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Abstract
This study evaluated bioactive constituents and antioxidant properties of crude extracts obtained from three tropical spices, namely ginger (Zingiber officinale), Tetrapleura tetraptera, and Monodora myristica, using microwave-assisted extraction. The spice materials were processed into dried powders and extracted under microwave-assisted conditions using ethyl ether as the extraction solvent. Extract yield, qualitative and quantitative phytochemical composition, and in vitro antioxidant activities were determined. The extract yield was highest for M. myristica (15.07%), followed by T. tetraptera (12.80%) and ginger (10.35%). Qualitative screening showed the presence of saponins, flavonoids, terpenoids, gingerols, alkaloids, phenolics, steroids, tannins, and cardiac glycosides in varying relative abundance. Quantitative analysis showed that M. myristica had the highest flavonoid, terpenoid, tannin, and phenolic contents, with values of 14.33, 7.30, 5.46, and 26.06 mg/g, respectively. T. tetraptera recorded the highest alkaloid, steroid, and cardiac glycoside contents, while ginger had the highest saponin content. Antioxidant assays indicated concentration-dependent activity across the extracts. In the DPPH assay, M. myristica showed the highest activity at all tested concentrations, reaching 88.02% at 400 µg/ml. In the FRAP assay, ginger showed the highest reducing activity, with a value of 89.93% at 400 µg/ml. Lipid peroxidation inhibition also increased with concentration, with the control showing the highest activity at 400 µg/ml. The findings indicate that the selected tropical spices contain measurable phytochemicals and antioxidant activity under the conditions used in this study.
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1.0 Introduction
Biologically active substances, or simply "bioactive" substances, are defined as those that affect live tissue or that create a reaction or trigger a response in it (Wong, et al., 2006). These compounds directly affect living things, and depending on the amount, those effects may be beneficial or detrimental (Vivekananthan et al., 2003). According to Suffredini et al. (2004), fruits, vegetables, and certain tropical plants contain the bioactive chemicals. These are ingredients in meals or dietary supplements that not only have to satisfy a person's fundamental nutritional requirements but also have the power to positively impact their overall health.
Because of their purported health benefits, there has been a recent surge in research into bioactive chemicals derived from plants (Nile and Park, 2015). Furthermore, the pursuit of a healthy lifestyle through the use of natural remedies to combat chronic illnesses is fundamental to the increased consciousness (Boots, et al., 2008). Plants that naturally contain antioxidants can act as a natural supplement to the body's needs, according to Boots et al. (2008). Numerous studies have shown how abundant antioxidants like flavonoids, tannins, vitamins A, Ascorbic acid, and Tocopherol are in a variety of plants. Meals and drinks rich in phytochemicals have been demonstrated to provide protection against cancers and other chronic diseases (Suffredini et al., 2004). This is because the antioxidants in certain foods and beverages help the body get remove free radicals, which harm nearby tissue. To find the bioactive components in tropical spices, scientists are concentrating their efforts.  Zingiber officinale (Ginger), or roscoe, belongs to the family, Zingiberaceae and has been used in herbal therapy for a very long time. Emesis, headaches, colds, and nausea are just a few among the frequent ailments that ginger roots are used to treat or cure. Many recognised bioactive compounds, including as phenolic and terpene molecules, are found in ginger rhizome. Gingerol, shogaol, and paradol are the main phenolic compounds that give ginger its many bioactivities (Stoner, 2013). In recent times, gingers have been associated with biological attributes such as anti-inflammatory, anti-cancer, antibacterial, and antioxidant qualities (Nile and Park, 2015). Moreover, an increasing amount of studies has demonstrated the potential benefits of ginger in the prevention as well as treatments of various ailments, such as cancers, diabetes mellitus, obesity, neurological conditions, respiratory disorders, and chemotherapy-induced nausea (Walstab et al., 2013 and Townsend et al., 2012). 

