


EXPLORING ANTIOXIDANT EFFICACY AND PHYTOCHEMICAL COMPOSITION OF A POLYHERBAL FORMULATION

ABSTRACT
This study investigated the phytochemical composition and antioxidant potential of a polyherbal extract from the leaves of Morinda geminata, Kalanchoe pinnata, and Solanum americanum using phytochemical screening and multiple in vitro antioxidant assays. Phytochemical analysis revealed high levels of phenolics, flavonoids, tannins, and terpenoids, while saponins, alkaloids, glycosides, and steroids were present in moderate amounts, indicating diverse phytochemical constituents with strong therapeutic potential. The polyherbal extract exhibited strong antioxidant activity across all assays. In the DPPH radical scavenging activity, it showed a concentration dependent increase (62.1%–84.8%) with a low EC₅₀ value (1.293) and a strong correlation coefficient (R² = 0.947), comparable to ascorbic acid, the standard drug used. Total antioxidant capacity (TAC) ranged from 0.546 ± 0.01 to 1.720 ± 0.00 expressed as ascorbic acid equivalent (AAE), indicating strong overall reducing power. In the Ferric reducing antioxidant power (FRAP) assay, a significant (P < 0.001) and concentration dependent increase in ferric reducing ability, confirmed the extract efficient electron donating ability through efficient conversion of Ferric (Fe³⁺) to Ferrous (Fe²⁺) ion. The results indicate that the polyherbal extract possesses strong and broad spectrum antioxidant capacity across multiple models assayed. This is likely attributable to its rich phenolic compounds, terpenoids and flavonoid content, and possible synergistic interactions among the bioactive constituent of the medicinal plants. The consistent dose dependent responses across all assays further confirm the reliability and potency of its antioxidant effects. These findings support the potential use of this polyherbal formulation as a natural source of antioxidant agents and provide a scientific basis for its traditional medicinal applications. Further studies are recommended to isolate the active compounds and evaluate in vivo efficacy and safety.
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1.0 INTRODUCTION
In recent years, oxidative stress has received considerable attention due to its role in the development of several chronic and degenerative diseases. It occurs when there is an imbalance between the production of reactive oxygen species (ROS), and the body’s ability to neutralize them through its antioxidant defense system (Rauf et al., 2025). Reactive oxygen species are naturally generated during normal metabolic processes, and can perform beneficial physiological roles at controlled levels (Skoryk & Horila, 2023). However, excessive accumulation of these reactive molecules leads to damage of vital cellular components such as lipids, proteins, and nucleic acids (Sikder et al., 2025). Such damage has been associated to the pathogenesis of several diseases, including cardiovascular disorders, diabetes, neurodegenerative diseases, cancer, and aging-related conditions (Leyane et al., 2022; Yang et al., 2024). The human body possesses several antioxidant defense mechanisms that help regulate oxidative balance. These include enzymatic antioxidants such as superoxide dismutase, glutathione peroxidase and catalase, as well as non-enzymatic antioxidants like vitamins C and E (Abdulfatah, 2022; Engwa et al., 2022). Despite these protective systems, external factors such as environmental pollutants, radiation, unhealthy diets, and disease conditions can increase the production of free radicals beyond the capacity of the body’s defense mechanisms (Sadiq, 2023; Jakubek et al., 2024). As a result, there has been growing interest in identifying additional antioxidant sources, particularly those derived from natural products. Plant-based antioxidants have attracted significant attention because they are generally considered safe, accessible, and rich in biologically active compounds.
Medicinal plants are known to contain a wide variety of phytochemicals that contribute to their therapeutic properties. These phytochemicals include phenolic compounds, flavonoids, tannins, alkaloids, saponins, and terpenoids. Among these compounds, phenolics and flavonoids are especially important because they are well known for their strong antioxidant activities (Wani et al., 2023; Effiong et al., 2024). These compounds are capable of scavenging free radicals, chelating metal ions, and inhibiting oxidative chain reactions, thereby reducing oxidative stress within biological systems. As a result, plant-derived antioxidants have attracted significant attention in pharmaceutical, nutraceutical, and biomedical research.
