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ABSTRACT 
 

Aims: To determine the growth inhibitory effect of extracts of Gongronema latifolium and           
Vernonia amygdalina on major Listeria monocytogenes serotypes. 
Study Design: Preliminary analytic observational studies. 
Place and Duration of Study: University of Nottingham, United Kingdom; Study was carried out 
between September 2012 and September 2013. 
Methodology: The major serotypes of Listeria monocytogenes serotypes 1/2a, 1/2b, 4b and 1/2c 
found in evolutionary lineage I and II were grown in media containing aqueous extract of 
Gongronema latifolium and Vernonia amygdalina obtained from a 250 g/l leaves decoction. The 
percentage growth inhibition relative to the control was determined by taking viable counts of           
L. monocytogenes after growth for 24 hours at 30°C in Brain Heart Infusion broth supplemented 
with 10, 20, and 30% w/v of the extracts.   
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Results: It was found that there was no significant growth reduction for media supplemented with 
10 and 20% (v/v) of the extracts. However significant (p < 0.5) inhibition was observed for cultures 
of L. monocytogenes serotype 4b grown in media supplemented with 30% (v/v) of extracts of          
V. amygdalina. The highest growth reduction was 29% and overall, more inhibition was found with 
extracts of V. amygdalina than extracts of G. latifolium.   
Conclusion: Aqueous extracts of G. latifolium and V. amygdalina appeared to inhibit major 
serotypes of L. monocytogenes but they were not bactericidal. Serotypes 4b maybe more sensitive 
to the extracts than other serotypes. If further purification of the aqueous extracts studied is         
carried out, microbial retardants could be developed which may help to delay the growth of              
L. monocytogenes where ever they are prevalent.                                                  
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monocytogenes. 
 

1. INTRODUCTION  
 

Extracts from plant material especially from 
leaves in the form of herbs and spices have been 
used since ancient times because of their 
antimicrobial properties which enable them to    
act against foodborne pathogens and spoilage 
bacteria [1]. An important food-borne pathogen 
transmitted to humans via contaminated food              
is Listeria monocytogenes [2] which causes 
listeriosis. Those that are especially high                 
risk patients are the young, elderly, 
immunosuppressed persons and pregnant 
women [3]. The bacterium has the ability to 
cause serious invasive disease in ruminants and 
humans and is widely distributed in the 
environment. When listeriosis occurs, it can be 
difficult to control and usually results in severe 
clinical outcomes [4]. The organism has a 20% to 
30% case fatality rate and a small fraction of 
strains (serotypes 1/2a, 1/2b, and 4b) is usually 
associated in human listeriosis [5]. 

 

Around the world, especially in Asia, Africa and 
Latin America, people use plants extracts for 
treatment of diseases. The effect of plant 
extracts on food borne pathogens has been 
studied by many workers and the methods used 
to quantify inhibition may include minimum 
inhibitory concentration (MIC) and zone of 
inhibition after a disc diffusion assay [6], or 
growth reduction relative to a control after viable 
count [7]. It has been documented that factors 
affecting inhibition by any antimicrobial 
substance can be biological or technical.  
Biological factors include persistence, 
paradoxical effect, tolerance and phenotypic 
resistance whereas technical factors can be 
growth phase of inoculum, inoculum size, 
insufficient contact, volume transferred and 
choice of media [8].   

In Nigeria leaves of two plants botanically          
known as Gongronema latifolium and Vernonia 
amygdalina or locally known in south eastern 
Nigeria as Utazi and Onugbu respectively are 
very important and are widely used.  Leaves of 
G. latifolium, a rain forest plant is used as a spice 
and vegetable and well linked to many medicinal 
properties [9]. Also the leaves of V. amygdalina 
are used for bitter leaf soup and also have 
medicinal properties [10]. It is not uncommon to 
find people in the rural areas preparing herbal 
mixtures with the leaves of these two plants for 
the treatment of several ailments. In the urban 
areas, mixtures containing these two herbs are 
sold in unlabeled containers and the sellers tend 
to attract a lot of patrons who believe in the 
efficacy of the herbal mixtures. The herbs have 
not been commercialized possibly because a 
holistic trial with animals and humans confirming 
the adequate dose and active compounds 
required to bring health benefits and disease 
reversal have not been carried out. 
 
