Exploring the Phytochemical Profile of Curcuma aromatica Salisb. (Wild Turmeric): A Comprehensive Qualitative and Quantitative Analysis


Abstract
Curcuma aromatica Salisb., commonly known as wild turmeric, is an important medicinal plant widely used in traditional healthcare systems because of its therapeutic properties. The present study focuses on the qualitative and quantitative evaluation of phytochemical constituents present in the rhizomes of Curcuma aromatica. Phytochemical screening of different solvent extracts revealed the presence of several bioactive compounds including alkaloids, carbohydrates, flavonoids, glycosides, tannins, phenolic compounds, saponins, triterpenoids, and steroids. Quantitative estimation was carried out to determine the total phenolic and flavonoid contents using spectrophotometric methods with gallic acid and rutin as standards. The results showed significant levels of phenolic and flavonoid compounds in the extracts, indicating strong phytochemical potential. These bioactive constituents are known to contribute to several pharmacological activities such as antioxidant, anti-inflammatory, antimicrobial, and potential anticancer activity. The findings of this study support the traditional medicinal use of Curcuma aromatica and highlight its importance as a potential natural source of therapeutic compounds. Further studies are required to isolate and characterize the active constituents responsible for these biological activities.
Keywords: Curcuma aromatica, Wild turmeric, Phytochemical screening, Phenolic compounds, Flavonoids
1. Introduction
Medicinal plants have been widely used in traditional systems of medicine for the treatment and prevention of various diseases. Among them, Curcuma aromatica Salisb., commonly known as wild turmeric or yellow zedoary, belongs to the family Zingiberaceae and holds an important place in traditional herbal medicine due to its diverse therapeutic properties. It is considered the second most commonly used curcumin-containing species after Curcuma longa Linn. This herbaceous plant is widely distributed in tropical regions of India and is mainly cultivated in states such as Kerala and West Bengal (Shamim et al., 2011). 
The rhizomes of Curcuma aromatica have been traditionally used for the treatment of several ailments including gastrointestinal disorders, inflammatory conditions, skin diseases, and infections. In addition to its medicinal uses, the plant is also utilized in cosmetic preparations and herbal formulations because of its beneficial biological properties.
In recent years, there has been increasing scientific interest in medicinal plants due to their potential as sources of bioactive compounds with therapeutic applications. Phytochemical investigations play an important role in identifying these bioactive constituents and understanding their pharmacological significance. Curcuma aromatica is known to contain a variety of phytochemicals such as curcuminoids, essential oils, phenolic compounds, flavonoids, and terpenoids. These compounds contribute to a wide range of biological activities including antioxidant, anti-inflammatory, antimicrobial, and anticancer properties.
A systematic qualitative and quantitative analysis of the phytochemical constituents of Curcuma aromatica is essential for evaluating its medicinal potential and for supporting its traditional therapeutic uses with scientific evidence. Such studies help in identifying the active chemical components responsible for various biological activities.
Therefore, the present study aims to investigate the phytochemical profile of Curcuma aromatica rhizomes through qualitative and quantitative analytical methods. The study also focuses on the estimation of total phenolic and flavonoid contents in different solvent extracts in order to provide scientific insight into the medicinal importance of this plant.
2. Plant Profile
Botanical Name: Curcuma aromatica Salisb.
  Kingdom: Plantae
  Order: Zingiberales
  Family: Zingiberaceae
  Genus: Curcuma
  Species: Curcuma aromatica
  Common Names: Ban-Haridra, Jangli Haldi (Wild Turmeric)
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Figure 1. (A) Flowering cone of Curcuma aromatica in its natural habitat;
(B) Fresh rhizomes of Curcuma aromatica.
3. Materials and Methods
3.1 Authentication of Plant
The rhizomes of Curcuma aromatica were collected from the local surroundings of Chhindwara, Madhya Pradesh, India, during October–December. The collected plant material was properly cleaned, and herbarium specimens were prepared for botanical identification. The plant was authenticated by Mr. Mahesh Ghywat, Department of Botany, Danielson Degree College, Chhindwara, Madhya Pradesh. The authenticated specimen was preserved for future reference and documentation.
3.2 Pre-Extraction Process
3.2.1 Collection and Drying
Fresh rhizomes of Curcuma aromatica were collected and washed thoroughly with water to remove soil and other impurities. The cleaned rhizomes were then dried under shade at room temperature to prevent degradation of heat-sensitive phytochemicals. After drying, the rhizomes were cut into small pieces to ensure proper and uniform drying.

