Methicilin not 

mentioned 

MIC 

Plant Part Extract AST Mean ± SD (n = 2) MIC (mg/mL) 

Polygonum cuspidatum Root 

 

Ethanol  Agar dilution 

 

0.38 ± 0.00 (22) 

 

S. aureus (SA358) Resistant MDR but not methicilinn  

Plant Part Extract AST MIC ( ug/mL) 

Murraya paniculata 

 

Leaves Ethanol microdilution method 512 (23) 

 

Staphylococcus aureus (Sa 358) Multiresistant strains  

Plant Part Extract AST MIC (μg/mL ) 

Lantana Leaves Ethanol  microdilution test 128 (24) 



montevidensis Briq 

 

and roots    
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Helicobacter pylori (clarithromycin-resistant H. pylori) 

No results returned 

Campylobacter spp. (fluoroquinolone-resistant) 

No results returned 

Salmonellae (fluoroquinolone-resistant) 

Salmonellae (fluoroquinolone-resistant) 

S. typhi LMP0209U chloramphenicol-resistant (chloramphenicol is NOT a fluoroquinolone) 

Investigations of antimicrobial activity of some Cameroonian medicinal plant extracts against bacteria and yeast 

with gastrointestinal relevance two Gram-positive (methicillin-resistant S. aureus LMP0206U and B. cereus 

LMP0404G), six Gram-negative (b-lactamase positive E. coli LMP0101U, S. dysenteriae LMP0208U, S. 

flexneri LMP0313U, chloramphenicol-resistant S. typhi LMP0209U, carbenicillin-resistant P. aeruginosa 

LMP0102U, and ampicillin-resistant K. pneumoniae LMP0210U) 

ZOI 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Albizia gummifera 

Leguminoseae– 

Mimosaıdeae  

Stem bark, leaves Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (1) 

 

chloramphenicol-resistant S. typhi LMP0209U (chloramphenicol is NOT a fluoroquinolone) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ficus exasperate 

Moraceae 

leaves Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (1) 

 

chloramphenicol-resistant S. typhi LMP0209U (chloramphenicol is NOT a fluoroquinolone) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 



 

Ficus exasperate 

Moraceae 

Stem bark Agar disc 

diffusion  

Methanol  (+): Inhibition diameter (Id) between 

(bn) 7–10 mm (1) 

 

chloramphenicol-resistant S. typhi LMP0209U (chloramphenicol is NOT a fluoroquinolone) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

leaves Agar disc 

diffusion  

Methanol  (+): Inhibition diameter (Id) between 

(bn) 7–10 mm (1) 

 

chloramphenicol-resistant S. typhi LMP0209U (chloramphenicol is NOT a fluoroquinolone) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

Stem bark Agar disc 

diffusion  

Methanol  (+++): Id bn 16–20 mm (1) 

 

chloramphenicol-resistant S. typhi LMP0209U (chloramphenicol is NOT a fluoroquinolone) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ricinodendron 

heudelotii 

Euphorbiaceae  

Stem bark Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (1) 

 

chloramphenicol-resistant S. typhi LMP0209U (chloramphenicol is NOT a fluoroquinolone) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Senna hirsute  

Fabaceae  

Leaves  Agar disc 

diffusion  

Methanol  (+): Inhibition diameter (Id) between 

(bn) 7–10 mm (1) 

 

 

Salmonella paratyphi A strain SPA2 16s 

Org: organism, Cpx: ciprofloxacin, E: erythromycin, D: dimethyl sulfoxide, SpA: Salmonella paratyphi A, SpB: 

Salmonella paratyphi B, SpC: Salmonella paratyphi C, ST: Salmonella typhi, Kp: Klebsiella pneumoniae, Sp: 

Stretococcus pneumoniae, Spy: Streptococcus pyogenes, NA: no activity. *Specification for Cpx and E: ≤15R , 



16-20I , ≥21S where R is for resistance, I for intermediate and S for susceptible (CLSI, 2012). These salmonella 

strains are susceptible to Cpx 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Citrus Limon 

 

