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			Abstract | Cheese’s shelf life may be shortened by pathogenic and spoilage bacteria, which are prone to contaminating food. This suggests that bio-preservatives may be used during the cheese-making process. So, this research was done to determine how well moringa oil (MO) and its nano emulsion (Nano-MO) work on some food poisoning bacteria inoculated into white cheese in vitro and in vivo. Prepared (Nano-MO) had the Z-average diameter of 76.04±51.13 nm and polydispersity index (PDI) of 0.319. The spherical shape of the generated nano-emulsion was revealed by Transmission Electron Microscope (TEM) and the flow of active functional groups was clarified by Fourier-transform infrared spectroscopy (FTIR). Antibacterial activity of MO and Nano-MO was assessed against reference bacterial strains by using agar well diffusion method. The minimum inhibitory concentration (MIC) of MO and Nano-MO was 3% and 2%, on Listerea monocytogenes, Staphylococcus aureus, Salmonella typhi and E. coli bacteria, respectively. While, in inoculation of MO and Nano-MO in cheese complete reduction of examined bacteria was recorded at 3rd week of storage except for L. monocytogenes Nano-MO killed it at 2nd week. Overall acceptability (OAA) investigations showed better results of Nano-MO than MO. Nano-MO showed a great antibacterial property against different pathogenic bacteria without any effect on the palatability of cheese which make it an excellent choice as a bio preservative.
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			Introduction

			 

			Cheese is considered a rich source of essential nutrients such as protein, vitamins, minerals, short chain fatty acids and some trans fatty acids; it plays an important role in human nutrition in many parts of the world (Khorshidian et al., 2018), but is also prone to contamination by different harmful bacteria; thus the world intended to use preservatives as a critical step in cheese making (Mena  and Pamela, 2020).

			 

			Several studies have been conducted on many plant-derived essential oils (EO) used to prevent pathogenic bacteria from causing significant human diseases (Basuny et al., 2022), these essential oils are environmentally friendly and bio friendly with antioxidants properties and antibacterial properties extend the shelf life and safety of food (Ekpo et al., 2019). 

			 

			One of the most important oils is Moringa oleifera, which is a good source of antioxidants and has many uses, including a natural food supplement and preservative due to its bioactive, antimicrobial , antioxidant properties and has great potential use in functional food formulations that can promote nutritional and health benefits (Anwar et al., 2007; Fabiane et al., 2021).  

			 

			Moringa oil and its palmitic, stearic, and oleic acids make it a promising new potential anti-infective strategy to combat multi-drug resistant pathogenic bacteria such as E.coli, Candida albicans, Enterobacter, Streptococcus, Pseudomonas aeroginosa, Salmonella and S.aureus (Nepolean et al., 2009). However the antibacterial mechanism of MO is still unclear (Haiying et al., 2020).

			 

			Recently, nanotechnology has been introduced in food preservation due to the stability of the liquid dispersion, resulting in interfacial tension between the two liquids wherever they come in contact due to different attractive interactions between the molecules of the two liquid phases. This tension is also reduced by the addition of amphiphilic surfactant molecules (Amin and Das, 2019).

			 

			Therefore, we tried to prepare a nano-emulsion from MO and investigate the differences in the antibacterial activities of MO and Nano-MO against gram-positive (L. monocytogenes and S.aureus) and gram-negative (Sal.typhi and E.coli) bacteria in vitro and in vivo after inoculation in white cheese to see if they have an antibacterial effect and might be used as a natural preservative.

			 

			Materials and method

			 

			Nano-emulsion (NE) preparation

			Preparation of Nano-MO: Moringa olifera oil was purchased from the National Research Center in Egypt’s Moringa oil extraction unit. We bought Tween*80 (polyethylene glycol sorbitan monooleate) from Sigma Aldrich. From the Molecular Biology Unit at Assiut University, deionized water was collected.

			 

			To detect how much EO and surfactants are needed to make the most stable NE in an O/W nano-emulsion of one oil at room temperature varied according to the viscosity of the oil. According to (Tirmiara et al., 2019) the Nano-MO was produced but instead of DMSO, Tween*80 and MO were added in a 1:3 (v/v) ratio, and the mixture was then centrifuged at 500 rpm for ten minutes using a magnetic stirrer. Then it was sonicated at 750W for five minutes at 20 kHz in a USH650 ultrasonicator with a 750 watt max output then filter the NEs at 0.22 m (200 nm), (Elsherif and Al Shrief, 2021).

			 

			Characterization of NEs

			The prepared NEs’ mean droplet size and polydispersity index (PDI) were calculated using dynamic light scattering (DLS) in Unit of Nanotechnology, Giza. Animal Health Research Institute, Egypt. Utilizing a Zeta-Sizer (3000HS, Malven Instruments, Malvern, United Kingdom) at a 173 degree fixed dispersed angle. Three measurements were made at a temperature of 25 degrees Celsius. Zeta-sizer® software (version 7) was used to gather and evaluate the data.  The Chemistry Program at the Science of Faculty, Assuit University made use of infrared spectroscopy using Fourier transform (FTIR, NICOLET, IS10, and Thermo Scientific) to determine the functional groups as well as their modes of attachments and the fingerprint of the molecules. An appropriate approach, such as the potassium bromide pellet method was employed to get samples ready for FTIR. Nujol ponders in a FTIR spectrometer were scanned in the wave number range of 4000- 500-1cm followed by the sample.

