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Total Phenolic Content and Antioxidant Activity of Ethanolic Extract from Cotton Fruit Peel (Gossypium hirsutum L.) 
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ABSTRACT

	Aims: This study aims to determine the total phenolic content and antioxidant activity of the ethanolic extract of cotton fruit peel (Gossypium hirsutum L.) using a UV–Vis spectrophotometric method.
Study design: An experimental laboratory study involving maceration extraction, quantitative phenolic analysis, and antioxidant activity evaluation using the DPPH assay.
Place and Duration of Study: Department of Pharmacy, Faculty of Pharmacy, Universitas Perintis Indonesia, Padang, West Sumatera, Indonesia January-June 2025.
Methodology: Extraction was carried out by maceration using 70% and 96% ethanol as solvents. Total phenolic content was determined using the Folin–Ciocalteu method, with absorbance measured at the maximum wavelength of 765 nm using a UV–Vis spectrophotometer. Antioxidant activity was evaluated using the DPPH radical scavenging method, with absorbance measured at 520 nm.
Results: The total phenolic content of the ethanolic extract of cotton fruit peel was found to be 9.699% w/w ± 0.0509. Antioxidant activity testing showed an IC₅₀ value of 10.40 µg/mL, corresponding to a gallic acid equivalent (GAE) value of 3.502.
Conclusion:The ethanolic extract of cotton fruit peel exhibits very strong antioxidant activity, as indicated by an IC₅₀ value of less than 50 µg/mL.
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1. INTRODUCTION

Free radicals are highly reactive compounds that can cause oxidative damage in the body when present in excessive amounts (Chandimali et al., 2025). They originate from both endogenous metabolic processes and exogenous sources such as environmental pollutants, radiation, toxic chemicals, and the consumption of processed or fried foods. Excessive free radical accumulation can disrupt cellular homeostasis and contribute to the development of various degenerative diseases. Therefore, the inhibition of free radical formation and activity through antioxidant compounds is essential (Martemucci et al., 2022).

Antioxidants are substances capable of neutralizing free radicals by donating electrons or hydrogen atoms, thereby stabilizing reactive species and preventing oxidative chain reactions. Although the human body possesses endogenous antioxidant defense systems, these mechanisms are often insufficient under conditions of increased oxidative stress. As a result, additional antioxidants from external sources are required to protect cells, tissues, and organs from oxidative damage (Pruteanu, Bailey, Grădinaru, & Jäntschi, 2023).

Antioxidants are generally classified into synthetic and natural antioxidants. Natural antioxidants, particularly those derived from plants, are of increasing interest due to their safety and biological efficacy. Among these, phenolic compounds are recognized as major contributors to antioxidant activity because of their ability to scavenge free radicals and reactive oxygen species (Lourenço, Moldão-Martins, & Alves, 2019). The antioxidant capacity of plant extracts is closely associated with their total phenolic content, with higher phenolic levels typically corresponding to stronger antioxidant activity (Muflihah, Gollavelli, & Ling, 2021).

Cotton (Gossypium hirsutum L.), a member of the Malvaceae family, is known to contain various secondary metabolites, including flavonoids, tannins, saponins, and steroids, which exhibit antioxidant properties (Suleiman et al., 2024). While previous studies have predominantly focused on the antioxidant activity of cotton leaves, limited information is available regarding the antioxidant potential of cotton fruit peel. This plant part may represent an underutilized source of natural antioxidants.

Therefore, this study aims to evaluate the total phenolic content and antioxidant activity of the ethanolic extract of cotton fruit peel (Gossypium hirsutum L.). Total phenolic content was determined using the Folin–Ciocalteu method, while antioxidant activity was assessed using the DPPH assay with UV–Vis spectrophotometric analysis.

2. material and methods

Sample Collection
The sample used in this study was cotton fruit peel (Gossypium hirsutum L.). Approximately 2 kg of fresh cotton fruit peel was collected from Siulak Mukai, Kerinci Regency, Jambi Province, Indonesia.

