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ABSTRACT 

Ocimum gratissimum is a popular aromatic plant extensively used in traditional medicine because of its wide 

range of therapeutic properties, which are attributable to the array of complex phytochemicals present in the 

plant. The study investigated the phytochemical composition and antioxidant potential in aqueous, ethanolic 

and acetone leaf extracts. Quantitative phytochemical analysis was carried using standard analytical techniques 

to determine the total phenolics, flavonoids, alkaloids, saponins and terpenoids. Fourier Transform Infrared 

(FTIR) spectroscopy was employed to identify the major functional groups present in the extracts. Antioxidant 

activity was evaluated using the β-carotene-linoleic acid and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays. 

FTIR analysis revealed characteristic functional groups associated with the bioactive compounds in all the 

extract. Ethanolic extract exhibited the highest flavonoid (147.24 mg QE/g), alkaloid (5.87 mg atropine/g) and 

terpenoid (158.81 mg linalool/g) contents. Acetone extract showed the highest total phenolic (34.25 mg 

GAE/g) and saponin (65.85 mg EE/g) contents, whereas the Aqueous extract contained considerable quantities 

of the tested phytochemicals, 30.06±0.00(mg GAE/g), 65.93±0.01(mg QE/g), 2.06±0.02(mg Atropine /g), 

48.27±0.03(mg EE/g) and 134.62±0.02(mg linalool/g) phenolics, flavonoids, alkaloids, saponins and 

terpenoids respectively. Both antioxidant assays demonstrated concentration-dependent free radical scavenging 

activity in the three extracts, with the DPPH assay showing stronger activity (with IC50 = 5.33, 7.5 and 

11.08µg/mL) than the β-carotene-linoleic acid assay (IC50 =9.77, 11.39 and 13.92µg/mL) for Ethanolic, 

Acetone and Aqueous extracts respectively. The findings showed that O. gratissimum leaves are rich in 

bioactive secondary metabolites with significant antioxidant potential, supporting their traditional medicinal 

use and highlighting their potential as a natural source of antioxidant compounds for pharmaceutical and 

nutraceutical applications. 

Keywords: Antioxidant; Extract; FTIR; Phytochemicals; Ocimum gratissimum; DPPH 

INTRODUCTION 

Ocimum gratissimum L is an aromatic, evergreen wild herbaceous plant with hairy leaves, scented flowers and 

a distinct mint flavour [1], which belongs to the Lamiaceae family. In West Africa, particularly in Nigeria, the 

plant is commonly grown for both culinary and medicinal purposes [4,5]. The medicinal potential of the plant 

is vast and varies by country. It is a well-known herb that is utilized in the medical system and has been used 

traditionally for the treatment of different health conditions [6,8].  

Plants synthesize a wide variety of secondary metabolites known as phytochemicals. Although these 

compounds are not directly involved in the normal growth and development of the plants, they play important 

roles in attracting pollinators, and defense against environmental stress, pests and pathogens [9]. Many 

phytochemicals possess valuable biological activities, making medicinal plants an important source of 

therapeutic agents and functional food ingredients.  

Beyond its culinary importance, O. gratissimum has attracted considerable scientific interest because of its rich 

phytochemical composition. Previous studies reported that the leaves contain bioactive compounds such as 
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phenolic compounds, flavonoids, alkaloids, terpenoids, saponins, steroids and essential oil [6]. Furthermore, 

nutritionally important minerals such as Potassium, Sodium, Calcium, Magnesium, Iron, Manganese, Zinc and 

Copper are also found in the leaves of O.gratissimum [20,22]. These compounds contribute to the plant’s 

medicinal properties and are utilized as food additives, medications, insecticides, and fragrances [24].  

The biological activities of O. gratissimum are largely due to its diverse bioactive compounds, many of which 

are capable of scavenging free radicals and reducing oxidative stress. Oxidative stress has been implicated in 

the development of several chronic diseases, including cardiovascular diseases, diabetes, neurodegenerative 

diseases and cancer. Consequently, identifying the phytochemical constituents and evaluating the antioxidant 

capacity of medicinal plants remain important areas of natural products research. Although several studies 

have investigated the medicinal properties of O. gratissimum, variation in geographical origin, environmental 

conditions and extraction solvents can influence the type and concentration of phytochemicals recovered. 

Therefore, the present study was designed to determine the phytochemical profile of aqueous, ethanolic and 

acetone extracts of O. gratissimum leaves, characterize the extracts using Fourier Transform Infrared 

Spectroscopy (FTIR), and evaluate their antioxidant potential using standard in vitro assays. 

