


Antibacterial Potential of Punica granatum, Rhus coriaria and Vitis vinifera Extracts against Milk Contaminating Bacteria 

Abstract The milk contained various species of bacteria. Four tubes were used, with one ml in each, and the milk was to be sold in the local market. To determine bacteria that could be present in these samples, they were incubated (cultured) in agar plates in the laboratory. Microorganisms reviewed included Staphylococcus aureus and some Gram-negative bacteria, such as Escherichia coli, Salmonella typhi, and Pseudomonas aeruginosa. The bacterial isolates were tested in the Vitek2 Compact system to determine the sensitivity of three different extracts: pomegranate peel (Punica granatum), sumac seed (Rhus coriaria), and black grape seed (Vitis vinifera). The findings were that the resistance was greatest in Staphylococcus aureus, and the moderate effect was shown in E. coli resistance juxtaposition; P. aeruginosa, and S. typhi exhibited the lowest sensitivity to the plant extracts. The extracts were also tested in pasteurized milk, where they recorded a significant capacity to retard bacterial growth against control samples, thereby enabling the extension of the shelf life of the milk. The extracts were also evaluated in pasteurized milk, where they showed a strong capacity to delay the growth of bacteria in comparison to the control samples, thus increasing the shelf life of milk. The outcomes are in favor of the fact that these plant extracts can be used as natural and effective antimicrobial agents and thus help to inhibit the process of food spoilage and provide the means of promising prospects of their use as natural preservatives in different products. The aim of conducting the study was to determine the viability of the use of plant extracts and their bioactive constituents as an alternative to conventional preservatives.
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Introduction
     Milk and dairy products are the essential elements of the human diet that is abundant in important nutrients like high-quality proteins, calcium, phosphorus, and vitamins B2 and B12, which play a significant role in growth, bone development, and overall health in any demographic population [1]. The nutritional value of cow’s milk, which is composed of about 87 percent water, 4.6 percent lactose, 4.2 percent fat, 3.4 percent protein and 0.8 percent minerals, will turn it not only into a healthy food but also a perfect medium to nourish the microbes [2]. Milk composition may be affected by factors like farming practices, lactation stage, seasonal variations, nevertheless, insufficient processing and improper sanitation practices remain the major causes of high bacterial loads of milk and on processing equipment [3, 4]. It is important to remember that the content of milk can be subject to frequent changes by virtue of many factors, such as but not limited to, the breeding work of cows, the feeding protocols applied to them, the techniques used to manage them, not mentioning the phase of lactation and the existing seasonal conditions at any point of time However, it is critical to note that poor processing and poor sanitation methods in the whole process may lead to high contents of bacteria not only in milk but also in the surfaces which milk comes in contact [3,4]. The high protein level in milk along water activity provides a favorable condition to the accelerated growth of bacterial causing the milk to spoil in the end. Milk that turns bad makes these milk products not only becomes unfit for human consumption but also leads to significant financial losses by stakeholders. The manufacturing and consumption processes of milk are  consisting of food safety risks that should be taken seriously [5]. Food Poisoning still remains to be one of the most common causes of illness and even death especially in developing countries. Most of the documented food poisoning cases have been linked to bacteria mostly cases involving pathogenic strains of the gram-negative bacteria such as Salmonellae,  Pseudomonas aeruginosa and Escherichia coli [6]. Other gram-positive bacteria, including Staphylococcus aureus  has also similarly been recognized as etiological causes responsible factor for foodborne illnesses and food deterioration. The utilization of chemical preservatives has traditionally functioned to prevent degradation and its corresponding etiological factors. Despite the established efficacy of these chemical preservatives in alleviating and controlling foodborne illnesses, their continuous use starting from addition of chemical residues within the food supply and animal feed has led to the development of bacterial resistance to the employed chemicals, and the emergence of non-toxic adverse effects associated with these compounds , on human health [7]. The present study aims to investigate effect of alternative  preservatives safety of cow milk and future considerations.