			 

			To evaluate the morphology of the produced NEs, the Electronic Microscope Unit at Assuit University used a TEM (JEOL-100CX II).

			 

			Small drop of Nano-MO was applied on 200-mesh copper grids coated at room temperature and the grids were then negatively stained for three hours with uranyl acetate. After three minutes diluted with deionized water and the surplus liquid was dried using Whatman filter paper. 

			 

			Bacterial suspension preparation

			E.coli (ATCC:9637), Sal.typhi (ATTC:19430), S.aureus (ATTC: 29213) and L.monocytogenes (NCTC: 13372 ATTC® 7644) are the bacterial strains examined in this study. They were obtained from licensed food lab at (AHRI), Giza, Egypt and cultivated on selection broth according to (BAM, 2022) for E.coli, (ISO, 2022) for Sal.typhi, (ISO 6888-1: 2021) for S.aureus and (ISO 11290-2:2017) for L.monocytogenes and incubated before being inoculated into selective agar. Each bacterial strain’s pure colonies were injected into 5 ml of saline and evaluation of antibacterial activity of MO and Nano-MO against the examined strains was performed after vortex the bacterial suspension and comparing it to a concentration of 0.5 McFarland Standard as per (McFarland, 1907) then diluted to be justified to 107.

			 

			Evaluation of the antibacterial activity of MO and Nano-MO against bacterial strains (in vitro)

			Approximately 0.1 ml of oil was dissolved in 5.0 ml of DMSO (dimethyl sulfoxide) at a concentration of 200 mg/ml, followed by several dilutions in DMSO to give concentrations from 1%, 2% and 3%.

			 

			Antibacterial assay for different concentrations of MO and Nano-MO was performed by agar well diffusion method using nutrient agar medium with minor modifications according to (Dodiya and Amin, 2015).

			 

			Nutrient agar was poured into petri dishes and allowed to solidify; pathogenic strains (0.1 ml previously prepared tested microorganisms) were applied to the surface of the agar with a sterile cotton band. The plates were allowed to stand for 2 hours at 37°C to saturate the agar with pathogenic strains. A well was made with a cup drill (0.5 cm) and 50 µL of each concentration of MO and Nano-MO was inoculated directly into the well. Plates were incubated at 37°C for 24 hours. After the incubation the zones of inhibition around every well were measured in millimeters. The test was performed in triplicate.

			 

			Anti-bacterial effect of MO and Nano-MO in white cheese (in vivo)

			Cheese was prepared according to (El-Kholy et al., 2016) with slight modification. Fresh buffalo milk was heated at 80°C for 15 seconds, then rapidly cooled to 37°C, 1 ml aliquot of each prepared pathogen suspension was inoculated into 100 ml of pasteurized milk prior to cheese making and initial counting then CaCl2, NaCl and rennet were added with concentrations about 0.02%, 3% and 0,05% (w/v) respectively added. To validate the experiment under perfect a septic conditions cheese lots were divided into negative control (no treatment and tested microorganisms) and positive control (inoculated with E.coli, S.aureus, Sal.typhi and L.monocytogenes alone without treatment). The groups inoculated for each microorganism were divided into two groups (3% MO and 2% Nano-MO). These concentrations were detected using the MIC assay. All experiment was performed at 4°C. For tenfold serial dilution, 25 gm from cheese was added a aseptically to 225 ml of 0.1% peptone water and 1 ml was plated on EMB, Baird Parker, XLD and ALOA agar plates to enumerate E.coli, S.aureus, Sal.typhi and L.monocytogenes, respectively. Plates were incubated for 24 hours at 35°C according to (BAM, 2022) for E.coli, (ISO 6888-1, 2021) for S.aureus, (ISO, 2002) for Sal.typhi and (ISO11290-2, 2017) for L.monocytogenes.

			 

			Organoleptic analysis

			Negative control samples containing 3% MO and 2% Nano-MO were examined by a panel of thirty (30) judges familiar with the sensory characteristics of the cheese based on five attributes: color, taste, smell, texture and over all acceptability using a 9 points hedonic scale. The most acceptable cheese received 9 points and the most un-acceptable received 1 point (Badmos and Abdulsalam, 2012).

			 

			Statistical analysis

			Statistical analysis for all experiment was performed in triplicate. It was performed using GraphPadPrism 5.0 (GraphPad, Inc.,San Diego, USA) and statistical 12.0 (Dell, Inc., Tulsa, USA) to determine the statistical significance of the samples. Bacterial counts were presented as mean ± SE. the data is presented using Microsoft Excel sheet.