Recently, the use of polyherbal formulations has gained increasing attention in both traditional and modern healthcare systems. Polyherbal formulations involve the combination of two or more medicinal plants with the aim of improving therapeutic efficacy. The idea behind this approach is that different plants contain diverse bioactive compounds that may interact with each other to produce enhanced biological effects. This idea, commonly referred to as synergism, may result in improved therapeutic activity compared to the use of a single plant extract. Several studies have shown that polyherbal combinations can exhibit strong antioxidant properties due to the presence of numerous phytochemicals working together (Yap et al., 2023; Vasantrao, & Bhambar, 2025). The combined presence of phenolic compounds, flavonoids, and other secondary metabolites may enhance the ability of these formulations to neutralize free radicals and protect biological systems from oxidative damage (Hartanti & Hamad, 2023).
Phytochemical screening is an important step in the scientific evaluation of medicinal plants and herbal medicines. It helps to identify the different classes of bioactive compounds present in plant extracts and provides insight into their potential biological activities. Understanding the phytochemical profile of a polyherbal formulation is particularly important because the interaction among multiple phytochemicals may influence the overall therapeutic effect.
Despite the increasing number of studies on plant-based antioxidants, several gaps still exist in the current body of knowledge. Many polyherbal formulations that are traditionally used for health management have not been thoroughly investigated using modern scientific techniques. In particular, limited information is available regarding the detailed phytochemical composition and antioxidant capacity of many herbal combinations.
Morinda geminata is a flowering plant species in the Rubiaceae family, commonly found in West Africa and recognized for its medicinal applications. Phytochemical studies have shown the presence of bioactive compounds including, saponins, alkaloids, and flavonoids in its leaf and stem extracts (Nascimento Júnior et al., 2025; Shoge et al., 2025). The leaves and bark are used in traditional medicine for treating fever, diarrhea, diabetes, wounds, and stomach aches (Singh, & Sharma, 2020; Sadino et al., 2024).
Kalanchoe pinnata, is also a member of the Crassulaceae family.  It is an everlasting shrub with a maximum height of 1.5 meters. The plant is abundant in many different phytochemical components, including tannins, alkaloids, glycosides, steroids, flavonoids, and phenolic compounds. In addition, it contains micro minerals like iron and zinc as well as necessary macro minerals like calcium, magnesium, potassium, phosphorus, and sodium (Singh et al., 2022; Saeed et al., 2024). These compounds exhibit a wide range of biological, and pharmacological properties, such as antidiabetic, antioxidant, immunomodulatory, anti-lipidemic, anti-inflammatory, anti-microbial (Rahman et al., 2019; Alamrew, 2022), and many more activities that are yet to be fully explored. 
 Solanum americanum (American black nightshade) a herbaceous plant in the black nightshade family. The plant is often used as a vegetable. The bioactive compounds found in different plant parts include alkaloids, flavonoids, and tannins (Kamau, 2022; Anzoom et al., 2023). These are known for their significant medicinal and pharmacological effects. These bioactive compounds exhibit several pharmacological properties, such as antimicrobial, anti-inflammatory, anticancer, and antioxidant effects (Gafforov et al., 2024; Hayat et al., 2025).
This study provides a comprehensive evaluation of a polyherbal extract by examining both phytochemical composition and its antioxidant properties.  This provides an understanding of the potential synergistic antioxidant potential of the herbal formulation. The findings will contribute to the scientific validation of polyherbal medicine and support the development of natural antioxidant products.
2.0 MATERIALS AND METHODS
2.1 PLANT COLLECTION/IDENTIFICATION
The leaves of Morinda geminata, Kalanchoe Opinnatum and Solanum americanum were collected from Umugwuorie, Nru, Nsukka and Eke-Agbani in Nkanu West Local Government Area, Enugu State.  The identification and authentication of the plants were done by Mr. Ossai I. Isacc, the Chief Taxonomist/Herbarium Curator at International Center for Ethnomedicine and Drug Development (interCEDD). The specimen was then labeled for easy identification. Voucher number or identification number for Morinda geminata - BDCP/D51/018, Kalanchoe Opinnatum - BDCP/A64/002 and Solanum americanum- BDCP/C28/005
2.2 PLANT PREPARATIONS/ EXTRACTION
The maceration method was employed for the extraction of the bioactive compounds from the plant materials. The fresh leaves of Morinda geminata, Kalanchoe pinnata and Solanum americanum (600g) each were air-dried, milled into coarse powder and macerated into absolute ethanol. The mixture was agitated intermittently for 72 hours at room temperature. The resulting mixture was filtered using whatman No. 1 filter paper. The filtrate was concentrated to dryness under reduced pressure using a rotary evaporator at 40°C respectively. The extract obtained was used for phytochemical screening and evaluation of in-vitro antioxidant properties. 
3.0 METHODS
3.1 PHYTOCHEMICAL SCREENING

The freshly prepared extract of were qualitatively and quantitatively tested for the presence of phytochemical constituents. Phytochemical screening of the extracts was performed using standard procedures.