MATERIALS AND METHODS 

Plant Material 

Sample Collection, Identification and Preparation 

Fresh leaves of Ocimum gratissimum were collected from a farm located in Igabi Local Government Area of 

Kaduna, Kaduna State, Nigeria. Botanical authentication was carried out at the Herbarium of Kaduna State 

University (KASU), where a voucher specimen (Voucher No. KASU/BSH/432) was deposited. The harvested 

leaves were thoroughly washed under running tap water to remove adhering soil particles and other 

contaminants before being air-dried at ambient temperature (28 oC) for five days. The dried leaves were 

separated from the stems and further dried in an oven at 40 oC for one hour to remove residual moisture. The 

dried material was pulverized using an electric blender, passed through a 1 mm mesh sieve to obtain a uniform 

particle size, and stored in an air-tight container until further analysis.  

Extraction of Ocimum gratissimum leaf 

One hundred grams (100 g) of the powdered leaf samples were subjected to successive solvent extraction by 

maceration using acetone, ethanol and distilled water. Each extraction was carried out for 48 hours with 

intermittent agitation to improve solvent penetration. The extracts were filtered and the respective solvents 

were removed using a rotary evaporator. The evaporation temperatures were maintained at 40 oC, 45 oC and 50 
oC for acetone, ethanol and aqueous extracts, respectively. The concentrated acetone extract was further air-

dried for four hours to eliminate residual solvent, whereas the ethanolic and aqueous extracts were oven-dried 

at their respective temperatures for four hours. The dried extracts were stored in air-tight containers until 

required for subsequent analyses. 

Fourier- Transform Infrared (FTIR) Analysis 

Fourier- Transform Infrared (FTIR) Spectroscopy was employed to identify the major functional groups 

present in the O. gratissimum extracts. The activity was carried out to provide information on the chemical 

constituents responsible for the biological activities of the plant in order to complement the phytochemical 

characterization.  

Quantitative Phytochemical Analysis  

Total Phenolic Content (TPC) 

The total phenolic contents of the extracts were determined using Folin-Ciocalteu coulorimetric method. The 

Folin-Ciocalteu reagent was prepared by measuring 2 mL of the reagent, adding distilled water and the volume 

made up to 20 mL in a measuring cylinder. Briefly, 10 mg of each extract was dissolved in 5 mL of methanol, 
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sonicated for 30 minutes at 40 oC and centrifuged at 1000 x g for 15 min. The resulting supernatant was used 

for analysis. Gallic acid was used as the reference standard, and calibration solutions ranging from 20-100 

μg/mL were prepared. The reaction mixture consisted of diluted Folin-Ciocalteu reagent, extract solution and 

7.5% Na2CO3. After incubation for 30 min at ambient temperature, absorbance was measured at 760 nm. The 

phenolic content was calculated from the gallic acid calibration curve and expressed as milligram of gallic acid 

equivalents per gram of dry extract (mg GAE/g) [25].  

Total Flavonoid Content (TFC) 

The Aluminum Chloride Colourimetric assay was employed to estimate the total flavonoid content. Quercetin 

served as the calibration standard at concentration of 20-100 μg /mL. Each extract was mixed with methanol 

were prepared in methanol, AlCl3 and CH3COONa before dilution with distilled water. The flavonoid 

concentration was expressed as milligrams of quercetin equivalents per gram of dry extract (mg QE/g). [26].  

Total Alkaloid Content (TAC) 

Total alkaloids were determined using bromocresol Green (BCG) complexation method with atropine as the 

reference standard. Phosphate buffer solution (pH 4.7), BCG reagent and atropine standard solutions (ranging 

from 20-100 μg /mL) were prepared according to the analytical procedure. Methanolic extracts obtained from 

Soxhlet extraction were acidified, filtered, washed with chloroform and neutralized before reaction with BCG 

reagent. The yellow complex formed was measured spectrophotometrically at 470 nm. Alkaloid content was 

calculated from the atropine calibration curve and expressed as milligrams atropine per gram of extract [27].  

 Total Saponin Content (TSC) 

The total saponins content was determined using the vanillin-sulphuric acid method using escin as the 

standard, and calibration solutions of escin ranging from 20-100 μg/mL were prepared. Aliquots of each 

extract were mixed with vanillin reagent and sulphuric acid, followed by incubation in a water bath at 60 °C 

for 15 min. The reaction mixtures were immediately cooled in an ice bath before absorbance was measured at 

540 nm. The results were expressed as milligram escin equivalents per gram of extract (mg EE/g) [28]. 

