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[bookmark: _Hlk206658161]Meat pie is a type of snack consumed by many people around the world. Due to handling and sampling methods in shops where they are displayed for sale, bacterial contamination tends to occur. This study was designed to isolate bacteria contaminants and determine the antimicrobial activities of Moringa oleifera leaf extracts on the isolates. Different meat pie samples were purchased from different locations in Aba while the Moringa oleifera leaf was gotten from Clifford University Ihie campus, Abia State environment. Pour plate technique was used to culture the organisms after ten - fold serial dilution. The sample from Ariaria had the highest mean bacterial count of 3.7 x 107 cfu/g followed by Ngwa road sample with 7.2 x 106 cfu/g, Osisioma sample had 3.10 x 106 cfu/g, Asa road sample 2.5 x 105 cfu/g, Ihie sample had 2.3 x 104 cfu/g while sample from Alaojii had the least with 1.12 x 104 cfu/g. Antibacterial potential was done using agar well diffusion method. Antimicrobial potentials of the ethanol and aqueous extracts of M. oleifera on the isolates were tested at various concentrations (500, 250, 125,62.25, 31.125 and 15.625 mgml-1). Four bacteria species (E. coli, Staphylococcus aureus, Streptococcus pyrogen and Bacillus cereus) where isolated. Both ethanol and aqueous extracts showed strong antimicrobial activity and concentration dependent inhibitory effect on the isolates. At a concentration of 500 mg/ml, zones of inhibition recorded were highest with aqueous extracts for Bacillus cereus (17.00±.01 mm), followed by Staphylococcus aureus (15.41±1.55 mm), Streptococcus pyrogen has (11.00±0.31mm) while the least was E. coli (10.30±0.21mm). Ethanol extract also showed zones of inhibitions as E. coli has the highest at 500 mg/ml (25.00±0.03 mm) followed by Streptococcus pyrogen (17.10±0.04 mm), Bacillus cereus (16.00±0.21 mm) and the least was Staphylococcus aureus (15.42±0.41 mm). Minimum Inhibitory Concentration (MIC) at 250 mg/ml was observed for Bacillus cereus, Staphylococcus aureus and Streptococcus pyrogen for ethanol extract while Staphylococcus aureus, E. coli and Streptococcus pyrogen showed MIC at 500 mg/ml for aqueous extract respectively. All the bacterial isolates recorded Minimum Bactericidal Concentration (MBC) at 500 mg/ml except for Bacillus cereus which recorded at 250 mg/ml for both MIC and MBC respectively. The result of this study showed that M. oleifera leaf extract can be a potential source of antimicrobial agent against bacteria implicated in the spoilage of meat pie. 
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INTRODUCTION 
Microorganisms, including viruses, archaebacteria, eubacteria, fungi, algae, and protozoa, are everywhere, hence they are present in the air, on land, and in water. This means they can also be found in food, which is essential for survival. However, humans often consume harmful chemical and biological agents, as well as toxins, which can lead to foodborne illnesses.Foodborne diseases are disorders caused by consuming bacteria, toxins, or microbial cells present in contaminated food (Fapohunda et al., 2014).  Foodborne illnesses harm the economy and reduce quality of life through acute sickness and long-term complications. (Duff et al., 2003). Foodborne diseases encompass a wide range of health issues and contribute to rising public health challenges worldwide. Already Prepared (AP) foods refer to foods intended for immediate consumption at the point of sale. These foods can be raw or cooked, hot or chilled, and may require little to no additional heat treatment before eating (Tsang, 2002). WHO, (2002) reported that Foodborne diseases caused by microbes are a major health concern linked to street foods and fast food outlets. This is largely due to traditional preparation methods, improper temperature control, and poor personal hygiene among food handlers, which serve as key pathways for contamination of street-vended foods. Street foods are defined as “already prepared” meals and beverages sold by vendors in public spaces such as streets and similar locations. (FAO, 2007). Meat pies are a type of fast food or already