3.2.2 Grinding
The completely dried rhizomes were ground into a coarse powder using a mechanical grinder. The powdered material was then sieved to obtain uniform particle size and stored in airtight containers until further use.

3.2.3 Extraction of Plant Material
The dried and powdered rhizomes were subjected to extraction using different organic solvents. Initially, the powdered material was subjected to sonication to facilitate efficient extraction of phytoconstituents. The crude extracts obtained were then concentrated and dried using a water bath to remove excess solvent.
The Soxhlet extraction method was used for further extraction because it is suitable when the desired compound has limited solubility in a solvent while the impurities remain insoluble. This technique allows continuous extraction using the same solvent through repeated cycles, thereby improving extraction efficiency.
One advantage of Soxhlet extraction is that a single batch of solvent can be recycled multiple times during the extraction process. However, this method may not be suitable for thermolabile compounds, as prolonged heating may lead to degradation of sensitive phytochemicals.

Requirements
The following materials were used for extraction:
i) Powdered and dried plant material
ii) Petroleum ether
iii) Ethyl acetate
iv) 70% Methanol
3.3 Preparation of Extracts
3..1 Preparation of Petroleum Ether Extract
The shade-dried rhizomes of Curcuma aromatica were coarsely powdered. About 300 g of the powdered material was packed tightly into a Soxhlet apparatus and extracted with petroleum ether (60–80°C) until the extraction was complete, which was indicated by the colourless siphoned solvent. The obtained extract was filtered while hot and the solvent was removed under reduced pressure using vacuum distillation. The concentrated extract was further dried in a desiccator to remove residual solvent. The dried extract was weighed, and the percentage yield was calculated with respect to the air-dried plant material.

3.3.2 Preparation of ethyl acetate Extract
After completion of petroleum ether extraction, the marc was completely dried. The dried plant material (300 g) was again packed in a Soxhlet apparatus and extracted with ethyl acetate (≈77°C) until complete extraction was achieved, which was confirmed by the colourless siphoned solvent. The extract obtained was filtered and concentrated under reduced pressure to remove the solvent. The extract was then dried in a desiccator and weighed to determine the percentage yield based on air-dried material.

3.3.3 Preparation of 70% Methanolic Extract
The dried plant material remaining after ethyl acetate extraction was further subjected to Soxhlet extraction using 70% methanol for 24 hours. The extraction process was repeated three times to ensure maximum extraction of phytoconstituents. The obtained extract was filtered while hot and the solvent was removed by vacuum distillation. The concentrated extract was dried in a desiccator to obtain the final crude extract. The dried extract was weighed, and the percentage yield was calculated relative to the air-dried plant material.

3.4 Qualitative Phytochemical Investigation
Preliminary phytochemical screening of the extracts was carried out to determine the presence or absence of major phytoconstituents using standard chemical tests.

3.4.1 Test for Alkaloids
Mayer’s Test:
A few drops of Mayer’s reagent were added to the filtrate. The formation of a white or creamy precipitate indicates the presence of alkaloids.
Wagner’s Test:
Addition of Wagner’s reagent to the filtrate produces a reddish-brown precipitate, indicating the presence of alkaloids.

3.4.2 Test for Carbohydrates
Molisch’s Test:
The extract was mixed with alcoholic α-naphthol solution followed by the careful addition of concentrated sulphuric acid along the sides of the test tube. The formation of a violet ring at the junction of the two layers indicates the presence of carbohydrates.
Barfoed’s Test:
The extract was heated with Barfoed’s reagent in a water bath. Formation of a red precipitate of cuprous oxide indicates the presence of monosaccharides.
3.4.3 Test for Reducing Sugars
Fehling’s Test:
Equal volumes of Fehling’s solution A and B were mixed with the extract and heated in a boiling water bath. Formation of a yellow to brick-red precipitate indicates the presence of reducing sugars.
Benedict’s Test:
The extract was mixed with Benedict’s reagent and heated in a boiling water bath. The formation of green, yellow, or red precipitate indicates the presence of reducing sugars.