Tetrapleura tetraptera
T. tetraptera is an ornamental plant belongind to the pea familae that is endemic to West African nations. It is a member of the order fabales and family fabaceae. The Aridan trees are the popular name for this deciduous tree. In certain parts of Nigeria where Igbo is spoken, the plant is known as oshokirishi, Oshosho, or Ohiohio. Prekese is the local Ghanaian dialect name for it. The fruits, seeds, and blossom are utilised in Ghana in a many ways, such as the creation of fragrances, pomades made from vegetable oil, alcoholic beverage, as well as cookie flavourings (Aladesanmi, 2007). Because Tetrapleura tetraptera is high in vitamins, it is also primarily utilized as spices, medication, and supplement of diets in West Africa (Ofoedu, et al 2021). On the other hand, it is frequently observed in Nigeria's rain forest regions especially in certain eastern regions (Ofoedum, et al., 2025). 
In addition to its well-known anti-inflammatory properties, the T. tetraptera plant also possesses antibacterial properties against some human illnesses. Convulsions, leprosy, inflammation and rheumatic pains, schistosomiasis, asthma, hypertension, and the fast treatment of disorders like malaria fever are among the main conditions for which the plant is utilised, according to Akinmoladun et al. (2007). Consequently, this plant's medicinal value comes from its phytochemical constituents.
This tropical tree known as Monodora myristica (Ehuru) or nutmeg is a member of the "Annonaeceae" family. Africa is home to it, including the Republics of Congo, Sierra Leone, Sudan, Tanzania, Togo, and Uganda; Angola, Benin Republic, Cameroon, Gabon, Cote D’ivoire, Kenya, Liberia, and Nigeria are among the other countries in which it is native. According to Ofoedum et al. (2023), the calabash nutmeg is also known by the names ariwo, ehuru (in Igbo), African nutmeg, Jamaican nutmeg, awerewa, ehiri, airama, and African orchid nutmeg. The maximum height of the Monodora myristica tree is 35 metres, and its breast height (DBH) diameter is 2 metres. The leaves are well arranged alternately and are drooping. The leaf blades are elliptical, oblong, or broadest near the tip, and they taper to the stalk. They are petiolate and can reach a maximum size of 45 x 20 cm (Nwozo, et al., 2002). The fruits are 20 cm diameter, smooth, green, spherical berry that gradually turns woody. They are attached to a tall stalks that can grow up to 60 centimetres in length. The fruit's many oblong-pale brown, 1.5 cm long seeds are surrounded by a whitish, aromatic pulp. Between 5 and 9 percent of the seeds are made up of a colourless essential oils (Uwakwe and Nwaogguike, 2008). Figures 1 and 2, respectively, show the mature Monodora myristica fruit and the seeds.
Microwave-assisted extraction has been used more frequently recently to remove bioactives from plant tissues. This is due to the fact that typical extraction procedures, which require more solvent and take longer, degrade heat-sensitive bioactive chemicals. Microwave-assisted extraction (MAE) has attracted the most interest out of all the non-conventional extraction techniques because of its lower solvent consumption, shorter operation times, repeatability, higher recovery yield, strong selectivity, and less sample manipulation (Alara, et al., 2019). A relatively recent extraction method called microwave-assisted extraction (MAE) combines conventional solvent extraction with microwave technology. Because the method ensures faster extraction times, higher extraction rates, fewer solvent requirements, and cheaper costs, it offers advantages over conventional approaches (Delazar et al. 2012). According to Afoakwah et al. (2012), the primary benefit of MAE over Soxhlet extraction and ultrasonic assisted extraction is that plant chemicals are extracted more quickly. Kerm et al. (2005) extracted the mangiferin from Curcuma amada using ethanol and MAE as a solvent.
A 500 watt microwave power and a 15.32-second extraction time resulted in an ideal yield of 41 μg/ml mangiferin. In terms of time, energy, and solvent requirements, Kerem et al. (2005) discovered that MAE was a more effective approach than Soxhlet extraction for extracting saponins from chickpeas (Cicer arietinum). 
Kerem et al. (2005) similarly used water as a solvent and microwave-assisted extraction conditions to extract mangiferin from Mangifera indica leaves. A 1:20 material to solvent ratio, 272 W of microwave power, and 5 minutes of extraction time were used to get the highest extraction yield of 55 mg/g. When compared to conventional procedures, MAE employed less solvent and produced a higher extraction yield more quickly than Soxhlet and sequential batch extraction methods. MAE and pressurised liquid extraction (PLE) are advanced techniques used by Smiderle et al. (2017) to extract polysaccharides (especially physiologically active β-glucans) from Pleurotus ostreatus and Ganoderma lucidum fruiting bodies. β- and α-glucans, as well as heteropolysaccharides, were present in every extract. Alara et al. (2019) conducted an intriguing work whereby they enhanced the extraction of polyphenols from Ocimum basilicum L. basil by employing the response surface technique to improve MAE. The ideal extraction parameters were 50% ethanol, a 442 W microwave power, and a 15-minute extraction period. Under these circumstances, the basil liquid extract produced a total flavonoid content of 0.849 g catechin equivalents/100 g DW and a total polyphenol content of 4.299 g GAE/100 g. Using MAE to extract phenolics from plant materials such as bitter leaf, purple fleabane, roselle, tea leaf, vanilla, radix, flax seeds, smell leaf, siam weed, and others has been documented in numerous research (Alara, et al., 2019). The phytochemical and antioxidant properties of crude products extracted by MAE from ginger, Tetrapleura tetraptera, and Monodora myristica were assessed in the present investigation.  
2.0. Materials and Methods
2.1 Sample Procurement
Mature and freshly harvested ginger (Zingiber officinale) and dried Ehuru (Monodora myristica) seeds were purchased directly from the farmers at Ihiagwa in Owerri-west Local Government, Imo State, Nigeria.
Mature dry Oshiokirisho (Tetrapluera tetraptera) fruits were sourced from the ornamental garden of Fed. University of Tech., Owerri (FUTO).
The ginger (Z. officinale) roots, Oshiokirisho (T. tetraptera) pod, and Ehuru (M. myristica) seeds were identified by a crop scientist at the department of Crop Science and Technology, FUTO and then taken to department of Food Sci. and Technology laboratory, Federal University of Tech., Owerri, where sample preparations were carried out. 
The chemical reagents and laboratory wares/equipment used were of analytical grades. They were obtained from the department of Food Science and Tech., and department of Biochemistry, and department of Chemistry in FUT, Owerri, Nigeria.
	
