
IOSR Journal Of Pharmacy And Biological Sciences (IOSR-JPBS)  

e-ISSN:2278-3008, p-ISSN:2319-7676. Volume 16, Issue 6 Ser. IV (Nov. –Dec. 2021), PP 25-29 

www.Iosrjournals.Org 

 

DOI: 10.9790/3008-1606042529                               www.iosrjournals.org                                               25 | Page 

Antimicrobial Assay of Methanolic Extract of Selected 

Plants on Antibiotic-Resistant Salmonella Spp. 
 

*Adeniyi Ohunayo
1
., Oluwaseun John-Mese

1
, Oluwasegun Dauda

1
, Adenike 

Ojo
1
, Olusola Agunbiade

2
, Oluremi Oluwatobi

3, 
Amos Afolabi

1
, Abiola Ajayi

1
 

* Correspondent: adeniyi.ohunayo@eksu.edu.ng 

1. Department of Science Laboratory Technology, Faculty of Science, Ekiti State University, Nigeria 

2. Department of Zoology and Environmental Biology, Faculty of Science, Ekiti State University. Nigeria. 

3. Department of pharmaceutical microbiology, faculty of pharmacy, university of Ibadan, Nigeria 

 

Abstract 
Background:  In this study, presumed Salmonella spp isolates were collected from Adeoye Hospital sourced 

from stool, urine, wound, high virginal swab, and semen samples. 

Materials and Methods:  Biochemical tests were performed for identification & confirmation. The confirmed 

isolates were subjected to Antimicrobial Susceptibility Test (AST) using eight antibiotics and their sensitivity 

was recorded  

Results:  Nitrofurantoin (92%), Ofloxacin (80%), Ciprofloxacin (88%), Augmentin (72%), Gentamicin (56%), 

Cefuroxime (60%), and Cefixime (44%). Multiple antibiotic indexes were measured and 20% of the isolates 

showed resistance to five and above different antibiotics. The multidrug-resistant isolates were subjected to 

50mg/ml, 75mg/ml & 100mg/ml concentrations of methanolic extracts of five selected medicinal plants to 

determine the minimum inhibitory concentration (MIC). Susceptibility of the multidrug-resistance isolates to the 

extracts was in the order Allium sativum> Vernonia amygdalina> Zingiber officinale> Azadirachta indica> 
Ocimum gratissimum.  

Conclusion: This study has shown that the selected plant extracts have antimicrobial compounds which makes 

them effective against phenotypically confirmed multidrug-resistant salmonella isolates and hence can be used 

to produce drugs with a better mode of action. 
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I. Introduction 
Antimicrobial Resistance (AMR) occurs when bacteria, viruses, fungi, and parasites change over time 

and no longer respond to drugs. Resistance to antibiotic tends to make infections difficult to treat, increases the 

risk of disease spread, and most importantly, add to the severity of illness which could then lead to death. As a 

result of drug resistance, antibiotics and many other antimicrobial compounds are becoming less effective and 

infections caused by superbugs become increasingly difficult or impossible to treat (Quetin-Leclercq et al., 

2007). Currently, the whole world is not only battling with the emergence and spread of drug-resistant microbes 

but also pathogens that have evolved by acquiring various resistance genes, leading to antimicrobial resistance. 
Pathogens having the ability to resist several antimicrobials continue to threaten our public health (Ohunayo et 

al., 2021). Salmonellosis is an infection of the digestive tract caused by a gram-negative bacterium- Salmonella 

enterica. The organism is taught to be widespread, found in many dairy products and on many species of 

animals, including mammals, birds, insects, reptiles, and humans (Oliveira et al., 2006). This bacterium usually 

infects animals, with a suppressed immune system or when it is exposed to high doses of the organism. The 

resistance genes found in Salmonella are closely related or even indistinguishable from those found in other 

bacteria. Problems caused by the increasing resistance include not only apparent difficulties in antimicrobial 

therapy but also the tendency of the organism to cause serious diseases (Burt et al., 2007).  An investigation of 

the molecular evolution of multi-resistance in nontyphoid salmonellae has shown that progressive acquisition 

and accumulation of plasmid-mediated resistance determinants arose as a result of the exchange of plasmids and 

other mobile elements between Salmonella and other members of the family Enterobacteriaceae (Delhalle et 
al., 2009). The term “medicinal plant” includes various types of plants used in orthodox medicine; the use of 

plants for medicinal purposes, and the study of such uses. Plants have been useful to man for food and medicinal 

purposes long before the prehistoric period (Karns et al., 2005). Various studies have shown that some of these 
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plants which include; Ginger, Garlic, Scent leaves, Neem tree parts, and so on, are rich sources of antioxidants 

(phenolics, carotenoids, anthocyanins, and tocopherols). These antioxidants control and reduce the oxidative 

damage in foods by delaying or inhibiting oxidation caused by reactive oxygen species (ROS), ultimately 
increasing the shelf-life and quality of these foods. High concentrations of phytochemicals, which may protect 

against free radical damage, accumulate in fruits and vegetables. Beta carotene, ascorbic acid, and many 

phenolics play dynamic roles in delaying ageing, reducing inflammation, preventing certain cancers and also 

capable of inhibiting the growth of microorganisms (Quetin-Leclercq et al., 2007). This study aims to 

investigate the antimicrobial assay of methanolic extract of scent leaf, ginger, neem and garlic on antibiotics 

resistant salmonella species. 