The medicinal use of extracts of leaves from             
G. latifolium and V. amygdalina is well reported 
in literature, but there are few reports on the 
effects of the aqueous extracts on viability of the 
major serotypes of L. monocytogenes. Therefore, 
the aim of the study was to investigate if              
the viability of L. monocytogenes serotypes is 
inhibited in the presence of the aqueous extracts 
of the two plants under study. 
  
2. MATERIALS AND METHODS  
 

2.1 Samples and Extract Preparation    
 

Samples of sundried G. latifolium and                        
V. amygdalina (Fig. 1) were purchased in Owerri, 
South Eastern Nigeria and sent to the University 
of Nottingham, United Kingdom where the work 
was carried out. Aqueous extracts were prepared 



as previously described [11].  Briefly, a decoction 
from chopped sun dried leaves was prepared by 
adding 1000 ml of distilled water to 250
G. latifolium or V. amygdalina leaves and boiled 
in a stainless steel pot until approximately 50% 
of original volume was remaining. Further 
processing was carried out by st
mixture into Duran bottles after which the mixture 
was autoclaved at 121°C for 15 min and then 
allowed to stand and cool. The mixture was 
transferred into 30 ml centrifuge tubes and 
centrifuged (MSE, UK) at 3000 x g for 5 min after 
which the supernatant was filtered through a 
membrane of 0.45 μm (Millipore) pore size and 
stored at 4°C for use. Up to 30 ml per extract 
was frozen at -20°C for future investigations.
 
2.2 Reconstitution of L. monocytogenes

Strains 
 
Strains of major L. monocytogenes
evolutionary Lineages I and II in the culture 
collection of University of Nottingham, United 
Kingdom (Table 1) were reconstituted from 
by streaking cryo preservation beads onto Brain 
Heart Infusion (BHI) agar (Oxoid) and grown at 
30°C for 48 h. Colonies that emerged were sub
cultured on BHI plates and grown again at 30°C 
for 48 h. 
 

2.3 Assessment of Viable Growth 
Inhibition by Leaf Extracts 

 
A loopful from a colony of reconstituted cells for 
each strain studied was used to inoculate 10
of BHI broth after which it was incubated at 30°C 
for 18 h. To establish if extracts can show 
inhibitory activity, a 10, 20, and 30% (w/v) 
mixture of the extracts of G. latifolium 
V. amygdalina and 1 ml of the 18 h culture was 
made up to 100 ml with BHI broth in a 250 ml 
conical flask and grown with shaking for 24 h 
after which 100 µl of the mixture was spread
 

Fig. 1. Samples of sundried chopped leaves of 
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as previously described [11].  Briefly, a decoction 
was prepared by 

adding 1000 ml of distilled water to 250 g of                
leaves and boiled 

in a stainless steel pot until approximately 50%    
of original volume was remaining. Further 
processing was carried out by straining the 
mixture into Duran bottles after which the mixture 
was autoclaved at 121°C for 15 min and then 
allowed to stand and cool. The mixture was 
transferred into 30 ml centrifuge tubes and 
centrifuged (MSE, UK) at 3000 x g for 5 min after 

pernatant was filtered through a 
membrane of 0.45 μm (Millipore) pore size and 
stored at 4°C for use. Up to 30 ml per extract 

20°C for future investigations. 

L. monocytogenes 

L. monocytogenes serotypes of 
evolutionary Lineages I and II in the culture 
collection of University of Nottingham, United 
Kingdom (Table 1) were reconstituted from -85°C 
by streaking cryo preservation beads onto Brain 
Heart Infusion (BHI) agar (Oxoid) and grown at 

or 48 h. Colonies that emerged were sub-
cultured on BHI plates and grown again at 30°C 

ssessment of Viable Growth 
 

A loopful from a colony of reconstituted cells for 
each strain studied was used to inoculate 10 ml 
of BHI broth after which it was incubated at 30°C 
for 18 h. To establish if extracts can show 
inhibitory activity, a 10, 20, and 30% (w/v) 

G. latifolium or                 
and 1 ml of the 18 h culture was 

to 100 ml with BHI broth in a 250 ml 
conical flask and grown with shaking for 24 h 
after which 100 µl of the mixture was spread-

plated on Tryptone Soya agar plates [6]. The 
control consisted of 1 ml of the 18 h culture made 
up to 100 ml without any extrac
percentage bacterial count of cells that emerged 
on the Tryptone Soya plates after 48 h incubation 
relative to control [7] was used to quantify 
inhibition. Three independent sets of mixtures 
consisting of culture, extract and broth of 
G. latifolium or V. amygdalina were assessed.
 