prepared food. Their preparation and sale have been practiced for generations and are widespread across both developing and industrialized nations. With rapid urbanization, this activity has expanded significantly, contributing to the nourishment of urban populations by providing affordable, accessible, and nutritious meals. Street foods like meat pies are quick to serve, flavorful, and reasonably priced, requiring no washing, cooking, or additional preparation by the vendor. (Muinde and Kurria, 2005). Meat pie appeal to people of all ages, especially younger generations. The safety and healthiness of street foods depend on chemical, physical, and microbial factors. From a health perspective, maintaining microbiological standards in food is crucial. Meat pies displayed in open areas are vulnerable to contamination from dust, exhaust fumes, insects, stagnant water, and the hands of potential buyers, all of which can promote microbial growth.
Moringa oleifera plant belongs to the family of Moringaceae. It was found to have many medicinal and antimicrobial activities as well as an effective remedy for malnutrition (Rockwood et al., 2013). It is packed with nutrients due to the abundance of essential phytochemicals found in its leaves, pods, and seeds (Lorenzo et al., 2018). Moringa is claimed to offer 7 times the vitamin C of oranges, 10 times the vitamin A of carrots, 17 times the calcium of milk, 9 times the protein of yogurt, 15 times the potassium of bananas, and 25 times the iron of spinach (Rockwood et al., 2013). Moringa oleifera has been incorporated into diets since ancient times because of its diverse biological properties, including anti-inflammatory, antitumor, anticancer, antidiabetic, and antimicrobial effects. Moringa leaves are incredibly versatile and can be used in various ways. They are often added to clear broth-based soups, like the Filipino dishes tinola and utan. Tender, finely chopped moringa leaves serve as a garnish for vegetable dishes and salads, such as the Kerala dish thoran, and can also be used as a substitute for or alongside coriander leaves (cilantro). (Lim et al., 2012). Moringa leaves are often cooked and used much like spinach, or dried and ground into a powder for soups and sauces. To extend their shelf life, the leaves can be dried and powdered to retain their nutritional value. Drying methods such as sun, shade, freezing, and oven drying at 50–60°C are all viable options, though their effectiveness in preserving specific micro and macronutrients may vary.  (Atawodi et al., 2010). The powder is often mixed into soups, sauces, and smoothies. (Lim et al., 2012). Thanks to its rich nutritional profile, moringa leaf powder is highly regarded as a dietary supplement and is used to enhance various food products, from dairy items like yogurt and cheese to baked goods like bread and pastries, all while maintaining acceptable taste (Lim et al., 2012). The aim of the present study was to determine the antimicrobial activities of Moringa oleifera leaf extracts on bacteria isolated from “Ready to eat meat pie” sold in Aba, Abia, State, Nigeria.
MATERIALS AND METHODS 
Sample Collection 
A total of 20 meat pie samples (ready to eat food) where randomly bought from different shops in Aba and was transported to the Microbiology laboratory in Clifford University, Owerrinta, Ihie campus. Moringa oleifera leaf was collected from Clifford University Premises in Ihie, Isialangwa North Local Government area of Abia State and identified by Dr. Franklin Akanwa a botanist in the Department of Plant Science and Biotechnology in Michael Okpara University of Agriculture, Umudike, Abia State.
Sample Preparation
M. oleifera leaves were prepared using the method of Shah et al. (2015). The leaves were harvested, washed with water to remove any adhering dirt, then dried under a shade (air dried) for 4 weeks and ground into fine powder with an electric blender. Cold maceration method was used to extract the active ingredients using ethanol and water as solvents separately. The resultant extracts where concentrated and dried using vacuum evaporator. The recovered extracts where kept in sterile glass containers and stored at 4oC until use.
 