3.2 MEASUREMENT OF FREE RADICAL SCAVENGING ACTIVITY USING 2, 2-DIPHENYL-1-PICRYLHYDRAZYL (DPPH) METHOD

Scavenging activity on DPPH free radicals by the polyherbal extract was assessed according to the method reported by Gyamfi et al. (1999) with slight modifications. A known volume,  2.0 ml solution of the extract at different concentrations diluted two-fold (25-400 µg/ml) in methanol was mixed with 1.0 ml of 0.3 mM DPPH in methanol. The mixture was shaken vigorously and allowed to stand at room temperature in the dark for 25 min. Blank solutions were prepared with each test sample solution (2.0 ml) and 1.0 ml of methanol while the negative control was 1.0 ml of 0.3 mM DPPH solution plus 2.0 ml of methanol. L-ascorbic acid was used as the positive control.  Thereafter, the absorbance of the assay mixture was measured at 518 nm against each blank with UV-visible spectrophotometer. Lower absorbance of the reaction mixture indicated higher radical scavenging activity. DPPH radical scavenging activity was calculated using the formular: 


3.3 TOTAL ANTIOXIDANT CAPACITY

Total antioxidant capacity of the polyherbal extract was assayed using the phosphomolybdate method as outlined by Saeed et al (2012) using Ascorbic acid as a standard drug. An aliquot of 0.1 ml of each of the extract and ascorbic acid at varying concentrations (10-320 µg/ml) were mixed with 1 ml of reagent solution (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes were capped with aluminium foil and incubated in a water bath at 95 oC for 90 minutes. After the samples had cooled at room temperature, the absorbance of each mixture was measured at a wavelength of 765 nm against a blank.  A typical blank contained 1 ml of the reagent solution and incubated under the same conditions. All tests were performed in triplicate. The antioxidant capacity was expressed as Ascorbic acid equivalent (AAE) 

3.4 FERRIC REDUCING ANTIOXIDANT POWER (FRAP)

Ferric reducing antioxidant power of the polyherbal extract was assayed by the method of Benzie and strain (1999). Varying concentrations (25-800 µg/ml) of the extract (0.5 ml) was mixed with 0.5 ml phosphate buffer (pH 6.6) and 0.5 ml 0.1 % potassium hexacyanoferrate, followed by incubation at 50oC in water bath for 20 minutes. After incubation, 0.5 ml of 10 % TCA was added to terminate the reaction. The upper portion of the solution (1ml) was mixed with 1 ml of distilled water and 0.1 ml 0.01 % FeCl3 solution. The reaction mixture was left for 10 minutes at room temperature and the absorbance was measured at 700 nm against appropriate blank solution. All tests were performed in triplicate. A higher absorbance of the reaction mixture indicated greater reducing power. Gallic acid was used as a positive control. Then, iron colour reagent (0.05 ml) was added to all the test tubes and mixed. The tubes were incubated in a water bath at 37 oC for 10 minutes. Thereafter, the absorbance of all the test tubes was measured at a wavelength of 700 nm.

STATISTICAL ANALYSIS

 The experiments were carried out in triplicate and results are given as the mean ± standard deviation. The data in all the experiments were analyzed for statistical significance using Student’s t-test and differences were considered significant at P < 0.001.

