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ranging from 6.25%, 12.50%, 25.0%, 50.0% and 100% by

employing Kirby Bauer disc diffusion method in triplicates. It was observed that the
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ethanolic extracts of M. oleifera leaf have more appreciable antimicrobial activity than
water and the bacterial pathogens were more susceptible than the fungal pathogens. In the
present study, M. oleifera produced the highest zone of inhibition on Staphylococcus
species from 8mm to 17mm, followed by Escherichia coli (7mm to 15mm) while the
least was Pseudomonas species with zone of inhibition ranging from 7mm to 13mm. The
treatment with M. oleifera leaf extract on Candida species produced a zone of inhibition
ranging from 6mm to 15mm compared to Nystacin with 17mm; Penicillium species with
6mm to 14mm compared with Nystacin with 16mm and Mucor species ranging from
6mm- 12mm, compared to the control with 14mm. The Minimum inhibitory

concentration (MIC) of the leaf extract on the bacterial pathogens and Penicillium species
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was 12.5% while Candida, Aspergillus and Mucor species had MIC of 25%. The zones
of inhibition of both ethanolic and aqueous leaf extracts were concentration dependent.
The results obtained from the leaf extracts were comparable to the standard drugs used as
control. This work therefore supports the use of M. oleifera leaf extract in drug

formulation particularly antimicrobial drugs.

KEYWORD: Antimicrobial activity, Moringa oleifera, ethanolic extract, aqueous

extract, enteric isolates.

INTRODUCTION

The increasing prevalence of multi-drug resistant strains of bacteria and the recent
appearance of strains with reduced susceptibility to antibiotics raised the urgency for the
search of new infection-fighting strategies.? Most of the current antimicrobial agents
are inefficient in controlling some microbial diseases.”) Immense benefits have been
derived by man from using medicinal herbs in disease management, because they are
relatively safer, more affordable and sometimes offer better therapeutic value than

synthetic drugs. They could also serve as possible source of new and cheap drugs.!*®

The increasing discovery of more medicinal plants has demanded for increased scientific
scrutiny of their bioactivity so as to provide data that will help physicians and patients
make wise decision before using them. There is increased evidence to proof that
medicinal plants may represent an alternative and reliable treatment for infectious
diseases. The screening of plant extracts and plant products for antimicrobial activities
has shown that plants represent a potential source of novel antibiotic prototypes'® The
antimicrobial properties of plants have been investigated by a number of studies
worldwide and many of them have been used as therapeutic alternatives because of their
antimicrobial properties.”” The antimicrobial properties are due to compounds
synthesized in the secondary metabolism of the plant. These metabolites with

antimicrobial properties are of great significance in therapeutic treatments.

M. oleifera Lam. is a well documented world renowned plant herb known for its
extraordinary nutritional and medicinal properties. It is a highly valued plant distributed
in many countries of the tropics and subtropics. It is one of the 14 species of the Family
Moringaceae, native to western and sub-Himalayan regions, India, Pakistan, Africa, Asia

Minor, Arabia, South America and the Caribbean Islands.®! M. Oleifera has been used
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extensively in traditional medicine for the treatment of several ailments like skin
diseases, diarrhea, epilepsy, hysteria, as stimulant in paralytic afflictions and also useful
in promoting digestion.” @ Various parts of the plant have been reported to possess
therapeutic properties™ # 13! and this explains the reason for its wide use in the
treatment of human diseases. The extracts of the plant are known to have bioactive agents
and these are found to vary with the extraction solvent used. The present investigation
was undertaken to test the antimicrobial activity of ethanolic and aqueous leaf extract of

Southeastern grown M. oleifera on some enteric isolates.

MATERIALS AND METHODS

Sample Collection and Preparation of Plant Materials: Fresh leaf samples of M.
oleifera were harvested from the Botanical Garden of the Biology Department, Abia
State Polytechnic, Aba. A plant taxonomist in the Department identified and
authenticated the leaves as M. oleifera with voucher number BGBD 101. Following the
procedure by Abalaka et al, ™ the plant materials were air-dried in the laboratory for two
days and then grounded into powder using a food blender. 50g of each powdered plant
materials were soaked in 500mL of 95% ethanol and hot distilled water respectively and
allowed to stand for 48 hours for extraction of active ingredients. After 48 hours, the
samples were double filtered using Whatman No 1 filter paper and porcelain cloth. The

filtrates were concentrated at 40°C using rotary evaporator.