			 

			Results and Discussion

			 

			Nowadays people think of food not to fulfill starvation only but they want to anticipate nutrition-related illnesses and make strides consumers’ physical and mental well-being (Roberfroid, 2000). Most of bio preservatives have appeared its ability to minimize the food contamination as well as minimize the frequency of foodborne infections caused by nourishment deterioration microscopic organisms (Mena and Pamila, 2020).

			 

			According to many studies, MO has antimicrobial activity and inhibits many harmful bacteria including S.aureus, E.coli, Pseudomonas aeruginosa and Bacillus subtilis (Saadabi and Zaid, 2011). Its mechanism of action either kills the microorganisms (bactericidal) or inhibits its growth (bacteriostatic), (Lockett and Louis, 2000; Anwar and Rashid, 2007).

			 

			From the data presented in Table (1) it was obvious that the test was done to detect the antibacterial activity of MO and Nano-MO against E.coli and Sal.typhi as gram negative bacteria and there are significance difference of the antibacterial activity between MO and its Nano emulsion. Zones of inhibition of hydrolysate were measured and recorded. The mean of MO inhibition was 27.75±0.04 and 25±0.3 mm at 3% for E.coli and Sal.typhi, respectively. While Nano-MO the means was 30±0.11mm and 27±0.08 at 3% while at 2% it was 28±0.05mm and 26±0.22mm. The MIC for MO and Nano-MO were 3% and 2%. There are significance differences (p < 0.05) between MO and its Nano emulsion for their antibacterial activity. As a result, the prior concentrations used for inoculation in cheese were studied to see if they had any influence on these microorganisms in the food system.

			 

			In Table (2) the data cleared the antibacterial activity of moringa oil and its nano-emulsion against some gram positive bacteria as S.aureus and L.monocytogenes. Zones of inhibition of hydrolysate were measured and recorded. The mean of MO inhibition was slightly higher; it was 29.75±0.5mm and33±0.6mm, respectively for S.aureus and L.monocytogenes. In Nano-MO the means were 31±0.7mm and 37±0.7mm at 3% while, 29±0.2mm and 35±0.5mm at 2%. The MIC for MO and Nano-MO were 3% and 2%, which used in inoculation of S.aureus and L.monocytogenes in white cheese experiment.

			 

			Our findings were similar to (Othman and El-Mongy, 

			Table 1: Antibacterial activity of moringa oil and Nano-MO at different concentrations against E.coli and Sal.typhi by agar well diffusion method.

				Concentrations	Inhibition zone (mm) ± SE
	Moringa oil	Nano-MO
	E.coli	Sal.typhi	E.coli	Sal.typhi
	3%
	27.75±0.04
	25±0.3
	30±0.11
	27±0.08

	2%
	0
	0
	28±0.05*
	26±0.22

	1.5%
	0
	0
	0
	0

	1%
	0
	0
	0
	0




			* Significantly different (P < 0.05).

			 

			 

			Table 2: Antibacterial activity of moringa oil and its nano-emulsion at different concentrations against S.aureus and L.monocytogenes by agar well diffusion method.

				Concentrations	Inhibition zone (mm) ± SE
	Moringa oil	Nano-MO
	S.aureus	L.monocytogenes	S.aureus	L.monocytogenes
	3%
	29.75±0.5
	33±0.6
	31±0.7
	37±0.7

	2%
	0
	0
	29±0.2*
	35±0.5

	1.5%
	0
	0
	0
	0

	1%
	0
	0
	0
	0




			* Significantly different (P < 0.05).

			 

			Table 3: Physical properties of formulated Nano-MO.

				Type	PDI	z-average (d.nm)	size±SD	% of intensity 
	Moringa NEs
	0.319
	48.15
	76.04±51.13
	100%




			 

			2016) who reported that MO had variable antibacterial activity against all tested bacterial strains while (El-Sayed et al., 2017; Ali et al., 2001; El-Gammal et al., 2017) showed that MO had a strong antibacterial activity against gram-positive bacteria than gram-negative one. The diameter zone of inhibition increased about 7 mms against the gram-positive microorganism than the gram-negative ones.

			 

			These findings may be due to the biological precursor of glucosinolate glucomoringin the activated framework of MO which hindered gram-positive bacteria such as L.monocytogenes and S.aureus interfering with cell division and the structure and composition of the layer, actuating oxidative push, influencing cell motility and preventing DNA replication (Wen et al., 2022).

			 

			The better antimicrobial action of Nano-MO may be due to rupture of bacterial cell membrane (Linklater et al., 2020), an exacerbated permeability process that affects cellular metabolism destroys genetic material ions leakage leading to pathogen damage (Doost et al., 2020).

			 

			Nano-MO was prepared as shown in Figure (1) by adding Tween 80, safe surfactant and used in the pharmaceutical and food industries (D’Agostino et al., 2019). In addition 

			high ultrasound intensity produces massive cavitation of small bubbles and more lipophilic hydrophilic micelles leading to a reduction in nano emulsion size (Kumar et al., 2011; Hassanien et al., 2021b).