2.2. Processing of Spices
2.2.1. Processing of Ginger (Z. officinale) Extracts
The processing and extraction of crude ginger (Z. officinale) extract was carried out using the method of A.O.A.C (2019). The ginger rhizomes were cleaned and washed with a solution of 40% alcohol to decontaminate the surfaces from microbial loads and peeled. Then 10 kg of peeled ginger rhizomes were sliced in to smaller sizes and sundried using an electric oven at 105oC for 8 hours prior to milling into powdered and stored in air tight containers for subsequent processing.. The flow chart for processing of ginger roots is represented in the Figure.1,
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Figure 1. Processing/Extraction of Ginger Ginger (Zingiber officinale)
2.2.2. Processing of Ehuru (Monodora myristica) seeds.
The methods as described by Onwuka, (2005) were adopted for this protocols with slight modification. A 2.0 kg of matured and dried Ehuru (Monodora myristica) seeds were sorted and mildly roasted for ease of dehulling. The dehulled seeds were further dried using drying oven (EUROSONIC; Model No.  ES-9080, China) at 105oC for 10 min to drastically reduce the moisture contents. The dried seed was milled using attrition mill and stored in air tight containers for subsequent extraction using MAE. See the flow chart in Figure 2.
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Figure.2. The production of crude extracts of Monodora myristica.(Ehuru)
2.3. Processing of Oshiokirisho (Tetrapluera tetraptera) Pod
The methods described by Odimegwu, et al, (2019) were slightly modified and used for the extraction of ehuru seed meal. About 10 pods of matured and dried pods of Oshiokirisho (Tetrapluera tetraptera) were selected, cleaned and washed with 40% alcohol solution to disinfect the surface of microorganisms. The pods were dried in an electric oven (EUROSONIC; Model No.  ES-9080,China) at the temperature of 60oC. The dried pods were cut into chunks for easy grinding. The ground sample was stored in an air tight contained and subsequently subjected to extraction.  The flow chart for the process is given in Figure 3.
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Figure 3. The crude extracts from Tetrapluera tetraptera 
2.3. Extraction of Crude Extracts from the Spices.
The extraction of the crudeextatc from the tropical spices followed the methods described by Chann et al., (2011) and Delazar et al., (2012). The processed spice samples of Zingiber officinale, Tetrapluera tetraptera and Monodora myristica were respectively extracted using microwave assisted extraction technology as described in section 2.4. The flow chart for the extraction is shown in figure.4.
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Figure.4. The diagrammatic representation of the process flow for the research/analysis.
2.4. Microwave assisted extraction of the Crude Extracts 
The bioactive chemicals were extracted using the protocol outlined by Chan et al. (2022). Two hundred grammes of the dried and ground plant material sample were put into a 500 millilitre flask with a flat bottom, and 250 millilitres of ethyl ether were added to the flask that already held the sample. After the flask was stoppered and attached to a condenser—a cooling system with a water inlet and outlet—it was carefully placed into a groove cut into the microwave. The microwave is connected to a power source and turned on while keeping in mind the solvent's predetermined temperature, the extraction period (10–20 min), and the power (300W), which are the MAE's fundamental working parameters. The solvent boiled and rose to the top of the vessel as a result of the magnetron's microwave output being directed by the waveguide onto the sample/solvent system. On the other hand, a water-cooled reflux condenser was brought into contact with the heated solvent. The solvent condensed as a result and went back into the holding jar. For a brief duration, this procedure was repeated, allowing the organic compounds to desorb into the organic solvent from the sample matrix. The crude extracts evaporated throughout the roughly 30-minute boiling procedure and were collected using a different jar that was meant for that reason. For each of the various dried plant material samples (Zingiber officinale, M. Myristica, and T. tetrapluera), this process was repeated. The extract yield was determined.
2.5. Quality Evaluation of the Crude extracts.
2.5.1 Determination of extraction yield:
 The step demonstrated by Iwouno, et al, (2019) was followed for the determination of extract yield. The yield of dried extracts based (dry weight basis) was calculated as shown below: 
						(1)	
Where: W1 = weight of extract 
W2 = dry weight of the sample 

