
ABSTRACT
Moringa oleifera, commonly known as Moringa, is an extraordinarily nutritious vegetable tree with a variety of potentially medicinal 
benefits, also referred to as the Miracle tree due to its multiple uses. The leaves of Moringa oleifera are high in phenolic compounds, 
which act as antimicrobials and antioxidants. Antioxidant phenolic compounds may stabilize free radicals by compensating for their 
electron deficiency. Consumption of polyphenol-rich plants as a dietary component provides protection against such cell damage. The 
present study explores the antimicrobial, antioxidant ability, total phenolic content (TP) and total flavonoid content (TF) of different 
extracts prepared from leaves of Moringa oleifera grown locally Saudi Arabia. Higher TP, TF and antioxidant activity have been 
demonstrated by methanol extracts followed by di ethyl ether solvents. The present study indicates that all extracts may, to some 
degree; act as radical scavengers due to the existence of polyphenolic compounds. Additionally, Methanol extracts showed significant 
inhibitory activity against food poisoning bacteria Shigella sonnei 19 ± 1.73, Klebsiella pneumonia17.33 ± 0.57 and Pseudomonas 
aeruginosa 17.00 ±6.93. The di ethyl ether extracts showed lower activity. Data provided in this study show that Moringa oleifera 
leaves have great potential for the development of food preservatives and antibiotic drugs. In conclusion the Methanolic solvent could 
be reasonable choice for antioxidant compounds extraction and the potential uses of M. oleifera as alternative natural preservatives 
in food products.

KEY WORDS: Antioxidant, Free radicals, Foodborne disease, Moringa oleifera, Pathogenic 
Microorganism.

INTRODUCTION

Foodborne diseases considered one of the worldwide health 
concern especially in developing countries (Sapkota et al., 
2012; Kirk et al., 2017), which may occur at any point during 
the preparation, distribution, and/or consumption of food. 
Gram-negative and Gram-positive bacteria which have been 
identified as the causal agents of food spoilage and food 
borne diseases; Escherichia coli, Pseudomonas aeruginosa, 
Salmonella typhi, Bacillus cereus and Staphylococcus aureus 
(Braga et al., 2005; Pandey and Singh, 2011). While uses 
of chemical preservatives were thought to be effective 
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against food poisoning outbreaks, their accumulation in 
the feed and food chain resulted in microbial resistance, 
which had negative implications for human life (Akinyemi 
et al., 2006, Bialonska et al., 2010). As a result, eco-friendly 
techniques are now needed to not only minimize pathogenic 
bacteria growth but also to reduce the use of chemical 
preservatives and to extend the shelf life of food (Clarke et 
al., 2017). Among these contexts is the use of plant extracts 
as antimicrobials for food safety, several researchers have 
demonstrated the antimicrobial activity of plant extracts 
against food poisoning bacteria as natural sources of 
antimicrobials and are considered healthy in nutrition and 
easily consumable (Akinpelu et al., 2015 and Suppakul et 
al., 2016; Saleem et al., 2020; Ali et al., 2021). 
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One alternative treatment for bacteria-infected infections is 
by using natural ingredients, such as Moringa oleifera L. 
Plant. This plant is called the most important multipurpose 
and miracle tree in the world, since all parts of the plant 
are useful for fruit, medicine, cosmetics or purified water 
(Fahey, 2005). Moringa oleifera (Moringaceae), also 
known as the "tree of life," has made a breakthrough in 
this field. M. oleifera, which is native to India and Africa, 
appears promising due to its safety for animal and human 
consumption (Makkar, and Becker, 1996). Moringa 
oleifera L. leaf has many active components such as 
triterpenoids, flavonoids, tannins saponins and alkaloids so 
pharmacologically has benefits as antimicrobial, antifungal, 
antihypertensive, antihyper-glycemic, antitumor, anticancer, 
anti-inflammatory (Mahmood et al., 2010; Sharma et al., 
2011). Antimicrobial activity of Moringa oleifera against 
human pathogens was proved by several investigators 
(Singh and Tafida, 2014; Morgan et al., 2019; Das et al., 
2020; Naseer et al., 2021).