Preparation of Cotton Fruit Peel Simplicia
Fresh cotton fruit peel was subjected to wet sorting, washed under running water, and air-dried at room temperature without direct sunlight for five days. The dried material was cut into small pieces and pulverized using a blender to obtain powdered simplicia. A total of 500 g of dried simplicia powder was obtained.

Preparation of Ethanolic Extract
The powdered simplicia was placed in a dark maceration container and immersed in 70% ethanol until completely submerged. Maceration was carried out for 48 h with occasional stirring every 6 h. The mixture was then filtered to obtain the filtrate. The residue was remacerated using 96% ethanol, and the extraction process was repeated until a clear filtrate was obtained. All filtrates were combined and concentrated under reduced pressure using a rotary evaporator at 30–40 °C to yield a viscous ethanolic extract (Herman H et al., 2022).

Preparation of Gallic Acid Calibration Curve
A gallic acid stock solution (500 ppm) was diluted to obtain standard solutions with concentrations of 40, 60, 80, 100, and 120 µg/mL using a methanol–distilled water mixture (1:1). Aliquots of 0.5 mL from each standard solution were mixed with 5 mL of diluted Folin–Ciocalteu reagent (1:10, v/v) and 4 mL of 1 M sodium carbonate solution. The mixture was allowed to stand for 15 min before absorbance measurement (Michiu et al., 2022).

Determination of Maximum Wavelength of Gallic Acid
The absorbance of a 120 µg/mL gallic acid solution was scanned over the wavelength range of 400–800 nm using a UV–Vis spectrophotometer to determine the maximum absorption wavelength.

Determination of Total Phenolic Content
Total phenolic content was determined using the Folin–Ciocalteu method. An aliquot of 0.5 mL of sample solution (1000 ppm) was mixed with 5 mL of diluted Folin–Ciocalteu reagent (1:10, v/v) and 4 mL of 1 M sodium carbonate solution. After incubation for 15 min, absorbance was measured at the maximum wavelength of 765 nm. Total phenolic content was expressed as gallic acid equivalents.

Determination of Maximum Absorption Wavelength of DPPH
A total of 4 mL of DPPH solution (35 ppm) was mixed with 2 mL of methanol–distilled water (1:1) and incubated in the dark for 30 min. The absorbance spectrum was scanned from 400 to 800 nm to determine the maximum absorption wavelength (Baliyan et al., 2022).

Antioxidant Activity Assay of Gallic Acid Standard
A gallic acid solution (50 µg/mL) was prepared and diluted to obtain concentrations of 1, 2, 3, 4, and 5 µg/mL. Each solution (2 mL) was mixed with 4 mL of DPPH solution (35 µg/mL) and incubated in the dark for 30 min. Absorbance was measured at 520 nm. The percentage of inhibition was calculated to generate a linear regression equation and determine the IC₅₀ value.

Antioxidant Activity Assay of Cotton Fruit Peel Extract
The extract (25 mg) was dissolved in methanol to obtain a stock solution of 250 µg/mL. This solution was diluted to final concentrations of 5, 10, 15, 20, and 25 µg/mL. Each dilution (2 mL) was mixed with 4 mL of DPPH solution (35 µg/mL) and incubated in the dark for 30 min. Absorbance was measured at 520 nm. Antioxidant activity was expressed as percentage inhibition and IC50 value.

Data Analysis
Total phenolic content was calculated using a linear regression equation derived from the gallic acid calibration curve. Antioxidant activity was determined based on the percentage of DPPH radical scavenging, calculated as:


The IC50 value was defined as the concentration of extract required to inhibit 50% of DPPH radicals and was obtained from the regression equation of percentage inhibition versus sample concentration. Lower IC50 values indicate stronger antioxidant activity.

3. results and discussion

From 500 g of dried cotton fruit peel simplicia, 62.65 g of viscous ethanolic extract was obtained, corresponding to an extraction yield of 12.53%. The relatively high yield indicates effective solvent penetration and extraction efficiency using sequential maceration with 70% and 96% ethanol (Gil-Martín et al., 2022). Organoleptic evaluation showed that the extract was dark brown in color, viscous in texture, and possessed a characteristic odor. Preliminary phytochemical screening revealed the presence of several secondary metabolites, particularly phenolic-related compounds, which are known to contribute to antioxidant activity.