 

II. Materials And Method 
Collection and identification of samples 

The samples used for this research are clinical isolates collected randomly from patients between 

March-April, 2021 at Ade Oyo hospital, Ibadan, Nigeria. The isolates were collected in an enrichment media- 

Selenite F broth and transported to the Microbiology laboratory, Ekiti State University. The cultures from the 

transport media were inoculated into Brilliant green agar (BGA) while typical colonies of Salmonella spp. were 

subcultured on MacConkey agar to obtain a pure culture, all cultures and subcultures were done at 37o C for 24 

hours. Identification of colonies were done based on morphological, cultural, gram staining and a series of 

biochemical tests.    

 

Antimicrobial Susceptibility Testing.  
Susceptibility testing was done using the Kirby-Bauer procedure. Briefly, an inoculum of 0.5 

MacFaland standards was spread aseptically on Mueller-Hinton agar and antibiotics motor disc containing eight 
different antibiotics (CAZ- Ceftazidime 30ug, CRS- Cefuroxime 30ug, GEN- Gentamicin 10ug, CMX- 

Cefixime 5ug, OFL- Ofloxacin 5ug, AUG- Augmentin 30ug, NIT- Nitrofurantoin 300ug, CPR- Ciprofloxacin 

5ug) were cultured at 370C for 18-20 hours. Measurement and interpretation were done following the guidelines 

of the Clinical and Laboratory Standard Institute (CLSI)      

 

Minimum Inhibitory Concentration (MIC) determination. 
Plant extraction procedures and Minimum inhibitory concentration was done following the methods of 

Taura and Oyeyi, 2009, and Akande and Hayashi, 1998 respectively. Briefly, the extracts were diluted to obtain 

50mg/ml, 75mg/ml, and 100mg/ml. The antimicrobial activity of the plant extracts was determined using the 

agar well diffusion method.   

 

III. Results 
All the 25 biochemically confirmed Salmonella spp. were subject to 8 different types of antibiotics, the 

result of the AST are presented in figure1. In this study, nitrofurantoin, ciprofloxacin and ofloxacin were the 

most active of all the 8 antibiotics used with 92%, 88% and 80% sensitivity respectively. Only 5 out of 25 

showed resistance to 5 or more different antibiotics. In Tables 1 to 3, the activities of methanolic extracts of five 

selected plants (Allium sativum, Vernonia amygdalina, Zingiber officinale, Azadirachta indica, Ocimum 

gratissimum) were examined on the 5 phenotypically confirmed multidrug-resistant isolates. In table 1, the 

assay of methanolic extracts of these plants was examined at 50mg/ml, while table 2 and table 3 shows the assay 

results at 75mg/ml and 100mg/ml respectively. In all of those experiments, Gentamicin was used as a control.  
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Figure 1: Antibiogram of Salmonella spp. isolates 

 

TABLE 1: Antimicrobial assay of the selected plants at 50mg/ml 
                                Zone of Inhibition (mm) at 50.0 mg/ml conc. 

                                 (METHANOLIC PLANT EXTRACTS) 

Multidrug 

resistant isolates   

Source Gentamicin 

   10µg 

(positive 

control) 

Methanol 

10% conc 

(negative 

control) 

Allium 

sativum 

(Garlic) 

Ocimum 

gratissium 

(Scent leaves) 

Zingiber 

officinale 

(Ginger 

Azadirachta 

indica 

(Neem leaf) 

Vernonia 

amygdalina 

(Bitter leaf) 

SM 001 Stool 16.00 - 4.00 3.20 3.21 3.20 3.50 

SM 002 Stool 20.00 - 4.45 3.10 3.25 4.00 3.55 

SM 003 Urine 17.00 - 4.25 3.00 3.41 3.31 3.50 

SM 004 Stool 14.00 - 4.01 3.01 3.45 3.25 4.00 

SM 005 Stool 18.00 - 4.20 3.05 3.43 4.10 4.12 

 

TABLE 2: Antimicrobial assay of the selected plants at 75mg/ml 
                           Zone of Inhibition (mm) at 75mg/ml conc. 

                                 (METHANOLIC PLANT EXTRACTS) 

Multidrug 

resistant isolates   

source Gentamicin 

   10µg 

(positive 

control) 

Methanol 

10% conc 

(negative 

control) 

Allium 

sativum 

(Garlic) 

Ocimum 

gratissium 

  (Scent 

leaves) 

Zingiber 

officinale 

(Ginger 

Azadirachta 

indica 

(Neem leaf) 

Vernonia 

amygdalina 

(Bitter leaf) 

SM 001 Stool 16.00 - 5.00 4.15 4.02 4.00 5.50 

SM 002 Stool 20.00 - 5.25 4.12 4.22 4.01 4.41 

SM 003 Urine 17. - 5.42 4.10 4.25 4.05 5.02 

SM 004 Stool 14 - 5.31 4.09 4.01 4.07 4.50 

SM 005 Stool 18 - 5.05 4.06 4.00 4.10 4.52 

 

Table 3: Antimicrobial assay of the selected plants at 100mg/ml 
  

 

                         Zone of Inhibition (mm) at 100 mg/ml conc. 