 Total Terpenoid Content 

Terpenoid content was estimated using a coulorimetric method involving methanol extraction, 

polyvinylpolypyrrolidone (PVPP) treatment and chloroform - sulphuric acid reaction. Linalool was used as the 

reference standard, and calibration solutions ranging from 20-100 μg /mL. were prepared. Following 

incubation, the coloured lower layer was diluted with methanol and absorbance recorded at 538 nm. Terpenoid 

content of the extracts were calculated from the calibration curve of linalool and expressed as milligrams 

linalool equivalents per gram of extract [29]. 

Antioxidant Assays 

β-Carotene–Linoleic Acid Assay 

The antioxidant capacity of the extracts was evaluated using the β-carotene–linoleic acid bleaching method. A 

β-carotene emulsion containing linoleic acid and Tween-20 was prepared, after which chloroform was 

removed under reduced pressure. Oxygen-saturated distilled water was added to produce a stable emulsion. 

Aliquots of the emulsion were mixed with different concentrations of the extracts (25-400 μg/mL), while 

butylated hydroxytoluene (BHT) was used as the positive control. The reaction mixtures were incubated at 50 

°C for two hours, and absorbance measured at 470 nm. Percentage inhibition of β-carotene bleaching was 

calculated from the absorbance values obtained at the beginning and end of the incubation period [30]. 

% inhibition = (
𝐴𝑡

𝐴0  
) × 100 

Where A0 and At are the absorbances of the test sample at time 0 and time t, respectively.  
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DPPH Radical Scavenging Assay  

The free radical scavenging potential of the extracts was measured in vitro using DPPH assay according to the 

procedure reported by Silva et al [31] with slight modification. A 0.1 nM DPPH solution was prepared in 80 % 

ethanol and mixed with varying concentrations of the extracts. The reaction mixtures were incubated in the 

dark at ambient temperature for 30 minutes after which absorbance was taken at 517nm.Radical scavenging 

activity of the extracts were calculated as the % reduction in absorbance relative to the control. 

Scavenging Activity (%) = (Abs. control – Abs. sample) X 100 

                  Abs. control 

Statistical Analysis 

All experiments were performed in triplicate, and results were expressed as the mean ± standard deviation 

(SD). Statistical analyses were carried out using GraphPad Prism version 8. 

Differences among means were evaluated by one-way analysis of variance (ANOVA) followed by Tukey’s 

multiple comparison test. Differences were considered statistically significant p < 0.05. 

RESULTS AND DISCUSSION 

Fourier- Transform Infrared (FTIR) Analysis 

The FTIR spectra of the ethanolic, acetone and aqueous extracts of O. gratissimum leaf showed several 

characteristic absorption bands corresponding to functional groups commonly associated with bioactive 

phytochemicals.  

The FTIR spectrum of the ethanolic extract (Figure1) showed a broad band centered at 3295 cm-1 

corresponding to O-H stretching vibration of hydroxyl-containing compounds, including phenolics and 

flavonoids. Similar absorption bands at 2922 and 2855 cm-1 confirmed the presence of aliphatic C-H groups 

characteristic of terpenoids and related metabolites. A peak at 1635 cm-1 was assigned to aromatic C=C 

stretching vibrations, although contributions from the bending vibration of absorbed water cannot be excluded.  

Peaks observed at 1364, 1238, 1148,1074 and 1033 cm-1 were attributed to C-H bending and C-O stretching 

vibrations associated with alcohols, phenols, ethers, esters and derivatives of carbohydrate. The presence of 

these functional groups suggests that ethanol efficiently extracted polar compounds particularly phenolics, and 

flavonoids which are known for their antioxidant properties. 

 

Figure 1: FTIR of Ethanolic Extract of Ocimum gratissimum Leaf 

The FTIR spectrum of acetone extract (Figure 2) exhibited a broad absorption band at 3362 cm-1, which is 

characteristic of O-H stretching vibrations of hydroxyl groups present in phenolic compounds, flavonoids and 
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alcohols. Strong absorption band at 2922 and 2855 cm-1 were assigned to asymmetric and symmetric C-H 

stretching vibrations of aliphatic methylene and methyl groups, indicating the presence of terpenoids and other 

hydrogenated monoterpenoids. A distinct peak observed at 1699 cm-1 corresponded to C=O stretching 

vibration of carbonyl-containing compounds such as aldehydes, ketones, ester, or carboxylic acids. The 

absorption band at 1621 cm-1 was attributed to aromatic C=C stretching vibrations, suggesting the presence of 

aromatic compounds particularly flavonoids. Additional bands at 1238, 1163 and 1036 cm-1 were assigned to 

C-O stretching vibrations of alcohols, esters, ethers and phenolic compounds. These absorption bands 

collectively indicated that the acetone extract contained several classes of bioactive compounds that may 

contribute to its biological activities. Selvaraju et al [32] also identified C=O, O-H, C-N, and C=C functional 

groups in the spectrum of O. gratissimum plant by FTIR. 

