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Abstract                                                                                                     
Plants are known to secret secrete substances under stress or in defense against pathogens. These are known as phytochemicals, and this property of plants can also be exploited for controlling microbial growth also. The purpose of the study is to find determine the efficacy of natural plant extract as a food preservative. Cinnamomum zeylanicum is one of the oldest plants known for its culinary uses. It is known for its various biological functions like anti- inflammatoryanti-inflammatory, anti- carcinogenicanti-carcinogenic, anti-mutagenic, and as a strong antioxidant. Its bark consists of various phytochemicals like trans-cinnamaldehyde, eugenol, and linalool comprising 82.5% of the total composition. In this research paper antimicrobial activity of Cinnamomum zeylanicum bark extract against Pseudomonas species and E. coli were was tested. The extracts were prepared using three different solvents, i.e., water, alcohol, and acetone. From various experiments, it was concluded that the antimicrobial activity of the acetone extract had the highest efficacy compared to aqueous and methanol extractextracts. The individual activities of microbial dilutions and the efficacy of extracts against these microbes were observed and discussed here.
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1. 



1. Introduction

In the present scenario, with changing lifestyles use of preserved food has been increased tremendously. The process of preservation includes various chemical preservatives. These are synthetic chemicals that help to increase the shelf life of food and make it safer for long termlong-term usage (6). These preservatives include nitrates, benzoates, sulfites, parabens, formaldehyde, BHT, BHA, etc., which causes cause allergy, asthma, hypersensitive reactions, neurological damage, and can be carcinogenic as well. Natural preservatives in this respect are more safesafer and non-toxic (23,3,22,21). From past studies done, it has been found that plant metabolites can replace these chemicals and can be directly be added to increase the food shelf life. Essential oils, polyphenols, and other plant secondary metabolites hold antimicrobial activity that can be a potent source of food preservatives. Essential oils consist of volatile compounds, due to which they hold an unpleasant smell and thus are 




considered less suitable for preservation, while the polyphenols in this respect have                                                                better properties like high antioxidant activity, resistance against microbes, etc., and are considered to be the best source of preservatives (8). 

1.1 Cinnamomum zeylanicum
Cinnamon is the inner bark of a tropical evergreen tree which that belong belongs to the Lauraceae family. Its various species are distributed in Asia and Australia. The tree is native to Srilanka. Its main constituents include 0 to 10 % of volatile oil, tannin, mucilage, and sugar. It holds very high medicinal importance as a carminative, astringent, stimulant, and antiseptic. The essential oil is primarily composed of 65% to 80% cinnamaldehyde and lesser amounts of other phenols and terpenes, including eugenol, transcinnamic acid, hydroxycinnamaldehyde, o-methoxycinnamaldehyde, cinnamoyl alcohol and its acetate, limonene, alpha- terpineolalpha-terpineol, tannins, mucilage, oligomeric procyanidins, and trace amount amounts of coumarin content. (10,15,1,2)
 1.2 Antimicrobial activity of Cinnamon extracts 
Cinnamon is has been used as a spice for many years. It also holds many medicinal properties as well. It has been used as a remedy for respiratory, digestive, and gynaecological ailments. It is also known for its antimicrobial and anti-parasitic activity (15). Antimicrobial acivity activity of cinnamon oil was observed against Paenibacillus larvae (5). Antimicrobial and anticancerous activity observed using bark extract prepared with water, methanol, and chloroform extract against bacterial and fungal strains and in Hepatoma carcinoma cell lines, respectively. (29)
1.3 Fundamentals of controlling microbial growth
In microbiology, death is defined as a reversible loss of the ability to reproduce. Viable microorganisms are capable of multiplying, but dead microbes do not divide. The determination of death requires laboratory techniques that indicate whether growth occurs when the sample is inoculated in tointo a suitable medium. The failure of microorganism to grow when inoculated into an appropriate medium indicates that the organism is no longer able to reproduce and the failure to reproduce is criterion of death (4) Numerous factors are there which influence the activity of microbes, such as temperature, pH of the medium, time of growth, the type of species tested, and presence of organic matter (9,13).

