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Abstract 
Background: The emergence and spread of antibiotic resistance, as well as 
the evolution of new strains of disease causing agents, are of great concern to 
the global health community. Nowadays, reports have indicated that many of 
healthcare-associated, antimicrobial-resistant bacteria are not only multidrug 
resistant pathogens but also broadly drug-resistant and pandrug-resistant 
bacteria. Objective: This study is focused on exploring the antimicrobial 
properties of five different plants that are commonly being used as traditional 
medicines in Yemen against Gram positive, Gram negative bacteria and fun-
gi. Methods: The antimicrobial potential of five different plant extracts was 
screened against selected human pathogenic bacteria and fungi. Methanolic 
extracts of Dodonaea viscose, Plantago lanceolata, Withania samnifera, Puli-
caria crispa, and Rumex nervosus were subjected to a test of their antimi-
crobial properties by Modified Agar Diffusion and Minimum Inhibitory 
Concentration. Results: The results indicated that all the five plants extract 
showed antibacterial activity against a selected microorganism at a concentra-
tion of 60 mg/ml. The highest potential was observed in the extract of W. 
somnifera against S. taphyloccocus aureus, Pseudomonas aeruginosa, Proteus 
miarbilis and Candida albicans with zone of inhibition of 23 mm, 20.7 mm, 
20 mm and 25.3 mm, respectively. R. nervosus also showed the highest MIC 
against test organisms. Only two medicinal plant Pulicaria crispa, and Rumex 
nervosus extracts showed non antifungal activity. Conclusion: The experi-
ment confirmed the efficacy of some selected plant extracts as natural antim-
icrobial and can be potential sources for the synthesis of antibacterial drugs. 
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1. Introduction 

Antimicrobial agents are essentially important in reducing the global burden of 
infectious diseases [1]. However, emergence and dissemination of multidrug re-
sistant (MDR) strain in pathogenic bacteria have become a significant public 
health threat as there are fewer, or even sometimes no, effective antimicrobial 
agents available for the infection caused by pathogenic bacteria [2] [3]. Thus, in 
the light of the evidence of the rapid global spread of resistant clinical isolates, 
the need to find new antimicrobial agents is of paramount importance. Howev-
er, the past record of rapid, widespread emergence of resistance to newly intro-
duced antimicrobial agents indicates that even new families of antimicrobial 
agents will have a short life expectancy [4] [5]. 

Plants that possess therapeutic properties or exert beneficial pharmacological 
effects on the human body are generally known as medicinal plants. A vast 
number of medicinal plants have been recognized as valuable resources of natu-
ral antimicrobial compounds as an alternative that can potentially be effective in 
the treatment of these problematic bacterial infections [6]. According to the 
World Health Organization (WHO), medicinal plants would be the best source 
to obtain a variety of drugs [7]. Antimicrobial compounds of plant origin may 
occur in stems, roots, leaves, bark, flowers and fruits of plants. Plants derived 
phytoalexin, sothiocynates, allicins, anthocyanins and essential oils, tannins and 
polyphenols and terpenoids have demonstrated antibacterial and/or antifungal 
activities. These compounds are bactericidal and/or bacteriostatic inducing lag 
time, growth rate and maximum growth of microorganisms [8]. A number of 
phytotherapy manuals have mentioned various medicinal plants for treating in-
fectious diseases as urinary tract infections, gastrointestinal disorders, respirato-
ry disease, and cutaneous infections. The revolutionized therapy of infectious 
diseases by the use of antimicrobial drugs has certain limitations due to chang-
ing patterns of resistance in pathogens and side effects they produced. These li-
mitations demand improved pharmacokinetic properties, which necessitate con-
tinued research for new antimicrobial compounds for the development of drugs 
[9]. There have been a number of reports of antibacterial activity from natural 
resources [10] and special attention has been reported for antibacterial and/or 
antifungal activities related to natural product against several pathogens. People 
of Yemen have been using many plant species as traditional medicines long ago, 
including treatment of infectious diseases, but there has been relatively scanty 
data regarding their in vivo and in vitro efficacy. Considering the vast potential-
ity of plants as sources for antimicrobial drugs, this study aimed to investigate 
the antibacterial and antifungal activity extracts of some selected medicinal 
plants from different location in Yemen against selected MDR pathogens. 