Table 1. Extraction Yield and Physical Characteristics of Cotton Fruit Peel Extract
	Parameter
	Result

	Fresh sample weight
	2 kg

	Dried simplicia weight
	500 g

	Extract weight
	62.65 g

	Extraction yield
	12.53%

	Color
	Dark brown

	Consistency
	Viscous

	Odor
	Characteristic



Total phenolic content was determined using the Folin–Ciocalteu method with gallic acid as the reference standard. The calibration curve of gallic acid showed excellent linearity (r = 0.9999), indicating the reliability of the analytical method. Based on the regression equation, the total phenolic content of the ethanolic extract of cotton fruit peel was found to be 9.699% w/w. This result confirms that cotton fruit peel contains a considerable amount of phenolic compounds, which play a major role in antioxidant mechanisms through electron or hydrogen atom donation.

Table 2. Validation Parameters and Total Phenolic Content
	Parameter
	Value

	Regression equation
	y = 0.0246 + 0.00519x

	Correlation coefficient (r)
	0.9999

	Limit of detection (LOD)
	1.676 µg/mL

	Limit of quantification (LOQ)
	5.587 µg/mL

	Total phenolic content
	9.699% w/w



Antioxidant activity was evaluated using the DPPH radical scavenging assay. The ethanolic extract exhibited a strong ability to reduce DPPH radicals, as indicated by a decrease in absorbance at 520 nm. The antioxidant activity was expressed asIC50 values, representing the concentration required to inhibit 50% of DPPH radicals.

TheIC50 value of the cotton fruit peel extract was 10.40 µg/mL, categorizing it as having very strong antioxidant activity. Gallic acid, used as a reference antioxidant, showed a lowerIC50 value of 2.969 µg/mL. The gallic acid equivalent (GAE) value indicated that 1 mg of gallic acid exhibited antioxidant activity equivalent to 3.502 mg of the cotton fruit peel extract.

Table 3. Antioxidant Activity of Cotton Fruit Peel Extract and Gallic Acid
	Sample
	IC50 (µg/mL)
	Antioxidant Category

	Gallic acid (standard)
	2.969
	Very strong

	Cotton fruit peel extract
	10.40
	Very strong



The strong antioxidant activity observed in the ethanolic extract of cotton fruit peel is closely associated with its phenolic content (Bello, Amran, & Ruslan, 2023; Djouadi, Yılmazer, Djouadi, & Çakır, 2025; Wigati & Pratoko, 2024) Phenolic compounds are known to act as effective antioxidants by scavenging free radicals and interrupting oxidative chain reactions (Huang, Ebrahimi, Berselli, Foti, & Amorati, 2025; Platzer et al., 2022). The relatively high total phenolic content obtained in this study supports the low IC50 value observed in the DPPH assay.

Compared with previous reports on cotton leaves, the fruit peel extract demonstrated comparable or superior antioxidant activity, suggesting that this plant part represents an underutilized yet promising source of natural antioxidants. The presence of other bioactive compounds, such as flavonoids and terpenoids, may also contribute synergistically to the overall antioxidant effect. 

4. Conclusion

Based on the results of this study, it can be concluded that the ethanolic extract of cotton fruit peel (Gossypium hirsutum L.) contains a total phenolic content of 9.699% w/w as determined by the Folin–Ciocalteu method using UV–Vis spectrophotometry. The extract also exhibited very strong antioxidant activity, with anIC50 value of 10.40 µg/mL as evaluated by the DPPH radical scavenging assay. These findings indicate that cotton fruit peel has significant potential as a natural source of antioxidant compounds, which may be further developed for pharmaceutical applications, particularly in the formulation of antioxidant-based supplements or as supportive agents for the prevention of oxidative stress–related diseases.
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