Preparation of Test Organisms: The pure cultures of the organisms were obtained on

the differential media, incubated and stored as stock culture for proper identification.

Media Preparation: The media were aseptically prepared according to the
manufacturer’s instructions. They were autoclaved at 121°C for 15minutes and

then poured into sterile Petri dishes and allowed to gel.

Source of Test Organisms

Pure culture of test organisms used in this study; Staphylococcus spp, Salmonella spp,
Escherichia coli, Pseudomonas spp, Candida spp, Aspergillus spp, Penicillium spp and
Mucor spp were obtained from the Department of Microbiology, Abia State Polytechnic,
Aba, and sub-cultured in nutrient broth and sabouraud agar and incubated for 24-48 hours

before use. Isolates were identified by carrying out morphological and biochemical tests

WWW.Wjpr.net Vol 6, Issue 3, 2017. 1296




Ezeigbo et al.

which include Gram staining, catalase, coagulase, oxidase, citrate utilization, indole and

sugar fermentation.**!

Antimicrobial Assay of the Plant Extracts: A disc diffusion technique using Kirby-
Bauer method [® was applied in testing pure cultures of the isolates for their
antimicrobial sensitivities. After hot air disc sterilization at 160°C, the discs (6mm
diameter) were impregnated for 10 minutes with the ethanolic and aqueous leaf extracts
which were dissolved separately into different concentrations- 100%, 50%, 25%, 12.5%
and 6.25% according to Abalaka et al. ¥ The Mueller Hinton agar plates for each test
organism were inoculated with 0.1mL broth culture of the test organisms and spread with
a glass rod. The discs containing the ethanolic and aqueous leaf extracts were applied on
the agar in triplicates, and then the plates were incubated at 37°C for 24 hours. The

inhibition zones were calculated and recorded.

RESULTS

The antimicrobial effect of ethanolic and aqueous leaf extracts of M. oleifera on bacterial
pathogens is shown in Table 1. The result showed the ethanolic leaf extract to be more
effective than the aqueous extract. Staphylococcus spp has the highest zones of inhibition
ranging from 8-17mm and closely followed by E. coli ranging from 7-15mm, while
Pseudomonas spp had the least with 7-13mm. Gentamycin which servers as control has

zone of inhibition ranging from 16- 19mm.

Table 1: Antimicrobial Effect of Ethanolic and Aqueous Leaf Extracts of M. oleifera

World Journal of Pharmaceutical Research

Mean Zones of Inhibition of the Test Organisms (mm)
Plant Extracts | Concentration (%) | Staphylococcus spp | Salmonellaspp | E. coli | Pseudomonas spp
100 17 14 15 13
. 50 15 11 12 10
Fthanolic Leaf 25 12 10 10 8
12.5 9 8 8 7
6.25 0 0 0 0
100 14 13 14 11
50 10 10 10 9
125 8 0 7 0
6.25 0 0 0 0
Control Gentamycin 19 17 19 16
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Table 2 shows the antimicrobial effect of the ethanolic and aqueous leaf extracts of M.

oleifera on fungi. The result also showed that ethanolic leaf extract of M. oleifera had a

better zone of inhibition on the test organisms. Candida spp had the highest zone of

inhibition from 6-15mm; this is followed by Penicillium spp with 6-14mm while the least

was Mucor spp with zone of inhibition ranging from 6-12mm. Nystacin which served as

the control drug had zone of inhibition ranging from 14- 17mm.

Table 2: Antimicrobial Effect of Ethanolic and Aqueous Leaf Extracts of M. oleifera

on Test Organisms

Mean Zones of Inhibition of the Test Organisms (mm)

Plant Extracts Concentration (%) | Candida spp | Aspergillus spp | Penicillium spp | Mucor spp
100 15 12,5 14 12
: 50 12 6.5 10 9
Fthanolic Leaf 25 65 0 9 7
12.5 0 0 8 0
6.25 0 0 0 0
100 13 10 11 10
50 6 8 10 6
12.5 0 0 0 0
6.25 0 0 0 0
Control Nystacin 17 16 16 14

Tables 3 showed the minimum inhibitory concentrations of M. oleifera leaf extract on

bacteria and fungi. The MIC occurred at 12.5% on bacteria and Penicillum spp while

Candida spp, Aspergillus spp and Mucor spp have zones of inhibition at 25%.