However, the potential of M. oleifera as alternative 
natural preservatives in food products has not been 
thoroughly studied. Therefore, the goal of the present 
study was to evaluate the antioxidant and antibacterial 
activity of Moringa oleifera leaves extract in vitro against 
food poisoning diseases caused by E. coli, S. aureus, P. 
aeruginosa, S. typhi and B. cereus.

MATERIAL AND METHODS

Plants extraction preparation: Fresh leaves of Moringa 
oleifera were washed, then air dried, powdered. The 
Moringa leaves powder (5 g) are successively extracted 
using with methanol and di ethyl ether solvents. the dry 
extracts of methanol and di ethyl ether completely re-
dissolved in methanol. 

Total phenolic content: using the spectrophotometric 
method; a solution was made with 0.5ml of the sample 
and distilled water, raising the total volume of the sample 
to 3 ml, then 0.5 ml of Folin-phenol Ciocalteu's reagent 
was added, followed by 2 ml of 2 % Na2CO3 solution after 
5 minutes, thoroughly mixed. The total phenolic (TP) was 
calculated using the extrapolation of the calibration curve 
when the mixture's absorbance reached 650 nm after 60 
minutes in the dark at 30° C. The gallic acid solution was 
used to establish the curve. The TP was determined as 
milligrams of gallic acid equivalents (GAE) per gram of 
dried sample after the phenolic compounds were estimated 
in triplicate.

Total flavonoids content (Chang, et al., (2002): The total 
solution was increased to 1 ml by adding methanol to a 0.5 
ml sample. The resulting mixture was left unchanged for 
5 minutes after adding 4 mL of distilled water and 0.3 mL 
of a 5% NaNO2 solution. After adding 0.3 ml of ALCL3 
solution 10 % the solution could sit for another 6 minutes 
before being increased to a volume of 10 ml by adding 
two ml of NaOH solution (1 M) and distilled water. The 
concentrations of total flavonoid were determined once the 
absorption read 510 nm after being thoroughly shaken and 

left for 15 minutes. For the analysis, Quercetin equivalents 
(QUE mg/g of dry weight) were used.

Antioxidant’s assay: The radical scavenging activity of 
methanolic extracts was calculated quantitatively. In a 
nutshell, using 1,1-diphenyl-2-picryl hydrazyl (DPPH) 
a 0.1 mM DPPH solution was prepared using methanol. 
At various concentration (100 - 300 g/ml), 1 ml of DPPH 
stock solution was combined with 3 ml of each methanolic 
and di ethyl ether extract. As a positive regulation, butyl-
4-hydroxyanisole (BHA) was used. After 30 minutes of 
incubation, discoloration was estimated at 517 nm. At the 
very least, three measurements were taken. The following 
equation was used to measure the capacity to scavenge 
the DPPH• radical: DPPH• scavenging impact (%) = Abs 
Control/Abs Control 100.

Antimicrobial’s activity of the Moringa extracts: 
Bacterial strains and growth conditions the reference strains 
used in this analysis were bacterial isolates selected for their 
historical relevance to pathological effects on humans and 
food product degradation. Among the eight food-borne 
pathogenic bacteria, obtained from the culture collection 
of Microbiology Dept. King Abdulaziz University, Jeddah, 
K.S.A, two were gram-positive bacteria, namely, Bacillus 
cereus DSM 4312, Staphylococcus aureus (ATCC 25923) 
and six gram-negative; Enterococcus faecalis ATCC 
(29212), Escherichia coli O157:H7 (ATCC 43889), 
Klebsiella pneumonia ATCC (700603), Pseudomonas 
aeruginosa ATCC (27853), Salmonella typhimurium 
(ATCC 14028), Shigella sonnei, ATCC (25931). 10 mL 
nutrient agar media was sterilized as part of the preparation. 
The test organisms were added to this sterilized mixture 
and shaken vigorously before being transferred to a sterile 
petri dish via sterile loop and held aseptic. The test species 
were kept in a nutrient broth after an overnight incubation 
time at 37°C. They were then standardized at 560 nm to 
achieve a concentration of 106 colony-forming units per 
milliliter (CFU/mL).