2.4 Statistical Analysis 
 
Analysis of variance and Student’s T tests were 
carried out with the Data Analysis ToolPak of 
Microsoft© Excel 2010. 
 

3. RESULTS AND DISCUSSION
 
3.1 Effects of V. amygdalina Extracts
 
Efforts to integrate data on L. monocytogenes
persistence are still needed for a better 
understanding of the prevalence and persistence 
of the organism [14]. This study explores the 
potential of inhibiting L. monocytogenes 
with plant extracts. The growth percentage 
relative to control for cells grown in 10 or 20% 
(v/v) of V. amygdalina showed an inhibition of 
less than 10% and was not significant (p > 0.05; 
Fig. 2a) However significant differences (p<0.05) 
were observed for cells grown in media 
supplemented with up to 30% (v/v) of prepared 
extracts which showed up to 29% reduction. The 
L. monocytogenes serotype 4b implicated in 
many outbreaks of listeriosis and represented by 
the reference strain ATCC 23074 in this study 
was the most sensitive to V. amygdalina
(Fig. 2a). It is possible that the sensitivity 
observed was because L. monocytogenes
serotype 4b is well known to be more prevalent 
in clinical samples than environmental samples 
and normally thrives in human or animal          
hosts rather than the environment. Overall, the 
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plated on Tryptone Soya agar plates [6]. The 
control consisted of 1 ml of the 18 h culture made 
up to 100 ml without any extracts. The 
percentage bacterial count of cells that emerged 
on the Tryptone Soya plates after 48 h incubation 
relative to control [7] was used to quantify 
inhibition. Three independent sets of mixtures 
consisting of culture, extract and broth of             

were assessed. 

Analysis of variance and Student’s T tests were 
carried out with the Data Analysis ToolPak of 
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Extracts 

L. monocytogenes 
persistence are still needed for a better 
understanding of the prevalence and persistence 
of the organism [14]. This study explores the 

L. monocytogenes growth 
plant extracts. The growth percentage 

relative to control for cells grown in 10 or 20% 
showed an inhibition of 

less than 10% and was not significant (p > 0.05; 
Fig. 2a) However significant differences (p<0.05) 

s grown in media 
supplemented with up to 30% (v/v) of prepared 
extracts which showed up to 29% reduction. The 

serotype 4b implicated in 
many outbreaks of listeriosis and represented by 
the reference strain ATCC 23074 in this study 

V. amygdalina extracts 
(Fig. 2a). It is possible that the sensitivity 

L. monocytogenes 
serotype 4b is well known to be more prevalent 
in clinical samples than environmental samples 
and normally thrives in human or animal          
hosts rather than the environment. Overall, the 

 

V. amygdalina (B) 



Table 1. Test strains used in this study

Strain Serotype 
Lm 4 1/2b 
Lm 27 1/2c 
Lm 10403S 1/2a 
Lm ATCC 23074 4b 

 

Fig. 2. Growth percentage relative to the control (
L. monocytogens grown in 10% (
(panel A) and G. latifolium (panel B) prepared from leaves decoction. Extracts were used as 

supplements in BHI medium and mixture was grown at 30°C for 24 h after which viable count 

 
inhibitions seen with 10 and 20% (v/v) of the 
extracts and the highest reduction of up to 29% 
(Fig. 2a) observed for serotype 4b is far from 
the 99.99% bactericidal action required for a 
compound to be classified as an antimicrobial 
agent [15]. However combining these extracts 
with other antimicrobials on further purification 
may have the benefit of being a food              
grade microbial retardant. The extracts of                    
V. amygdalina have shown good synergy
combined with doxorubicin and it was suggested 
that it can complement current chemotherapy in 
the treatment of cancer [16]. 
 