			 

			[image: 32838.png] 

			Figure 1: difference between MO and its nan-emulsion

			 

			Using the zeta sizer, the PDI was (0.319) indicating the stability of the nano product and the dynamic nano diameter was 48.15 (Table 3). As the PDI of the prepared NEs was less than 0.5 it showed stability and good homogeneity and the surfactant ratio was used to prevent from coalescing at room temperature and for long time. Moreover since PDI indicates droplet size homogeneity in nano-emulsion, the higher value of PDI, the lower uniformity of droplet size of NEs. In addition, DLS analysis is not suitable for samples with a very wide size distribution and a PDI value greater than 0.7 (Nirmala et al., 2020; Elsherif and Al Shrief, 2021).

			 

			FTIR used to detect functional groups and their attachment methods and molecular fingerprinting. The energy difference (E) between the excited and ground states of the molecules is used in IR spectroscopy (Tatiana et al., 2013). The interaction between surfactant (Tween 80) and EO to convert it to NE can be seen in the difference of this peak (Shakeel et al., 2008). In addition the aromatic bond is crucial, it determines the stability of the generated NE by saturation or if unsaturated it also shows the aromatic substitution pattern. The inclusion of other functional groups and the differences in the peaks of NEs can be the main reasons for their nano properties, stability and antibacterial activity. 

			 

			TEM was presented as spherical, dispersed without aggregation or agglomeration or aggregation in nano form. This confirms the effectiveness of Nano-MO against the investigated microorganisms (Figure 2). TEM results of the prepared NEs showed sufficient degradation ability which was consistent with DLS test results. These results were almost similar to (Justina and Syurya, 2018; Tirmiara et al., 2019) who found that loaded Eos of the NEs had a spherical form and were mono or dispersed with a regular distribution. In addition, the shape and size of NEs allowed them to penetrate the bacterial cell wall and increasing the antibacterial inhibition (Athikomkulchai et al., 2021).
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			Figure 2: TEM image of spherical Nano-MO with an average size 24.1 nm

			 

			The formed NEs in this investigation showed a tiny DP, which was essentially identical to those reported by Hassanien et al (2021a).

			 

			Cheese can contain harmful and multi-resistant strains that represent an open health risk such as E.coli (Imre et al., 2022) and also Salmonella spp. which are the most common pathogenic microscopic organisms in humans and animals and cause salmonellosis (Jones et al., 2004). Also, the listeriosis risk per serving of soft-ripened cheeses made from unpasteurized milk is also estimated to be high (Nüesch-Inderbinen et al., 2021). S.aureus was found in many of the soft cream cheese samples tested and its high count may an index of enterotoxin production leading to cases of food poisoning (Carmo et al., 2002; Johler et al., 2015). These findings highlight the need for stricter hygiene practices and using of natural preservatives to prevent microbial contamination, especially for traditional cheese. 

			 

			White cheese which was manufactured from raw milk after boiling in the laboratory and inoculated with the MIC detected in vitro as following 3% for MO and 2% for Nano-MO to see if these concentrations had any influence in the food system. These concentrations revealed good result in reduction count of E.coli, (Figure 3) the reduction started from the 3rd day and the microorganism was killed at 3rd week. Also, for Sal.typhi, the reduction appeared obviously from the first week (Figure 4).
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			Figure 3: The efficacy of moringa oil and Nano-MO against E.coli inoculated in white cheese.
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			Figure 4: The efficacy of moringa oil and Nano-MO against sal.tphi inoculated in white cheese.

			Count of S.aureus during the storage of cheese in refrigerator completely disappeared at 2nd week in MO treatment and at 3rd week for Nano-MO (Figure 5). While in L.monocytogenes the Nano-MO killed it at 2nd week (Figure 6).

			 

			[image: Image147977432.PNG]Figure 5: The efficacy of moringa oil and Nano-MO against S.aureus inoculated in white cheese.

			[image: Image147981934.PNG]Figure 6: The efficacy of moringa oil and Nano-MO against L.monocytogenes inoculated in white cheese.
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			Figure 7: Organoleptic of MO and Nano-MO in laboratory manufactured white cheese.

			OAA: Over All Acceptability

			 

			The reduction in bacterial count of cheese treated MO may be related to the presence of several bioactive components in moringa plant such as flavonoids, phenolic, alkaloids, terpenoids and steroids. These antibacterial substances inhibiting the enzyme bound membrane activity or disrupt microorganism’s DNA for some pathogenic bacteria (Bennett et al., 2003; Li-Weber, 2009).      