Agar well diffusion assay: The antimicrobial activity of 
Moringa oleifera was investigated using the agar-well 
diffusion method. Fresh overnight cultures of bacteria 
(100L) were obtained for this purpose. These cultures were 
uniformly spread on a sterile surface using cotton swabs, 
and 50 l methanolic plant extracts were mixed in the agar-
wells (7 mm). Aseptic conditions were maintained for the 
latter part of the process. Additionally, an equal volume of 
methanol (50 l) was added to one of the wells to serve as 
a negative control. At 37 °C, all the plates were incubated 
for 24 hours. The average zone of inhibition was calculated 
using CLSI guidelines, and the experiment was repeated 
three times.

Minimum bactericidal and minimal inhibitory 
concentrations (MICs): To evaluate the minimum 
bactericidal concentration and minimal inhibitory 
concentrations (MICs) The standard micro-dilution 
method in 96-well microtiter plates given by the Clinical 
Laboratory Standards Institute (CLSI) were carried out. The 
Moringa oleifera active metabolites were serial diluted two 
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folds with Muller-Hinton broth medium then the selected 
pathogenic bacteria inoculated at 0.5 on the MacFarland 
scale then, final density be 6 x 106 CFU/well. The plates 
were incubated for 24hr/35°C and the bacterial growth was 
measured using a Bio-Rad Microplate Reader at 600 nm. 
The lowest concentration that inhibiting the bacterial growth 
was determined as the MIC values. All experiments were 
carried in duplicate. The minimal bactericidal concentration 
(MBC) was performed after the above experiment, after 
incubation a 5 μL from each well without growth were be 
inoculated onto Muller-Hinton agar plates. The inoculated 
plates were incubated overnight at 30°C.

Cytotoxicity Assay: According to the manufacturer's 
instructions, the cytotoxic effects of methanolic and Di ethyl 
ether extract of Moringa oleifera leaves Annexin FITC are 
used to assess the apoptotic activity of the ovarian cancer 
cell line (SKOV-3) in relation to tested compounds (BD 
Biosciences, USA). Cultivated at a density of 3 × 105 cells/
well, both treated and untreated SKOV-3 cells were used 
for the induction of apoptosis for 48 hours. The FACS flow 
cytometer (BD FACSAria™ II - BD Biosciences) and BD 
FACSDiva™ Software (BD Biosciences, USA) were used 
for cell apoptosis analysis.

Statistical Analysis: Variations between the values of 
selected plant extract samples and controls was performed 
using a one-way analysis of variance (ANOVA). Statistical 
significance was described as a P value of less than 0.05.

RESULTS AND DISCUSSION

Total phenolic (TP) and total flavonoid (TF) contents: 
as shown in Table 1, extraction with methanol was found 
to provide the highest values of total phenolic and total 
flavonoid contents (14.70 ±0.28 mg of GAE per g of dried 
sample and 37.88±0.18 mg of QUE per g of dried sample 
respectively) in the leaves of Moringa oleifera as compared 
with extraction by Di ethyl ether (8.95 ±0.59 mg of GAE 
per g of dried sample and 29.30 ± 1.23mg of QUE per g of 
dried sample respectively).

(76.9±0.41%) at concentration 100 µg/ml as compared to 
the Di ethyl ether extract which exhibited (20.7±0.12%) 
activity at the same concentration. The same pattern of 
DPPH• scavenging activity was found in the methanolic and 
Di ethyl ether extracts at concentration 200 µg/ml and 300 
µg/ml. The values were in the ascending order methanolic < 
BHT extract < Di ethyl ether extract These results indicated 
that methanolic extract exhibited the highest DPPH radical 
scavenging activity compared to BHT and the Di ethyl 
ether extract.

Antioxidant activities: Antioxidants react with DPPH•, 
reducing a number of DPPH• molecules equal to the number 
of their available hydroxyl groups. The methanolic extract 
exhibited the most potent DPPH• scavenging activity 

Solvent extracts	 Methanol	 Di ethyl ether

Total phenolic 	 14.70 ±0.28	 8.95 ±0.59
(mg GAE/g d.w.)	
Total flavonoid 	 37.88 ±0.18	 29.30 ± 1.23
(mg QUE/g d.w.)	
Ratio (TP)/(TF)	 0.39	 0.31

Total phenolic and total flavonoid contents are expressed as 
mean ± S.D (n = 3).

Table 1. Total phenolic and flavonoid contents of different 
extracts of Moringa oleifera leaves

Figure 1: DPPH• scavenging activity (%) of methanolic and 
di ethyl ether crude extracts of Moringa oleifera. Vertical 
bars on the columns represent mean ± SD (n = 3).