2.5.2. Determination of the Phytochemicals and Antioxidants in the crude Extracts.
Phytochemical test was carried out to determine the presence or absence of chemical substances including target bioactive components present in the crude plant extracts. The tests were carried out using spectrophotometric techniques to screening/identify the phytochemicals as described by Onwuka, (2005), Savithramma et al. (2011), Olawuni, et al, (2019), and AOAC, (2019).
2.5.2.1. Qualitative Phytochemical Screening:
The methods used for the screening of all the phytochemicals followed the protocols described by AOAC (2019).
Test for Saponins
About 2 g of each of the studied plant extracts was weighed and dissolved in 5 ml of distilled water. Thereafter, aliquots of 2 ml were taken from each plant extract solution, stirred for 30 seconds, and briskly agitated. The setups were then allowed to settle for 15 minutes. The presence of frothing, which persists for over 15 minutes, is an indication of the presence of saponins in the tested sample.
Test for Alkaloids
About 2 g of each of the studied plant extracts was added to 10 ml of 0.1 M hydrochloric acid, warmed in a waterbath (50°C) for 5 minutes, and filtered through Whatman filter paper No. 1. After cooling, 3 drops of Dragendorff’s reagent were added and mixed. The appearance of a reddish-brown colour is a positive indication for the presence of alkaloids in the sample.

