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ABSTRACT
	Aim: This study examines and contrasts the phytochemical profiles of ethanolic leaf extracts from three species of Cinnamomum—Cinnamomum camphora, Cinnamomum tamala and Cinnamomum verum. 
Study design:  Ethanolic extract of each sample was selected for the phytochemical screening and chemical methods was used for the purpose.
Place of Study: The present investigation was conducted at the College of Fisheries, Govind Ballabh Pant University of Agriculture and Technology (GBPUAT), Pantnagar, located in Udham Singh Nagar district of Uttarakhand, India (29.06°N, 79.51°E). 
Methodology: Ethanolic extract of leaves from Cinnamomum species was prepared by following the Soxhlet extraction method. For the phytochemical screening, the samples were prepared accordingly. The qualitative tests for determination of alkaloids (Picric acid test), reducing sugars (Fehling’s test), glycosides (10% NaOH test), amino acids (Ninhydrin test), flavonoids (Alkaline reagent test), phenolic compounds (Iodine test), tannins (Braymer’s test), phlobatannins (HCl test), saponins (NaHCO3 test), phytosterols (Salkowski test), terpenoids (using chloroform and H2SO4), triterpinoides (Salkowski test), carotenoids (Carr price reaction), quinones (Conc. HCl test), anthraquinones (Ammonium Hydroxide test) and anthocyanins (HCl test) were performed using chemical methods
Results:  Qualitative phytochemical analysis indicated the presence of alkaloids, flavonoids, phenolics, tannins, glycosides, phytosterols and terpenoids across all three species. Quantitative assessments revealed that C. camphora had the highest total flavonoid content (575.25 mg QE g⁻¹ extract) and phenolic content (191.85 mg GAE g⁻¹), while C. verum showed the greatest tannin concentration (3.54 mg GAE g⁻¹).
Conclusion: The results indicate that C. camphora could be a valuable source of antioxidant and anti-inflammatory agents, C. tamala may be suitable for metabolic health interventions and C. verum could be utilized for antimicrobial and gastrointestinal purposes.
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1. INTRODUCTION 
Plants have played a crucial role in human civilization, especially in the fields of healthcare and nutrition. According to the World Health Organization (WHO), approximately 80% of the global population continues to depend on plant-based medicines for their primary healthcare requirements. The importance of medicinal plants is attributed to their capacity to generate a wide array of secondary metabolites, which encompass alkaloids, flavonoids, terpenoids, phenolic compounds, tannins and glycosides (Alamgir, 2017). These compounds have been investigated for various biological activities, including antimicrobial, antioxidant, anti-inflammatory, anticancer and cardioprotective effects (Ali et al., 2025).
The genus Cinnamomum, Lauraceae family, includes over 250 species found in tropical and subtropical areas of Asia and other regions worldwide (Geethakumary et al., 2021). Numerous species within this genus hold economic significance due to their applications as spices, essential oils and medicinal raw materials (Pandey et al., 2020). In traditional medicinal practices, they have been utilized to address gastrointestinal issues, respiratory problems, infections and inflammatory conditions (Sharifi-Rad et al., 2021).
Cinnamomum camphora, commonly referred to as the camphor, is indigenous to East Asia. Its leaves and wood are rich in camphor, a vital compound historically employed in treatments for coughs, colds, rheumatism and microbial infections (Lee et al., 2022). Cinnamomum tamala, known as Indian bay leaf, originates from the Himalayan region and is extensively used as a spice and in Ayurvedic remedies for digestive disorders, infections and diabetes (Thakur and Chaudhary, 2021). Cinnamomum verum, or true cinnamon, is native to Sri Lanka and is celebrated worldwide as a culinary spice. It is also utilized for its therapeutic benefits, including antioxidant, anti-diabetic and cardioprotective properties (Kodippili et al., 2025).
Despite the fact that numerous pharmacological investigations have focused on the essential oils and bark extracts of Cinnamomum species, there has been a relative scarcity of studies examining the phytochemistry of their leaves, especially in a comparative framework. Leaf extracts, which are renewable and non-destructive resources, present a sustainable option for medicinal uses (Singh et al., 2024). Consequently, a comparative phytochemical analysis of the leaves from C. camphora, C. tamala and C. verum may yield new insights into their bioactive potential. Ethanol was selected as the extraction solvent due to its capacity to extract a broad spectrum of both polar and non-polar compounds, rendering it one of the most adaptable solvents for phytochemical investigations (Singarayar et al., 2025). Furthermore, ethanol is comparatively safe for consumption when put together with other organic solvents, thereby increasing the applicability of the extracts within the pharmaceutical and nutraceutical sectors (Plaskova and Mlcek, 2023).
The aims of this research were: (i) to perform a preliminary phytochemical screening of ethanolic leaf extracts from C. camphora, C. tamala and C. verum, (ii) to compare the phytochemical profiles among the three species and (iii) to examine the pharmacological relevance of the identified phytochemicals concerning their ethnomedicinal applications.
2. mAterialS and methods 
The present investigation was conducted at the College of Fisheries, Govind Ballabh Pant University of Agriculture and Technology (GBPUAT), Pantnagar, located in Udham Singh Nagar district of Uttarakhand, India (29.06°N, 79.51°E). This area lies in the Tarai region of the Himalayan foothills at an altitude of approximately 800 feet above mean sea level. Fresh leaves of the selected plants were collected from the Medicinal Plants Research and Development Centre, Pantnagar, to ensure authenticated raw material for subsequent extraction and analysis. The plant species used in the study included Cinnamomum camphora, Cinnamomum tamala and Cinnamomum verum, each verified and catalogued in the Global Registry of Scientific Collections (GRSciColl) under accession numbers GBPUH/283, GBPUH/1137 and GBPUH/1152, respectively. Experiments of phytochemical analysis were performed at the College of Fisheries, GBPUAT, Pantnagar.