Antimicrobial activity: of the Methanol extracted Moringa 
leaves and the Di ethyl ether extracted Moringa leaves 
residue was determined in vitro, using disc diffusion and 
MIC method against selected eight pathogenic bacteria 
including two gram positive: Bacillus cereus DSM 4312, 
Staphylococcus aureus (ATCC 25923) and six gram 
negative: Enterococcus faecalis ATCC  (29212), Escherichia 
coli O157:H7 (ATCC 43889), Klebsiella pneumonia ATCC 
(700603), Pseudomonas aeruginosa ATCC (27853), 
Salmonella typhimurium (ATCC 14028), Shigella sonnei, 
ATCC (25931). The bacterial growth inhibition of various 
Moringa leaves extracts was firstly tested and the result 
was shown in Table 2 &3. In this study, Moringa leaves 
extracts were considered active against tested bacterial 
strains when the zone of inhibition was greater than 6 mm in 
according to the general rule for the antimicrobial activities 
of plant extracts (Eilert et al., 1981). The result showed that 
all Moringa leaves extracts inhibit the growth of Gram-
positive bacteria as well as the Gram-negative bacteria. 
Methanol extracts showed varying degrees of antimicrobial 
activity on the microorganism tested. The maximum zone 
of inhibition was seen in Shigella sonnei 19mg/ml, and the 
lowest was seen in Escherichia coli O157:H7 10mg/ml. It is 
thus established that Moringa leaves extracts by methanol 
contains compound that has antimicrobial property. While 
Moringa leaves extracted by Di ethyl ether did not show 
detectable suppression in growth of Escherichia coli 
O157:H7. The Moringa leaves extracted by Di ethyl ether 
were less active against all bacterial strains tested.

Quantitative analysis of cell apoptosis by flow cytometry: 
The various Moringa leaves extract used in this study all 
had varying ability to induce SKOV-3 cell apoptosis. This 
ability was measured using Annexin FITC staining (Fig 2). 
The findings indicate that all Moringa leaf extract induces 
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apoptosis in the SKOV-3 ovarian cancer cell line when 
compared to untreated cells. Moreover, the apoptotic rate 
is significantly higher after 48 hours when compared to 
untreated cells. Methanol-treated cells showed the highest 
percentage of apoptosis, followed by Di ethyl ether extracts 
(i.e., 39.2 and 34.0 respectively).

The methanol extracts had higher TPC more than di ethyl 
ether extract, one possible explanation for this is that 
the fact that phenolic extraction is greater in more polar 
solvents, such as methanol, than in non-polar di ethyl 
extract. This extraction method is the first step in recovering 
and purifying bioactive compounds from plant materials. 
The enhanced recovery of antioxidant compounds with 
methanol is consistent with previous studies (Razali et 

al., 2012). The polarity of solvents played a crucial role in 
the extraction process as it would increase the solubility 
of antioxidant compounds. While antioxidant activity has 
been observed in M. oleifera leaf extracts in both in vitro 
and in vivo conditions as a result of abundant phenolic acids 
and flavonoids (Verma et al., 2009). However, there are 
several variables that could influence the composition of 
M. oleifera tissues linked to their antioxidant function.  For 
example, the season and location of development (Iqbal and 
Bhanger, 2006) and maturity (Sreelatha and Padma, 2009) 
have been shown to influence the antioxidant activity. Free 
radicals (included within lipid peroxidation) play a key 
role in a variety of chronic diseases, including cancer and 
cardiovascular disease (Dorman et al., 2003; Saleem et al., 
2020; Ali et al., 2021).