Test for Terpenoids
Into clean test tubes, 2 ml of alcoholic extracts were mixed with 5 drops of acetic anhydride. Thereafter, 5 drops of concentrated sulphuric were carefully added through the side of the test tube. The formation of a blue ring at the interface shows the presence of terpenoids in the tested sample.
Test for Flavonoids
To 2 ml of alcoholic extracts of the studied plants and 5 drops of concentrated hydrochloric acid were added. The formation of a red colour indicates the presence of flavonoids. To another portion of the alcoholic extracts (2 ml), 1 ml of dilute ammonia was added and gently mixed. A greenish-yellow colour indicates the presence of flavonoids.
Test for Cardiac Glycosides
To test for cardiac glycosides presence, 0.5 g of the extract was dissolved in 2 ml glacial acetic acid containing 2 drops of 10% ferric chloride solution. One milliliter of concentrated H2SO4 was then slowly introduced into the underlying mixture. Appearance of either a violet band at the boundary is a positive test for the deoxy-sugars (cardenolides).
Test for Steroids
The presence of steroids in the studied plant extracts was determined in this study. About 0.5 g of each extract was dissolved in 2 ml of chloroform. This was followed by addition of 3 drops of the Liebermann–Burchard reagent and gently agitated. The presence of reddish-purple colour indicates the presence of steroids.
Test for Phenols
The method of AOAC, 2019 was used for this determination. A 0.5 g of each of the studied plant extracts was boiled in 5 ml of 70% ethanol in a water bath for 5 minutes and then filtered through Whatman filter paper No. 1. After cooling, 5 drops of 5% ferric chloride were added and mixed. The appearance of a green precipitate indicates the presence of phenols in the sample.
2.5.2.2. Determination of In Vitro Antioxidant Activities of the Studied Plant Extracts
Ferric Reducing Antioxidant Power Assay
The reducing power of the extracts was determined according to the method described by Onwuka, (2005), with some modifications. Briefly, five different concentrations of methanolic extracts (0.2, 0.4, 0.6, 0.8, and 1 mg/ml) and L-ascorbic acid at same concentrations were mixed with 2 ml phosphate buffer (0.2 M, pH 6.6) and 2 ml of 1% potassium ferricyanide (K3Fe(CN)6). The mixture was incubated at 50°C for 20 minutes. Then, 2 ml of 10% trichloroacetic acid (TCA) was added, and the mixture was centrifuged at 1000 revolutions per minute (rpm) for 10 min. The supernatant (2 ml) was aspirated and mixed with 2 ml of distilled water and 1 ml of 0.1% ferric chloride (FeCl3). In each case, the experiment was performed in triplicate. Afterward, the absorbances were measured spectrophotometrically at 700 nm using a UV-vis spectrophotometer and recorded.
Determination of 1,1, diphenyl-2-picrylhydrazyl (DPPH) Radical Scavenging Activities
The free radical scavenging activity of APE was analyzed by the DPPH Assay (Mensor et al., 2001) using spectrophotometer. The crude extract at concentrations (25, 50, 100, 200 and 400) µg/ml each was mixed with 1 ml of 0.5 mM DPPH (in methanol) in a cuvette. The absorbance at 517 nm was taken after 30 minutes of incubation in the dark at room temperature. The experiment was done in triplicate. The percentage antioxidant activities were calculated as follows.
 		(2)
 One mililitre of methanol plus 2.0 ml of the test extract was used as the blank while 1.0 ml of the 0.5 mM DPPH solution plus 2.0 ml of methanol was used as the negative control. Ascorbic acid (vitamin C) was used as reference standard.
Determination of Hydroxyl Radical Scavenging Activities
The hydroxyl radical scavenging activity was performed as per the method described by Onwuka, (2005) with minor modifications. The reaction mixture was constituted by adding 2.4 ml of phosphate buffer (pH 7.8) into test tubes. To the same test tubes, 90 μl of 1 mM 1, 10 phenanthroline, 150 μl of 0.1 mM hydrogen peroxide, 60 μl of 1 mM iron (III) chloride, and 1.5 ml of the Phytexponent and the standard (L-ascorbic acid) at different concentrations (100%, 10%, 1%, 0.1%, and 0.01%) were added except in the controls, followed by incubation at room temperature for 5 minutes. The increase in absorbance at 560 nm was measured, and radical scavenging activity was determined.
Determination of Nitricoxide inhibition activity
Nitric oxide, generated from sodium nitroprusside in aqueous solution at physiological pH, interacts with oxygen to produce nitrite ions which were measured by Griess reaction (Marcocci et al., 1994). The reaction mixture (3 ml) containing sodium nitroppruside (10 mM) in phosphate buffer saline (PBS) and the extract from (25 - 400) µg/ml was incubated at 25°C for 150 min. After incubation, 0.5 ml of the reaction mixture was removed and 0.5 ml of Griess reagent (1% (w/v) sulfanilamide, 2% (v/v) H3PO4 and 0.1% (w/v) naphthylethylene diamine hydrochloride) was added. The absorbance of the chromophore formed was measured at 546 nm.
Determination of Total Phenolic Contents
The total phenolic content of the extracts was measured according to the Folin-Ciocalteu method adapted from A.O.A.C (2019) with some modifications. Briefly, the extract (1 ml) was mixed with 2 ml of Folin-Ciocalteu reagent, which was prepared by dilution with distilled water in a ratio of 1: 10 v/v, after which 1 ml of 20% sodium carbonate (Na2CO3) was added. The mixture was shaken for 20 seconds and incubated at 40°C for 30 minutes. Absorbance was measured at 765 nm. Gallic acid was used for the generation of the standard curve. The total phenolic content was expressed as mg of gallic acid equivalents (GAE) per gram (g) of the studied extracts. The experiment was repeated in triplicates.
Determination of Total Flavonoid Contents
The total flavonoid content of the extracts was evaluated through a technique described by Nwokenkwo, et al. (2019). In a 10 ml test tube, 0.3 ml of extracts, 3.4 ml of 30% methanol, 0.15 ml of NaNO2 (0.5 M), and 0.15 ml of AlCl3·6H2O (0.3 M) were mixed. After 5 minutes, 1 ml of NaOH (1 M) was added and mixed well, and the absorbance was measured against the reagent blank at 510 nm. The standard curve for total flavonoids prepared using quercetin standard solution (0–100 mg/l). The total flavonoids were expressed as milligrams of quercetin equivalents per g of sample. The experiment was repeated thrice.
2.6. Statistical Analysis
 The design of the experiment was that of completely randomized block design. All determinations were in triplicate. The data generated were analyzed using IBM SPSS software version 20.0 (SPSS Inc.) and Matlab 2015 and Ms Excel, version 2013. The mean comparison was carried out for a one way analysis of variance (ANOVA) and  the means were separated by the Fisher’s least significant difference (LSD) at (P<0.05).
3.0. Results and Discussion
3.1. Percentage extracts Yield
The extracts yields of the samples are presented in Table 1. The values revealed that sample AMX (M. myristica) gave the highest yield of 15.07% followed by sample ATX (T. tetraptera) with 12.80% yield while AGX (ginger) had the least yielded (10.35%). Moreover, related works done by Caiqin, (2010), exhibited similar low extract yields from ginger when compared to other tropical spices such as Monodora myristica and Tetrapluera tetraptera. Thus, the low extract yield from ginger might be associated with the intrinsic factors and/or the nature and chemical composition of the plant materials. Alara and Abdurahman (2020) reported similar ginger extract yield of 10.30% using microwave assisted extraction as reported in this research. 
                                                                                                          