1.4 Morphology of Bacteria
Among the major characteristics of bacterial cells are their size, shape, structure and arrangement. These characteristics constitute the morphology of the cell. Depending on the species, individual cells are spherical, rod rod-like like or helical. These shapes help a bacteria bacterium to eat, survive, divide, and are responsible for stress resistance (30,28). Bacterial The bacterial cell wall is a rigid structure that gives shape to the cell. Among ordinary or typical bacteria, the walls of gram negativeGram-negative bacteria are generally thinner than those of gram positiveGram-positive bacteria and are essential for bacterial growth and division. It is mainly composed of Peptidoglycan which may vary in different species. Lipids are more prominent in gram negativeGram-negative bacteria than gram positiveGram-positive bacteria (19)
1.5 Factors affecting the growth of microbes in food
The factors affecting the growth of microbes in food can be summarized as intrinsic and extrinsiccategorized into intrinsic and extrinsic factors. The intrinsic factors include those arising from food itself, like nutrient content, pH, redox potential, and antimicrobial substances. Extrinsic factors include those which that are involved during storage, like temperature, relative humidity, and composition of gases (9, 13).

1.6 Food Spoilage and its causesIts Causes
Any change in the food product that renders it unacceptable to the consumer from a sensory point of view refers to food spoilage (7). Changes in texture, smell, taste, or appearance of spoiled food is are caused as a result of microbial acivity activity (20, 17). Different food products have a certain storage time after which its their nutritional values reduce to nil. This time period is termed as shelf life of that food product. The food spoilage can be categorized into physical, chemical, and microbiological spoilage. Physical spoilage includes deterioration as a result of breakage or due to loss or gain of moisture in the food. Chemical spoilage involves spoilage as a result of chemical changes and breakdown of nutrient components of food. The most important food spoilage that is the major concern now daysnowadays is microbial spoilage, which is caused by microbial activity (25,18).
1.7 Role of E.coli and Pseudomonas species in food spoilage
E.coli is a common bacteria that inhabit the human and animal intestine and are is mostly not harmful. There are certain species of E.coli  that are harmful and are originatedoriginate from animal products like beef and meat. These bacteria can infect fresh produce like fruits, vegetables, and dairy products. They The results result into in diarrhea, renal disease, colitis, and more severe such conditions. (27, 12). Psuedomonas Pseudomonas spp. are the most diverse group of bacteria and the commonest of food spoilingfood-spoiling microbes. These are known to contaminate food rich in water content and with natural pH, like red meat, fish, poultry, and dairy products. They are responsible for slime and off odor formation (16). 

2. Materials and Methods
2.1 Sample collection and preparation
The microbial samples were provided by M.R. Morarka, GDC rural research foundationRural Research Foundation. 
Cinnamon bark was purchased from the local market of Jaipur, Rajasthan.
Bacterial cultures of Pseudomonas spp., E.coli, and a sample of food spoilingfood-spoiling microbes were used to test the antimicrobial activity of cinnamon bark extract. The cultures were prepared and maintained by subculturing of these microbes for every week.
Nutrient Agar Media (NAM) at pH 7 was used for bacterial inoculation on petriplates.
List 1 : Composition of Nutrient Agar Medium
	S. No.
	Nutrients
	Amount

	1.
	Peptone
	5.0 gm.

	2.
	Beef extract
	3.0gm

	3.
	Sodium Chloride (NaCl) 
	5.0gm

	4.
	Yeast extract
	5.0gm

	5.
	Agar-agar
	15gm

	6.
	Distilled Water
	1000 ml



Extract of bark of Cinnamomum zeylanicum with water, alcohol, and acetone to test the effect on bacterial growth.
3.2 Methodology to check the antimicrobial activity of Cinnamon bark extract
3.2.1 Sterilization of material 
The bark was washed with tap water, followed by 2-3 washes with distilled water. After washing, the bark was kept for drying for one day.
For sterilization, media was were autoclaved at a pressure of 15 psi for 15 min. at 121o C. Glasswares were washed with a microlabile detergent and were was sterilized with dry heat in hot air oven. Micropipette tips and distilled water were also sterilized in an autoclave.
3.2.2 Preparation of media and plating (Agar diffusion method)
 The technique used for assessing the antimicrobial activity of cinnamomum extract was the Agar diffusion method. Nutrient Agar Media at pH 7 was used for growing bacteria. Around 15 ml of media was poured in into each sterilized petriplatespetriplate. Media The media was kept for one hour for solidification. After solidification of the media, wells were created for pouring the extract. Around 3-4 wells per petriplates petriplate were created.
3.2.3 Dilution of bacterial broths
Bacterial cultures of Pseudomonas spp. and E.coli were inoculated in different petriplates. The bacterial culture cannot be used pure because it will let result in a thick, undistinguishable growth on the media, and so very less small quantities of strains were obtained by diluting the cultures. For preparing a 10% dilution, 1ml 1mLof the bacterial strains were was dissolved in 9 ml mL of water. Now, successive dilutions were done by taking 1 ml of diluted bacterial population from test tube no.1.  Around 100 µl of bacterial dilution is was used for each petriplate. Different dilutions are prepared for different types of strains of bacteria for the experiment. Here, dilutions ranging from 10-3 to 10-6 were used.
3.2.4 Extract preparation and pouring 
Aqueous extract
 Dried bark is subjected to pestle and mortar to make a thick paste of bark with water. This paste is now centrifuged at about 3000 rpm for 5 min. After 5 min, there is a significant difference between the pellet and supernatant. Supernatant was collected in a separate beaker, which is was used as a water extract for the experiment. 
Acetone extract
Acetone with water in the ratio 1:1 was used to prepare the acetone extract. First extraction is done by centrifuging with water, and the second centrifugation is done using acetone, which gives the acetone extract along with the bark paste.
Alcohol extract
Alcohol extract is prepared similar similarly to acetone extract. Now, 60 µl of extract was poured into wells, and petriplates were incubated to check bacterial growth. The whole process was carried out under a completely sterilized environment in laminar air flow. Incubation was done at 37oC for about 48 hours.