Determination of percentage yield
The percentage yield of the extract was calculated using the formula:
% yield = mass of extract/mass of leaves x 100/1.
Media Preparation
The various media used such as Nutrient agar, MacConkey, Salmonella – Shigella agar and Mueller – Hinton agar were all prepared according to their respective manufacturers instructions.
Isolation of Bacteria from the samples
The meat pie samples were separately ground into powder using a sterile Monilex electric blender. Digital weighing balance was used to weigh 10 g of each of the blended meat pie sample into 90 ml of sterile distilled water in a conical flask. Tenfold serial dilution was carried out by transferring 1 ml from the stock into the first test containing 9 ml of sterile water and homogenized. The dilution was continued till the 5th tube. Using pour plate method, 0.1ml aliquot of (10-2 and 10-3) dilutions was inoculated into empty sterile plates then the respective sterile medium cooled to 450C was poured into the plates containing the inoculums, swiveled and kept to solidify. The plates were incubated at 350C for 24 hours (Cheesbrough, 2006). Developed colonies was counted and recorded.
Purification of Isolates
The growth colonies were purified by sub culturing them on sterile appropriate plates using streaking method. Thereafter the pure cultures were stored at 4oC in agar slants in bijou bottles using nutrient agar.
 Identification of Isolates
The bacterial isolates were identified according to the method of Cheesbrough, (2006) using Gram staining and other biochemical tests like: catalase, coagulase, indole, citrate utilization, Hydrogensulphide production, spore staining and sugar fermentation tests.
Quantitative Phytochemical Analysis
The method of Harbone (1998) as used by Ekwueme et al. (2015) was used to test for the phytochemicals present in the M. oleifera leave extracts.
Test for Saponins  
The extract (1g) was added in a beaker containing 10 ml petroleum ether and decanted into another beaker. Another 10 ml of the petroleum ether was added into a conical flask, filtered and the filtrate evaporated to dryness. The residue was dissolved in 6 ml of ethanol and 2ml of the solution was put in a test tube. A 2 ml of chromogen solution was added into and left to stand for 30 min and the absorbance was read at 550 nm.   
Test for Alkaloids  
The extract (1 g) was macerated with 20 ml of ethanol and 20% H2SO4 (1:1 v/v). The filtrate (1ml) was added to 5 ml of 60% H2SO4. After 5 min, 5 ml of 0.5% formaldehyde in 60% H2SO4 was mixed with the mixture and allowed to stand for 3 hr. The absorbance was read at 565 nm.  
Test for Tannins  
The extract (1 g) was macerated with 50 ml of methanol and filtered. To the filtrate (5 ml), 0.3 ml of 0.1N ferric chloride in 0.1N HCl and 0.3 ml of 0.0008 M of potassium ferricyanide were added and the absorbance read at 720 nm.  
Test for Flavonoids  
The extract (1 g) was macerated with 20 ml of ethylacetate for 5 min and filtered. To 5ml of the filtrate, 5 ml of dilute ammonia was added and shaken for 5 min. The upper layer was collected and the absorbance read at 490 nm.  
Test for Terpenoids  
The extract (1 g) was macerated with 50 ml of ethanol and filtered. In two and half milliliters of the filtrate, 2.5 ml of 5% aqueous phosphomolybdic acid solution was added and 2.5 ml of concentrated H2SO4 was gradually added and mixed. The mixture was left to stand for 30 min and then made up to 12.5 ml with ethanol. The absorbance was taken at 700 nm. 
Test for Steroids  
The extract (1 g) was macerated with 20 ml of ethanol and filtered. Into the filtrate 2 ml of chromogen solution was added and the solution left to stand for 30 min. The absorbance was read at 550 nm.  
Test for Glycosides  
The extract (1 g) was macerated with 50 ml of distilled water and filtered. Into the filtrate 4 ml of alkaline pirate solution was added. The mixture was boiled for 5 min and allowed to cool. The absorbance was read at 490 nm.   
Test for Reducing Sugar  
The extract (1 g) was macerated with 20 ml of distilled water and filtered. To 1 ml of the filtrate, 1 ml of alkaline copper reagent was added. The mixture was boiled for 5 min and allowed to cool. Then 1 ml of phosphomolybdic acid reagent and 2 ml of distilled water was added and the absorbance read at 420 nm.  
Test for Soluble Carbohydrate  
The extract (1 g) was macerated with 50 ml of distilled water and filtered. To 1 ml of the filtrate, saturated aqueous solution of picric acid was added and absorbance read at 580 nm.   
Test for Phenols  
The extract (1 g) was macerated with 20 ml of 80% ethanol and then filtered. Into the filtrate 0.5 ml of folinciocalteus reagent was added and allowed to stand for 30 min. Then 2 ml of 20% sodium carbonate was added and absorbance measured at 650 nm.
 Test for Anthraquinone
Five of diluted H2SO4 was added to 0.5 g of each of the extract in different test tubes. The solution was boiled and filtered. The filtrate was cooled and to it 5ml of benzene was added. The solution was shaked well and the organic layer separated. Five milliliters of dilute ammonia solution were added to the organic layer and allowed to stand for five minutes after which the result was taken.
Amino acid and Protein 
A 0.1 mg of each of the extracts was separately with 1ml of 0.2% Ninhydrin solution, allowed to stand for five minutes and observe for color change. 
Preliminary Antimicrobial Screening of Extracts
Minimum inhibitory concentration (MIC) determination
Minimum Inhibitory Concentration (MIC) of the M. oleifera extracts against the isolates was carried out respectively using the method of CLSI, (2016). Mueller – Hinton agar was prepared according to manufacturer’s instructions and poured aseptically into Petri-dishes and was allowed to gel. Using spread plate method, 0.1ml of each isolate corresponding to 0.5 McFarland’s standard were spread on the surface of the plates and allowed to stand for 15 mins. Thereafter, a sterilized 6mm long cork-borer with depth 3-4 mm was used to create holes on the agar plates. Different grams of the extract were then diluted in test-tubes containing 1ml of the solvents, in the first test-tube containing the weighed plant extract; 2 ml of 10% Dimethyl sulphoxide (DMSO) was used to dissolve the extract (the stock solution of 500 mg/2ml), then 1 ml of the solvent was added into the other test-tubes. From the first test-tube, 1000ul was pipetted and put in the second test tube until it got to the last one (500 mg, 250 mg/ml, 125 mg/ml, 62.5 mg/ml, 31.25 mg/ml and15.625 mg/ml). After the dilution, 20 µl of the extracts was pipetted according to their concentration and put in the holes. The Petri-dishes were allowed to stand for 30 min for pre-diffusion of the plant extracts and the plates were incubated at 35 0C for 24 hours bacteria isolates. The inhibition zones were measured after incubation using a transparent meter rule in millimeters (mm). This was also done for 200mg of chloramphenicol which serves as the positive control.
 Minimum Bactericidal (MBC) Concentration Determination
The MBC was determined by inoculating from the MIC plate showing a visible inhibition and was incubated at 350c for 24 hours.
Results and Discussion
Results
The result in table 1.0 below shows the mean viable bacterial count of different meat pie samples and their location. The sample from Ariaria has the highest microbial load of 3.7 x 107 cfu/g follwed by Ngwa road sample which has 7.2 x 106 cfu/g while the least was Alaojii sample with 1.12 x 104 cfu/g.
Table 1.0 Mean Viable Bacterial Count of Different Meat Pie and Their Location
	Location
	Mean Viable Count (cfu/g)