 

Figure 2: FTIR of Acetone Extract of Ocimum gratissimum Leaf                                         

 

The aqueous extract (Figure 3) displayed a broad absorption band at 3266.9 cm-1 indicating O-H stretching 

vibrations arising from phenolic compounds alcohols and hydrogen-bonded water molecules. The absorption 

band at 2922.2 cm-1 corresponded to aliphatic stretching C-H vibrations, while the weak peak at 2109.1 cm-1 

may be assigned to C≡C or C≡N stretching vibrations, although, it could also represent weak combination 

bands. The peak at 1638.8 cm-1 was attributed to aromatic C=C stretching vibrations or H-O-H bending of 

adsorbed water, suggesting the presence of flavonoids and other phenolic constituents. An additional 

absorption band at 1543.1 cm-1 was characteristic of amide II vibrations, indicating trace amounts of proteins 

and amino acid derivatives. Peaks at 1397.8 and 1017.6 cm-1 were assigned to CH3 bending and C-O stretching 

vibrations of alcohols, ethers, carbohydrates and phenolic compounds, while the bands at 874.6 and 872.3 cm-1 

were attributed to aromatic C-H out-of plane bending. These findings demonstrated that the aqueous extract 

was rich in highly polar phytochemicals and other water-soluble constituents [33,34]. 

 

Figure 3: FTIR of Aqueous Extract of Ocimum gratissimum Leaf 

https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume XI Issue VIII August 2026 

 

 

 

 

 

www.rsisinternational.org 
Page 919 

 

  

   

Comparison of the three extracts revealed both similarities and differences in their chemical composition. 

Hydroxyl (O-H) and aliphatic C-H stretching bands were present in all extracts, indicating that phenolic 

compounds, flavonoids and terpenoids constitute common classes of metabolites in O. gratissimum. However, 

the acetone extract exhibited a more pronounced carbonyl (C=O) absorption band, suggesting a greater 

extraction of carbonyl-containing compounds. The ethanolic extract showed relatively stronger O-H and C-O 

absorption bands, reflecting its greater efficiency in extracting phenolic compounds, flavonoids and 

glycosides. In contrast, the aqueous extract displayed broader O-H absorption together with the presence of an 

amide II band, indicating the extraction of highly polar metabolites, including carbohydrates and small 

quantities of nitrogen-containing compounds. Thus, the FT-IR spectra validated the presence of various 

phytochemicals which in turn established the medicinal potentiality of O. gratissimum leaves. For example, O-

H group has got the ability of forming hydrogen bonds probably indicating inhibitory activity against free 

radicals.  

Overall, the FTIR analysis confirmed that the solvent employed influenced both the composition and 

abundance of phytochemicals extracted from O.gratissimum leaves. Although all the three solvents recovered 

similar classes of secondary metabolites, differences in band intensity and peak positions suggest variations in 

extraction efficiency arising from solvent polarity. These findings support the quantitative phytochemical 

results obtained in the present study and provide spectroscopic evidence for the presence of compounds 

associated with the antioxidant activity of the plant.   

In an FTIR studies on O. gratissimum leaves aqueous extract undertaken by Raju et al. [35] revealed the 

following functional groups with their corresponding intensity peaks. The characteristic band at 3809 cm-1 (O-

H group) for H2O, 2924 cm-1 (O-H stretching) for carboxylic acid, 2852 cm-1 (C-H stretching) for alkanes and 

alkynes, 1737 and1631 cm-1 (C=O stretching) for amides and esters respectively, 1444 cm-1 (C-H bending) for 

aromatic compound,1325, 1265, 1155 and 1101 cm-1 (C-X stretching) for alkyl halides and  1020 cm-1 

(glycogen- acetol and carbohydrate) for carbohydrate and ketone were exhibited by the sample. 