3.4.4 Test for Flavonoids
Alkaline Reagent Test:
A few drops of sodium hydroxide solution were added to the extract. The formation of an intense yellow colour, which becomes colourless after addition of dilute acid, indicates the presence of flavonoids.
Shinoda Test:
The extract was treated with 95% ethanol, magnesium turnings, and concentrated hydrochloric acid. Formation of a pink or reddish colour indicates the presence of flavonoids.
Lead Acetate Test:
Addition of a few drops of lead acetate solution to the extract produces a yellow precipitate, confirming the presence of flavonoids.

3.4.5 Test for Glycosides
Bornträger’s Test:
The test solution was boiled with dilute sulphuric acid and filtered. The filtrate was shaken with benzene or chloroform and the organic layer was separated. Addition of ammonia to this layer produced a pink to red colour, indicating the presence of anthraquinone glycosides.
Legal’s Test:
The test solution was dissolved in pyridine and treated with sodium nitroprusside solution followed by sodium hydroxide. The formation of a pink to blood-red colour indicates the presence of cardiac glycosides.
Keller–Killiani Test:
To the test solution, glacial acetic acid and ferric chloride were added, followed by concentrated sulphuric acid along the sides of the test tube. Formation of a bluish-green colour at the interface indicates the presence of cardiac glycosides.

3.4.6 Test for Tannins and Phenolic Compounds
Ferric Chloride Test:
The extract was dissolved in distilled water and treated with 5% ferric chloride solution. Formation of blue, green, or violet colour indicates the presence of phenolic compounds.
Lead Acetate Test:
Addition of lead acetate solution to the extract produced a white precipitate, confirming the presence of phenolic compounds.
Dilute Iodine Test:
Addition of dilute iodine solution to the extract produced a transient red colour, indicating the presence of phenolic compounds.

3.4.7 Test for Saponins
Froth Test:
The extract was diluted with distilled water and shaken vigorously in a graduated cylinder for 15 minutes. Formation of a stable foam layer indicates the presence of saponins.

3.4.8 Test for Proteins and Amino Acids
Ninhydrin Test:
The test solution was heated with 5% ninhydrin solution in a water bath for 10 minutes. Formation of a blue or violet colour indicates the presence of amino acids.

3.4.9 Test for Triterpenoids and Steroids
Salkowski Test:
The extract was dissolved in chloroform and treated with concentrated sulphuric acid. Formation of a reddish-brown colour indicates the presence of sterols, while a golden-yellow colour indicates triterpenoids.
Liebermann–Burchard Test:
The extract was treated with chloroform and acetic anhydride followed by concentrated sulphuric acid. Formation of a brown ring at the interface with a green upper layer indicates steroids, while a deep red colour indicates triterpenoids.
3.5 Quantitative Phytochemical Investigation
3.5.1 Spectrophotometric Quantification of Total Phenolic Content
The total phenolic content (TPC) of the plant extracts was determined using the Folin–Ciocalteu colorimetric method, with gallic acid as the standard compound. The results were expressed as milligrams of gallic acid equivalents per gram of extract (mg GAE/g extract).
For preparation of the standard calibration curve, gallic acid solutions of different concentrations ranging from 10–50 µg/mL were prepared in methanol. Similarly, plant extract solutions with concentrations of 0.1 mg/mL and 1 mg/mL were also prepared in methanol.
For the analysis, 0.5 mL of the sample solution was mixed with 2.5 mL of ten-fold diluted Folin–Ciocalteu reagent, followed by the addition of 2 mL of 7.5% sodium carbonate solution. The reaction mixtures were covered with parafilm and allowed to stand at room temperature for 30 minutes to allow complete colour development. The absorbance of the resulting blue coloured solution was measured spectrophotometrically at 760 nm.
All experiments were performed in triplicate to ensure accuracy and reproducibility of the results. The Folin–Ciocalteu reagent reacts with phenolic compounds and other reducing substances to produce a blue coloured complex, the intensity of which is proportional to the concentration of phenolic compounds present in the sample.
The phenolic content of the extracts was calculated using the regression equation obtained from the gallic acid standard curve, which is expressed as:
Y = 0.005X + 0.065
R² = 0.975
where Y represents the absorbance and X represents the concentration of gallic acid. 
The total phenolic content was expressed as milligrams of gallic acid equivalents per gram of extract (mg GAE/g extract). The coefficient of determination (R² = 0.975) indicates a strong linear relationship between concentration and absorbance.