Food-borne pathogens	                         Zone of inhibition (mm)
	 Methanol	 Di ethyl ether

Bacillus cereus DSM 4312	 13 ± 6.9	 10 ± 1.7
Staphylococcus aureus (ATCC 25923)	 16.00±2.00 	 11 ±1.7
Enterococcus faecalis ATCC (29212)	 14 ± 1.53	 11 ± 0.0
Escherichia coli O157:H7 (ATCC 43889)	 10 ± 1.73	 00± 00
Klebsiella pneumonia ATCC (700603)	 17.33 ± 0.57	 14 ±0.0
Pseudomonas aeruginosa ATCC (27853)	 17.00 ±6.93	 11± 1.73
Salmonella typhimurium (ATCC 14028)	 14 ± 3.0	 10.33±0.58
Shigella sonnei ATCC (25931)	 19 ± 1.73	 12.00±1.00

Table 2. The antimicrobial activities of Moringa leaves extract

Organisms	 Methanol		     Di ethyl ether
species	 MIC	 MBC	 MIC	 MBC
	 (mg/ml)	 (mg/ml)	  (mg/ml)	 (mg/ml)

Bacillus cereus DSM 4312	 100 ± 6.9	 100±1.7	 100± 3.46	 200±0.0
Staphylococcus aureus (ATCC 25923)	 100 ± 3.0	 200±1.7	 200±0.0	 <200± 1.73
Enterococcus faecalis ATCC (29212)	 100± 1.53	 200± 0.0	 200±0.0	 200±0.0
Klebsiella pneumonia ATCC (700603)	 100± 3.46	 200±0.0	 100±0.0	 200±0.0
Pseudomonas aeruginosa ATCC (27853)	 50 ±3.00	 100±1.73	 100± 1.73	 <200± 1.73
Salmonella typhimurium (ATCC 14028)	 50 ± 6.93	 200± 0.0	 100±0.0	 200±0.0
Shigella sonnei ATCC (25931)	 100± 1.73	 100± 1.7	 200±0.0	 <200±1.0

Table 3. The minimum Inhibition concentration of Moringa leaves extract.

At a concentration of 100 g/ml, the methanolic extract 
had the most potent DPPH, the same pattern of DPPH• 
scavenging activity was found in the methanolic and Di 
ethyl ether at concentrations of 200 g/ml and 300 g/ml, the 
methanolic and Di ethyl ether extracts displayed a similar 
pattern of DPPH• scavenging activity. Methanolic < BHT 
extract < Di ethyl ether extract, this ascending order was 
observed. In comparison to BHT and Di ethyl ether extract, 
these findings showed that methanolic extract had the 
highest DPPH radical scavenging activity. Moringa oleifera 
methanolic extracts have a higher DPPH• scavenging 
activity, which may be attributed to their higher total 
phenolic and total flavonoid contents, as shown in table 1. 

These hydroxyl phenolic compounds can scavenge DPPH• 
by donating hydrogen atoms to it. Lu and Foo provided such 
a clarification (2001). The DPPH scavenging method is now 
widely used to investigate the antioxidant function of herb 
extracts (Chatha et al., 2006; Khor et al. 2018; Saleem et 
al., 2020; Ali et al., 2021).

It is well known that the solvents used for antioxidant 
extraction have a major effect on the DPPH scavenging 
capability determination. Indeed, because of their superior 
structural chemistry, free radical scavenging methods 
(DPPH) exhibit reduced alcoholic DPPH solutions in the 
presence of a hydrogen donating antioxidant (Koleva et 
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al., 2002). Phenolic compounds, on the other hand, have 
been documented and given to be potent hydrogen donors 
to the DPPH radical (Mohamed et al., 2003). The bacterial 
growth inhibition of various Moringa leaves extracts was 
firstly tested and the result was shown in Table 2. In this 
study, Moringa leaves extracts were considered active 
against tested bacterial strains when the zone of inhibition 
was greater than 6 mm in according to the general rule for 
the antimicrobial activities of plant extracts (Eilert et al., 
1981). The result showed that all Moringa leaves extracts 
inhibit the growth of Gram-positive bacteria as well as the 
Gram-negative bacteria. Methanol extracts showed varying 
degrees of antimicrobial activity on the microorganism 
tested.

The maximum zone of inhibition was seen in Shigella 
sonnei 19mg/ml, and the lowest was seen in Escherichia 
coli O157:H7 10mg/ml. It is thus established that Moringa 
leaves extracts by methanol contains compound that has 
antimicrobial property. While Moringa leaves extracted by 
Di ethyl ether did not show detectable suppression in growth 
of Escherichia coli O157:H7. The Moringa leaves extracted 
by Di ethyl ether were less active against all bacterial 
strains tested. Similarly, Spiliotis et al. (1997) studied the 
antimicrobial activity of MO oil on various microorganisms 
and found that the oil was not effective against the microbial 
activity. However, Lalas et al. (2012), (Adeyinka et al., 
2018; Das et al., 2020; Milla et al., 2021) assessed the 
antimicrobial activity of the oil of Moringa peregrina on 
various bacterial strains and the extracts proved effective 
against all microorganisms studied.