In a related study conducted by Krishnan et al. [36], FT-IR analysis of O. gratissimum leaves showed the 

presence of some functional groups with corresponding intensity peaks. Amine and  amino functional group 

frequencies were between peaks 844.82-1068.56 cm-1 representing aliphatic and aromatic primary amines. The 

peaks 648.08-785.03 cm-1 were assigned to cis-disubstituted alkenes, whereas 1211.30 and 1394.53 cm-1 

formed  the  NH- alkaloids. Meanwhile, the  peaks 3662.62 and  3728.40 cm-1  represented  O-H stretching  or 

hydrogen bonding for alcohols and phenols. The C-H stretching at 2351.23 and 2314. 58 cm-1 was assigned to 

alkanes and C-H bending denoted for alkynes, while the peak 1166.93 cm-1 formed the flavonoids. The peaks 

524.64 and 586.36 cm-1 represented the C-H (CH2X) stretching assumed to be alkyl halide. The carbonyl 

group (C=O) of amides and esters was assigned to C=O stretching of the peak 1735.93 cm-1 whereas the peaks 

1512.19 -1593.3 formed the nitro compounds. The spectral studies of FT-IR analysis in their study generally 

revealed the presence of functional groups representing alcohols, phenols, alkanes, carboxylic acids, 

aldehydes, alkenes, nitro compounds, alcohols, carboxylic acids, esters, ethers, aliphatic amines and alkyl 

halides. 

Phytochemical Analysis Results   

The quantitative phytochemical composition of the ethanolic, acetone and aqueous extracts of O.gratissimum 

leaves is presented in Table 1. In the Table, considerable variations were observed in the concentrations of the 

phytochemicals among the three extraction solvents, demonstrating that solvent polarity influenced extraction 

efficiency significantly. 

The ethanolic extract contained the highest flavonoid concentration, indicating that ethanol was particularly 

effective in extracting these polyphenolic compounds. Flavonoids are recognized as potent natural antioxidants 

capable of scavenging reactive oxygen species, chelating transition metals and inhibiting lipid peroxidation. 

Their high abundance in the ethanolic extract may therefore contribute significantly to the antioxidant activity 

observed in the present study. Ethanol also produced the highest alkaloid and terpenoid contents, suggesting 

that these classes of secondary metabolites possess greater solubility in hydroalcoholic media than in either 

acetone or water. Similar observations have been reported in previous studies where ethanol extracted higher 
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concentrations of alkaloids from O. gratissimum than aqueous and several other organic solvents [37]. 

The acetone extract contained the highest concentrations of total phenolic compounds (34.25±0.08 mg GAE/g) 

and saponins (65.85±0.03 mg EE/g), whereas the ethanolic extract yielded the highest of flavonoids 

(147.24±0.03 mg QE/g), alkaloids (5.87±0.06 mg atropine equivalent/g) and terpenoids (158.81±0.02 mg 

linalool equivalent/g). In contrast, the aqueous extract consistently recorded the lowest concentrations of 

phenolics, flavonoids, alkaloids and saponins, although it contained appreciable amounts of terpenoids. These 

findings indicate that the nature of the extraction solvent significantly affects both the quantity and diversity of 

phytochemicals recorded from O. gratissimum leaves. 

The higher phenolic content observed in the acetone extract may be due to the intermediate polarity of acetone, 

which enhances the extraction of both moderately polar and less polar phenolic compounds. Acetone has been 

reported to penetrate plant tissues effectively and dissolve a broad range of phenolic constituents, thereby 

increasing extraction efficiency. Since phenolic compounds possess strong reducing and free radical 

scavenging properties, their high concentration suggests that the acetone extract may exhibit considerable 

antioxidant potential.  

Table 1: Phytochemical Profile of Leaf Extracts of Ocimum gratissimum 

 

 

 

 

 

 

 

 

 

 

Solvent polarity plays a crucial role in determining extraction efficiency. Ethanol and aqueous ethanol 

mixtures, generally yield higher extract recoveries from plant matrices. Ethanol exhibits both hydrogen-bond 

donor and acceptor properties, which enables it to interact with a wider range of polar and moderately polar 

chemical constituents. As a result, ethanol enhances the solvation of diverse phytochemical classes and 

promotes cell-wall swelling and diffusion. Moreover, solvent physical characteristics particularly dielectric 

constant, viscosity, and surface tension collectively influence the solvent’s ability to penetrate the plant matrix 

and desorb intracellular compounds, thereby determining overall extraction efficiency [38] 

Although water extracted lower quantities of most phytochemicals, the aqueous extract still contained 

measurable concentrations of all the investigated metabolites. This finding confirms that water is capable of 

extracting highly polar bioactive compounds, although its extraction efficiency is generally lower than that of 

organic solvents. The comparatively lower phytochemical yield obtained with water may be attributed to the 

limited solubility of several secondary metabolites, particularly flavonoids, alkaloids and certain phenolic 

compounds in highly polar solvents.  