In Nigeria, folklore medicine attributes the 
efficacy of V. amygdalina to the famous bitter 
taste of the leaves.  The bitterness varies and 
some varieties of the plant are not very bitter. 
The specific compounds reported to be 
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Table 1. Test strains used in this study 
 

Evolutionary lineage Source 
I Milk 
II Food environment 
II Clinical 
I Clinical 

 
 

Fig. 2. Growth percentage relative to the control ( ) of major molecular serotypes of 
grown in 10% (■), 20% (□), and 30% ( ) aqueous extracts of V.

(panel B) prepared from leaves decoction. Extracts were used as 
supplements in BHI medium and mixture was grown at 30°C for 24 h after which viable count 

was carried out 

inhibitions seen with 10 and 20% (v/v) of the 
racts and the highest reduction of up to 29% 

(Fig. 2a) observed for serotype 4b is far from         
the 99.99% bactericidal action required for a 
compound to be classified as an antimicrobial 
agent [15]. However combining these extracts 

obials on further purification 
may have the benefit of being a food              
grade microbial retardant. The extracts of                    

have shown good synergy when 
combined with doxorubicin and it was suggested 

current chemotherapy in 

In Nigeria, folklore medicine attributes the 
to the famous bitter 

taste of the leaves.  The bitterness varies and 
some varieties of the plant are not very bitter. 
The specific compounds reported to be 

responsible for the bitter taste among others are 
four specific known sesquiterpene lactones 
which includes vernodalin, vernolide, 
hydroxyvernolide and vernodalol [17]. These 
bitter compounds among other derivatives have 
been tested [18] for antibacterial activity against 
Gram-positive bacteria but the test did not 
include L. monocytogenes. In the study
inhibitions were found for Bacillus subtilis
Micrococcus lutea but no link was made between 
degree of bitterness and antimicrobial action.  
Another study [19] carried out following 
extraction of vernolide and vernodalol showed 
that both compounds exhibited a significant 
bactericidal activity against five Gram positive 
bacteria while lacking efficacy against the Gram 
negative strains.  Also, vernolides exhibited high 
activity against Penicillium notatum
flavus, Aspergillus niger whereas vernodalol 
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) of major molecular serotypes of  
. amygdalina 

(panel B) prepared from leaves decoction. Extracts were used as 
supplements in BHI medium and mixture was grown at 30°C for 24 h after which viable count 
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showed moderate inhibitions against Aspergillus 
flavus, Penicillium notatum and Aspergillus niger.  
 

3.2 Effects of G. latifolium Extracts 
 
The reduction in growth for cells growing in 
media supplemented with G. latifolium was 
observed but it was not significant (p > 0.05) and 
was not up to the reduction observed for              
cells grown in media supplemented with                     
V. amygdalina (Fig. 2b). The highest reduction of 
up to 15% was observed for the same strain 
ATCC 23074 (serotype 4b) that showed the 
highest growth reduction for cells grown in media 
supplemented with V. amygdalina.  The inhibition 
of L. monocytogenes by G. latifolium has been 
demonstrated. An investigation [20] identified the 
constituents of G. latifolium and later tested 
aqueous and methanol extracts against 
pathogenic bacterial isolates and it was found 
that the aqueous extracts showed no             
activity against Enterobacter faecalis, Yersinia 
enterolytica among others. The aqueous extracts 
did not show any activity on L. monocytogenes 
for the range tested.  However, the study   
showed that methanol extracts were active 
against Pseudomonas aeruginosa and                        
L. monocytogenes but the particular serotype of 
L. monocytogenes that showed this sensitivity 
was not described. 
 

4. CONCLUSION 
 
Aqueous extracts of G. latifolium and                       
V. amygdalina appears to inhibit major serotypes 
of L. monocytogenes but they are not 
bactericidal.  More inhibition is seen with extracts 
of V. amygdalina than extracts of G. latifolium 
and the L. monocytogenes serotype 4b showed 
more sensitivity than other major serotypes. It 
would be beneficial to sample a wider variety of 
both plants taking into consideration the 
biological and technical factors especially the 
age of the plant after harvest and extract active 
ingredients to determine the conditions that can 
cause the strongest inhibition.    
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