2. Materials and Methods  
2.1. Sample Collection 

Five different plants were collected from different locations in Yemen and iden-
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tified by Pharmacognosist from faculty Pharmacy, Sana’a University. As shown 
in Table 1 the local name, family, parts used, and, location and traditionally 
uses. 
 
Table 1. Medicinal plants tested for their antibacterial activity in the study. 

Botanical  
Name 

Local name Family Part used 
Site of  
collection 

Traditional uses 

Dodonaea  
viscose 

Shahth 
,sahs 

Sapindaceae L Leaves Ibb-baadan 

Used to treat wounds,  
burns and cuts, rheumatism, 
anti fever and for gut  
inflammation, headaches, 
backaches stomach pain,  
pils and simple ulcer 

Plantago  
lanceolata qerdaa Plantaginacea Leaves Ibb-baadan 

Used in many beverages (e.g. 
Bio ALP T ea by Val plants) 
and even tarts 

Withania  
somnifera Abaab Solanaceae All plant Ibb-baadan 

Used to treat nervous  
disorders, intestinal  
infections and leprosy. 

Rumex  
nervosus Othrab Polygonaceae Leaves Ibb-baadan 

Used as a diuretic and  
laxative, toothache and guts 
inflammation 

Pulicaria  
crispa 

koaa, ensif. 
Mashmoom 

Compositae Leaves Al-Mahweet 
Used for breathing; heart 
disease. 

2.2. Preparation of Plant Extracts 

The extraction of plants was done adopting the method of [10] [11] with slight 
modifications. The collected samples were first washed under running tap water 
to remove dust particles and then divided into two parts: leaf and whole plant 
then air-dried in shade at room temperature for two weeks. Using a home 
grinder, the plant parts were then ground to fine powder. The weight of the 
ground powder was taken and the extract of each plant was prepared by using a 
cold percolation method. Two hundred and fifty gram of fine powder from each 
plant was dissolved in 150 ml of 99.9% methanol (CH3OH) (Fisher Scientific, 
Germany) at room temperature for five successive days. The supernatant was 
filtered through Whatman filter paper No. 1 (GE Healthcare Whatman™, USA) 
while the residues were used for a second and third extraction. Each day the 
dissolved parts were filtered and stored in a glass bottle. After the third extrac-
tion, the filtrates were then evaporated under reduced pressure at 60˚C using a 
rotary evaporator to yield the crude extract. The crude extract was collected in a 
vial covered with aluminium foil to protect the extract from direct sunlight and 
were kept in bottle at 4˚C for further use.  

2.3. Bacterial and Fungal Strains 

Four selected human pathogenic bacteria and fungi were obtained from National 
Center Of Public Health Laboratories, Sana’a Yemen and two reference strain, S. 
aureus, P. aeruginosa, P. miarbilis, C.albicans, Escherichia coli ATCC 25922 and 
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S. aureus ATCC 25923. A series of morphological, physiological, and conven-
tional biochemical tests were performed to identify the selected microorganisms 
[12]. The fungi were identified following growth on selective Sabouraud Dex-
trose Agar media (SDA) (HiMedia, Mumbai, India) followed by morphological 
and microscopic characteristics. Antimicrobial susceptibility test was performed 
for all microbial isolates by modified Kirby Bauer disc diffusion method follow-
ing the Clinical and Laboratory Standards Institute (CLSI) guideline. Multidrug 
resistant (MDR) isolates were defined as those isolates that are resistant to three 
classes of antibiotics [13]. 

2.4. Disk Diffusion Assay 

The antimicrobial susceptibility was initially assayed by the agar disk diffusion 
method [13] on the Mueller Hinton Agar (MHA) plates (Oxoid.UK). 60 mg/ml 
concentration of each plant extract were prepared in 10% in DMSO (Dimethyl 
Sulfoxide) (Sigma-Aldrich, Germany). The selected human pathogenic bacteria 
and fungi cell suspensions were adjusted to 0.5 McFarland turbidity standards to 
prepare 1  ×  108 bacterial/ml inoculum. Each bacterial suspension was inoculated 
on Mueller-Hinton agar plates, and the plates were then allowed to dry for 5 
minutes. The sterile filter paper disks (Whatman No. 1, diameter  =  6  mm) were 
soaked in 10 μl of each plant extract. The extract-soaked filter paper disks were 
then placed on the inoculated Mueller-Hinton agar plates. Cefotaxime (30 μg) 
disk was used as the positive control, and 10% DMSO-soaked filter paper disk 
was used as the negative control. Plates were incubated for 18  hr at 35˚C ±  2˚C. 
After incubation, the zones of inhibition were recorded as the diameter of the 
growth-free zones measured in mm using a sterile cork-borer (6 mm) (Difco, 
Becton-Dickson, Sparks, MD, USA). 