In a related study conducted by Enenebaeku et al [39], aqueous extract of O.gratissimum revealed the presence 

of tannins, phenols and alkaloids. Total phenolics (8.47±1.33 mg GAE/g) and total alkaloids (270 ±0.05 mg 

TAE/g) were reported. These values were less than the values in this study (30.06±0.00 mg GAE/g) and 

(2.06±0.02 mg atropine/g) for total phenolics and total alkaloids respectively. In another study conducted by 

Zareiyan and Khajehsharifi [40], methanolic extract of O.gratissimum recorded total flavonoids (151.9 µg 

QE/mg) and total phenolics (63.03 µg GAE/mg) as against 147.24±0.00 mg QE/g) and (32.10 ± 0.08 mg 

GAE/g) for total flavonoids and total phenolics respectively recorded in this study.  

Ahmed et al [41] reported (17.36 and 2.58) %, (0.38 and 0.11) %, and (43.33 and 12.83) % for total phenolics, 

alkaloids, tannins in ethanolic and aqueous extracts respectively. However, the total flavonoids content 

Concentration (mg/g) 

Phytochemical Ethanolic Acetone Aqueous 

Phenolics (mg GAE/g) 32.10±0.08 34.25±0.08 30.06±0.00 

Flavonoids (mg QE/g) 147.24±0.03 137.4±0.02 65.93±0.01 

Alkaloids (mg Atropine /g) 5.87±0.06 4.98±0.02 2.06±0.02 

Saponins (mg EE/g) 62.67±0.02 65.85±0.03 48.27±0.03 

Terpenoids (mg linalool/g) 158.81±0.02 121.38±0.02 134.62±0.02 
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recorded a higher value 111.87 % in aqueous extract as compared to 96.94 % recorded for ethanolic extract. In 

a related study, aqueous leaf extract of O. gratissimum afforded concentrations of alkaloids (4.66 mg/g), 

saponins (2.40 mg/g) and tannins (6.80 mg/g). In addition, ethanolic extract of O gratissimum leaves recorded 

total phenolics content of 56.59 mg ac. Galic/100mg; total flavonoids content of 13.71 mg Eq Quer/100 mg 

and total tannins content of 8.6 mg Eq Cat/100mg [42]. Related research reported 0.0313, 0.034 and 0.016% 

alkaloid, flavonoid and saponin respectively, in addition to 10.2mg/g tannins and 5.86 mg/g total phenolics 

from ethanolic extract of O.gratissimum leaves [43]. Meanwhile aqueous extract of O.gratissimum as reported 

by Jumare [44] revealed 3.67, 4.17 and 2.03 mg/100g of saponin, flavonoids and alkaloids respectively. Also, 

aqueous extract of O.gratissimum leaves gave 2.2 and 8.8 mg/100g saponin and flavonoids respectively in 

another study [45]. 

The reason for these differences could be due to extraction and processing methods, soil condition, location, 

climatic conditions, seasonal changes and genetic diversity as production of these secondary metabolites 

changes dynamically based on the pressures on ecosystems. Furthermore, different methods and solvents were 

used by various authors.  

Overall, the quantitative phytochemical analysis showed that O.gratissimum leaves are a rich source of 

biologically active secondary metabolites. The observed differences among the extracts highlight the influence 

of solvent polarity on phytochemical recovery, with ethanol proving most effective for extracting flavonoids, 

alkaloids and terpenoids, whereas acetone was more efficient for phenolics and saponins. The abundance of 

these bioactive constituents provides a scientific basis for the antioxidant potential and traditional therapeutic 

applications of O.gratissimum. 

Antioxidant Activity Results 

The antioxidant activity of methanolic, acetone and aqueous leaf extracts of O. gratissimum using the β-

carotene-linoleic acid and DPPH assays, with BHT serving as the reference antioxidant is shown in Table 2. In 

both assays, the extracts exhibited concentration-dependent activity, with percentage inhibition increasing 

progressively as the extract concentration increased from 5 to 25 µg/mL. 

Table 2: Antioxidant Activity of Leaf Extracts of O.gratissimum 

 

In the β-carotene-linoleic acid assay, all the extracts exhibited concentration-dependent antioxidant activity. 

