In Vitro Antimicrobial Activity of Cinnamomum zeylanicum Bark Extracts: A Potential Natural Preservative 


Abstract                                                                                                    
The present study aims to evaluate the efficacy of natural plant extracts as potential food preservatives, with a specific focus on Cinnamomum zeylanicum. Cinnamomum zeylanicum, one of the oldest spices used in culinary traditions, is well-documented for its diverse biological activities, including anti-inflammatory, anti-carcinogenic, anti-mutagenic, and potent antioxidant effects. In this investigation, the antimicrobial activity of C. zeylanicum bark extract was assessed against two food-spoiling bacterial strains: Pseudomonas spp. and Escherichia coli. Extracts were prepared using three different solvents—distilled water, ethanol, and acetone—to evaluate solvent-dependent efficacy. At a dilution of 10⁻³, none of the extracts exhibited observable antimicrobial activity against either bacterial strain. However, at a higher dilution of 10⁻⁶, the acetone extract demonstrated the most pronounced antimicrobial effect. For E. coli, the acetone extract produced a zone of inhibition measuring 12.33 ± 1.5 mm, with an activity index of 0.4304. Against Pseudomonas spp., the zone of inhibition was 11.66 ± 1.5 mm, with an activity index of 0.434. In comparison, the methanolic extract yielded a zone of inhibition of 10.33 ± 0.58 mm and an identical activity index of 0.4304 for E. coli, while for Pseudomonas spp., the inhibition zone measured 10 ± 1 mm with an activity index of 0.434. These findings underscore the superior antimicrobial potential of the acetone extract of C. zeylanicum bark, particularly at higher dilutions, and support its application as a natural and effective alternative to synthetic food preservatives. 
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1. 
1. Introduction

In the present scenario, with changing lifestyles, the use of preserved food has 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-term usage (6). These preservatives include nitrates, benzoates, sulphites, parabens, formaldehyde, BHT, BHA, etc., which cause allergies, asthma, hypersensitive reactions, neurological damage, and can be carcinogenic as well. Natural preservatives, in this respect, are safer and non-toxic (23, 3, 22, 21). From past studies, it has been found that plant metabolites can replace these chemicals and can be directly added to increase the food shelf life. Essential oils, polyphenols, and other plant secondary metabolites possess antimicrobial activity and can be a potent source of food preservatives. Essential oils consist of volatile compounds, which often have an unpleasant smell and are thus considered less suitable for preservation, while polyphenols, in this respect, have better properties such as high antioxidant activity and resistance against microbes, 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 that belongs to the Lauraceae family. Its various species are distributed across Asia and Australia. The tree is native to Sri Lanka. Its main constituents include 0 to 10% volatile oil, tannins, mucilage, and sugars. It holds significant medicinal importance as a carminative, astringent, stimulant, and antiseptic. The essential oil is primarily composed of 65% to 80% cinnamaldehyde, along with lesser amounts of other phenols and terpenes, including eugenol, trans-cinnamic acid,                  hydroxycinnamaldehyde,   
o-methoxycinnamaldehyde, cinnamoyl alcohol and its acetate, limonene, alpha-terpineol, tannins, mucilage, oligomeric procyanidins, and trace amounts of coumarin (10, 15, 1, 2).

 1.2 Antimicrobial activity of Cinnamon extracts 
Cinnamon has been used as a spice for many years. It also possesses numerous medicinal properties. It has been employed as a remedy for respiratory, digestive, and gynecological ailments. Additionally, it is known for its antimicrobial and anti-parasitic activities (15). The antimicrobial activity of cinnamon oil has been observed against Paenibacillus larvae (5). Antimicrobial and anticancer activities have also been reported using bark extracts prepared with water, methanol, and chloroform against bacterial and fungal strains, and in hepatoma carcinoma cell lines, respectively (29).
1.3 Fundamentals of controlling microbial growth
Cinnamon has been used as a spice for many years and possesses numerous medicinal properties. It has been employed as a remedy for respiratory, digestive, and gynecological ailments. Additionally, it is known for its antimicrobial and anti-parasitic activities (15). The antimicrobial activity of cinnamon oil has been observed against Paenibacillus larvae (5). Antimicrobial and anticancer activities have also been reported using bark extracts prepared with water, methanol, and chloroform against bacterial and fungal strains, as well as in hepatoma carcinoma cell lines (29).
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 may be spherical, rod-like, or helical. These shapes help bacteria to feed, survive, divide, and contribute to stress resistance (30, 28). The bacterial cell wall is a rigid structure that gives shape to the cell. Among typical bacteria, the walls of Gram-negative bacteria are generally thinner than those of Gram-positive bacteria and are essential for bacterial growth and division. The cell wall is mainly composed of peptidoglycan, which may vary among different species. Lipids are more prominent in Gram-negative bacteria than in Gram-positive bacteria (19).
1.5 Factors affecting growth of microbes in food
The factors affecting the growth of microbes in food can be categorized as intrinsic and extrinsic. Intrinsic factors include those arising from the food itself, such as nutrient content, pH, redox potential, and antimicrobial substances. Extrinsic factors refer to those involved during storage, including temperature, relative humidity, and the composition of gases (9, 13).