Methodology 
Plant materials
  Pomegranate seeds ( Punica granatum), sumac seeds ( Rhus coriaria) and grape seeds ( Vitis vinifera) were purchased in local markets, Iraq, in January 2022. The plant samples were collected, thoroughly washed, and subsequently dried in an oven at a temperature of 50°C until achieving a consistent moisture content [8]. Thereafter, they were ground into a fine powder. The seeds and peels of the botanical specimens were cleaned, powdered, and stored in airtight containers for later use. 
The preparation of alcoholic extract of Punica granatum peels and Rhus coriaria 
   The alcoholic extract obtained from the peels of Punica granatum and Rhus coriaria were prepared using the methodology delineated in reference [9] albeit with several modifications. A total of 20 grams of desiccated powder was employed, combined with 400 ml of ethanol, and subjected to a water bath maintained at temperatures of 45°C and 100°C, with a stirring speed of 100rpm for a duration of five hours .The resulting mixture was centrifuged at a rotational speed of 3000 rpm for 10 minutes, after which the extract underwent filtration utilizing (Whatman filter paper No. 2), extracts were concentrated employing a rotary evaporator  under reduced pressure with a temperature of 45°C to aid solvent removal, after which the extract was dried in an electric oven at a regulated temperature of 40°C and subsequently stored in a refrigerator conserved at 4ºC until use. 
The preparation of alcoholic extract of Vitis vinifera seeds 
Grape seeds were purchased in local commercial sources. The powdered Vitis vinifera seeds were defatted using maceration. The defatted Vitis vinifera seeds powder (20g) was added to a solvent mix of methanol, water and acetic acid in the ratio of (90:9.5:0.5) and placed in water bath for 72 hrs. Extraction was done through maceration [10].

Bacterial Identification
Bacterial isolates from milk samples were identified using the Vitek 2 Compact system (bioMérieux, France), confirming the presence of ( S. aureus, E. coli, S. typhi, and P. aeruginosa).
Utilization of plant extracts to unpasteurize cow's milk. 
The natural cow's milk was distributed into four equivalent portions. One sample was kept as a control, and the other three treated with extracts of 3000 ppm of Punica granatum, Rhus coriaria and Vitis vinifera respectively. The concentration was determined based on that of sodium benzoate, which was utilized as a preservative at a concentration of 0.03% or 3000 ppm. All samples were incubated at a heat of 25°C for a duration of six hours after which they were assessed for total coliform and microbial counts [11].
Total Number of Microorganisms
  After six hours at room temperature, the total microbial sums of fresh cow milk and samples tested with three extracts (Pomegranate punicaceae peels, Rhus coriaria seeds, and Vitis vinifera seeds) at a concentration of (50,100) mg/ml were measured. After using plate count agar medium than incubated at 30°C for 48 hours the colony-forming units were used to directly compute the total microbial count. [12]. 
Antibacterial effect of Plant Extracts  
  The assessment of  Minimum Bactericidal Concentration (MBC) and Minimum Inhibitory Concentration (MIC) of methanolic extracts was done against certain bacteria by using broth dilution technique. The growth results of various bacterial samples at different concentrations of the extracts provide a clearer understanding of the inhibitory effects of  plant extracts, sumac extract exhibited the most significant antibacterial activity against all tested bacteria, displaying effect of concentration (ranging from 25, 50, and 100 mg/ml, respectively). of the organisms examined, Staphylococcus aureus was the most susceptible, displaying MIC and MBC values of 50–100 mg/mL. Overall, gram-negative strains exhibited stronger resistance than their gram-positive counterparts; Pseudomonas aeruginosa emerged as the most resistant organism, tolerating up to 100 mg/mL of disinfectant [13]. 
Antibacterial  Assay  
 Antimicrobial effectiveness of plant extracts was assessed using the disk diffusion technique on Mueller-Hinton agar medium . To evaluate the influence of the three extracts on specific isolates, a smear of bacteria was applied to the medium’s surface in three different directions to ensure an equitable distribution was established. The sterile filter discs (Whatman No. 3, diameter of 6 mm and tract concentrations ranging from 50 to 100 mg/mL then positioned onto three layers) were loaded with 100 μl of the stock solutions from each inoculated plates. Discs that were saturated with distilled water and organic solvents aided as negative controls; thereafter, the plates were refrigerated for one hour to facilitate the diffusion of the extracts, followed by incubation at 37°C for a period of 24 hours on Mueller-Hinton agar. Upon completion of the incubation period, the zones of inhibition surrounding the discs were quantified in millimeters, incorporating the diameter of the disc (6 mm) into the measurements [14]. 