4.0 RESULTS AND DISCUSSION
RESULTS
4.1 A QUALITATIVE PHYTOCHEMICAL COMPOSITION OF POLYHERBAL EXTRACT
[bookmark: _Hlk15650580]Table 1 shows the results of the qualitative contents of polyherbal extract of Morinda geminata, Kalanchoe Pinnata and Solanum Americanum leaves. The polyherbal extract contains high concentration of Phenolics, Flavonoids, Tannin, and Terpenoids. Saponin, Alkaloids, Glycosides and Steriods were in moderate amount.
Table 1: Qualitative Phytochemical Analysis of Polyherbal extract
	PHYTOCHEMICALS
CONSTITUENTS
	BIOAVALABILITY

	Alkaloids
	++

	Flavonoids
	+++

	Glycosides
	++

	Phenols
	+++

	Saponin
	++

	Steroids
	++

	Tannin
	+++

	Terpenoids
	+++


Key:  + Low concentration, ++ Moderate concentration, +++   High concentration
4.2 QUANTITATIVE PHYTOCHEMICAL ANALYSIS OF POLYHERBAL EXTRACT
The Polyherbal extract had a high amount of Flavonoids (60.5± 1.5 mg/g ), Phenols ( 71.5 + 1.6 mg/g), Tannin (62. 2 ± 1.0) and Terpenoids (63.0± 0.0); moderate amount of Saponin ( 54.9 ± 0.3), and Alkaloids (45.4 ± 1.1) as shown in Table 2
Table 2: Quantitative Phytochemical Analysis of Polyherbal Extract
	PHYTOCHEMICALS
CONSTITUENTS
	Polyherbal extract 
Quantity (mg/g)
(Mean ± SD)

	Alkaloids
	45.4 ±1.1

	Flavonoids
	60.5 ±1.5

	Phenols
	71.5±1.6

	Saponin
	54.9±0.3

	Tannin
	62.2±1.0

	Terpenoids
	63.0±0.0


Values are mean ±SD n=3
4.3  2,2-DIPHENYL-1- PICRYLHYDRAZYL RADICAL (DPPH) RADICAL SCAVENGING ACTIVITY OF POLYHERBAL EXTRACT
As shown in Table 3, the Polyherbal extract at different concentrations (25-400µg/ml) as well as the standard antioxidant drug, ascorbic acid, showed high DPPH radical scavenging activities. The results indicate an increase in percentage inhibitions (62.1%, 70.2 %, 77.8%, 82.5%, and 84.8 %) of the polyherbal extract with increase in concentrations. (EC50 = 1.293 and correlation coefficient (R2 = 0.947)
Table 3: Percentage Inhibition of DPPH Radical By Polyherbal Extract

	Concentration
 (µg/ml)
	% Inhibition of
Polyherbal extract
	% Inhibition of
  Ascorbic acid

	25
	  62.1
	63.4

	50
	70.2
	65.9

	100
	77.8
	70.4

	200
	82.5
	79.6

	400
	84.8
	82.7

	EC50  
R2
	1.293
0.947
	


Values are mean ±SD n=3

4.4  EFFECT OF POLYHERBAL EXTRACT ON TOTAL ANTIOXIDANT CAPACITY (TAC)

It evaluates both water-soluble and fat-soluble vitamins. The total antioxidant capacity of the polyherbal extract was based on the reduction of phosphate-molybdenum (VI) to phosphate-molybdenum (V) and subsequent formation of green phosphate/ Mo (V) complex at acidic pH.
 The results obtained showed that the total antioxidant capacity was in the range of 0. 546±0.01 to 1.720±0.00 expressed as Ascorbic acid equivalent (AAE) as shown in Table 4




Table 4: Total Antioxidant Capacity (TAC) of Polyherbal Extract
	CONCENTRATION
µg/ml
	TAC(AAE)
Mean ±SD

	10
	0.546±0.01

	20
	0.683±0.00

	40
	0.947±0.02

	80
	1.227±0.00

	160
	1.686±0.10

	320
	1.720±0.00


Values are mean ±SD n=3

4.5  FERRIC REDUCING ANTIOXIDANT POWER (FRAP) OF POLYHERBAL EXTRACT
As shown in table 5, the polyherbal extract had significantly (P< 0.05) higher reducing capability in all the concentrations used for FRAP evaluation. This is seen in the number of ferric (Fe3+) ions reduced to ferrous ion (Fe2+) and the quantity reduced in µMFe2+/g, which was concentration dependent. 
Table 5: Ferric Reducing Antioxidant Power (FRAP) of Polyherbal Extract
	Concentration 
(µg/ml)
	Polyherbal extract
µMFe2+/g

	25
	51.4±1.5

	50
	58.2±2.0

	100
	67.2±1.7

	200
	76.8±2.0

	400
	83.0±2.4

	800
	85.4±0.5


Ferric reducing antioxidant power of polyherbal extract 
Data are presented as mean value ± standard deviation SD (n = 3)