3.5.2 Spectrophotometric Quantification of Total Flavonoid Content
The total flavonoid content (TFC) of the plant extracts was determined using the aluminium chloride colorimetric method, following the procedure described by Dewanto et al. Rutin was used as the standard reference compound.
In this method, a diluted plant extract or standard rutin solution was mixed with 75 µL of the reagent solution. The mixture was allowed to react for 6 minutes. After that, 0.15 mL of aluminium chloride solution (100 g/L) was added. After 5 minutes, sodium hydroxide (NaOH) was added to the mixture.
The final volume of the reaction mixture was adjusted to 2.5 mL with distilled water and mixed thoroughly. The absorbance of the resulting solution was measured spectrophotometrically at 510 nm against a blank solution containing all reagents except the sample.
The total flavonoid content was expressed as milligrams of rutin equivalents per gram of dry weight (mg RE/g DW) and calculated using the calibration curve obtained from rutin standards. All measurements were carried out in triplicate to ensure reliability and reproducibility of the results.
The regression equation derived from the rutin standard curve was used to estimate the flavonoid content in the plant extracts and is expressed as:
Y = 0.001X + 0.120 
R² = 0.988
where Y represents the absorbance and X represents the concentration of rutin.
The coefficient of determination (R² = 0.988) indicates a strong correlation between absorbance and concentration, confirming the accuracy of the calibration curve. This regression equation was used to calculate the total flavonoid content present in the plant extracts.
4. Results
4.1 Phytochemical Screening
The preliminary phytochemical screening of the rhizome extracts of Curcuma aromatica was carried out using different solvents to identify the presence of various phytoconstituents. The analysis revealed the presence of several important secondary metabolites in the extracts.
The petroleum ether extract of Curcuma aromatica rhizomes showed the presence of alkaloids. In contrast, the ethyl acetate extract showed positive results for alkaloids, carbohydrates, flavonoids, tannins, phenolic compounds, triterpenoids, and steroids.
Similarly, the 70% methanolic extract of Curcuma aromatica rhizomes exhibited the presence of alkaloids, carbohydrates, flavonoids, glycosides, tannins, phenolic compounds, triterpenoids, and steroids.
These findings indicate that the methanolic extract contains a broader range of phytochemical constituents compared to the other solvent extracts. The detailed results of the phytochemical screening are presented in Table 1.
Table 1. Phytochemical screening of Curcuma aromatica
	
S.No

	
Experiment

	                                         Result

	
	
	Petroleum Ether Extract

	 Ethyl Acetate Extract 

	70% Methanolic             Extract 

	
	