The variation in antimicrobial activity of MO extracts 
reported by different studies could be attributed to the 
differences in Moringa species and the different extraction 
method they used. As shown in Table 2, The MIC of the 
two extracts against test organisms ranged from 50 to 100 
mg/mL with methanol having the highest activity at 50 
mg/mL against Pseudomonas aeruginosa ATCC (27853) 
and Salmonella typhimurium (ATCC 14028). which 
demonstrated a significantly higher activity against the 
tested bacteria compared to the MO Di ethyl ether extract. 
For both extracts, the maximum MBC was found at 200 
mg/mL. (Table 2).

The extract's inhibitory activity, MIC, and MBC against 
the food pathogenic bacteria suggested that Moringa 
leaves could be used as antimicrobial agent. Adeyinka et 
al. (2018) reported Staphylococcus aureus, Salmonella 
typhi or Escherichia coli were sensitive to MO methanol 
extracts. Similarly, Saadabi and Abu Zaid (2011) also 
indicated that aqueous extract of MO showed a superior 
antibacterial activity against gram positive bacteria 
including Staphylococcus aureus and Bacillus subtilis. 
It is interesting to note that the presence of types of 
phytochemicals and their contents in the MO extracts 
dominates the antimicrobial activity of the extracts (Bukar 
et al., 2010; Das et al., 2020; Milla et al., 2021).

The type of the solvent used for extraction plays a dominant 
role on antimicrobial activity of the extract. Seleshe and 
Kang (2019) reported that MO extract from Methanol 

and chloroform showed significant antimicrobial activity 
against Klebsiella pneumoniae and Bacillus cereus, while 
Water extract showed the lowest inhibition against these 
microorganisms. In contrary, Ajaiyeoba (2002) and Bukar 
et al. (2010) indicated that MO extracts from polar solvent 
(ethanol and water) extraction were more active than the 
extracts from non- or less polar solvents such as chloroform. 
In relation to the extracts’ phytochemical content, the 
presence of saponins, alkaloids, tannins and flavonoids 
was confirmed to enhance the antimicrobial activity of the 
plants (Bukar et al., 2010; Sing and Bhat, 2003; Saleem et 
al., 2020; Ali et al., 2021). 

Figure 2: Effect of Moringa oleifera on SKOV-3 cell 
apoptosis. Flow cytometry analysis of apoptosis in SKOV-3 
cells either untreated or treated with 10 µg/ml of every 
compound for 48h. After the treatment period, the cells were 
stained with Annexin FITC and subsequently analyzed by 
flow cytometry.

This could possibly be attributed to the difference in the 
extraction method. This study evaluated the cytotoxic 
effect of crude extracts (Methanol and Di ethyl ether). 
The results of the study revealed a higher percentage of 
apoptosis in the Methanolic MO extract. Second in place 
was the Di ethyl ether extract. (Fernandes et al. 2016; Khor 
et al. 2018) confirmed that the cytotoxic effect of MO 
extracts was found to be selective to cancer cell lines and 
not to normal cell lines, which were found to be immune. 
The phytochemicals present in MO flower extract may be 
responsible for the high cytotoxic activity. Previous study 
revealed that presence of quinic acid in MO is chemo-
preventive in nature (Padmini et al., 2013; Saleem et al., 
2020; Ali et al., 2021).

CONCLUSION

Moringa oleifera extracts contain potent antioxidant 
compounds that have the potential to be applied in the 
pharmaceutical and food industries. The first step in 
obtaining these compounds is finding the best extraction 
solvent for subsequent biological applications. In 
comparison to Di ethyl ether extract, methanolic extracts 
of MO have higher antioxidant activity and antimicrobial 
capacity against foodborne pathogen, Moreover, they 
show anticancer capacity when tested over ovarian cancer 
cells. We conclude that the Methanolic solvent could be 
reasonable choice for antioxidant compounds extraction 
and the potential uses of M. oleifera as alternative natural 
preservatives in food products.
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