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Abstract 

Neem (Azadirachta indica) belonging to Meliaceae family is of great medicinal value and its seed oil 
was found to be a promising agent with chemical constituents containing many biologically active 
compounds. Over the years microorganisms have acquired resistance to specific antibiotics. This 
research work was undertaken to investigate the susceptibility of bacterial pathogen to different 
concentration of neem seed oil with the aim of establishing alternative antimicrobial activities against 
Gram-negative and Gram-positive bacteria namely, Escherichia coli and Staphylococcus aureus. The 
bacterial isolates were obtained and sub cultured on nutrient agar plates. Neem seed kernel collected 
from identified Azadirachtaindica tree was air dried and oil extracted using soxhlet extractor. 
Phytochemical screening was carried out and flavonoids, carbohydrate, including starch and 
glycosides, saponins, tannins, anthraquinones, alkaloids and phenol were carried out. The bacteria 
were cultured and the antibacterial activity of extract was determined on the isolates using in-vitro 
well diffusion method as reported by Kirby Bauer.Spectrum of action of the neem seed oil was then 
carried out. The analyses revealed the presence of tannin, flavonoid, alkaloids, steroids, carbohydrates 
and cardiac glycosides. Saponin, a secondary metabolites was not detected. Flavonoids, tannin, and 
steroids were moderately present. The tested organisms were resistant to the activities of the extract at 
the concentration of 20 and 40mg/mmol,  the concentration of 60 to 100mg/mmol was strongly active 
on both bacteria in question and inhibition zone was lowest. Narrower zone of inhibition (8.92mm) 
was recorded at the concentration of 60% on E. coli and much narrower zone (5.24mm) on S. aureus. 
Highest zone of inhibition was recorded at 100mg/mmol concentration which show for E.coli12.94mm 
and for S.aures14.84mm.Theresearch showed that though the extract is more effective on gram 
positive bacteria it has broad spectrum of action as it is effective on both gram-positive and gram-
negative bacteria.It is recommended that neem seed oil can be used in the treatment of E.coli and 
S.aureus infections. 
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Introduction 
Escherichia coli is a type of fecal coliform bacteria that is found in the intestines of healthy 
warm-blooded animals and humans. (James,et al., 2011).Staphylococci are Gram-positive 
bacteria, with diameters of 0.5 – 1.5 µm and characterized by individual cocci, which divide 
in more than one plane to form grape-like clusters. To date, there are 32 species and eight 
sub-species in the genus Staphylococcus, many of which preferentially colonises the human 
body, however Staphylococcus aureus and Staphylococcus epidermidis are the two most 
characterized and studied strains. (Harris, 2002). 

Pathogenic bacteria causes infections such as tetanus, typhoid fever, diphtheria, syphilis, 
and leprosy..According to Safe Drinking Water Foundation, (2014). 

Neem (Azadirachtaindica) belonging to the family Meliaceae, originated from South Asia, 
grows widely in India, Pakistan and other tropical and sub-tropical parts of the world 
(Bokhari and Aslam, 1985;Von Maydell, 1986). The tree was introduced in Nigeria from 
Ghana, and it was first grown from the seeds in Maiduguri, in the then Borno Province (now 
Borno State), Nigeria, in 1928 (National Research Council, 1992; Nwoeabia, 1994).  
There are many plants that have potential usesin traditional medicine to possess protective 
and therapeutic properties (Kayode and Kayode, 2011). It is likely that plants will continue 
to be a valuable source of new molecules which may, after possible chemical manipulation, 
provide new and improved drugs (Shah et al., 2006). Bacterial resistance to antibiotics 
represents a serious problem for clinicians and the pharmaceutical industry and great efforts 
are being made to reverse this trend, and one of them is the widespread screening of 
medicinal plants from the traditional system of medicine hoping to get some newer, safer, 
and more effective agents that can be used to fight infectious diseases (Natarajanetal., 
2003).Drug discovery from medicinal plants led to the isolation of early drugs such as 
cocaine, codeine, digitoxin, and quinine, in addition to morphine, of which some are still in 
use (Marcy,et al., 2005). Nowadays nearly 88% of the global population turn to plant derived 
medicines as their first line of defense for maintaining health and compacting diseases, one 
hundred and nineteen(119)secondary plant metabolites derived from plants are used 
globally as drugs, 15% of all angiosperms have been investigated chemically and of that, 
74% of pharmacologically active plant- derived components were discovered (Vinoth,et 
al.,2012). 