2.1 Extract Preparation  
Ethanolic extract of leaves from Cinnamomum species was prepared by following the methods given by Alara et al. (2018) and leaves were collected, washed, shade dried, ground and stored at room temperature. The extract was prepared using the Soxhlet extraction method. 80% ethanol was used for the process and extraction process was continued until the solvent became colorless, indicating exhaustive extraction.
2.2 Phytochemical screening
For the phytochemical screening, the samples were prepared accordingly. The qualitative tests for determination of alkaloids (Picric acid test), reducing sugars (Fehling’s test), glycosides (10% NaOH test), amino acids (Ninhydrin test), flavonoids (Alkaline reagent test), phenolic compounds (Iodine test), tannins (Braymer’s test), phlobatannins (HCl test), saponins (NaHCO3 test), phytosterols (Salkowski test), terpenoids (using chloroform and H2SO4), triterpinoides (Salkowski test), carotenoids (Carr price reaction), quinones (Conc. HCl test), anthraquinones (Ammonium Hydroxide test) and anthocyanins (HCl test) were performed using chemical methods (Shaikh and Patil, 2020; Diwathe et al., 2024).
2.3 Quantitative phytochemical analysis
2.3.1 Total flavonoid content
The colourimetric method was used to determine the flavonoid content in the sample (Yadav et al., 2024) and the absorbance was measured at 420 nm and the flavonoid content was determined using a standard graph as quercetin equivalent (mg/g of extract) (Yadav & Agarwala, 2011). 1mg/ml Quercetin was used as the standard.
2.3.2 Total phenolic content
The total phenolic content was determined using the Folin-Ciocalteu method (Abdelhameed et al., 2021). 1 mg/ml gallic acid was used as a standard and the absorbance was measured at 765 nm. Standard curve was used to determine the results and expressed as gallic acid equivalent (mg/g of extract) (Yadav & Agarwala, 2011; Borah & Biswas, 2018). 
2.3.3 Total tannin content 
The Folin-Ciocalteu method was used for the determination of tannins (Abdelhameed et al., 2021). The absorbance was measured at 725 nm (Tamilselvi et al., 2012). Distilled water was used as a blank and a set of standards of gallic acid (mg/g of extract) was used for the preparation of the standard graph (Yadav & Agarwala, 2011).
3. results and discussion
[bookmark: _Hlk206593803]The phytochemical composition observed in the present study confirms the presence of diverse secondary metabolites across the three Cinnamomum species. The phytochemical screening of selected Cinnamomum species (Table 1) revealed the presence of various bioactive compounds known for their potential antimicrobial properties. The common presence of alkaloids, flavonoids, tannins, phenolics, glycosides, phytosterols and terpenoids suggests a shared pharmacological basis among these plants. These compounds are known for their strong antioxidant properties, ability to scavenge free radicals, and antimicrobial potential (Nwozo et al., 2023). The high flavonoid and phenolic content of C. camphora correlates well with its strong antioxidant and anti-inflammatory potential reported in study by Fazmiya et al. (2022). Flavonoids are known to scavenge free radicals, regulate cell-signaling pathways and protect against oxidative stress-induced cellular damage (Sadiq, 2023). Phenolic compounds, on the other hand, contribute not only to antioxidant capacity but also to antimicrobial, cardioprotective and anticancer effects (Rahman et al., 2021). The dominance of these metabolites in C. camphora suggests that it could serve as a particularly effective source of natural antioxidants for pharmaceutical and nutraceutical applications. C. tamala, while containing much lower flavonoid content compared to C. camphora, showed moderately high phenolic concentrations. This aligns with its traditional use in managing metabolic disorders such as diabetes, as phenolics are often implicated in modulating glucose metabolism and improving insulin sensitivity (Thalia and Rukundo, 2025). Interestingly, C. verum recorded the lowest flavonoid and phenolic content among the three species. However, it demonstrated the highest tannin content, which may explain its unique pharmacological applications. Tannins are known for their astringent properties, antimicrobial potential and their ability to precipitate proteins, which can contribute to wound-healing and gastrointestinal benefits (Fraga-Corral et al., 2021). The relatively high tannin content in C. verum might be a key factor underlying its traditional use in digestive disorders and its role as a natural preservative in food systems.
The detection of triterpenoids only in C. camphora is significant. Triterpenoids have been reported to possess anticancer, anti-inflammatory and hepatoprotective properties (Sánchez-Crisóstomo et al., 2019). This could justify the traditional use of C. camphora in remedies for liver and inflammatory disorders. Similarly, the presence of quinones and anthraquinones in C. tamala and C. verum points to their potential in antimicrobial and anticancer therapies (Malik et al., 2021). Saponins were present in C. camphora and C. tamala extracts, while quinones and anthraquinones were present in C. tamala and C. verum extracts. The absence of carotenoids and anthocyanins across all three species may be attributed to the solvent used. Ethanol is more efficient at extracting alkaloids, phenolics, and glycosides, but less effective for pigment compounds, this suggests that other solvents, such as acetone or methanol, might be required for pigment extraction (Ngamwonglumlert et al., 2017). 
The contrasting distribution of phytochemicals between the three species highlights the species-specific adaptations and biochemical diversity within the genus Cinnamomum. These quantitative differences could also be exploited industrially, depending on whether a higher flavonoid, phenolic or tannin yield is desired for a particular application. The observed phytochemical variability may also explain the distinct ethnomedicinal applications of these species. C. camphora is widely used for respiratory conditions and inflammation, C. tamala for digestive issues and C. verum for metabolic and cardiovascular health. These uses align with the detected phytochemicals and their pharmacological activities.
Table 1: Phytochemicals present in the ethanolic leaf extract of different Cinnamomum species
	