Table 3: The Minimun Inhibitory Concentration (MIC) of M. oleifera leaf extracts

on Test Organisms

Minimum Inhibitory Concentration (MIC) (%)
Plant Staphylococcus | Salmonella | E. | Pseudomonas | Candida | Aspergillus | Penicillum | Mucor
Extracts spp spp coli spp spp spp spp spp
Ethanolic 125 125 | 125 125 25.0 50.0 125 | 250
Extract
Aqueous 12.5 125 | 125 125 50.0 25.0 25 50
Extracts
DISCUSSION

The screening of plant extracts and plant products for antimicrobial activities has shown

that plants represent a potential source of novel antibiotic prototypes. The antimicrobial
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properties are due to compounds synthesized in the secondary metabolism of the plant.
The results in this work indicated that the extracts of M. oleifera leaf have varying degree
of antimicrobial activities against the test organisms. The antimicrobial activities of the
extracts were greater against bacteria than fungi. This is in agreement with the findings of
Jacskon et al.l*”) Caceres et al.l*® found M. oleifera leaf extracts to inhibit the growth of
S. aureus and P. aeruginosa. Likewise, in a study by Valsaraj et al.l'¥ evaluating the
antimicrobial effect of 78 plants used in India to treat infectious diseases, P. aeruginosa
and S. aureus were inhibited by extracts of Moringa peels. The results also showed the
effect of the extracts on the test organisms were concentration dependent (the test
organisms were more susceptible at higher concentrations), in agreement with the

findings of Ali et al.”® and Napoleon et al.!*!

From our results on the ethanolic and aqueous extracts, Staphylococcus spp has zone of
inhibition ranging from 8-17mm, followed by E. coli with 7-15mm, Salmonella spp with
a range of 8mm-14mm while Pseudomonas spp has the least zone of inhibition from 7-
13mm. However, the zone of inhibition of ethanolic and aqueous extracts on Candida spp
ranged from 6-15mm, Penicillum spp with zone of inhibition from 6-14mm, Aspergillus
spp from 6-12.5mm while Mucor spp ranged from 6-12mm. Contrary to our findings, a
higher zone of inhibition was obtained by Abalaka et al.l**] and Thilza.l?? for M. oleifera
obtained from Northern Nigeria. Higher activity was also demonstrated by the standard
reference drugs used. This is because the drugs were in pure state and have been
processed and refined.™ The minimum inhibitory concentration (MIC) of M. oleifera
leaf extracts occurred at12.5% and 12.5-50.0% for bacteria and fungi respectively.

Variations were found to exist between our results and other authors working on the same
plant from different localities. These variations could be influenced by factors like the
environment where the plants were collected, the season and the physiological stage of
the plant when the leaves were harvested.”® These factors affect the chemical
composition and amount of bioactive compounds in these plants. In addition, extraction
solvents have also been found to contribute to these variations. Extraction of bioactive
agents from plants has shown different solvents to have varying extraction abilities.l** %
281 In this study, organic solvent produced a better antimicrobial activity than water
which corroborates with the findings of some authors.[** 2% 21 For example, extraction of

bioactive agents from M. oleifera for the treatment of diabetic rats showed water to be a
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better solvent than ethanol.[?® 21 The quantitative analysis by some authors revealed that
the agueous extract constituted more phytochemicals than the ethanolic extract.**!! and
hence exhibited more hypoglycemic activity on the diabetic rats. However, several
reports on antibacterial activity of M. oleifera have shown alcohol to be more effective
than water.[?* 252632 The higher reducing power of the aqueous extract could be due to
the better solubility of the antioxidant components in water (for diabetic treatments);
whereas the predominant antibacterial activity in organic solvent extracts as compared to
aqueous extracts indicated that the active components responsible for the bactericidal
activity are more soluble in organic solvents.””® This therefore suggests that treatment
with M. oleifera for any particular ailment should consider the appropriate extraction

solvent for effective result.

CONCLUSION

The result of the present work has shown the antimicrobial potentials of M. oleifera
aqueous and ethanolic leaf extracts against some pathogenic organisms. The evaluation of
the Southeast Nigerian grown M. oleifera leaf extract against these test organisms is an
indication of the presence of broad spectrum bioactive compounds of the leaf. Our results
revealed the extracts are highly comparable to the standard drugs and capable of
inhibiting the growth of bacteria and fungi. Our previous work on anti-diabetic effect of
the same plant showed water to be a better solvent than ethanol; however it is very
interesting to find ethanolic extract of the same plant more effective for antimicrobial
activities. This shows that different solvents could be used to extract the bioactive agents
for different ailments. This could be verified further.