			 

			Several types of nano composites have been classified based on their stability and small droplet sizes of 20-200 nm (Solans et al., 2003). In addition, increasing the ratio of surfactant to Eos increases the surface area and reduces stress, increasing the interaction surface area, thermodynamic stability and bioavailability, all of which NE an effective food preservative. The use of MO for fortification of dairy products such as cheese has been reported at various concentrations up to approximately 3% (He et al., 2010; Hekmat et al., 2015; Kuikman and O’Connor, 2015; Salem et al., 2013) and lead to increase texture, flavor and shelf life of cheese (Fatma et al., 2018). 

			 

			Moringa oil and its nano emulsion were different in OAA with control one and that may returned to the nature of Nano-MO which is white in color as the color of cheese that made them has no color effect in cheese. In addition, the nano-emulsion nearly have not any taste so; there is no effect on taste of manufactured cheese, that reflect the agreement in OAA with control while  the application of MO has slightly nutty flavor and yellow color (Figure 7). In spite that (Haiying et al., 2020) showed that MO addition in cheese could effectively extend shelf life without affecting sensory evaluation. 

			 

			Conclusion and recommendations

			 

			This study was aimed to detect the efficiency of MO and Nano-MO as anti-bacterial compound against some food borne pathogens and it was found that 2% of Nano emulsion of moringa oil could prevent (E.coli and Sal.typhi) as gram negative bacteria and (S.aureus and L.monocytogenes) as gram positive bacteria growth with significant zones of inhibition. Also, in cheese could reduce the count of tested organisms as early as the 2nd and 3rd week of storage. The findings revealed that 2% of Nano-MO suspension improved the shelf life and providing good consumer satisfaction; therefore should be used as a natural additive in Egyptian dairy products.

			 

			Acknowledgment

			 

			The authors express our great gratitude and appreciation to Prof. Dr. Walaa M. Elsherif of the food nanotechnology unit, Animal Health Research Institute, Agriculture Research Centre, Egypt. For preparing and characterizing nano materials and her contribution to this study. 

			 

			Conflict of interest

			 

			No conflict of interest. 

			 

			novelty statement

			 

			The research sheds light on moringa oil and its nano- emulsion with the perfect concentration and the technique used in preparation of nano emulsion is new.

			 

			authors contribution

			 

			All authors contributed to the study conception and design. Material preparation, data collection and analysis were performed by Dina Nour- Eldin Ali ,Sayed el Habtey and Manal M. Amin. The first draft of the manuscript was written by Dina Nour- Eldin Ali and all authors commented on previous versions of the manuscript. All authors read and approved the final manuscript.

			 

			References

			 

			Ali NA, Jülich WD, Kusnick, C, Lindequist, U (2001). Screening of Yemeni medicinal plants for antibacterial and cytotoxic activities. J. Ethno Pharmacol. 74: 173-9. https://doi.org/10.1016/S0378-8741(00)00364-0

			Amin N, Das BA (2019). Review on Formulation and Characterization of Nano emulsion. Int. J. Curr. Pharmaceut. Res. 2019; 11(4):1-5. https://doi.org/10.22159/ijcpr.2019v11i4.34925

			Anwar F, Rashid U (2007). Physico-chemical characteristics of Moringa oleifera seeds and seed oil from a wild provenance of Pakistan. Pak J. Bot; 39,1443-53.

			Anwar FS, Ashraf LM, Gilani AH (2007). Moringa oleifera: A Food Plant with Multi-Purpose Uses. Phytother. Res. 2007; 21:17-25. https://doi.org/10.1002/ptr.2023

			Athikomkulchai S, Tunit P, Tadtong S, Jantrawut P, Sommano SR, Chittasupho C (2021). Moringa oleifera Seed Oil Formulation Physical Stability and Chemical Constituents for Enhancing Skin Hydration and Antioxidant Activity. Cosmetics 2021, 8, 2. https://doi.org/10.3390/cosmetics8010002

			Bacteriological Analytical Manual (BAM) (2022). Chapter 4: Enumeration of Escherichia coli and the coliform bacteria. Main page/ food/ laboratory methods-food/ bacteriological analytical manual (BAM). 

			Badmos AA, Abdulsalam K (2012). Comparative Evaluation of Cheese Samples Treated with Honey and Thyme Solutions. J. Agric. Res. Develop. 2012.11 (1): 327-332.

			Basuny AM , Manar HA, Shimaa KA, Moustafa A Aboel-Ainin (2022). Antioxidant and Antibacterial Influences of some Plant Leaves Cell sap. Scient. J. Agric. Sci. 4 (1): 152-160, 2022.Print (ISSN 2535-1796) / Online (ISSN 2535-180X) https://doi.org/10.21608/sjas.2022.138732.1228.