Table 1. Percentage Extract Yields of the Samples
	Samples
	Extract Yield (%)

	AGX
	10.35

	ATX
	12.8

	AMX
	15.07




Keys:	 AGX = Ginger extracts
	ATX = T. tetrapluera extracts
	AMX = M. myristica extracts


3.2. Phytochemical Analysis/Qualitative Tests
Table 2 shows the abundance of phytochemicals present in the crude extract from the tropical spices. The Phytochemicals of importance profiled include: saponins, flavonoids, terpenoids, gingerols, alkaloids, phenolics, steroids, tannins, and cardiac glycosides.  It was observed that saponins were moderately present in all the samples (AGX, ATX and AMX respectively). Flavonoids showed high presence in all the samples whereas Terpenoids were moderately present in both samples (AGX and ATX), but had relatively higher abundance in sample AMX. Gingerols were found to be heavily present in sample AGX but relatively high in samples ATX and AMX respectively. Prasad and Tyagi, (2015) also reported that ginger contains high amounts of terpenes and 6-gingerols and other essential oils. Recent research has revealed that ginger possesses biological properties like anti-inflammatory, anticancer, and antioxidant properties (Nile and Park, 2015). Other research has shown that ginger contains bioactive components that are utilised to treat a variety of illnesses, including respiratory problems, diabetes mellitus, obesity, cardiovascular diseases, and nausea brought on by chemotherapy (Sawyer et al., 2012).
However, alkaloids where found to be moderately present in samples AGX and AMX, but relatively higher in sample ATX (T. tetraptera). Phenolics were found to be heavily present in all the samples while steroids were moderately present in all the samples. Tannins and cardiac glycosides were also moderately present in all the plant materials. A study done by (Rau, 2015), suggested that tropical spices such as ginger, turmeric, Monodora myristica, Tetrapluera tetraptera, curry, garlics, etc; contain several numbers of phytochemicals and antioxidants, which are also in line with those obtained from this study. Therefore, the predominance of the phenolic compounds in the crude extract could be linked to the presence of secondary and tertiary essences within all the samples. These phytochemical contents of extracts of T. tetraptera plant might be responsible for their traditional roles/uses as anti-inflammation and inhibition against certain human pathogens. Asthma, hypertension, schistosomiasis, leprosy, inflammation, rheumatic pains, seizures and hypertension have all been treated using T. tetraptera pods. It is also suggested for the quick treatment of conditions like malaria. The bioactive and phytochemical components of them have therapeutic significance because they have certain physiological effects in humans (Akinmoladun et al., 2007).
Table 2 Relative Phytochemical abundance in the crude extracts of plant materials. 