Materials And Methods 
Study area: The research was conducted in laboratories of the Department of Biological 
Sciences and Chemistry Department, Federal University Dutse, Jigawa State 
 

Test Organisms: The organisms used in this study were Escherichia coli(Gram-negative) and 
Staphylococcus aureus (Gram-positive). 

The organisms were obtained from the Microbiology laboratory, Faculty of Science, Federal 
University Dutse as clinical isolates and sub cultured innutrient agar plates. 

Certified neem fruits werecollected  and de-pulped and seeds washed thoroughly and air 
dried in the laboratory. The neem seed kernel was prepared following the procedures stated 
by Henry Doubleday Research Association, (HDRA, 1999). The seeds were crushed using 
pestil and mortar into paste after which extraction proceeded using soxhlet extractor as 
described by the Association of Official Analytical Chemist (AOAC, 1999).The neem seed 
paste was placed on a filter paper in a thimbler and placed in the soxhlet extractor. A flask 



Antibacterial Activities of Neem Seed Oil Extract against Escherichia coli and Staphylococcus aureus 

 

Auyo, M. I., et al, DUJOPAS 6 (4): 194-202, 2020                                                                                     196 

 

containing 500ml of petroleum ether was attached to the bottom of the extractor and heated 
at 80oC until evaporation. The cycle was repeated four (4) times. The collected oil was 
subjected to rotary evaporator at a temperature of 1000C for six (6) hours; the clear oil was 
obtained while the solvent was collected separately in a collecting bottle. 

Phytochemical Screening 
Pytochemical screening of the neem extract was carried out to ascertain the various organic 
component as follows;  
1. Flavonoids(Sodium): 2ml of filtered extract was dissolved in 10% NaOH of solution to 
give a yellow color. A change in color from yellow to colorless on addition of dilute 
hydrochloric acid, indicated the presence of flavonoids (Trease and Evans2002a). 
 
2. Carbohydrate: 
(a) Barfoed’s Test for sugar: 1ml of aqueous filtrate of the extract was mixed with 1ml of 
Barfoed’s reagent in a test tube. The test tube was then heated on the water bath for few 
minutes. A red precipitate of cuprous – oxide indicated the presence of a monosaccharide 
sugar,(Brain and Turner1975). 
(b) Cardiac Glycosides Test: Small quantity of the extract was dissolved in pyridine and a 
few drops   ofsodium nitroprusside together with a few drops of 20% sodium hydroxide 
solution added. A deep red color which fades to brownish yellow indicates the presence of 
cardenolides glycoside. (Sofowora, 1982a). 
 
3. Saponins:Ten (10) ml of the extract was shaken with distilled water in a test tube, frothing 
which persist on warming indicated the presence of saponins (Sofowora, 1982b). 
 
4. Tannins:Ten (10) ml of the extract was mixed with 10 mldistilled water and heated on a 
water bath. The mixture was filtered while concentrated H2SO4 and 5% ferric chloride were 
added to the filtrate. A blue-green precipitate indicated the presence of tannins (Trease and 
Evans, 2002b). 
 
5. Anthraquinones:Ten (10) mlof the extract was boiled with 10ml aqueous sulphuric acid 
and filtered.  The filtrate was shaken with 5ml benzene and 10% ammonia solution. A pink, 
red or violet coloration in the ammoniacal layer indicates the presence of 
combinedanthraquinone (Trease and Evans, 2002c). 
 
6. Alkaloids: Ten (10) mlSmall amount of the extract was stirred with 5ml of 1% aqueous 
Hydrochloric acid on water and filtered.  To the small portion of filtrate a few drops of 
Dragendoff’s reagent was added, presence of an orange red precipitate indicates the 
presence of alkaloid. (Trease and Evans, (2002d). 
 
7. Phenol (Ferric chloride Test):Five (5) ml of the extract was dissolved in 5ml of distilled 
water. To this, few drops of neutral 5% ferric chloride solution were added. A dark green 
color indicated the presence of phenolic compound (Trease and Evans, 2002e). 
 

8. Steroid Test (Mayer’s Test):Five (5) mlof the extractwas stirred with 5ml of 1% aqueous 
Hydrochloric acid on water and filtered.  To the small portion of filtrate a few drops of 
Mayer’s reagent, a buff precipitate indicated the presence of steroid (Trease and Evans, 
2002f). 