			Bennett R N, Mellon F A, Foidl N (2003). Profiling glucosinolates and phenolics in vegetative and reproductive tissues of the multi-purpose trees Moringa oleifera L. (Horseradish Tree) and Moringa stenopetala L. J. Agri. Food Chem. 5 1 3546-53. https://doi.org/10.1021/jf0211480

			Carmo LS, Dias RS, Linardi VR, Sena MJ, Santos DA, Faria ME, Pena EC, Jett M, Heneine LG (2002). Food poisoning due to enterotoxigenic strains of Staphylococcus present in Minas cheese and raw milk in Brazil. Food Microbiol. 19: 9–14. https://doi.org/10.1006/fmic.2001.0444

			D’Agostino M, Tesse N, Frippiat J, Machouart M, Debourgogne A, Agostino D (2019). Essential oils and their natural active compounds presenting antifungal properties. Molecules. 24: 3713. https://doi.org/10.3390/molecules24203713

			Dodiya B,  Amin B (2015). Antibacterial activity and phytochemical screening of different parts of Moringa oleifera against selected gram positive and gram negative bacteria. J. Pharmaceut. Chem. Biol. Sci., 3: 421-425.

			Doost AS, Nasrabadi MN, Kassozi V, Nakisozi H, Van der MP (2020). Recent advances in food colloidal delivery systems for essential oils and their main components. Trends Food Sci. Technol., 99: 474–486. https://doi.org/10.1016/j.tifs.2020.03.037

			Ekpo JS,  Udoma NU, Sam IM, Eyoh GD (2019). Impact of Moringa oleifera Seed extract (MSE) on bacterial load and sensory evaluation of raw milk. Int. J. Vet. Sci. Anim. Husband. 2019; 4(1): 45-49.

			El-Gammal RE, Abdel-Aziz ME, Darwish MS (2017). Utilization of Aqueous Extract of Moringa oleifera for Production of Functional Yogurt. J. Food Dairy Sci., Mansoura Univ., Vol. 8 (1): 45- 53, 2017 https://doi.org/10.21608/jfds.2017.37114

			El-Kholy W, Abd El-Khalek AB, Mohamed SH, Fouad MT, Kassem JM (2016). Talaga cheese as a new functional dairy product. American J. Food Technol., 11: 182–192. https://doi.org/10.3923/ajft.2016.182.192

			El-Sayed SM, El-Sayed HS, Salama HH, Abo El-Nor SAH  (2017). Improving the nutritional value and extending shelf life of labneh by adding Moringa oleifera oil. Int. J. Dairy Sci., 12: 81-92. https://doi.org/10.3923/ijds.2017.81.92

			Elsherif WM,  Al Shrief  LM  (2021). Effects of three essential oils and their nano emulsions on Listeria monocytogenes and Shigella flexneri in Egyptian Talaga cheese. Int. J. Food Microbiol., 355.  https://doi.org/10.1016/j.ijfoodmicro.2021.109334.

			Fabiane H, Maria Rosa TZ, Paula GM (2021). Moringa oleifera potential as a functional food and a natural food additive: a biochemical approach. Health Sciences.  An. Acad. Bras. Ciênc. 93 (suppl 4) • 2021 • https://doi.org/10.1590/0001-3765202120210571.

			Fatma AMH, Ali KE, Mona AM, Abd El-Gawad NS, Abd R, Hoda SE, Aboelfetoh MA (2018). Production of Healthy Functional Soft White Cheese Using Moringa oleifera Oil. Pakistan J. Biolog. Sci. · January 2018

			Haiying C, Hong L, Chang-Zhu L, Mohamed AA (2020). Inhibition effect of moringa oil on the cheese preservation and its impact on the viability, virulence and genes expression of Listeria monocytogenes. December 2020.Lebensmittel-Wissenschaftund- Technologie 134(2):  110163. https://doi.org/10.1016/j.lwt.2020.110163.

			Hassanien AA, Elsherif WM, Hamed R, Hussein AAA (2021a). Suppression effect of thyme and carvacrol nano-emulsions on Aspergillus fumigatus isolated from patients in the intensive care unit of Assiut University Hospital, Egypt. Int. J. One Health.,  7(1): 116–121 https://doi.org/10.14202/IJOH.2021.116-121

			Hassanien AA, Shaker EM, El-Sharkawy EE, Elsherif WM  (2021b). Antifungal and antitoxin effects of propolis and its nanoemulsion formulation against Aspergillus flavus isolated from human sputum and milk powder samples, Vet. World., 14(9): 2306-2312. doi: www.doi.org/10.14202/vetworld.2021.2306-2312

			He Y, Ren A, Liao W (2010). Study on the Moringa oleifera Yogurt, Storage Process 5.

			Hekmat S, Morgan K, Soltani M, Gough R (2015). Sensory evaluation of locally-grown fruit purees and inulin fibre on probiotic yogurt in Mwanza, Tanzania and the microbial analysis of probiotic yogurt fortified with Moringa oleifera. J. Health Popul. Nutr. 33 60-67

			Imre K, Ban-Cucerzan A, Herman V, Sallam KI, Cristina RT, Abd-Elghany SM, Morar D, Popa SA, Imre M, Morar A (2022). Occurrence, Pathogenic Potential and Antimicrobial Resistance of Escherichia coli Isolated from Raw Milk Cheese Commercialized in Banat Region, Romania. Antibiotics. 2022, 11, 721. https://doi.org/10.3390/antibiotics11060721.

