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Abstract

Background: In this study, the antibacterial activity of Mangle negro extract against selected pathogens from Enterobacteriaceae and 
Bacillaceae was evaluated.
Objectives: The antibacterial activity of M. negro ethanolic and aqueous extracts were evaluated, through disk agar diffusion method, 
extract on medium surface method and microdilution method.
Materials and Methods: This experimental study after collection and preparation of aqueous and ethanolic extracts of M. negro, their 
effects against human pathogen microorganism were determined.
Results: The ethanolic and aqueous extracts inhibited the growth of all the organisms tested. The minimum inhibitory concentration 
(MIC) of the extracts ranged between 4 mg/mL and 64 mg/mL.
Conclusions: The study demonstrated that the ethanolic leaf extract of M. negro hold an excellent potential as an antibacterial agent.
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1. Background
Bacterial pathogens have evolved multiple defense 

mechanisms against antimicrobial agents and resistance 
to old and newly produced drugs [1].

Recently, the use of drugs and dietary complements, 
extracted from plants, has been accelerated [2]. In fact, ac-
cording to the world health organization (WHO), almost 
25% of modern drugs used in the United States have been 
extracted from plants [3].

The Mangle negro is a species of flowering plants in the 
acanthus family, Acanthaceae. M. negro is a subtropical 
wooden shrub that grows in salt lagoon. M. negro is very 
hard, adapted to harsh environments where water and 
salinity levels oscillate [4]. Leaves are 1 to 5 inches long, 
elliptical, contrary, big, leathern, dark green, glabrous 
(smooth) above and grayish with a tight felt-like pubes-
cence beneath. The glands on the underside secrete salt 
[5]. Infectious diseases are caused by pathogenic micro-
organisms, such as bacteria, viruses or fungi; the diseases 
can be spread, directly or indirectly, from one person 
to another. Zoonotic diseases are infectious diseases of 
animals that can cause disease when transmitted to hu-
mans. Inappropriate use of antibiotics has helped create 
strains of bacterial disease resistant to treatment with dif-
ferent types of antibiotic medications [1].

In this study, the antibacterial activity of M. negro eth-

anolic and aqueous extracts were evaluated, through 
disk agar diffusion method, extract on medium surface 
method and microdilution method, against Salmonella 
typhimurium ATTC 14028, Proteus vulgaris ATTC 8427, Esch-
erichia coli ATTC 25922, Bacillus cereus ATTC 14579 and Ba-
cillus subtilis ATTC 23857 in vitro.

2. Objectives
The antibacterial activity of M. negro ethanolic and 

aqueous extracts were evaluated, through disk agar dif-
fusion method, extract on medium surface method and 
microdilution method.

3. Materials and Methods
This experimental study was conducted at industrial 

microbiology laboratory, department of food sciences 
and technology, Ferdowsi university of mashhad in 2014.
The M. negro was collected from countryside of Bandar-e 
Mahshahr (Khuzestan province, Iran).

3.1. Plant Extraction
For aqueous extraction, 10 g of air-dried powder was 

mixed with distilled water. The supernatant was collect-
ed. After 6 hours, the supernatant, collected at intervals 
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of 2 hours was pooled and concentrated to make the final 
volume one-fourth of the original volume. For solvent ex-
traction, 10 g of air-dried powder was mixed with 100 mL 
of organic solvent (ethanol) in a conical flask, plugged 
with cotton, and then kept on a rotary shaker at 190 - 220 
rpm for 24 hours [6].

3.2. Suspension Preparation
Fresh cultivated S. typhimurium ATTC 14028, P. vulgaris 

ATTC 8427, E. coli ATTC 25922, B. cereus ATTC 14579 and B. 
subtilis ATTC 23857 colonies were suspended in 5 mL of 
0.85% normal saline (DEFCO laboratories, USA).

3.3. Antimicrobial Test
The antimicrobial activities of aqueous and ethanolic 

extracts were determined by filter paper disc and spread-
ing of the extract on medium surface methods as de-
scribed by Nostro et al.[7].