1.6 Food Spoilage and its causes
Any change in a food product that renders it unacceptable to the consumer from a sensory point of view is referred to as food spoilage (7). Changes in texture, smell, taste, or appearance of spoiled food are caused by microbial activity (20, 17). Different food products have a specific storage duration, after which their nutritional value diminishes significantly. This duration is termed the shelf life of the food product. Food spoilage can be categorized into physical, chemical, and microbiological types. Physical spoilage includes deterioration due to breakage or changes in moisture content. Chemical spoilage results from chemical reactions and the breakdown of nutrient components. The most concerning type of spoilage today 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 bacterium that inhabits the intestines of humans and animals and is mostly non-pathogenic. However, certain strains of E. coli are harmful and originate from animal products such as beef and meat. These bacteria can contaminate fresh produce like fruits, vegetables, and dairy products, leading to conditions such as diarrhoea, renal disease, colitis, and other severe complications (27, 12). Pseudomonas spp. represents one of the most diverse groups of bacteria and are among the most common food spoilage microbes. They are known to contaminate foods rich in water content and with neutral pH, such as red meat, fish, poultry, and dairy products. Their activity results in slime formation and the development of off-odors (16).
2. Materials and Methods
2.1 Sample collection and preparation
The microbial samples were provided by M.R. Morarka GDC Rural Research Foundation. Cinnamon bark was procured from the local market in Jaipur, Rajasthan. Bacterial cultures of Pseudomonas spp., E. coli, and a sample of food-spoiling microbes were used to evaluate the antimicrobial activity of the cinnamon bark extract. These cultures were prepared and maintained through weekly subculturing to ensure viability and consistency.

Table 1 Nutrient Agar Media (NAM) at pH 7 was used for bacterial inoculation on petriplates.
	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 cinnamon bark was initially washed with tap water, followed by 2–3 rinses with distilled water to ensure removal of surface contaminants. After washing, the bark was air-dried for 24 hours at room temperature.
For sterilization, the culture media were autoclaved at 15 psi pressure for 15 minutes at 121 °C. All glassware was cleaned using a microlabile detergent and subsequently sterilized using dry heat in a hot air oven. Micropipette tips and distilled water were also sterilized by autoclaving under the same conditions to maintain aseptic standards throughout the experimental procedures.
3.2.2 Preparation of media and plating (Agar well diffusion method given by Holder and Boyce 1994)
 The antimicrobial activity of Cinnamomum extract was assessed using the agar well diffusion method suggested by Holder and Boyce 1994 . Nutrient Agar Medium, adjusted to pH 7, was used for bacterial cultivation. Approximately 15 mL of the sterilized medium was poured into each sterile Petri plate under aseptic conditions. The plates were then allowed to solidify at room temperature for one hour. Once solidified, wells were aseptically punched into the agar surface using a sterile cork borer, creating 3–4 wells per plate for the application of the extract.

3.2.3 Preparation and Inoculation of Bacterial Cultures
An initial 10% dilution was prepared by adding 1 mL of the bacterial culture to 9 mL of sterile distilled water in a test tube. Subsequent serial dilutions were carried out by transferring 1 mL of the preceding dilution into 9 mL of fresh sterile water, continuing this process to achieve dilution ranges from 10⁻³ to 10⁻⁶.