	Ihie
	2.3 x 104

	Osisioma
	3.10 x 106

	Alaojii
	1.12 x 104

	Ariaria
	3.7 x 107

	Ngwa Road
	7.2 x 106

	Asa Road
	2.5 x 105



Table 2.0 below showed the percentage yield of the respective aqueous and ethanol extracts of Moringa oleifera leaf. The ethanol extract has the highest percentage yield of 12.40g while the aqueous extract has 5.24g. The result showed that ethanol is the best solvent for extraction of bioactive components (phytochemicals) present in this plant.
Table 2.0 Percentage Yield of Extracts
	Aqueous Extract
	Ethanol Extract

	5.24g
	12.40g



Fig 1.0 below shows the different absorbance expressed in concentration of phytochemicals present in the sampled Moringa oleifera leave extracts. A total of eleven phytochemicals were obtained which includes, saponin, glycosides, reducing sugar, alkaloids, tannins, flavonoids, terpenoids, steroids, phenols, soluble carbohydrates and anthraquinones. Soluble carbohydrate has the highest concentration with absorbance of 1.725nm followed by glycosides, reducing sugar, flavonoids and steroids which have almost the same range of absorbance of 1.562, 1.521, 1.624, 1.602 nm respectively for ethanolic extracts. Anthraquinones has 1.346 for ethanol extract and 0.843 for aqeous extract. Phenol has 1.129, alkaloids had 1.061nm respectively. Saponin has 0.438nm while terpenoids has the least absorbance of 0.306nm for ethanol extract and 0.163 for aqeous extract. In aqeous extract reducing sugar has the highest absorbance of 1.558nm followed by soluble carbohydrate with 1.024nm leaving alkaloids with the least absorbance of 0.136nm

Fig. 1.0 Phytochemical Analysis of Moringa oleifera leaf Extract










Table 3.0 below shows the various bacterial isolates from the various meat pie samples purchased in Aba. The bacteria isolated include Bacillus cereus, Streptococcus pyrogene, Staphylococcus aureus and E. coli.
Table 3.0 Biochemical Characteristics of Bacterial Isolates
                                                                             SFT
	Isolate code
	Shape
	Gram reaction
	CAT
	COA
	OX
	IND
	CIT
	VP
	SP
	MR
	S
	B
	G
	H₂S
	Possible organism