ACKNOWLEDGEMENT
The authors acknowledge the assistance of the taxonomist in the Department for the

identification of the plant specimen.

REFERENCES

1. Zy EA, Area A, Aam K. 2005. Antimicrobial activity of some medicinal plant
extracts in Palestine. Pak. J Med Sci, 2005; 21: 187-193.

2. Rojas JJ, Ochoa VJ, Ocampo SA, Munoz JF. Screening for antimicrobial activity of
ten medicinal plants used in Colombian folkloric medicine: A possible alternative in
the treatment of non-nosocomial infections. BMC Complement Altern Med, 2006; 6:
2.

WWW.Wjpr.net Vol 6, Issue 3, 2017. 1300




Ezeigbo et al. World Journal of Pharmaceutical Research

3. Gustavo HF, Vieira JA, Mourao AAM, Costa R A, Vieira RHS. Antibacterial effect
(in vitro) of Moringa oleifera and Annona muricata against gram positive and gram
negative bacteria. Revista Institudo de Medicalo Tropicale de Sao Paulo, 2010; 52(3):
129-132

4. Kitula RA. Use of Medicinal Plants for Human Health in Udzungwa Mountains
Forests: a case study of New Dabaga Ulongambi Forest Reserve, Tanzania. Journal of
Ethnobiology and Ethnomedicine, 2007; 3: 7.

5. Wu J, Jiang Z, Chen H, Lu G, Zhao Z. (2008). Ethnobothanical Study of Medicinal
Plants used by Hakka in Guangdong, China. Journal of Ethnopharmacology, 2008;
117(1): 41-50.

6. Afolayan AJ, Meyer JIM. Antibacterial activity of Helichrysum aureonitens.
(Asteraceae). J Ethnopharmarcol, 1995; 47: 109-111.

7. Adriana B, Almoddvarl ANM, Pereiral CT, Mariangela TA. Antimicrobial efficacy
of Curcuma zedoaria extract as assessed by linear regression compared with
commercial mouthrinses. Braz J Microbiol, 2007; 38: 440-445.

8. Ben SH, Makkar HPS. Defatted Moringa oleifera seed meal as a feed additive for
sheep. Anim Feed Sci Technol, 2009; 150: 27-33.

9. Mishra G, Singh P, Verma R, Kumar S, Srivastav S, Jha KK, Khosa R L. Traditional
uses, Phytochemistry and Pharmacological properties of Moringa oleifera plant: An
overview. Der Pharmacia Lettre, 2011; 3(2): 141- 164.

10. Faroog A, Sajid L, Muhammad A, Anwarul-Hassan G. Moringa oleifera: a food plant
with multiple medicinal uses. Phytotherapy Research, 2007; 21: 17 — 25.

11. Jamil A, Shahid M, Khan MM, Ashraf M, Screening of some medicinal plants for
isolation of antifungal proteins and peptides. Pakistan Journal of Botany, 2007; 39(1):
211-221.

12. Makonnen E, Hunde A, Damecha G. Hypoglycaemic effect of Moringa stenopetala
aqueous extract in rabbits. Phytother Res, 2007; 11: 147-148.

13. Anwar F, Rashid U. Physico-chemical characteristics of Moringa oleifera seeds and
seed oil from a wild provenance of Pakistan. Pakistan Journal of Botany, 2007; 39(5):
1443-1453.

14. Abalaka ME, Daniyan SY, Oyeleke SB, Adeyemo SO. The antibacterial evaluation of
Moringa oleifera leaf extracts on selected bacterial pathogens. Journal of
Microbiology Research, 2012; 2(2): 1-4.

WWW.wjpr.net Vol 6, Issue 3, 2017. 1301




Ezeigbo et al. World Journal of Pharmaceutical Research

15. Cheesbrough M. District Laboratory Practice in Tropical Countries, Part 2.
Cambridge University Press, UK. 2000; 62-70.