The percentage inhibition increased progressively from 5 to 25 µg/mL. The methanolic extract increased from 

45.02±0.01 %to 70.55±0.01 %, while the acetone extract increased from 43.45±0.02 % to 64.05±0.03 %. The 

aqueous extract showed the lowest activity, increasing from 42.05±0.03 % to 60.05±0.02 %. The reference 

antioxidant (BHT) demonstrated the highest inhibition all through the concentration range increasing from 

55.17±0.01 %to 96.15±0.02 % 

% Inhibition 

β-Carotene-Linoleic Acid Assay DPPH Assay 

Conc 

(µg/mL) 

Ethanolic Acetone Aqueous BHT Ethanolic Acetone Aqueous BHT 

5 45.02±0.01 43.45±0.02 42.05±0.03 55.17±0.01 50.15±0.01 48.02±0.02 45.22±0.01 57.02±0.01 

10 49.77±0.02 47.46±0.02 45.18±0.02 67.15±0.00 55.22±0.03 52.25±0.01 48.05±0.02 68.19±0.01 

15 55.15±0.01 54.65±0.02 50.21±0.02 74.56±0.01 60.13±0.02 57.05±0.02 52.72±0.02 75.66±0.00 

20 63.28±0.02 59.70±0.02 58.49±0.03 88.67±0.01 68.44±0.01 62.25±0.02 59.45±0.02 89.77±0.01 

25 70.55±0.01 64.05±0.03 60.05±0.02 96.15±0.02 72.95±0.01 68.18±0.02 62.85±0.01 98.05±0.00 

IC50 

(µg/mL) 

9.77 11.39 13.92 2.27 5.33 7.5 11.08 1.62 
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The order of antioxidant activity observed was BHT > ethanolic extract > acetone extract > aqueous extract. 

The observed pattern is also supported by the IC50 values, where lower IC50 value indicate greater antioxidant 

effectiveness. The IC50 values recorded were 9.77, 11.39 and 13.92 µg/ml for ethanolic, acetone and aqueous 

extracts respectively, while BHT had the lowest value (2.27 µg/mL).  

A similar trend was observed in the DPPH assay. The percentage inhibition increased with increasing 

concentration for all the three extracts. The ethanolic extract showed the highest activity increasing from 

50.15±0.01 % at 5 µg/ml to 72.95±0.01% at 25 µg/ml. Acetone extract followed with percentage inhibition 

values ranging from 48.02±0.02 % to 68.18±0.02 %, over the same concentration range, whereas aqueous 

extract recorded 45.22±0.01 % to 62.85±0.01 %, over the same concentration range. The strongest activity was 

exhibited by the BHT with inhibition increasing from 57.02±0.01 % to 98.05±0.00 %. The IC50 results further 

confirm this pattern. The methanolic extract had the lowest IC50 value (5.33 µg/mL) among the extracts, 

followed by acetone (7.50 µg/mL) and aqueous (11.08 µg/mL) while BHT had an IC50 value of 1.62 µg/mL. 

So, the overall antioxidant effectiveness in the DPPH assay followed the same order as for the β-carotene-

linoleic acid assay. 

The greater activity observed for the ethanolic extract compared with acetone and aqueous extracts may be an 

indication that methanol was more effective at extracting the antioxidant constituents such as flavonoids 

terpenoids saponins responsible for the observed activity. The differences between the extracts also suggest 

that the antioxidant activity of O. gratissimum leaves depend on the extraction solvent and the phytochemical 

extracted. Overall, the results demonstrated that O. gratissimum leaf extracts possess appreciable antioxidant 

activity in both assay systems.   

Although BHT produced higher inhibition values at all concentrations tested, the extracts demonstrated 

appreciable antioxidant activity, indicating their ability to inhibit oxidative reactions and scavenge free 

radicals. The concentration-dependent increase observed in both assays suggests that the antioxidant 

constituents present in O.gratissimum become more effective as their concentration increases. Such behaviour 

is characteristic of plant extracts rich in phenolic compounds and flavonoids, which donate hydrogen atoms or 

electrons to neutralize free radicals and terminate oxidative chain reactions. The substantial amounts of 

phenolics, flavonoids and terpenoids identified in the phytochemical analysis are therefore likely to be 

responsible for the antioxidant activity observed in the present study. 

The DPPH assay produced a lower IC50 value (5.33 µg/mL) than the β-carotene-linoleic acid assay (9.77 

µg/mL), indicating greater antioxidant effectiveness in scavenging DPPH free radicals. Since a lower IC50 

value reflects stronger antioxidant activity, the results suggest that the extract was more efficient at donating 

hydrogen atoms or electrons to stable free radicals than at preventing lipid peroxidation in the β-carotene-

linoleic acid system. The difference may be attributed to the varying reaction mechanisms involved in the two 

assays, as DPPH primarily measures free radical scavenging capacity, whereas the β-carotene-linoleic acid 

assay evaluate the ability of antioxidants to inhibit oxidative degradation of lipids. 