	SSRY1
	Rod
	Positive
	-
	-
	-
	-
	-
	-
	+
	-
	+
	+
	-
	-
	Bacillus cereus

	SSRCr1
	Cocci
	Positive
	-
	-
	-
	-
	+
	-
	-
	-
	+
	+
	-
	-
	Streptococcus pyrogene

	GLCr2
	Cocci
	Positive
	+
	+
	-
	-
	-
	-
	-
	-
	+
	+
	-
	-
	Staphylococcus aureus

	GLP2
	Rod
	Negative
	-
	NA
	-
	+
	+
	-
	-
	-
	+
	+
	+
	-
	E. coli


Cat: Catalase, Coa: Coagulase, OX: Oxidase, IND: Indole, CIT: Citrate Utilization, VP: VogesProskuer, SP: Spore formation, MR: Methyl Red, SFT: Sugars Fermented, S: Slant, B: Butt, G: Gas, H2S: Hydrogen Sulphide Production, NA: Not Applicable.








Table 4.0 below shows the Inhibition Zone Diameter of aqueous extract of Moringa oleifera leave on bacterial isolates. Bacillus cereus has the highest inhibition zone with 17.0 + 2.01 mm followed by Staphylococcus aureus which has 15.41 + 1.55 mm, Streptococcus pyrogen has 11.00 + 0.31 mm and the least was E. coli with 10.30 + 0.21 mm.


Table 4.0 Inhibition Zone Diameter of Aqueous Extract of Moringa oleifera Leave on Bacteria Isolates.
	Conc. Mg/ml
	Bacillus cereus
	Streptococcus pyrogenes
	Staphylococcus aureus
	E. coli

	500 mg/2ml
	17.0 + 2.01
	11.00 + 0.31
	15.41 + 1.55
	10.30 + 0.21

	250
	14.20 + 1.20
	10.40 + 0.82
	10.11 + 2.16
	8.83 + 1.36

	125
	10.00 + 0.05
	8.30 + 0.62
	6.30 + 1.70
	7.31 + 1.13

	62.25
	0.00 + 0.00
	5.00 +1.09
	3.12 + 0.16
	5.0 + 2.12

	31.125
	0.00 + 0.00
	0.00 + 0.00
	0.00 + 0.00
	0.00 + 0.00

	15.625
	0.00 + 0.00
	0.00 + 0.00
	0.00 + 0.00
	0.00 + 0.00

	Chloramphenicol
	26.00 + 1.04
	28.00+ 1.12
	28.50 + 1.09
	27.32 + 1.04

	10% DMSO
	0.00 + 0.00
	0.00 + 0.00
	0.00 + 0.00
	0.00 + 0.00


N = 3, all the tests were carried out in triplicates + standard mean deviation.






Table 5.0 shows Inhibition Zone Diameter of Ethanol Extract of Moringa oleifera leave on Bacteria Isolates where E. coli has the highest inhibition zone diameter of 25.0 + 0.03 mm followed by Streptococcus pyrogen which has 17.10 + 0.04 mm, Bacillus cereus has 16.00 + 0.21 mm while Staphylococcus aureus recorded the least with 15.42 + 0.41 mm.
Table 5.0 Inhibition Zone Diameter of Ethanol Extract of Moringa oleifera Leave on Bacterial Isolates
	Conc. Mg/ml
	Bacillus cereus
	Streptococcus pyrogen
	Staphylococcus aureus
	E. coli

	500 mg/2ml
	16.00 + 0.21
	17.10 + 0.04
	15.42 + 0.41
	25.0 + 0.03

	250
	10.10 + 0.12
	14.31 + 0.16
	10.30 + 0.21
	23.16 + 0.05

	125
	8.30 + 1.50
	0.00 + 0.00
	8.83 + 1.32
	15.68 + 0.02

	62.25
	0.00 + 0.00
	0.00 + 0.00
	7.0 + 1.77
	11.50 + 0.16

	31.125
	0.00 + 0.00
	0.00 + 0.00
	0.00 + 0.00
	0.00 + 0.00

	15.625
	0.00 + 0.00
	0.00 + 0.00
	0.00 + 0.00
	0.00 + 0.00

	Chloramphenicol
	26.00 + 1.04
	28.00 + 1.12
	28.50 + 1.09
	27.32 + 1.04

	10% DMSO
	0.00 + 0.00
	0.00 + 0.00
	0.00 + 0.00
	0.00 + 0.00


N = 3, all the tests were carried out in triplicate + standard mean deviation.