Peel Agar well 

diffusion  

Ethanol  

40mg/ml 

10.66±0.66 (2) 

 

Salmonella paratyphi B strain 374 16s 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Citrus Limon 

 

Peel Agar well 

diffusion  

Ethanol  

40mg/ml 

12.00±0.57 (2) 

 

 

Salmonella paratyphi C strain DT4 16s 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Citrus Limon 

 

Peel Agar well 

diffusion  

Ethanol  

40mg/ml 

11.00±0.00 (2) 

 

Salmonella Typhi strain T4 16s 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Citrus Limon 

 

Peel Agar well 

diffusion  

Ethanol  

40mg/ml 

10.00±0.00 (2) 

 

S 3 Salmonella typhimurium were isolated from poultry meat Chl = Chloramphenicol, Tet = Tetracycline 

resistant  

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Acacia nilotica Peel disc diffusion 

assay 

Ethanol  

Conc 

10mg/disc 

 16.0 ± 1.0 (3) 

S4 = Salmonella enteritidis were isolated from beef meat samples. Amp = Ampicillin, Aml = Amoxicillin, , 

Tet = Tetracycline resistant NOT fluoroquinolone resistant  

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Acacia nilotica Peel disc diffusion 

assay 

Ethanol  

Conc 

10mg/disc 

17.0 ± 1.0 (3) 

 

 

MIC  



S. typhi LMP0209U chloramphenicol-resistant (chloramphenicol is NOT a fluoroquinolone)  

Plant Part Extract AST MIC (mg/ml) 

A. gummifera  Leaves  Methanol  Microbroth dilution 

assays  

128 (1) 

 

S. typhi LMP0209U chloramphenicol-resistant (chloramphenicol is NOT a fluoroquinolone)  

Plant Part Extract AST MIC (mg/ml) 

F. exasperate  

 

Leaves  Methanol  Microbroth dilution 

assays  

128 (1) 

 

S. typhi LMP0209U chloramphenicol-resistant (chloramphenicol is NOT a fluoroquinolone)  

Plant Part Extract AST MIC (mg/ml) 

N. latifolia Leaves  Methanol  Microbroth dilution 

assays  

Not tested 

S. typhi LMP0209U chloramphenicol-resistant (chloramphenicol is NOT a fluoroquinolone)  

Plant Part Extract AST MIC (mg/ml) 

N. latifolia Stem bark  Methanol  Microbroth dilution 

assays  

32 (1) 

 

Salmonella paratyphi A strain SPA2 16s 

Plant Part Extract AST MIC (mg/mL) 

Citrus Limon Peel  Ethanol 40mg/ml 

 

dilution methods 25 (2) 

 

Salmonella paratyphi B strain 374 16s 

Plant Part Extract AST MIC (mg/mL) 

Citrus Limon Peel  Ethanol 40mg/ml 

 

dilution methods 12.5 (2) 

 

Salmonella paratyphi C strain DT4 16s 

Plant Part Extract AST MIC (mg/mL) 

Citrus Limon Peel  Ethanol 40mg/ml 

 

dilution methods 25 (2) 

 

Salmonella Typhi strain T4 16s 

Plant Part Extract AST MIC (mg/mL) 

Citrus Limon Peel  Ethanol 40mg/ml 

 

dilution methods 50 (2) 

 

 

S 3 Salmonella typhimurium were isolated from poultry meat Chl = Chloramphenicol, Tet = Tetracycline 

resistant  

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Acacia nilotica Leaves  Ethanol  

Conc 10mg/disc  

dilution methods 1.56 

 

3.12     (3) 



 

S4 = Salmonella enteritidis were isolated from beef meat samples. Amp = Ampicillin, Aml = Amoxicillin, , 

Tet = Tetracycline resistant NOT fluoroquinolone resistant  

Plant Part Extract AST MIC (mg/mL) MBC (mg/mL) 

Acacia nilotica Leaves  Ethanol  

Conc 10mg/disc  

dilution methods 1.56 

 

3.12     (3) 

 