Confirmed test organisms were cultured in the Microbiology Laboratory; E. coil isolate was 
cultured in agar for 24hrs until dark colonies appeared when observed directly against light. 
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S.  aureuswas cultured on mannitol salt agar. After the incubation period (24hrs), typical 
colonies of S. aureus are seen. 
 
Determination of Antibacterial Activity of Neem Extract 
The antibacterial activity of neem seed oil was determined on the isolates using in-vitro well 
diffusion method(Kirby and Bauer,1999).Pure culture of microorganisms was grown on 
nutrient agar. Sample  of each isolate was picked using inoculating wire loop into the broth 
and incubated for 24 hours at 37°C. The suspension was then seeded evenly onto the surface 
of Mueller Hinton agar plates in triplicates with a sterile swab.  Using a sterile 6 mm 
diameter cock borer, five (5) wells were bored on the prepared agar, to accomodate each of 
the five (5) concentrations of the neem extract. This preparation was used to test gram 
Negative bacteria (E. coli). Another preparation was similarly prepared to test gram Positive 
bacteria (S. aureus).(Abalaka .et al.,2012c). 
The characteristics of the bacterial colonies were studied and results recorded accordingly. 
Data obtained were analyzed using chi square test. 
 
Results And Discussions 
Phytochemical Properties of Neem Extract 
Phytochemical analyses of neem seed oil indicated the presence of some secondary 
metabolites in the form of flavonoids, alkaloids, tannin, steroids and cardiac glycosides 
which have therapeutic effect in controlling numbers of diseases. (Harrold, 2011).Similarly, 
some of the primary metabolites was found to be present in the form of carbohydrates.  
The findings of the phytochemicals analysis of neem(Azadirachtaindica) seed oil was 
presented in Table 1. The analyses revealed the presence of Tannin, Flavonoid, Alkaloids, 
steroids, carbohydrates and cardiac glycosides. Saponin which is one of the secondary 
metabolites was not detected in the neem seed oil.  

Flavonoids, tannin, and steroids were moderately present, studies shows that flavonoids in 
many plant parts have multiple biological activities which include anti-inflammatory and 
antibacterial effects,(Ao, et al., 2008). Thus, the detection of moderate quantity of flavonoids 
in the neem seed oil confers both nutritional and medicinal value to the plant. Other 
secondary metabolites in neem seed oil includes alkaloids and cardiac glycosides but in high 
quantity may also account for the result in this study. 

Table1: Inferences on Phytochemical Constituent of Neem Seed Extract 

Group Inference 

FLAVONOIDSNaOH test 
 
CARBOHYDRATETest for Sugar 
 
Cardiac glycoside 
 
SAPONINFrothing test  
 
TANINS 
 
ANTHRAQUINONES 
 
ALKALOIDSDragendoff test 
 
PHENOL(Ferric chloride Test): 
 
STEROIDMayer’s Test: 
 
 

+ 
++ 
+++ 
-  
++ 
+++ 
_ 
++ 
_ 
 

 

Keys: - = not detected. + = low concentration ++ = moderate concentration +++ = high concentration 
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The phytochemical screening indicated that the neem oil extract has high content of cardiac 
glycosides and anthraquinones. Some significant amount of monosaccharides, tannins and 
phenolic acids. Little quantity of flavonoids was detected while saponin steroid and 
alkaloids secondary metabolites were not detected in the neem seed oil, this is in contrast 
with a research some significant amount of saponin in neem seed oil were detected. 
(Dubey,et al.,2014), 
It is reportedthat alkaloids are plant bases that exhibit certain physiological properties when 
used in herbal medicineand most of them have antimalarial, antifungal and antimicrobial 
activities, (Scalbert, 1991). 
 

Effects of different concentration of neem seed extract on bacterial isolates 

The result of antimicrobial activities of neem seed oil at different concentrations on the 
growth of some bacterial isolates (E.coli and S.aureus) is shown in Table 2. It showed the 
relative sizes of the minimum zone of inhibition in different concentration of the extract 
ranging from 20% to 100%. Both organisms were not inhibited by the extracts at 0 to 
40mg/mmol concentrations. However, as concentrations increase from 60 to 100mg/mmol 
inhibition zone progressively increased, with E. coli having greater inhibition zone in the 
beginning which gradually increased with increased concentration as against S. aureus 
which showed narrower zone of inhibition which rapidly increased with increase in 
concentration of the extract 

Table 2: Antibacterial activity of neem seed oil against bacterial isolates showing minimum 
zone of inhibition(mm) 

 
Susceptibility of bacterial isolates to different concentrations of neem seed oil  
The result of the susceptibility test of bacteria to neem seed oilis presented in Table 3. 
Results obtained has shown that both E. coli and S. aureus were resistant to the extract at 0 to 
40mg/mmol concentrations of the extract but become susceptible at concentrations of 60% to 
100% concentrations of the extract. 
 