			ISO (2002). International organization for standardization. No.6579. Microbiology of food and animal feeding stuffs -Horizontal methods for detection of Salmonella species.

			ISO 11290-2 (2017). Procedure steps for Listeria monocytogenes and Listeria spp. isolation and enumeration according to the revised EN ISO 11290-1, 2, 2017 standard. https://www.sigmaaldrich.com/technical-documents/ articles/ microbiology/listeria-detection-food-chain-iso-11290.html.

			ISO 6888-1 (2021). International Organization for Standardization, 2021. Microbiology of Food and Animal Feeding Stuffs-Horizontal Method for the Enumeration of Coagulase-positive Staphylococci (Staphylococcus aureus and Other Species)- Part 1: Technique Using Baird-Parker Agar Medium.

			Jones WP, Waston RP, Wallis ST (2004). Salmonellosis in Andrews HA, Blowey WR, Boyd H, Eddy GR, Bovine Medicine: Diseases and Husbandry of cattle.2nd, UK: Black well Science; pp 215-230. https://doi.org/10.1002/9780470752401.ch15

			Johler S, Weder D, Bridy C, Huguenin MC, Robert L, Hummerjohann J, Stephan R (2015). Outbreak of staphylococcal food poisoning among children and staff at a Swiss boarding school due to soft cheese made from raw milk. J. Dairy Sci., 98(5): 2944–2948. https://doi.org/10.3168/jds.2014-9123

			Justina N, Wan S (2018). Production of Nanoemulsion from Moringa Oleifera Extract. In: 1st International Conference on Chemistry, Pharmacy and Medical Sciences (ICCPM), 27 - 28 November 2018, Bengkulu, Indonesia.

			Khorshidian, N, Yousefi, M, Khanniri, E, Mortazavian, AM (2018). Potential application of essential oils as antimicrobial preservatives in cheese. Innov. Food Sci. Emerg. Technol. 45: 62–72. https://doi.org/10.1016/j.ifset.2017.09.020

			Kuikman M, O’Connor CP (2015). Sensory evaluation of Moringa probiotic yogurt containing banana, sweet potato or avocado. J. Food Res. 4 165-171. https://doi.org/10.5539/jfr.v4n5p165

			Kumar B, Jain SK, Prajapati SK (2011). Effect of penetration enhancer DMSO on in-vitro skin permeation of acyclovir transdermal microemulsion formulation. Inter. J. Drug Deliv., 83-94. https://doi.org/10.5138/ijdd.2010.0975.0215.03057

			Linklater DP, Baulin VA, Le Guével X, Fleury J, Hanssen E, Nguyen THP, Juodkazis S, Bryant G, Crawford RJ, Stoodley P, et al., (2020). Antibacterial Action of Nanoparticles by Lethal Stretching of Bacterial Cell Membranes. Adv. Mater. 32: e2005679.1-15. https://doi.org/10.1002/adma.202005679

			Li-Weber M (2009). New therapeutic aspects of flavones: the anticancer properties of Scutellaria and its main active constituents Wogonin, Baicalein and Baicalin. Cancer Treat. Rev. (35):57-68. https://doi.org/10.1016/j.ctrv.2008.09.005

			Lockett TC, Louis E, Grivetti C (2000). Energy and micronutrient composition of dietary and medicinal wild plants consumed during drought. Study of rural Fulani, Northeastern Nigeria. Int. J. Food Sci. Nutrit. 51: 195-208. https://doi.org/10.1080/09637480050029700

			McFarland J (1907). Nephelometer: an instrument for media used for estimating the number of bacteria in suspensions used for calculating the opsonic index and for vaccines. J. Am. Med. Assoc. 14, 1176–1178. https://www.dalynn.com/dyn/ ck_assets/files/tech/TM59.pdf. https://doi.org/10.1001/jama.1907.25320140022001f

			Mena R,  Pamela M (2020). Natural Preservatives from Plant in Cheese Making. From: Animals (Basel)(Vol. 10, Issue 4).Publisher: MDPI AG. https://doi.org/10.3390/ani10040749

			Nepolean P, Anitha J, Renitta RE (2009). Isolation, analysis and identification of phytochemicals of antimicrobial activity of Moringa oleifera Lam. Curr. Biotica., 3: 33-39.

			Nirmala MJ, Durai L, Rao KA, Nagarajan R (2020). Ultrasonic nanoemulsification of Cuminum cyminum essential oil and its applications in medicine. Int. J. Nanomed. 15: 795–807. https://doi.org/10.2147/IJN.S230893

			Nüesch-Inderbinen M, Bloemberg GV, Müller A, Marc JA, Stevens JA, Cernela N, Koll¨offel B,  Stephan R (2021). Listeriosis caused by persistence of Listeria monocytogenes serotype 4b sequence type 6 in cheese production environment. Emerg. Infect. Dis., 27 (1): 284–288. https://doi.org/10.3201/eid2701.203266.