2.5. Minimum Inhibitory Concentration (MIC) 

Plant extracts that gave a positive result for the disk diffusion assay were used to 
determine MIC using the microplate dilution method [13]. Serial 2-fold dilu-
tions of the plant extracts were prepared in the 10% DMSO DMSO (Dimethyl 
Sulfoxide) (Sigma-Aldrich, Germany), yielding a final concentration of 5 × 105 
CFU/mL in each well. Inoculum of organism was prepared in Mueller-Hinton 
broth (Oxoid.UK)., and the turbidity was adjusted to approximately 0.5 McFar-
land turbidity standard to prepare 1  ×  108 bacterial/ml. 250 μl of plant extract 
was added to each well of the 96-well microplate. 50 μl of bacterial suspension 
was added to each well except the negative controls. Amikacin drug was used as 
the positive control. 10% DMSO and plant extracts without bacterial suspension 
were used as the negative controls. Microtiter plates were incubated at 35˚C ± 
 2˚C for 24  hr. After incubation, plates were observed for the formation of a 
clear zone around the well which corresponds to the antimicrobial activity of 
tested compounds. The zone of inhibition (ZOI) was observed and measured in 
mm. 
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2.6. Data Analysis Method 

All experiments were independently repeated three times. Data were analysed 
and calculated within EXCEL (Microsoft Office 2016, Microsoft, USA).  

3. Results  
3.1. Percent of Methanol Extraction  

The highest percent was obtained from W. somnifera extract of 16.5% while the 
least yield was of P. crispa Table 2. 
 
Table 2. Ppercentages of methanolic extract used in the study. 

Plants Solvent used (%) Extract 

Dodonaea Viscose Methanol 11.3 

Plantago lanceolata Methanol 8.5 

Withania somnifera Methanol 16.5 

Rumex nervosus Methanol 7.0 

Pulicaria crispa Methanol 5.3 

 
Evaluation of the antimicrobial activity of five different plant extracts was de-

termined initially by the disc diffusion method against different microorganisms. 
These organisms were frequently encountered in infectious diseases. The study 
showed that all plant extracts used in the study exhibited a varying degree of an-
timicrobial activity against all microorganisms tested Table 3. 

 
Table 3. Diameter of zones of inhibition (mm) of plant extracts against microorganisms 
at 60 mg/ml concentration. 

Test 
organism 

Plant extract 

D.viscose  nceolat W. somnifera P. crispa R. nervosus 

S. aureus 16.30 ± 0.96 13.60 ± 1.1 23.00 ± 1.4 12.30 ± 1.2 13.30 ± 0.57 

P. aeruginosa 11.50 ± 1.52 18.00 ± 1.5 20.00 ± 7.7 10.60 ± 0.58 18.60 ± 0.58 

P. mirabilis - - 20.00 ± 1.2 - 22.30 ± 0.6 

C. albicans 12.6 0 ± 0.58 15.60 ± 2.0 25.30 ± 0.57 - - 

E. coli ATCC 25922 13.0 - 15 10 - 

S. aureus ATCC 
25923 

11 - 15 - - 

 

It was observed that W. somnifera was the most effective among the five plant 
extracts tested. It showed a zone of inhibition (ZOI) against all gram negative, 
Gram positive bacteria and fungi. P. crispa was found to be less effective against 
Gram negative bacteria and fungi. The extract from P. lanceolat showed ZOI 
against S. aureus as well as P. eruginosa but no effecting on P. mirabilis and C. 
albicans. The extract from R. nervosus showed ZOI against S. aureus, P. aerugi-
nosa and P. mirabilis but no effecting on C. albicans. While, W. somnifera and 
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R. nervosus showed antibacterial activity against gram negative bacteria P. mira-
bilis only. The highest Antifungal activity was shown only by W. somnifera, 
against C. albicans in compare to non antifungal effecting of palnt extract P. 
crispa and R. nervosus.  