Table 3: Antibacterial susceptibility of neem seed oil against bacterial isolates  

Extract Conc. (mg/mmol) 
 
                                            0mg/mmol    20 mg/mmol      40 mg/mmol       60mg/mmol       80mg/mmol      100mg/mol 
 
Bacterial Isolate 

E.coli                                          R                     R                  R                              S S S  
S. aureus                                    R                    R                         R                               S S      S 
 

Keys:R: Resistance.S: Susceptible. 

Azadirachta indica extracts (oil) used in this study had shown the presence of secondary 
metabolites and antibacterial effect of the tested organisms; E.coli and S.aureus as presented. 
Phytochemical analyses carried out help to assess the chemical constituents of the extract, it 

 Extract Conc. (mg/mmol) 0mg/mmol    20 mg/mmol     40 mg/mmol      60mg/mmol80mg/mmol      100mg/mmol 
 
                                                                    Zone of Inhibition (mm) 

Bacterial Isolate 
E.coli0.00      0.00       0.00        8.923   9.496       12.940 
S. aureus0.000.00       0.00        5.243 8.02614.840 
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may also be used to determine phytochemical that possessess bioactive qualities. And hence 
could be used in the synthesis and formulation of drugs(Yakubu, et al., 2005). 

S.aureusagram positive bacteria had a highest zone of inhibition (14.84mm) than that of 
E.coli(12.94mm), this could be atributed to the difference in the genetic makeupof both the 
gram negative bacteria (E.coli) and gram positive bacteria (S.aureus). Gram negative bacteria 
show resistance to some certain antibiotics because of the nature of their cell wall(Giggs, 
1999). Resistance bacteria change their cell wall slightly, so the antibiotics cannot attach or 
produce enzymes to disable the antibiotics, the E.coli might have done the same, (Singh and 
Aaroun, 2013). The extract may have destructive effect on the cell wall of the organisms and 
it will be more effective on gram positive bacteria due to high level of peptidoglycan layer in 
the cell wall of gram positive bacteria(S.aureus) (Joel and Frighs, 2011).The result of this 
research agrees with another finding which shows that the neem seed oil extract is more 
effective on E.coli with zone of inhibition of 19.5mm compared with that of S.aureus with the 
inhibition zone of 19mm.(Jahan et al., 2007), 

The extract (neem seeds oil) have broad spectrum of action as it is effective on both gram-
positive and gram-negative bacteria. At 20% and 40% the isolates are all resistance to the 
extract, while at 60%, 80% and 100%, zone of inhibition at the range of 8.92mm to 12.94mm 
and 5.24mm to 14.84mm for E.coli and S.aureus respectively, this shows that the extract is 
effective on both the bacterial isolates (E.coli and S.aureus). The antibacterial effects of neem 
seed oil could be attributed to the presence of chemical substances such as flavonoids, 
tannins and phenols which are known to inhibit the growth of bacteria (Obadoni and 
Ochuko, 2001) and act by inhibiting DNA synthesis, cytoplasmic membrane function as well 
as inhibition of energy metabolism in bacteria (Cushnie, 2005).  

 

Conclusion 
The phytochemical screening indicated the presence of high content of cardiac glycosides 
and anthraquinones, some amount of monosaccharides, tannins and phenolic acids but little 
quantity of flavonoids and both S.aureus than E.coli were inhibited at 40 mg/mmol to 100 
mg/mmol extract concentrations. The antibacterial effects of neem seed oil could be 
attributed to the presence of chemical substances particularly the identified cardiac 
glycosides and anthraquinones. 

Recommendation 
It is recommended that neem seed oil can be used in the treatment of E.coli and S. aureus 
infections. It is also recommended that further studies using other bacteria be carried out in 
order to ascertain the antibacterial activities of neem seed oil against them. The information 
provided by this study on antibacterial effects of neem seed oil might contribute to the 
knowledge on dosage determination and chemotherapeutic index of the extract if they were 
to be processed as drugs. 
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