S 3 Salmonella typhimurium were isolated from poultry meat Chl = Chloramphenicol, Tet = Tetracycline 

resistant  

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Acacia nilotica Peel disc diffusion 

assay 

Ethanol  

Conc 

10mg/disc 

 16.0 ± 1.0 (3) 

S4 = Salmonella enteritidis were isolated from beef meat samples. Amp = Ampicillin, Aml = Amoxicillin, , 

Tet = Tetracycline resistant NOT fluoroquinolone resistant  

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Acacia nilotica Peel disc diffusion 

assay 

Ethanol  

Conc 

10mg/disc 

17.0 ± 1.0 (3) 
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1. Tekwu EM, Pieme AC, Beng VP. Investigations of antimicrobial activity of some Cameroonian 

medicinal plant extracts against bacteria and yeast with gastrointestinal relevance. Journal of 
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2. Ewansiha JU, Garba SA, Galadima M, Daniyan SY, Busari MB. Therapeutic Potency of Citrus Limon 

(L) Burm. F.(Lemon) Peel Extract Against Some Disease Causing Microorganisms. International Journal of 
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3. Sadiq MB, Tarning J, Aye Cho TZ, Anal AK. Antibacterial Activities and Possible Modes of Action of 
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Neisseria gonorrhoeae (cephalosporin-resistant, fluoroquinolone-resistant N. gonorrhoeae) 

Neisseria gonorrhoeae (cephalosporin-resistant, fluoroquinolone-resistant) 

 

Neisseria gonorrhoeae NG GC1–182, a PPNG isolate (GenBank accession No U20374.1)  

(GC1–182) 28 29 CIPRO resistant Ciprofloxacin resistant 

Plant  

 

Part AST Extract Diameters (mm) of inhibition zones  

Tagetes erecta L. (#2) 

Asteraceae 

Flowers  Disk Diffusion 

Assays 

Methanol  >20 (1) 

 



 

 

Plant  

 

Part AST Extract Diameters (mm) of inhibition zones  

5 Myrteola nummularia 

(#5)  

Myrtaceae 

Ariel parts Disk Diffusion 

Assays 

Methanol  >20 (1) 

 

 

CFX, ceftriaxone cephalosporin ; CIP, ciprofloxacin fluoroquinolone 

WHO K and WHO L both “resistant” to CIP, Ciprofloxacin is a broad-spectrum antibiotic of the 

fluoroquinolone class and “less sensitive” to CFX, ceftriaxone, a new third generation cephalosporin.  

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Adhatoda vasica Roots 

 

Agar well 

diffusion  

Methanol  Highly sensitive  

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Albizzia lebbeck Stem bark 

 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Alangium 

salviifolium 

Seeds 

 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

 

Plant  Part AST Extract ZOIs :Resistant No inhibition 



 Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Anethum sowa Fruits 

 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Azadirachta indica Leaves 

 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Cedrela toona Leaves 

 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Drynaria peregrina Stem bark 

 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 



 

Eugenia 

camaldulensis 

Leaves 

 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Euphorbia hirta Entire plant 

 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Michelia champaca Stem bark 

 

 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Phyllanthus fraternus  

 

Entire plant 

 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Plumeria rubra Leaves and Stem 

two separate 

Agar well Methanol  Highly sensitive (2) 



preparations diffusion  

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Ricinus communis Stem and roots 2 

separate 

preparations 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Salvadora persica Leaves and Stem 

bark 2 separate 

preparations 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

Plant  

 

Part AST Extract ZOIs :Resistant No inhibition 

Less Sensitive 1–50% inhibition 

Sensitive 51–99% inhibition 

Highly sensitive ≥100% inhibition 

 

Urginea indica Bulbs 

 

Agar well 

diffusion  

Methanol  Highly sensitive (2) 

 

1. Ruddock PS, Charland M, Ramirez S, Lopez A, Neil Towers GH, Arnason JT, et al. Antimicrobial 

activity of flavonoids from Piper lanceaefolium and other Colombian medicinal plants against antibiotic 

susceptible and resistant strains of Neisseria gonorrhoeae. Sex Transm Dis. 2011;38(2):82-8. 