Bacterial cultures of Pseudomonas spp. and Escherichia coli were inoculated onto separate sterile Petri plates for antimicrobial testing. To avoid confluent and indistinguishable bacterial growth on the agar surface, pure cultures were not used directly. Instead, serial dilutions were performed to obtain manageable and countable bacterial populations.
For each experimental plate, approximately 100 µL of the appropriate bacterial dilution was aseptically inoculated onto the surface of nutrient agar. Distinct dilutions were prepared for each bacterial strain to ensure optimal colony distribution and reproducibility of results.
3.2.4 Preparation of Water Extract from Dried Bark 
The dried bark was ground using a pestle and mortar to obtain a thick paste by gradually adding distilled water. The resulting mixture was centrifuged at 3000 rpm for 5 minutes. Following centrifugation, a clear separation between the pellet and supernatant was observed. The supernatant was carefully decanted into a clean beaker and used as the aqueous bark extract for subsequent experimental procedures.
Preparation of Acetone extract from Dried Bark
To prepare the acetone extract, a solvent mixture of acetone and distilled water in a 1:1 ratio was employed. Initially, the bark paste prepared by grinding dried bark with water was subjected to centrifugation at 3000 rpm for 5 minutes. This first centrifugation facilitated the separation of water-soluble components, which were collected as the aqueous extract.
Subsequently, the residual bark paste was resuspended in the acetone-water mixture and centrifuged again under identical conditions. This second centrifugation yielded a supernatant containing acetone-soluble phytoconstituents. The supernatant was carefully decanted and designated as the acetone extract, while the remaining pellet was discarded. The acetone extract was stored in a sterile container under refrigerated conditions until further use in antimicrobial assays.
Preparation of Alcohol extract from Dried Bark
The alcohol extract was prepared following the same protocol as the acetone extract, using a 1:1 mixture of ethanol and distilled water. After centrifugation of the bark paste with the alcohol-water solvent, the supernatant containing ethanol-soluble phytochemicals was carefully collected and designated as the alcohol extract.
For antimicrobial screening, 60 µL of the alcohol extract was aseptically dispensed into pre-formed wells on nutrient agar plates inoculated with the test bacterial strains. All procedures were conducted under strictly sterile conditions within a laminar airflow cabinet to prevent contamination.
The inoculated plates were incubated at 37 °C for 48 hours to allow for optimal bacterial growth and interaction with the extract. Post-incubation, zones of inhibition were observed and measured to assess the antimicrobial efficacy of the alcohol extract.

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 observed around aqueous extract. The zone of inhibition was measured using a scale in order to record the result. The results discussed here are for 10-3 and 10-6 dilution with aqueous extract, methanol extract and acetone extract of Cinnamomum zeylanicum bark against E.coli and Pseudomonas sp.

Table 2 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 3 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 4 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.
Food preservation has been practiced since ancient times, long before the advent of synthetic chemical preservatives. Over time, various methods have been developed to meet the growing need for extending the shelf life of food products (11). Numerous studies in this field have demonstrated that various phytochemical constituents extracted from different parts of Cinnamomum species exhibit significant antimicrobial activity against a broad spectrum of microorganisms, including Trichophyton and Aspergillus species, Pseudomonas aeruginosa, Escherichia coli, and others (14).
Crude extracts of Cinnamomum zeylanicum prepared using ethanol and acetone have been evaluated against food-spoiling microorganisms through the disc diffusion method. These extracts showed notable inhibitory effects against E. coli, Pseudomonas spp., Bacillus subtilis, and Staphylococcus aureus (26). Furthermore, the antibacterial potential of methanol, ethanol, and acetone extracts from two cinnamon species C. zeylanicum and C. cassia was assessed against seven bacterial strains. The results revealed that ethanol and acetone extracts of C. zeylanicum were effective against all tested strains, while C. cassia extracts exhibited substantial activity against most bacterial species, including S. aureus, Bacillus cereus, Enterococcus faecalis, P. aeruginosa, and S. bangori (24).
These findings suggest that natural plant extracts derived from Cinnamomum zeylanicum hold promise as safe and effective alternatives to synthetic chemical preservatives. Moreover, the extracts can be dried and directly applied in food preservation processes.

5. Conclusion
This study demonstrates that natural plant extracts can serve as effective agents for food preservation, provided that appropriate solvents are employed to extract bioactive secondary metabolites responsible for antimicrobial activity. Experimental findings revealed that the antimicrobial efficacy of Cinnamomum zeylanicum bark extracts varied significantly depending on the solvent used, highlighting the solvent-dependent solubility of distinct phytochemicals.
Among the tested extracts, the acetone-based preparation exhibited the highest antimicrobial activity, as evidenced by the largest zones of inhibition against Pseudomonas spp. and Escherichia coli, outperforming both aqueous and alcoholic extracts. These results underscore the importance of solvent selection in optimizing the extraction of antimicrobial constituents.
To further elucidate the phytochemical basis of these observations, future studies should focus on targeted extraction and characterization of specific bark components using selective solvents. Such investigations could enhance our understanding of the molecular mechanisms underlying antimicrobial activity and support the development of safe, natural alternatives to synthetic food preservatives.
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