Results
[bookmark: _Hlk104110917]   The findings showed that the extracts had different levels of antibacterial action (Table 1, Figure 1). Pomegranate extract was the most effective which demonstrated a broad spectrum activity. It formed huge inhibition areas (25-30 mm) with all the bacteria being tested at 100 mg/mL. Sumac extract was very effective at 50mg /mL (25 mm) against S. aureus and inactive against gram-negative bacteria at 50mg /mL (25 mm). It had moderate activity against gram-negative bacteria (20 mm) at the concentration of 100 mg/mL. The least effective was grape seed extract, which exhibited only modest activity against S. aureus at 50 mg/mL (20 mm) and weak and uniform activity (13-15 mm) against all bacteria at 100 mg/mL. 
Table 1: Antibacterial activity of some plant extract against bacteria that cause milk contamination  
	Inhibition zones (mm)

	Plant Extracts
	Concentration

.                        mg/ml

	Gram(+ve) bacteria
	Gram(−ve) bacteria

	
	
	Staphylococcus aureus
	Escherichia coli
	Salmonella typhi
	Pseudomonas aeruginosa

	Punica granatum
	50
	30
	15
	0
	0

	
	100
	15
	30
	25
	25

	Rhus coriaria
	50
	25
	0
	0
	0

	
	100
	15
	20
	20
	20

	Vitis vinifera
	50
	20
	0
	0
	0

	
	100
	13
	13
	15
	15



Inhibition zones (mm)


 Figure 1.1 Antibacterial activity  of some plant extract against bacteria that cause milk caw  contamination  
Shelf-Life Extension in Milk
Untreated milk exhibited spoilage (e.g., coagulation, off-odors) after 4-7 days in storage conditions at 4ºC and at 25+2ºC. Conversely, milk to which any of the three plant extracts was applied did not exhibit any signs of spoilage or formation of granules over a period of up to 20 days in the same conditions. It is noteworthy that this paper considered microbial stability; how these extracts influence the sensory characteristics (taste, aroma, color) of the milk was not assessed and is a future research topic. 
Discussion 
   The findings align with the known structural differences between bacterial types. Gram-negative bacteria (E. coli, S. typhi, P. aeruginosa) are more likely to resist this effect because they have a complex outer membrane that serves as a barrier to hydrophobic compounds and antibiotics [17, 18]. The fact that S. aureus (gram-positive) is more susceptible may be explained by its single, thick layer of peptidoglycan.

The high efficacy of pomegranate peel extract, it can be attributed to high levels of antimicrobial phenolic compounds, including punica galagins, ellagic acid and flavonoids, which interfere with microbial cell membranes [9]. The excellent performance of the sumac extract, especially in high concentration is associated with the high level of phenolic acids and tannins, as established in past studies [9, 21]. This reduced activity of grape seed extract, though containing proanthocyanidin, could be connected to the extraction efficiency, or the composition of the seeds utilized [22, 23].

The practical applicability of such extracts is supported by the fact that the extension of the shelf life of milk was successful without spoiling or physical modifications such as granulation. This is especially applicable in areas where cold chain problem exists such as Iraq. These findings are in agreement with other research findings that advocate the use of herbal extracts as natural food preservatives [15, 16, 21]. The decreased efficacy of sumac against S. aureus in higher concentration (100 mg/mL) in our study than in its effect at lower concentration (50 mg/mL) should be investigated further on the possible compound-interactions at high concentrations.

The practical applicability of such extracts is supported by the fact that the extension of the shelf life of milk was successful without spoiling or physical modifications such as granulation. This is especially applicable in areas where cold chain problem exists such as Iraq. These findings are in agreement with other research findings that advocate the use of herbal extracts as natural food preservatives [15, 16, 21]. The decreased efficacy of sumac against S. aureus in higher concentration (100 mg/mL) in our study than in its effect at lower concentration (50 mg/mL) should be investigated further on the possible compound-interactions at high concentrations.
Conclusion
Punica granatum peel extracts, Rhus coriaria seeds extracts, and Vitis vinifera seeds extracts are found to have high antibacterial activity against major milk contaminants. Pomegranate extract had the strongest and widespread effects. Each extract was effective in prolonging the shelf life of milk against the growth of microorganisms. This research results in the utilisation of these plant extracts as the natural and efficient substitute of synthetic preservatives in food industry that can possibly decrease the circulation of health risks, add resistance to microorganisms. The work should be optimized in the future, the sensory effects should be assessed, and the safety tests should be performed in vivo.
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S. aureus	50	100	50	100	50	100	Punica granatum	Rhus coriaria             	Vitis vinifera	30	15	25	15	20	13	E. coli.                                                    	50	100	50	100	50	100	Punica granatum	Rhus coriaria             	Vitis vinifera	15	30	0	20	0	13	S.                          typhi      	50	100	50	100	50	100	Punica granatum	Rhus coriaria             	Vitis vinifera	0	25	0	20	0	15	P. aeruginosa	50	100	50	100	50	100	Punica granatum	Rhus coriaria             	Vitis vinifera	0	25	0	20	0	15	