2. Shokeen P, Bala M, Tandon V. Evaluation of the activity of 16 medicinal plants against Neisseria 

gonorrhoeae. International journal of antimicrobial agents. 2009;33(1):86-91. 

Priority 3 Medium  

Streptococcus pneumoniae (penicillin-non-susceptible S. pneumoniae) 

Streptococcus pneumonia (penicillin-non-susceptible) 

 

Streptococcus pneumoniae strain JCM 5674 

Org: organism, Cpx: ciprofloxacin, E: erythromycin, D: dimethyl sulfoxide, SpA: Salmonella paratyphi A, SpB: 

Salmonella paratyphi B, SpC: Salmonella paratyphi C, ST: Salmonella typhi, Kp: Klebsiella pneumoniae, Sp: 



Stretococcus pneumoniae, Spy: Streptococcus pyogenes, NA: no activity. *Specification for Cpx and E: ≤15R , 

16-20I , ≥21S where R is for resistance, I for intermediate and S for susceptible (CLSI, 2012). abcde: Values on 

the same column with different superscript are significantly different (p<0.05) 

This Sp strain was erythromycin intermediate 

Plant Part Extract AST MIC (mg/mL) 

Citrus Limon Peel  Ethanol  

 

dilution methods 25 (1) 

 

Streptococcus pneumoniae strain JCM 5674 

Plant  

 

Part AST Extract Mean ± SEM diameters (mm) of 

inhibition zones  

Citrus Limon 

 

Peel Agar well 

diffusion  

Ethanol  11.66±0.33 (1) 

 

 

 

 

1. Ewansiha JU, Garba SA, Galadima M, Daniyan SY, Busari MB. Therapeutic Potency of Citrus Limon 

(L) Burm. F.(Lemon) Peel Extract Against Some Disease Causing Microorganisms. International Journal of 

Research Studies in Biosciences. 2006;4(11):30-9. 

 

Haemophilus influenza (ampicillin-resistant H. influenza) 

No results returned 

Shigella spp. (fluoroquinolone-resistant) 

Shigella spp., (fluoroquinolone-resistant) 

Shigella dysenteriae Shigella flexneri 

S. dysenteriae LMP0208U, S. flexneri LMP0313U 

 

Shigella dysenteriae LMP0208U 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Albizia gummifera 

Leguminoseae– 

Mimosaıdeae  

Stem bark, leaves Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (1) 

 

 

Shigella flexneri LMP0313U   

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Albizia gummifera Stem bark, leaves Agar disc Methanol  (++): Id bn 11–15 mm (1) 



Leguminoseae– 

Mimosaıdeae  

diffusion   

 

S. dysenteriae LMP0208U 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ficus exasperate 

Moraceae 

leaves Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (1) 

 

S. flexneri LMP0313U (flexneri 021895 is fluoroquinolone resistant)(Shigella flexneri, Shigella 

sonnei, Shigella boydii and Shigella dysenteriae) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ficus exasperate 

Moraceae 

leaves Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (1) 

 

S. dysenteriae LMP0208U 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ficus exasperate 

Moraceae 

Stem bark Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (1) 

 

S. flexneri LMP0313U (flexneri 021895 is fluoroquinolone resistant)(Shigella flexneri, Shigella 

sonnei, Shigella boydii and Shigella dysenteriae) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ficus exasperate 

Moraceae 

Stem bark Agar disc 

diffusion  

Methanol  (+): Inhibition diameter (Id) between 

(bn) 7–10 mm (1) 

 

S. dysenteriae LMP0208U 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 



 

Nauclea latifolia 

Rubiaceae  

leaves Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (1) 

 

S. flexneri LMP0313U (flexneri 021895 is fluoroquinolone resistant)(Shigella flexneri, Shigella 

sonnei, Shigella boydii and Shigella dysenteriae) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

leaves Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (1) 

 

S. dysenteriae LMP0208U 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

Stem bark Agar disc 

diffusion  

Methanol  (+++): Id bn 16–20 mm (1) 

 

 

S. flexneri LMP0313U (flexneri 021895 is fluoroquinolone resistant)(Shigella flexneri, Shigella 

sonnei, Shigella boydii and Shigella dysenteriae) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Nauclea latifolia 