The effectiveness of the extracts in tested bacterial strains was determined by 
measuring the minimum inhibitory concentration (MIC). MIC was performed 
for only those organisms which showed a zone of inhibition and were sensitive 
to the plant extracts in the previous antimicrobial assay by agar well diffusion 
method. Among all plant extracts tested, was found to show strong antimicrobial 
activity. The MIC of W. somnifera extract against S. aureus and C. albican were 
5 mg/ml but with P. aeruginosa and P. mirabilis were 10 mg/ml (Table 4).  

 
Table 4. MIC value of plant extracts against microorganisms (mg/mL). 

Test 
organism 

Plant extract 

D.viscose P. lanceolat W. somnifera P.crispa R. nervosus 

S. aureus 20 mg/ml 20 mg/ml 5 mg/ml 40 mg/ml 10 mg/ml 

P. aeruginosa 40 mg/ml 20 mg/ml 10 mg/ml 40 mg/ml 10 mg/ml 

P. mirabilis 60 mg/ml 60 mg/ml 10 mg/ml 60 mg/ml 5 mg/ml 

C. albicans 40 mg/ml 20 mg/ml 5 mg/ml 60 mg/ml 80 mg/ml 

4. Discussion 

Antibiotic resistance is a problem that continues to challenge the healthcare sec-
tor in a large part of the world in both developing and developed countries. The 
emergence and spread of multidrug resistant pathogens have substantially 
threatened the current antibacterial therapy. This has necessitated a search for a 
new source of antimicrobial substances such as plants as they produce a variety 
of bioactive compounds of known therapeutic properties [2] [14] [15]. This 
study has been conducted to evaluate the antimicrobial activity of different me-
dicinal plant extracts against human pathogens including two reference strains 
using methanol extracts of five different plants collected from different area in 
Yemen for this study. Although some extracts exhibited a good antibacterial ac-
tivity towards different tested bacterial isolates, many plant extracts exhibited a 
limited antibacterial activity against the test bacterial isolates as judged by their 
MIC values. The plant extract of current study such as W. somnifera was very 
active against S. aureus, P. aeruginosa, P. mirabilis and C. albicans. the result 
finding was not similar with study from Jordan which found the plant P. lanceo-
lata was not active against C. albicans and the variation in quality or composi-
tion of the same plant species could be made the difference due to difference in 
the environmental condition and genetic variation [16]. When we compared 
previous reported from Ethiopia, it was found that D. viscose exhibited activity 
against S. aureus p. erogenousa and C. albicans [17]. While reported from Pa-
kistan showed effective antibacterial activity against S. aureus. R. nervosus 
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showed inhibited effect on Bacteria of Gram positive and Gram negative of S. 
aureus, P. aerugenosa and P. mirabilis with no effect on C. albicans at the con-
centration (60 mg/ml), this is agreed with reported from Ethiopia and Saudi 
Arabia against S. aureus and P. aeruginosa and S. pyogenes respectively and dis-
agreed with antimicrobial activity against C. albicans [17] [18]. The plant extract 
of W. somnifera showed the highest effect against S. aureus, P. aeruginosa, P. 
mirabilis and C. albicans this agreed with previous report from Yemen [19] 
while the extract of P. crispa it was least antibacteri active only active against S. 
aureus, P. aeruginosa, but no effect on P. mirabilis and C. albicans this finding 
disagreed with reported from Somalia [20]. 

5. Conclusion 

The results obtained from this study provided evidence for the methanol extracts 
of the Yemeni traditional medicinal plants. Methanolic extracts of Dodonaea 
viscose, Plantago lanceolata, Withania samnifera, Pulicaria crispa, and Rumex 
nervosus exhibited beneficial antibacterial activity against Gram positive, Gram 
negative and fungi. The highest antimicrobial activity was observed for methanol 
extract of W. somnifera which showed a MIC value in the stronger in the range 
than positive control used. It can be concluded that a low polar active compound 
present in W. somnifera extract may be responsible for the significant antimi-
crobial activity. Further scientific evaluation of these plants should be done in-
cluding fractionation and further characterization of phytochemicals to identify 
the active components responsible for the antimicrobial activity, as well as to 
adjudge the in vivo activities of these constituents. 
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