3.4. Minimum Inhibitory Concentration (MIC)
Briefly, serial doubling dilutions of the extract were pre-

pared in a 96-well micro titer plate ranged 264, 128, 64, 32, 
16, 4 and 2 mg/mL. To each well, 10 µL of indicator solution 
and 10 µL of Mueller Hinton broth (DEFCO laboratories, 
USA) were added. Finally, 10 µL of bacterial suspension 
1.5 × 108 CFU/mL (equivalent to 0.5 McFarland standards) 
was added to each well. The plates were wrapped loosely 
with cling film to ensure that the bacteria did not get 
dehydrated. The plates were prepared in triplicates and 
then they were placed in an incubator at 37ºC for 18 - 24 

hours. The color change was then assessed visually and 
the lowest concentration at which the color change oc-
curred was taken as the MIC value [8].

3.5. Minimum Lethal Concentration (MLC)
The MLC was determined through a series of steps, un-

dertaken after a MIC test has been completed [9].
The employed software was SPSS-18 (USA, II, Chicago, 

SPSS Inc).Differences at P < 0.05 were considered to be 
significant.

4. Results
Antimicrobial effects of ethanolic and aqueous extracts 

of M. negro, by the agar diffusion method are presented in 
Table 1. The zone of inhibition in the ethanolic extract var-
ied from 8.5 mm for S. typhimurium to 24 mm for B. subtilis 
and from 7 mm for S. typhimurium to 19 mm for B. subtilis 
in the aqueous extract. It could be seen the both ethano-
lic and aqueous extracts inhibited the growth of all the 
test organisms. The MIC and MLC results of ethanolic and 
aqueous extracts of M. negro are presented in Table 2. The 
MIC of ethanolic extract of M. negro for S. typhimurium, P. 
vulgaris, E. coli, B. cereus and B. subtilis were 32, 8, 16, 4 and 
4 mg/mL, respectively. The MIC of the aqueous extract of 
M. negro for S. typhimurium, P. vulgaris, E. coli, B. cereus and 
B. subtilis were 64, 16, 32, 8 and 8 mg/mL, respectively. The 
MLC of ethanolic extract of M. negro for S. typhimurium, P. 
vulgaris, E. coli, B. cereus and B. subtilis were 64, 16, 32, 8 and 
4 mg/mL, respectively. And the MLC of aqueous extract of 
M. negro for S. typhimurium, P. vulgaris, E. coli, B. cereus and 
B. subtilis were 128, 32, 64, 16 and 8 mg/mL, respectively.

Table 1. Average Diameter (mm) of Microbial Free Zone Area of Aqueous and Ethanolic Mangle negro Extracts Concentrations on 
Salmonella typhimurium, Proteus vulgaris, Escherichia coli, Bacillus cereus and Bacillus subtilis (Disk Agar Diffusion Method)a,b

Type of Extract (Microorganisms) The Concentration of Mangle negro Extracts, mg/mL

10 20 30 40

Aqueous

S. typhimurium 7.0 ± 0.50 9.2 ± 0.57 13.90 ± 0.50 16.40 ± 0.28

P. vulgaris 8.3 ± 0.50 11.4 ± 0.54 14.80 ± 0.54 17.00 ± 0.28

E. coli 8.0 ± 0.50 10.2 ± 0.58 14.10 ± 0.28 16.70 ± 0.50

B. cereus 9.0 ± 0.58 12.4 ± 0.58 15.40 ± 0.28 18.00 ± 0.50

B. subtilis 10.0 ± 0.54 13.6 ± 0.58 16.80 ± 0.28 19.00 ± 0.54

Ethanolic

S. typhimurium 8.5 ± 0.58 11.0 ± 0.57 15.50 ± 0.55 19.30 ± 0.28

P. vulgaris 9.6 ± 0.58 12.3 ± 0.57 16.40 ± 0.55 20.10 ± 0.28

E. coli 9.0 ± 0.54 12.0 ± 0.58 16.20 ± 0.50 19.90 ± 0.58

B. cereus 10.7 ± 0.58 14.3 ± 0.50 17.50 ± 0.28 21.90 ± 0.57

B. subtilis 12.0 ± 0.58 15.1 ± 0.50 19.90 ± 0.28 24.00 ± 0.58
aValues are expressed as mean ± SD.
bN = 3.
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Table 2. Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MLC) of Aqueous and Ethanolic Extract of 
Mangle negro on Salmonella typhimurium, Proteus vulgaris, Escherichia coli, Bacillus cereus and Bacillus subtilisa