Table 6.0 shows the Minimum Inhibitory Concentration of Moringa oleifera leaf extract on bacterial isolates, were Bacillus cereus has an MIC of 250 mg/ml for both the aqueous and ethanol extract while Staphylococcus aureus and Streptococcus pyrogen have MIC of 250 mg/ml for ethanol extract and 500 mg/ml for aqueous extract respectively while E. coli has 500 mg/ml for both aqueous and ethanol extracts respectively as its MIC.
Table 6.0 Minimum Inhibition Concentration of Moringa oleifera Leave Extract on Bacterial Isolates
	Isolates/ Extracts
	Bacillus cereus
	Staphylococcus aureus
	E. coli
	Streptococcus pyrogen

	Aqueous Extract [Mg/ml]
	250
	500
	500
	500

	Ethanol Extract [Mg/ml]
	250
	250
	500
	250





Table 7.0 shows the Minimum Bactericidal Concentrations of Moringa oleifera leaf extract on bacterial isolates. Bacillus cereus has 250 mg/ml as the MBC for ethanol extract and 500 mg/ml for aqueous extract while all other isolates like Staphylococcus aureus, E. coli and Streptococcus pyrogen has 500 mg/ml as their respective MBC.
Table 7.0 Minimum Bactericidal Concentration of Moringa oleifera Leave Extract on Bacterial Isolates
	Isolates/ Extracts
	Bacillus cereus
	Staphylococcus aureus
	E. coli
	Streptococcus pyrogene