16. Prescott LM, Harley JP, Klein DA. Microbiology 6™ Edn., McGraw-Hill Co., New
York, London, 2005.

17. Jackson ROP, Giselle CS, Renata AC, Joseires LSF, Gustavo HFV, Antonio AFF,
Regire HSF. In vitro antibacterial effect of aqueous and ethanolic Moringa leaf
extracts. Asian Pacific Journal of Tropical Medicine, 2011; 201-204.

18. Caceres A, Cabrera O, Morales O, Mollinedo P, Mendia P. Pharmacological
properties of Moringa oleifera: preliminary screening for antimicrobial activity.
Journal of Ethnopharmacology, 1991; 33(3): 213-216.

19. Valsaraj R, Pushpangadan P, Smith UW, Andsersen A, Nyman U. Antimicrobial
screening of selected medicinal plants from India. J Ethnopharmacol, 1997; 58(2):
75-83.

20. Ali GH, El-Taweel GE, Ali MA. The cytotoxicity and antimicrobial efficiency of
Moringa oleifera seeds extracts. Int J Environ Stud, 2004; 61: 699-708.

21. Napoleon P, Anitha J, Emilin RR. Isolation, analysis and identification of
phytochemicals of antimicrobial activity of Moringa oleifera Lam. Current Biotica,
2009; 3(1): 33-37.

22. Thilza IB, Sanni S, Zakari Al, Sanni FS, Muhammed T, Musa BJ. In vitro
antimicrobial activity of water extract of Moringa oleifera leaf stalk on bacteria
normally implicated in eye disease. Academic Arena, 2010; 2(6): 80-82.

23. Taylor JLS, van Staden J. The effect of age, season and growth conditions on anti-
inflammatory activity in Eucomis autumnalis (Mill.) Chitt. Plant extracts. Plant
Growth Regul, 2001; 34(1): 39-47.

24. Parekh J, Jadeja D, Chanda S. Efficacy of aqueous and methanol extracts of some
medicinal plants for potential antibacterial activity. Turk J Biol, 2005; 29: 203-210.
25. Vinoth B, Manivasagaperumal R, Balamurugan S. Phytochemical analysis and
antibacterial activity of Moringa oleifera LAM. International Journal of Research in

Biological Sciences, 2012; 2(3): 98-102.

26. Abubakar I, Usman A. Phytochemical and antibacterial investigations of Moringa
(Moringa oleifera) leaf extracts on selected bacterial pathogens. Journal of
Microbiology and Antimicrobials, 2016; 8(5): 28-33.

WWW.Wjpr.net Vol 6, Issue 3, 2017. 1302




Ezeigbo et al. World Journal of Pharmaceutical Research

27. Rahman MM, Sheikh, MMI, Sharmin SA, Islam MS, Rahman MA, Rahman MM,
Alam MF. Antibacterial activity of leaf juice and extracts of Moringa oleifera Lam.
Against somebhuman pathogenic bacteria. CMU. J Nat Sci, 2009; 8(2): 219-227.

28. Sai MD, Ramesh B, Sarala KD. Evaluation of antidiabetic and antihyperlipedemic
potential of aqueous extract of Moringa oleifera in fructose fed insulin resistant and
STZ induced diabetic wistar rats: A comparative study. Asian Journal of
Pharmaceutical and Clinical Research, 2012; 5(1): 67-72.

29. Ezeigho OR, Barrah CS, Ezeigho IC. Phytochemical analysis and antidiabetic
effectof aqueous and ethanolic extractsof Moringa oleifera leaves in alloxan-induced
wistar albino rats using insulin as reference drug. International Journal of Diabetes
Research, 2016; 5(3): 48-53.

30. Azubuogu, C.U. (2012). Phytochemical analysis on Moringa oleifera and Azadrichta
indica leaves. A project submitted to Department of Chemical Engineering, Faculty
of Engineering, Caritas University, Enugu, Nigeria.

31. Nweze, N.O. Nwafor, F.I. Phytochemical, proximate and mineral composition of leaf
extracts of moringa oleifera Lam from Nsukka, south-Eastern Nigeria. IOSR Journal
of Pharmacy and Biological Sciences, 2014; 9(1): 99-103.

32. Moyo B, Masika PJ, Muchenje V. Antimicrobial activitiesof Moringa oleifera Lam
extracts. African Journal of Biotechnology, 2012; 11(11): 2797-2802.

WWW.Wjpr.net Vol 6, Issue 3, 2017. 1303