	1. Alkaloids

	1.1
	Mayer’s Reagent test
	          +ve
	          +ve
	          +ve

	1.2
	Wagner’s reagent test
	          +ve
	          +ve
	          +ve

	1.3
	Hager’s reagent test
	          +ve
	          +ve
	          +ve

	                                                          2. Carbohydrates

	2.1
	Molisch’s test
	        -ve
	     +ve
	      +ve

	2.2
	Barfoed’s test
	       -ve
	   +ve
	     +ve

	                                                                     3. Test for Reducing Sugars

	3.1
	Fehling’s test
	        -ve
	        -ve
	        -ve

	3.2
	Benedict’s test
	       -ve
	       -ve
	       -ve

	                                                        4. Flavonoids

	4.1
	Alkaline reagent test
	         -ve
	          +ve
	          +ve

	4.2
	Shinoda test
	        -ve
	          +ve
	          -ve

	4.3
	Lead acetate test
	       -ve
	          +ve
	          -ve

	                                                         5. Glycosides

	5.1
	Bornträger’s Test
	         -ve
	          +ve
	          +ve

	5.2
	Legal’s test
	        -ve
	          +ve
	          +ve

	5.3
	Keller–Killiani test
	       -ve
	          +ve
	          +ve

	                                                     6. Tannins and Phenolic Compounds

	6.1
	Ferric chloride test
	         -ve
	          +ve
	          +ve

	6.2
	Lead Acetate test
	        -ve
	          +ve
	          +ve

	6.3
	Dilute Iodine solution
	       -ve
	          +ve
	          +ve

	                                                        7.Saponins

	7.1
	Foam test
	    -ve
	    -ve
	+ve

	                                                8. Test for Proteins and Amino Acids

	8.1
	Ninhydrin test 
	   -ve
	  -ve
	 -ve

	                                                  9. Test for Triterpenoids and Steroids

	9.1
	Salkowski Test
	    -ve
	   +ve
	  +ve

	9.2
	Liebermann–Burchard test
	    -ve
	   +ve
	  +ve



4.2 Quantitative Phytochemical Estimations (Total Phenolic and Total Flavonoid Content)
The total phenolic content (TPC) of the rhizome extracts of Curcuma aromatica was determined using the Folin–Ciocalteu reagent method. The phenolic content was expressed as gallic acid equivalents (mg GA/g of extract) using the calibration curve of gallic acid.
The regression equation obtained from the standard calibration curve was:
Y = 0.005X + 0.065
R² = 0.975
where Y represents the absorbance and X represents the concentration of gallic acid used for the calibration curve. The coefficient of determination (R² = 0.975) indicates a good linear relationship between absorbance and concentration.
The values obtained for the total phenolic content are expressed as mg GA/g of extract (Figure 2). The phenolic content in the ethyl acetate extract of Curcuma aromatica was found to be 174.73 ± 1.006 mg GA/g extract, whereas the 70% methanolic extract showed a higher phenolic content of 191.16 ± 1.058 mg GA/g extract.
Similarly, the total flavonoid content (TFC) of the rhizome extracts of Curcuma aromatica was determined using rutin as the standard compound, and the results were expressed as rutin equivalents (mg RE/g of extract).
The regression equation obtained from the rutin calibration curve was:
Y = 0.001X + 0.120
R² = 0.988
where Y represents the absorbance and X represents the concentration of rutin. The coefficient of determination (R² = 0.988) indicates a strong correlation between absorbance and concentration.
The total flavonoid content in the ethyl acetate extract of Curcuma aromatica was measured as 92.33 ± 3.055 mg RE/g extract, while the 70% methanolic extract showed a higher value of 115.33 ± 1.154 mg RE/g extract.

4.2.1 Total Phenolic Content
Table 2. Standard Curve of Gallic Acid
	S.No
	Concentration
	Absorbance

	1
	10
	0.1098

	2
	20
	0.1763

	3
	30
	0.2471

	4
	40
	0.2979

	5
	50
	0.3258




                                          
Figure 2. Standard calibration curve of gallic acid for determination of total phenolic content.




Table 3. Total phenolic content in *Curcuma aromatica* ethyl acetate extract
	S.No
	Absorbance
	Concentration
	Total phenolic content (mg GAE/g extract)

	1
	0.944
	1 mg/mL
	175.8

	2
	0.934
	1 mg/mL
	173.8

	3
	0.938
	1 mg/mL
	174.6

	                                         MEAN±SD
	174.73±1.006



Table 4. Total phenolic content in Curcuma aromatica 70% methanolic extract
	S.No
	Absorbance
	Concentration
	Total phenolic content (mg GAE/g extract)

	1
	1.029
	1 mg/mL
	192.8

	2
	1.021
	1 mg/mL
	191.2

	3
	1.091
	1 mg/mL
	190.8

	                                         MEAN±SD
	191.16±1.058




Total Flavonoid Contents(TFC)
Table 5. Standard calibration curve of rutin for determination of total flavonoid content.
	S.No
	Concentration
	Absorbance

	1
	10
	0.1098

	2
	20
	0.1763

	3
	30
	0.2471

	4
	40
	0.2979

	5
	50
	0.3258

	

	
	


 
5. Conclusion
The present study provides a comprehensive qualitative and quantitative evaluation of the phytochemical constituents present in the rhizomes of Curcuma aromatica. The phytochemical screening revealed the presence of several important bioactive compounds, including alkaloids, carbohydrates, flavonoids, tannins, phenolic compounds, glycosides, saponins, triterpenoids, and steroids.
Among the different solvent extracts analyzed, the ethyl acetate and 70% methanolic extracts demonstrated significant concentrations of phytochemicals, particularly total phenolic and flavonoid compounds, which are well known for their biological and therapeutic activities.
The use of gallic acid and rutin standard curves enabled accurate estimation of total phenolic and flavonoid contents in the plant extracts. The obtained results indicate that Curcuma aromatica contains a considerable amount of bioactive constituents that may contribute to its pharmacological properties.
Overall, the findings of the present investigation suggest that Curcuma aromatica can be considered a promising natural source of bioactive compounds with potential therapeutic applications. Further studies focusing on the isolation of active constituents, pharmacological evaluation, and mechanism of action are required to explore its full potential for use in modern pharmaceutical and therapeutic applications. 
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