	Aqueous Extract [Mg/ml]
	500
	500
	500
	500

	Ethanol Extract [Mg/ml]
	250
	500
	500
	500



 Discussion
It had been ascertained with facts that cooking does not always destroy bacteria spore or even bacteria themselves particularly in rolled and stuffed joints, poultry meat, large meat-pies and sausages (Tambekar et al., 2008). This has been observed in this research owing to the frequency microbial (bacteriological count) observed in the samples of meat-pie examined. Were samples from Ariaria had the highest mean microbial load of 3.7 x 107 cfu/g followed by Ngwa road sample with 7.2 x 106 cfu/g, Osisioma sample had 3.10 x 106 cfu/g, Asa road sample had 2.5 x 105 cfu/g, Ihie sample had 2.3 x 104cfu/g and Alaojii sample had the least microbial load of 1.12 x 104 cfu/g. According to Tambekar et al., (2008) meat extracts serves as a viable media for bacteria growth and proliferation. From the mean total viable count carried out the predominant organisms include S. aureus, E. coli and Bacillus sp. isolated from meat pie samples. This agrees to the reports of (Oluwafemi and Simi -Save 2005; Okonko et al., 2009), where they isolated almost similar organisms from sausages and sea food processors respectively. The results of this present study showed that ethanol as a solvent extracted more active ingredients with percentage yield of 12.40% while the aqueous has 5.24 %. In the quantitative phytochemical analysis of Moringa oleifera leaf extract, the phytochemicals present were saponin, glycoside, reducing sugar, alkaloids, tannins, flavonoids, terpenoids, steroids, phenols, soluble carbohydrate and anthraquinone. The soluble carbohydrate has the highest concentration with absorbance of 1.725 nm, followed by flavonoids with 1.624 nm, steroids with 1.602 nm, glycosides with 1.562 nm as shown in fig 1.0 above. This result is in line with the previous report of Sengottuvel et al., (2016) who obtained alkaloids, flavonoids, steroids, terpenoids, anthraquinone, phenols, saponin, tannins, carbohydrates, proteins and amino acids with phenols having the highest concentrations of 37.52 W/w followed by flavonoids with 15.74 W/w respectively.The bacterial isolates from the various samples of the twenty-different meat pie are Bacillus cereus, Streptococcus pyrogen, Staphylococcus aureus and E. coli. Ezeh et al., (2017) reported on the bacteriological assessment of meat pie sold at Ochanja market Onisha where they isolated Staphylococcus aureus, Bacillus cereus and E. coli. The present study shows a little difference with Streptococcus pyrogen which was not obtained by their report. Clarence et al., (2009) also reported on the assessment of bacteriological quality of ready to eat food (meat pie) in Benin City which the report includes Staphylococcus aureus and E. coli from the various sampled meat pie. Biological contaminants of bacterial origin present as major cause of food–borne disease given rise to acute to chronic illnesses such as E. coli gastroenteritis (Edema et al., 2005). The presence of these organisms in ready to eat food (meat pie) depicts a deplorable state of hygienic and sanitary practices employed in the processing and packaging of these food products. Escherichia coli and Staphylococcus aureus are implicated flora in human and animal feaces. Their presence in food products is an indication of excessive human handling (WHO, 2002). The result obtained in this research agrees with Adesiyun (1995); Okonko et al. (2009) that foods of animal origin either cooked or uncooked were predominantly contaminated with Escherichia coli and Staphylococcus aureus. They further stated that the presence of Escherichia coli in food products is an indication of fecal contamination of the water sources that were utilized during the processing of the food products. The presence of Bacillus cereus in the meat pie samples could be due to improper handling of raw materials from harvesting to processing points (WHO, 2002). All the four isolated bacteria in this study have been implicated to contribute to life threatening food borne illnesses. From Table 3.0 above Bacillus cereus has the highest inhibition zone diameter in aqueous extract of Moringa oleifera leave extract with 17.0 + 2.01 mm followed by Staphylococcus aureus which has 15.41 + 1.55 mm, Streptococcus pyrogen has 11.00 + 0.31 mm while E. coli has the least inhibition zone of 10.30 + 0.21 mm. The inhibition zones increased with respect to their various concentrations. In the ethanol extract E. coli has the highest inhibition zone diameter of 25.0 + 0.03 mm followed by Streptococcus pyrogen which has 17.10 + 0.04 mm and Bacillus cereus with 16.00 + 0.21 mm while Staphylococcus aureus has the least inhibition zone of 15.42 + 0.41 mm. This report is in line with the previous result of Yetunde et al., (2015) who obtained related inhibition zone diameter for Staphylococcus aureus which has (14.00±0.6 mm) and Bacillus cereus (13.00±0.1 mm) respectively from Moringa oleifera leaf extract. Mustafa et al., (2023) who reported 7.66 ± 0.16 mm, 10.00 ± 0.29 mm for Bacillus cereus and Staphylococcus aureus respectively. Broad-spectrum activity against all the investigated species of foodborne pathogenic bacteria has been reported for Moringa oleifera leaf aqueous extract. According to Patel (2001), Moringa oleifera leaves are frequently used in the treatment of bacterial infection, fungal infection, and diarrhea. This is because Moringa leaves contain chemical compounds such as kaempferol and rutin, which are said to have antibiotic and antioxidant properties that are linked to the inhibition of microorganisms. When compared with Staph. Sciuri and Staph. aureus, the ethanolic extract of Moringa leaves showed higher inhibitory characteristics against E. coli, S. enterica, S. typhi and B. cereus. Table 5 above shows the Minimum Inhibitory Concentration of the M. oleifera leaf extracts on the bacterial isolates which ranges from 250 Mg/ml to 500 Mg/ml. Bacillus cereus showed 250Mg/ml MIC for both the aqueous and ethanol extracts respectively while Staphylococcus aureus showed 250Mg/ml for ethanol extract and 500 Mg/ml for aqueous extract. E. coli and Streptococcus pyrogen showed MIC of 500 Mg/ml for both the aqueous and ethanol extracts respectively. These results are in line with the report of Yetunde et al., (2015) whose MIC of ethanol extract was 200Mg/ml while the aqueous extract was 400 Mg/ml for Bacillus cereus, E. coli, Staphylococcus aureus but no inhibition for Streptococcus pyrogen. This implies that Moringa oleifera leave extract can be purified and used as an empirical treatment for diseases caused by food pathogens and for the preservation of food materials when used as additives in food. The Minimum Bactericidal Concentration (MIC) as shown in Table 6.0 above reveals all the bacterial isolates has 500 Mg/ml as their Minimum Bactericidal Concentration except for Bacillus cereus which has its minimum of 250 Mg/ml for the ethanol extract. These results are in the same direction as Patel (2001). The result of this study showed that M. oleifera is a potential source of antimicrobial agent against some pathogenic bacteria implicated in spoilage of meat pie. The study recommends further research to be carried out on other extraction techniques since different techniques may correspond to different antimicrobial effectiveness.
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