Rubiaceae  

Stem bark Agar disc 

diffusion  

Methanol  (+++): Id bn 16–20 mm (1) 

 

S. dysenteriae LMP0208U 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ricinodendron 

heudelotii 

Euphorbiaceae  

Stem bark Agar disc 

diffusion  

Methanol  (+): Inhibition diameter (Id) between 

(bn) 7–10 mm (1) 

 

S. flexneri LMP0313U (flexneri 021895 is fluoroquinolone resistant)(Shigella flexneri, Shigella 

sonnei, Shigella boydii and Shigella dysenteriae) 

Plant  Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 



 (+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Ricinodendron 

heudelotii 

Euphorbiaceae  

Stem bark Agar disc 

diffusion  

Methanol  No activity (1) 

 

. dysenteriae LMP0208U 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Senna hirsute  

Fabaceae  

Leaves  Agar disc 

diffusion  

Methanol  No activity (1) 

 

S. flexneri LMP0313U (flexneri 021895 is fluoroquinolone resistant)(Shigella flexneri, Shigella 

sonnei, Shigella boydii and Shigella dysenteriae) 

Plant  

 

Part AST Extract (+): Inhibition diameter (Id) between 

(bn) 7–10 mm, (++): Id bn 11–15 mm, 

(+++): Id bn 16–20 mm, (++++): Id 

higher than 20mm 

 

Senna hirsute  

Fabaceae  

Leaves  Agar disc 

diffusion  

Methanol  (++): Id bn 11–15 mm (1) 

 

 

MIC 

S. dysenteriae LMP0208U 

Plant Part Extract AST MIC (mg/ml) 

A. gummifera  Leaves  Methanol  Microbroth dilution 

assays  

512 (1) 

 

S. flexneri LMP0313U (flexneri 021895 is fluoroquinolone resistant)(Shigella flexneri, Shigella 

sonnei, Shigella boydii and Shigella dysenteriae) 

Plant Part Extract AST MIC (mg/ml) 

A. gummifera  Leaves  Methanol  Microbroth dilution 

assays  

256 (1) 

 

S. dysenteriae LMP0208U 

Plant Part Extract AST MIC (mg/ml) 

F. exasperate  

 

Leaves  Methanol  Microbroth dilution 

assays  

128 (1) 

 

S. flexneri LMP0313U (flexneri 021895 is fluoroquinolone resistant)(Shigella flexneri, Shigella 

sonnei, Shigella boydii and Shigella dysenteriae) 

Plant Part Extract AST MIC (mg/ml) 



F. exasperate  

 

Leaves  Methanol  Microbroth dilution 

assays  

512 (1) 

 

. dysenteriae LMP0208U 

Plant Part Extract AST MIC (mg/ml) 

N. latifolia Leaves  Methanol  Microbroth dilution 

assays  

128 (1) 

 

S. flexneri LMP0313U (flexneri 021895 is fluoroquinolone resistant)(Shigella flexneri, Shigella 

sonnei, Shigella boydii and Shigella dysenteriae) 

Plant Part Extract AST MIC (mg/ml) 

N. latifolia Leaves  Methanol  Microbroth dilution 

assays  

256 (1) 

 

S. dysenteriae LMP0208U 

Plant Part Extract AST MIC (mg/ml) 

N. latifolia Stem bark  Methanol  Microbroth dilution 

assays  

64 (1) 

 

S. flexneri LMP0313U (flexneri 021895 is fluoroquinolone resistant)(Shigella flexneri, Shigella 

sonnei, Shigella boydii and Shigella dysenteriae) 

Plant Part Extract AST MIC (mg/ml) 

N. latifolia Stem bark  Methanol  Microbroth dilution 

assays  

32 (1) 

 

 

Shigella flexneri, Shigella sonnei, Shigella boydii and Shigella dysenteriae) Shigella felxineri is displaying 

floroquinolone resistance (2) 

Two S. flexneri isolates, 021787 and 021895, were found to be resistant to the fluoroquinolones tested: (3) 
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