The antioxidant activity demonstrated by O.gratissimum leaf extract is consistent with its phytochemical 

composition. Phenolic compounds, flavonoids and terpenoids are recognized as major natural antioxidants 

because of their ability to stabilize reactive oxygen species and reduce oxidative stress. The anti-oxidative 

effects of these phytochemicals could be accomplished through a variety of mechanisms, including scavenging 

free radicals, chelating metal ions, or blocking enzyme systems that generate free radicals [41]. The synergistic 

action of these phytochemicals may account for the strong antioxidant potential observed in this study. 

Overall, the results confirm that O. gratissimum possess significant antioxidant activity, although its activity 

remained lower than that of the synthetic antioxidant BHT. The concentration-dependent inhibition observed 

in both assays, together with the relatively low IC50 values, provides experimental evidence that the plant is a 

rich source of natural antioxidant compounds. These findings support the traditional use of O.gratissimum in 

herbal medicine and suggest that its bioactive constituents may have potential applications in the development 

of natural antioxidant formulations for pharmaceutical, nutraceutical and food preservation purposes. 

The DPPH IC50 of 5.33 µg/mL recorded for the ethanolic extract in this study was lower than the 6.175 and 
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37.92 µg/mL reported for ethanolic leaf extracts of O. gratissimum [42; 46]. Similarly, the aqueous extract in 

the present study gave an IC50 of 11.08 µg/mL, which is also lower than the 40.21 and 83.00±1.17 µg/mL 

reported for an aqueous leaf extract of O. gratissimum [47;48].  

These comparisons suggest that the extracts investigated in the present study possess strong DPPH radical 

scavenging activity especially the methanolic extract. The differences between the previous reports and the 

present findings may be linked to variations in extraction solvents, extraction conditions, geographical origin 

of the plant, harvest time, phytochemical composition and assay procedures. 

LIMITATIONS OF THE STUDY 

Although the spectrophotometric analysis effectively quantified broad classes of secondary metabolites, it gave 

an aggregate measurement and lacks capacity to isolate individual compound’s molecular structure. The Folin-

Ciocalteu method is prone to interference from non-phenolic reducing agents (reducing sugars, ascorbic acid 

and certain amino acids) present in crude plant extracts which can overestimate total phenolic content. Also, 

the antioxidant evaluations were limited to in-vitro chemical models (β-carotene-Linoleic acid and DPPH 

assays). These methods though reliable for radical scavenging and lipid peroxidation, they do not account for 

cellular bioavailability, metabolic biotransformation or specific in vivo mechanism of action. In addition, 

bioactivity assays cannot distinguish whether the effect is from a single dominant phytochemical or a 

synergistic interaction among many compounds as crude plant extracts contain a complex mixture of 

compounds. The choice of extraction solvent inherently limits the yield because polar solvents miss non-polar 

compounds and vice versa. Phytochemical profile of crude plant extracts changes drastically based on sample 

and environmental variations such as location, plant maturity stage, time of harvest, soil composition, post-

harvest handling among others.  

To address these limitations, further research should focus on chromatographic identification and structural 

elucidation of the extract using GC-MS or HPLC-MS/MS to isolate the specific compounds responsible for the 

observed activity. To evaluate toxicity, metabolic pathways and pharmacokinetic profile of the extracts, 

cellular antioxidant activity and in vivo animal models should be conducted. These would provide deeper 

insight into the mechanisms of action, safety and therapeutic efficacy of the extracts. 

CONCLUSION 

The study showed that O. gratissimum leaves possess significant antioxidant potential, driven by a rich profile 

of quantitatively verified secondary metabolites especially phenolics and flavonoids. 

Quantitative phytochemical analysis further revealed that the extraction solvent significantly influenced the 

recovery of these metabolites. FTIR analysis confirmed the presence of characteristic functional groups 

associated with these important secondary metabolites.  

The extracts exhibited a robust radical scavenging activity against DPPH and inhibited lipid peroxidation 

effectively in the β-carotene-linoleic acid system. These findings underscored the potential of the leaf extracts 

as a valuable source of natural, accessible, cheaper antioxidants for pharmaceutical, nutraceutical or industrial 

applications. While further chromatographic isolation and in vivo biological validations are required to clarify 

individual active compounds and safety profiles, the quantitative and functional data established herein provide 

strong foundational baseline for the therapeutic utilization of this plant species. 
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