	Phytochemicals
	AGX
	ATX
	AMX

	Saponins
	+
	+
	+

	Flavonoids
	++
	++
	++

	Terpenoids
	+
	+
	++

	Gingerols
	+++
	++
	++

	Alkaloids
	+
	++
	+

	Phenolics
	+++
	+++
	+++

	Steroids
	+
	+
	+

	Tannins
	+
	+
	+

	Cardiac glycosides
	+
	+
	+



Keys:	 AGX = Ginger extracts
	ATX = T. tetrapluera extracts	
	AMX = M. myristica extracts
	+	= Moderately Present (High)
++	= Very much present (Relatively higher)
+++	= Heavily Present.

3.3 Quantitative Phytochemicals in the Crude Plant Extract
The mean scores for the quantitative screening of the phytochemicals/bioactives in the crude extract were as presented in Table 3.3. The saponin contents of samples AGX, ATX and AMX were 2.71, 2.53 and 2.48 (mg/ml) respectively. The AGX saponin content differed significantly (P< 0.05) from the rest, however ATX and AMX have no significant differences (P>0.05). Flavonoidscontents ranged from 14.33 to 10.68, with AMX having the highest score of 14.33. (mg/ml) followed by samples AGX and ATX with scores of 11.84 and 10.68 respectively. Sample AMX   recorded the highest the terpenoid (7.30) content, followed by AGX (5.87) while ATX had the least (5.36). The values for tannins indicated that AMX recorded 5.46, followed by ATX and AGX with 5.29 and 4.84 respectively for samples ATX, AGX and AMX. The AMX recorded the highest total phenolic (26.06), followed AGX (23.26) while ATX had the least value (20.93). For the steroids, sample ATX recorded the highest 4.31, followed by AGX (3.36) whereas AMX had the least (2.02). The values of phytochemical obtained in this work are comparable to the report by reported by Nwokenkwo et al, (2020).


Table 3: The Mean scores of the Quantitative Phytochemicals in the Crude Extract (mg/g)
	Samples
	Saponin
	Flavonoid
	Terpenoid
	Tannins
	Alkaloids
	Phenolics
	Steroids
	Cardiac Glycoside

	AGX
	2.71a±0.06
	11.84b±0.12
	5.87b±0.05
	4.84c±0.14
	7.47b±0.09
	23.26b±0.55
	3.36b±0.06
	2.37c ±0.15

	ATX
	2.53b±0.04
	10.68c±0.12
	5.36c±0.14
	5.29ab±0.03
	10.17a±0.03
	20.93c±0.27
	4.31a±0.06
	3.83a ±0.06

	AMX
	2.48b±0.03
	14.33a±0.38
	7.30a±0.05
	5.46a±0.06
	6.84c±0.09
	26.06a±0.57
	2.02c±0.05
	3.56b±0.05

	LSD
	0.1162
	0.5833
	0.2295
	0.3882
	0.1916
	1.1864
	0.1396
	0.2454


The means ‘abc…’  with  different  superscript  within  the  same  column  are  significantly  different  (p≤0.05) 
Key:	 AGX = Ginger extracts
	ATX = T. tetrapluera extracts
	AMX = M. myristica extracts