5.0 DISCUSSION
The polyherbal extract of Morinda geminata, Kalanchoe pinnata, and Solanum americanum is characterized by high amounts of phenolics, flavonoids, tannins, and terpenoids, with reasonable level of saponins, alkaloids, glycosides, and steroids, in agreement with prior reports on their individual and combined phytochemical studies (Moyo et al., 2022; Saeed et al., 2024). High levels of phenolics and flavonoids are frequently associated to strong antioxidant and anti-inflammatory activities, and this agrees with numerous reports on individual plants (Sharma & Chauhan, 2019; Singh et al., 2022). For instance, studies on Kalanchoe pinnata often points its richness in flavonoids and phenolic acids, which are associated with wound healing and anti-ulcer effects (Sobreira et al., 2022; Nkollo, 2025). Similarly, Solanum americanum has been reported to contain appreciable phenolic compounds contributing to its antimicrobial, anti-inflammatory and antioxidant properties (Joshi et al., 2021; Parvez et al., 2025). In addition Morinda species, are traditionally known for their astringent and antimicrobial properties due to their richness in bioactive compounds (Zhu et al., 2020; Obeng-Boateng et al., 2024). 
The polyherbal extract demonstrates a clear and concentration dependent increase in DPPH radical scavenging activity, increasing from 62.1% to 84.8% inhibition across the varying concentrations (25–400 µg/mL). This implies the higher the dose of the extract, the stronger its ability to neutralize free radicals, indicating efficient activity of its bioactive compounds. The relatively low EC₅₀ value (1.293) further confirms the potency of the extract, as lower EC₅₀ values indicate stronger antioxidant capacity with less bioactive compound required to achieve 50% radical inhibition compared with existing studies. For instance, aqueous leaf extract of Ricinus communis (Ramothloa et al., 2025) reported significantly higher EC₅₀ values (35–50 µg/mL), indicating comparatively weaker antioxidant activity. Also, the correlation coefficient (R² = 0.947) shows a strong linear relationship between concentration and activity, meaning the response is consistent and reliable rather than random. The strong correlation (R² = 0.947) observed here is also consistent with studies demonstrating a close relationship between phenolic/flavonoid content and antioxidant activity (Erdoğan et al., 2021). When compared with ascorbic acid, a well-established standard antioxidant, the extract’s high scavenging activity points that it possesses comparable radical scavenging potential, likely due to its rich composition of phenolics and flavonoids. 
The polyherbal extract showed total antioxidant capacity values ranging from 0.546 ± 0.01 to 1.720 ± 0.00 expressed as ascorbic acid equivalent (AAE), indicating a strong and concentration-dependent antioxidant capacity. Compared with reports on many single plant extracts, which often show lower TAC values, the present results suggest a stronger overall antioxidant potential.
This enhanced activity may be attributed to the complementary action of both hydrophilic and lipophilic antioxidants present in the formulation, which allows effective electron donation across different phases. Similar findings have been reported in other polyherbal systems, where combined plant extracts consistently outperform single extracts in TAC assays due to broader phytochemical diversity and synergistic effects (Chen et al., 2022; Vasantrao & Bhambar, 2025). This enhanced activity may be attributed to the complementary action of both hydrophilic and lipophilic antioxidants present in the polyherbal extract, which allows effective electron donation across different phases. 

The polyherbal extract showed a statistically significant (P < 0.001) increase in ferric reducing power across varying concentrations in the FRAP assay, indicating strong electron-donating ability.  The polyherbal extract was highly effective in converting ferric ions (Fe³⁺) to ferrous ions (Fe²⁺), with the amount of Fe²⁺ produced (expressed in µM Fe²⁺/g) increasing progressively as the concentration of the extract increased. Compared with earlier studies (Karole et al., 2019; Joshi et al., 2020, similar concentration dependent FRAP activity has been reported for many plant extracts, although polyherbal formulations often show enhanced reducing power due to synergistic interactions among bioactive compounds.
CONCLUSION
In summary, this result reinforces existing knowledge while also highlighting the advantage of combining medicinal plants. The present polyherbal extract exhibits superior or at least comparable antioxidant potency, likely due to synergistic interactions among its bioactive constituents. This combination, therefore, appears to offer a well rounded phytochemical potential that could justify its use in traditional medicine and support further pharmacological investigation.
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