			Othman AS, El-Mongy MA (2016). Characterization and Antimicrobial Effect of Moringa Oleifera and Moringa Peregrina Essential oils Against Some Pathogenic bacteria. Egypt. J. Bot., 56(3): 913-924. https://doi.org/10.21608/ejbo.2016.4024

			Roberfroid MB (2000). Concepts and strategy of functional food science: The European perspective. Am. J. Clin. Nutr. 2000, 71: 1660s–1664s. [PubMed]. https://doi.org/10.1533/9781855736436.1.9

			Saadabi AM, Zaid IA (2011). An in vitro antimicrobial activity of Moringa oleifera L. seed extracts against different groups of microorganisms. Australian J. Basic Appl. Sci. 5: 129-34.

			Salem AS, Salama WM, Hassanein A, El Ghandour H (2013). Enhancement of nutritional and biological values of Labneh by adding dry leaves of Moringa oleifera as innovative dairy products World Appl. Sci. J. 22 1594-1602.

			Shakeel F, Baboota S, Ahuja A, Ali J, Aqil M, Shafiq S. (2008). Stability evaluation of celecoxib nanoemulsion containing tween 80. Thai J. Pharm. Sci. 2008; 32:4-9

			Solans C, Esquena J, Forgiarini AM, Uson N, Morales D, Izquierdo P, et al., (2003). Nanoemulsions: formation, properties and applications. J. Surf. Sci. Ser. 109, 525e54. https://doi.org/10.1201/9780203910573.ch25

			Tatiana M, Filomena N, Emilia M, Florinda F (2013). Chemical omposition and Biological Activity of the Essential Oil from Leaves of Moringa oleifera Lam. Cultivated in Mozambique. Molecules., 18: 10989-1000. https://doi.org/10.3390/molecules180910989

			Tirmiara N, Reveny J, Silalahi J (2019). Formulation and Evaluation of Moringa Seed Oil Nanoemulsion Gel. Asian J. Pharmaceut. Res. Develop., 7(6): 1-5. https://doi.org/https://doi.org/10.22270/ajprd.v7i6.619.

			Wen Y, Li W, Su R, Yang M, Zhang N, Li X, Li L, Sheng J, Tian Y (2022). Multi-Target Antibacterial Mechanism of Moringin From Moringa oleifera Seeds Against Listeria monocytogenes. Front. Microbiol. 13:925291. https://doi.org/10.3389/fmicb.2022.925291

			 

		

	OEBPS/image/814.png
OPEN 8 ACCESS Advances in Animal and Veterinary Sciences

Research Article

Gheck for
updates.

A New Approach in using Moringa Oil (Mo) and Nano-Mo as a Bio
Preservative in White Cheese
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Abstract | Cheese’s shelf life may be shortened by pathogenic and spoilage bacteria, which are prone to contaminating
food. This suggests that bio-preservatives may be used during the cheese-making process. So, this research was done
to determine how well moringa oil (MO) and its nano emulsion (Nano-MO) work on some food poisoning bacteria
inoculated into white cheese in vitro and in vivo. Prepared (Nano-MO) had the Z-average diameter of 76.04:51.13
nm and polydispersity index (PDI) of 0.319. The spherical shape of the generated nano-emulsion was revealed by
Transmission Electron Microscope (TEM) and the flow of active functional groups was clarified by Fourier-transform
infrared spectroscopy (FTIR). Antibacterial activity of MO and Nano-MO was assessed against reference bacterial
strains by using agar well diffusion method. The minimum inhibitory concentration (MIC) of MO and Nano-MO
was 3% and 2%, on Listerea monocytogenes, Staphylococcus aureus, Salmonella typhi and E. coli bacteria, respectively. While,
in inoculation of MO and Nano-MO in cheese complete reduction of examined bacteria was recorded at 3 week of
storage except for L. monocytogenes Nano-MO killed it at 2 week. Overall acceptability (OAA) investigations showed
better results of Nano-MO than MO. Nano-MO showed a great antibacterial property against different pathogenic
bacteria without any effect on the palatability of cheese which make it an excellent choice as a bio preservative.
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INTRODUCTION Several studies have been conducted on many plant-de-
rived essential oils (EO) used to prevent pathogenic bacte-
heese is considered a rich source of essential nutri- ria from causing significant human diseases (Basuny et al.,
ents such as protein, vitamins, minerals, short chain 2022), these essential oils are environmentally friendly and
fatty acids and some trans fatty acids; it plays an impor- ~bio friendly with antioxidants properties and antibacterial
tant role in human nutrition in many parts of the world properties extend the shelf life and safety of food (Ekpo et
(Khorshidian et al., 2018), but is also prone to contamina- ~ al., 2019).
tion by different harmful bacteria; thus the world intend-
ed to use preservatives as a critical step in cheese making One of the most important oils is Moringa oleifera, which
(Mena and Pamela, 2020). is a good source of antioxidants and has many uses, in-
cluding a natural food supplement and preservative due
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