	Cinnamomum camphora
	Cinnamomum tamala
	Cinnamomum verum

	Alkaloids
	+
	+
	+

	Reducing Sugar
	+
	+
	+

	Glycosides
	+
	+
	+

	Amino acids
	-
	-
	-

	Flavonoids
	+
	+
	+

	Phenolic Compounds
	+
	+
	+

	Tannins
	+
	+
	+

	Phlobatannins
	-
	-
	-

	Saponins
	+
	+
	-

	Phytosterols
	+
	+
	+

	Terpenoids
	+
	+
	+

	Triterpenoids
	+
	-
	-

	Carotenoids
	-
	-
	-

	Quinones
	-
	+
	+

	Anthraquinones
	-
	+
	+

	Anthocyanins
	-
	-
	-



The quantitative estimation of selected phytochemicals, namely flavonoids, phenolic compounds and tannins, revealed considerable variation among the ethanolic leaf extracts of the three Cinnamomum species. The total flavonoid content (TFC), expressed as milligrams of quercetin equivalents per gram of extract (mg QE g⁻¹ extract), was found to be highest in C. camphora (575.25 mg QE g⁻¹ extract). This value was almost 13 times higher than that of C. tamala (42.06 mg QE g⁻¹ extract) and over 35 times higher than that of C. verum (16.2 mg QE g⁻¹ extract). The results suggest that C. camphora leaves are particularly enriched in flavonoids compared to the other two species.
The total phenolic content (TPC), expressed as milligrams of gallic acid equivalents per gram of extract (mg GAE g⁻¹), also showed a similar trend. C. camphora recorded the highest phenolic concentration (191.85 mg GAE g⁻¹), followed by C. tamala (165.37 mg GAE g⁻¹) and C. verum (41.19 mg GAE g⁻¹). While C. tamala contained a phenolic profile close to that of C. camphora, C. verum demonstrated a markedly lower phenolic content.
In contrast, the analysis of tannins, also expressed in terms of mg GAE g⁻¹, indicated a different trend. C. verum contained the highest tannin content (3.54 mg GAE g⁻¹), which was more than double that of C. tamala (1.36 mg GAE g⁻¹) and nearly three times higher than that of C. camphora (1.20 mg GAE g⁻¹). This highlights the possibility that the pharmacological activity of C. verum may be more closely associated with its tannin-rich profile compared to the other species.
Overall, these findings emphasize that although the three species share a common set of phytochemicals qualitatively, the quantitative distribution of secondary metabolites varies considerably, with C. camphora being flavonoid- and phenolic-rich and C. verum being tannin-rich.
4. Conclusion
This comparative phytochemical analysis underscores the variety of secondary metabolites found in the ethanolic leaf extracts of C. camphora, C. tamala and C. verum. Although there were common phytochemicals identified across all species, particular compounds such as triterpenoids in C. camphora and anthraquinones in C. tamala and C. verum highlight the variability between species. These distinctions may explain their different ethnomedicinal applications. C. camphora may be more suitable for antioxidant and anti-inflammatory formulations, C. tamala for metabolic health interventions and C. verum for antimicrobial and gastrointestinal remedies. The results stress the importance of conducting further research that focuses on quantitative analysis, bioactivity testing, and the isolation of active compounds to thoroughly determine the therapeutic potential of these species.
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