(METHANOLIC PLANT EXTRACTS) 

Multidrug 

resistant isolates   

Source Gentamicin 

   10µg 

(positive 

control) 

Methanol 

10% conc 

(negative 

control) 

Allium 

sativum 

(Garlic) 

Ocimum 

gratissium 

  (Scent 

leaves) 

Zingiber 

officinale 

(Ginger 

Azadirachta 

indica 

(Neem leaf) 

Vernonia 

amygdalina 

(Bitter leaf) 

SM 001 Stool 16 - 7.00 6.12 5.01 5.50 7.20 

SM 002 Stool 20 - 6.69 6.10 5.50 5.00 7.01 

SM 003 Urine 17 - 6.50 6.09 5.06 5.05 5.60 

SM 004 Stool 14 - 7.20 6.04 5.80 5.01 5.45 
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SM 005 Stool 18 - 7.25 6.51 5.42 5.02 6.01 

 

IV. Discussion 
The incidence of salmonellosis is often accomplished with greenish stool, this infection is mostly 

caused by the consumption of food or drinking of water contaminated by faeces. Urinary tract infection can be 

caused by nontyphoidal salmonella is uncommon but carries a high risk of relapse and mortality (Chen et al., 

2012). Studies on the 25 biochemically confirmed isolates showed 85% of the isolates were recovered from 

stool samples. This is because salmonella spp are predominant in stool but the incidence of Salmonella spp have 

also been associated with blood, urine and in more rare cases, the wound has also been implicated.    

In this study, Nitrofurantoin had the highest activity with 92% of the isolates being sensitive, closely 

followed by Ciprofloxacin (88%), Ofloxacin (80%), Augmentin (72%), Gentamicin (56%), Cefuroxime (60%), 

Cefixime (44%), Ceftazidime (40%) had the lowest activity. This result is similar to the study of 

Mijovic et.al., (2012) where most isolates were sensitive to Nitrofurantoin but contrary to Maharjan et al. (2021) 

in the study conducted in 2021 The highest rate of antibiotic susceptibility was observed towards cefixime 

(100%) followed by azithromycin (97.5%) and ceftriaxone (95%), whereas the lowest rate of susceptibility was 
observed towards nalidixic acid (12.5%), followed by ofloxacin (15%) and levofloxacin (20%). However, this 

result is similar to the study of Adabara et al. (2012), which shows that ofloxacin and ciprofloxacin are strongly 

sensitive even though ofloxacin and ciprofloxacin antibiotics are sometimes ineffective against resistant strains 

of Salmonella typhi.  

As cases of antimicrobial resistance threaten our public health, shreds of evidence are also shown in 

this study where 32% of the isolates were resistant to one antibiotic, 4% were also resistant to two different 

antibiotics, 4% were resistant to three different antibiotics, 16% were resistant to four different antibiotics, 

another 16% were resistance to five different antibiotics, 4% were resistant to six different antibiotics while 

none were resistant to seven and eight antibiotics. From the aforementioned results, it can be deduced that only 

5 isolates showed resistance to 5 and above different antibiotics. Among the five phenotypically confirmed 

multi-drug resistance isolates, four were isolated from stool samples, and one was isolated from urine samples. 
The results are consistent with the fact that Salmonellosis is a food and water-borne infection, this disease 

cannot be under-emphasized due to poor hygiene status and misuse of antibiotics.  

The five phenotypically confirmed multidrug resistance was subjected to varying concentrations (50, 

75 and 100mg/ml) of five different methanolic extract plants which were; Allium sativum, Vernonia 

amygdalina, Zingiber officinale, Azadirachta indica, Ocimum gratissimum. The results showed that the 

multidrug-resistant isolates were susceptible to all the plant extracts although, the activity of individual plant 

extracts on the test organism increases as concentration is being increased. It is important to note that across all 

plant extracts at a concentration of 50mg/ml, produced zones of inhibition ranging between 3-4mm. At 75mg/ml 

concentration, the zones of inhibition increased, ranging between 4-5mm and further increased to (5-7mm) at 

100mg/ml concentration. However, the activity of the five plants is in the following order; Allium sativum> 

Vernonia amygdalina> Zingiber officinale> Azadirachta indica> Ocimum gratissimum. 

 Plants and other natural products have abundant phytochemicals known to inhibit pathogen. Over the 
years, plants have been greatly explored to treat many human ailments and to also manage some infectious 

diseases (Ohunayo et al., 2020). 

 

V. Conclusion 
Antimicrobial resistance is a public health concern, hence sourcing for compounds or chemicals with 

high potency and little or no toxicity cannot be overemphasized. This study has shown how reliable medicinal 

plants and other natural products can be if explored.   
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