Type of Extract (Bacteria Species) MIC, mg/mL MLC, mg/mL Negative Positive

Aqueous

S. typhimurium 64 128 - +

P. vulgaris 16 32 - +

E. coli 32 64 - +

B. cereus 8 16 - +

B. subtilis 8 8 - +

Ethanolic

S. typhimurium 32 64 - +

P. vulgaris 8 16 - +

E. coli 16 32 - +

B. cereus 4 8 - +

B. subtilis 4 4 - +
Abbreviations: +,grow; -, not grow.
aN = 3.

5. Discussion
Results obtained from the present study revealed the 

possess potential antibacterial activity of the two tested 
extracts against S. typhimurium, P. vulgaris, E. coli, B. cereus 
and B. subtilis. The highest antibacterial activity of 24 mm 
was in B.subtilis while the least activity was recorded in 
S. typhimurium measured 19.30 mm. Tested by the disc 
diffusion method, the aqueous leaf extracts of M. negro 
showed significant activity against S. typhimurium, P. vul-
garis and E. coli around 16.5 mm.

On the basis of the above results, it showed that ethano-
lic extract of M. negro exhibited a greater inhibition com-
pared with aqueous extract. Owolabi and Omogbai re-
ported that most of the antimicrobial active compounds 
were soluble in a polar solvent like ethanol instead of wa-
ter [10]. This result is comparable to the study by Nwinyi 
et al. using ethanolic extract of Ocimum gratissimum 
that showed effective antibacterial activity on E. coli and 
Staphylococcus aureus [11]. Kareem et al. studied the anti-
microbial effect of ethanolic, aqueous and chloroform 
extracts of leaf and latex of Calotropis procera on 6 bacte-
ria, 4 fungi and yeast, using agar well diffusion and paper 
disk methods. The results revealed that the ethanolic was 
the best extraction solvent for antimicrobial properties 
of leaf and latex of C. procera, followed in order by chloro-
form and aqueous extracts [12].

The minimum inhibitory concentration values of the 
plant extracts against the test organisms showed that the 
bacteria varied widely in the degree of their susceptibility 
to antibacterial agents. This agrees with the report that 
antimicrobial agents with low activity against an organ-
ism have high MIC while a highly antimicrobial agent 
has a low MIC [13]. The results indicated that the MLC of 
the extracts were higher than the MIC. This observation, 

therefore, suggests that the antimicrobial substances con-
tained in the extracts were fungistatic at lower concentra-
tions while becoming fungicidal at higher concentrations 
of the extracts. Similar observations have been reported by 
Yazdi et al. [14]. Mann et al. investigated the antibacterial 
effects of ethyl acetate, chloroform, ethanolic, methano-
lic and aqueous root extracts of Anogeissus leiocarpus and 
Terminalia avicennioidesin vitro for antifungal activities 
against Aspergillus fumigatus, Aspergillus niger and Penicil-
lium species. They reported that ethanolic extracts of the 
two plant roots were more effective than the methanolic, 
chloroform or aqueous extracts against all the test fungi 
pathogens [13]. In another study, Ekpo and Etim reported 
that ethanolic and aqueous extracts of Sida acuta were ef-
fective against both gram positive (Staphylococcus aureus, 
B. subtilis) and Gram negative bacteria (Pseudomonas ae-
ruginosa, E. coli) and the antibacterial effect was greater 
against gram positive bacteria than against gram negative 
bacteria, showing similar results to those of this study [15]. 
It was also reported by El-Mahmood et al. [16]. The antibac-
terial screening of the aqueous and ethanolic extracts of 
the various plant materials were carried out against patho-
genic bacteria including P. aeruginosa, Klebsiealla pneu-
monia, E. coli, S. aureus and Shigella dysenteriae. Ethanolic 
extracts were more potentthan aqueous extracts and the 
activity intensity was concentration dependent. The gram 
positive bacteria were more sensitive to the ethanolic ex-
tracts of both plants [16].

The results seem to legitimize the continued use of the 
extracts in the order of microbial infections. The inhibi-
tion of growth of the test organisms, that are known to 
cause nosocomial infections and displaying multidrug 
resistant to most antibiotics and non-antibiotic antimi-
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crobial agents, legitimize the continued application of 
these plants in public and traditional medical practice. 
Studies should therefore be done in order to know the 
active phytochemical constituent of the extracts and ap-
praise their effectiveness in vitro so that they can be com-
bined and joinery production begins in serious.
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