4. Results and Discussion
After about 48 hours of incubation, a clear zone of inhibition was observed with alcohol and acetone, while no zone of inhibition was observed around the aqueous extract. The zone of inhibition was measured using a scale in order toto record the result. The results discussed here are for 10-3 and 10-6 dilution dilutions with aqueous extract, methanol extract, and acetone extract of Cinnamomum zeylanicum bark against E.coli and Pseudomonas sp.

Table 1 Zone of inhibition and activity index with aqueous extract. 
	Zone of inhibition(mm)
	Bacterial    dilution (µl/ml)
	
	Activity index

	Bacteria
	Aq.E 10-3 
	Aq.E10-6 
	

	E. coli
	0
	0
	0

	Pseudomonas
	0
	0
	0



Table 2 Zone of inhibition and activity index with methanol extract.
	Zone of inhibition(mm)
	Bacterial      dilution (µl/ml)
	
	Activity index

	Bacteria
	ME 10-3 
	ME10-6 
	

	E. coli
	0
	10.33 ± 0.58

	0.4304


	Pseudomonas
	0
	10 ± 1

	0.434








Table 3 Zone of inhibition and activity index with acetone extract.
	Zone of inhibition(mm)
	Bacterial      dilution (µl/ml)
	
	Activity index

	Bacteria
	AE 10-3 
	AE10-6 
	

	E. coli
	0
	12.33 ± 1.5


	0.4304


	Pseudomonas
	0
	11.66 ± 1.5

	0.434





[image: ]

Fig.1 Graph representing the antimicrobial activity of Cinnamomum zeylanicum bark extract against Pseudomonas spp. and E.coli.

Preservation of food is done since ancient times, when no chemical preservatives were available. With time, new methods were developed with the need of storingto store food for longer duration durations (11). From differentDifferent research work carried out in the same field have shown that different components of Cinnamomum sp. isolated from varied parts of the plants are effective against different microbes like Trycophyton Trichophyton and Aspergillus species, Pseudomonas aeruginosa, E.coli, etc. (14). The crude extract of Cinnamomum zeylanicum in ethanol and acetone were was tested against food spoilingfood-spoiling microbes through the disc diffusion method and found to be effective against E. coli, Pseudomonas sp., Bacillus subtilis, and Staphylococcus aureus (26). The antibacterial activity of methanol, ethanol, and acetone extract extracts of two cinnamon species, Cinnamomum zeylanicum and Cinnamomum cassia, against seven microbes were was tested, and it was observed that C. zeylanicum extract with ethanol and acetone were was effective against all the strains, while C. cassia was effective against most of the species of bacteria, like S. aureus, B. cereus, Enterococcus faecalis, P. aeruginosa, and S. bangori (24). The research work done shows that natural plant extract obtained from Cinnamomum zeylanicum can proved prove to be a good and safe alternative of to chemical food preservativepreservatives. Further, the extract obtained can be dried and used directly in the preservation process.
5. Conclusion
From the experiments, it has been concluded that different extracts shows show varied antimicrobial activity due to the dissolution of different phytochemicals in respective solvents. Acetone extract was found to be most effective compared to aqueous and alcohol extract, with the highest antimicrobial activity as observed through the zone of inhibition against Pseudomonas sp. and E.coli.
Further to understand the phytochemical aspect of the study, extraction procedures involving specific component components of the bark with different solvents can be done. 
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