3.3. Antioxidant Assays
DPPH (2,2-diphenyl-1-picrylhydrazyl) Radical Inhibitory Activity of the crude Extracts.

The DPPH radical inhibitory activities of the samples and the control (ascorbic acid) at different concentrations are presented in Table 4. At DPPH concentration (50 µg/ml), AMX recorded the highest mean score (DPPH) of 56.61 µg/ml, followed by AGX (49.26 µg/ml) whereas ATX and control scored 44.64 and 41.07 µg/ml respectively; these values differed (P< 0.05) amongst the samples and the control. It is evident that at DPPH concentration of 50 µg/ml all the crude extracts exhibited high inhibitory activity than the control.
Also, at DPPH concentration of 100 µg/ml, AMX gave the highest inhibitory action of 71.27 µg/ml, while ATX had the least with a value of 60.06 µg/ml. However, AGX and the control with mean scores of 66.38 and 67.24 µg/ml respectively did not differ significantly (P>0.05). A previous study by Arala, et al, (2020) concluded that tropical spices such as ginger and M. myristica have high amounts of antioxidants in the of range of 60 µg/ml to 80 µg/ml, which compares favourable with the values obtained in this work.
More so, at 200 µg/ml (DPPH radicals), all the samples differed significantly and AMX with a value of 85.54 µg/ml had the highest while the control had the least (75.35) µg/ml. Again, at the DPPH concentration of 400 µg/ml, the results showed that sample AMX maintained the highest mean score (88.02 µg/ml), followed by sample AGX with a mean score of 87.14 µg/ml. Sample ATX recorded a mean score of 84.65 µg/ml while the control sample gave the least mean value of 82.33 µg/ml. It is generally observed that DPPH inhibitory radical increases with increase in concentration. The antioxidant potentials of potato peel extracts have been examined using DPPH radicals scavenging assay, ABTS radical scavenging activity, lipids peroxidation etc. in rats liver homogenates and chelation of iron ion (Jeddou et al., 2018). 

	
Table 4: Mean Scores of DPPH Radical Inhibitory Activities of the Crude Extracts at Different Concentrations

	
Samples
	Concentrations (µg/ml)

	
	50
	100
	200
	400

	Ctrl
	41.07d±0.63
	67.24b±0.82
	75.35d±0.28
	82.33d±0.19

	AGX
	49.2 b±0.33
	66.38b±0.50
	80.79b±0.32
	87.14b±0.14

	ATX
	44.64c±0.24
	60.06c±0.14
	77.60c±0.47
	84.65c±0.17

	AMX
	56.61a±0.06
	71.27a±0.21
	85.54a±0.47
	88.02a±0.23

	LSD
	1.2998
	1.1486
	0.9102
	0.4264


The means ‘abc…’  with  different  superscript  within  the  same  column  are  significantly  different  (p≤0.05)
.
3.4. Ferric Reducing Antioxidant Power (FRAP) Activity of the Crude Extracts at Different Concentration.

The ferric reducing antioxidant power (FRAP) activities of the crude extract at different concentration are shown in Table 5. It was found that at 50 µg/ml (FRAP), the control sample had the lowest score (18.25 µg/ml) while sample AGX had the highest score (73.39 µg/ml). Also, samples AMX and ATX had values of 40.84 and 34.42 µg/ml respectively. At 100 µg/ml concentration FRAP, AGX, ATX and AMX recorded 82.42, 61.72 and 50.18 µg/ml respectively and the control (29.64); these as well differed significantly (P<0.05). There is vivid regular pattern of increasing ferric reducing antioxidant power activity as the FRAP concentration increased. 
Similarly at 200 µg/ml of FRAP, AGX had the highest antioxidant activity of 88.51 µg/ml, preceded by ATX (77.22). AMX had 58.30 µg/ml while the control recorded the least 38.80.  The trend also confirms the increase in activity as influenced by increase in FRAP concentration.
Furthermore, at 400 µg/ml all the samples showed similar trends with sample AGX and Control have the highest and lowest mean scores of 89.93 and 62.69 µg/ml respectively, while samples ATX and AMX recorded mean values of 79.53 and 76.80 respectively. It can be concluded that the increase in the concentration consequently results to increase in the ferric reducing antioxidant powers (FRAPs) for both the control and the crude extracts. 
By interacting with a ferric tripyridyltriazine (Fe3+-TPTZ) complex and generating a coloured ferrous tripyridyltriazine (Fe2+-TPTZ), an antioxidant's reducing potential is estimated using FRAP tests. Compared to other assays that detect the suppression of free radicals, this one is unique in that it analyses antioxidants in a sample directly. According to Halvorsen et al. (2002), the values of the FRAP assay correlate to the concentration of antioxidants that donate electrons when ferric iron (Fe3+) is reduced to ferrous iron (Fe2+). In 2007, Sanchez-Alonso et al. According to Sanchez-Alonso et al. (2007), the findings indicate that extracts of ginger, T. tetrapluera, and M. myristica have a great capacity to donate electrons to reactive free radicals, transforming them into more stable non-reactive species and stopping the free radical chain reaction. The reaction is possible because of the reducing agents (antioxidants) such as the phenolic acids, polyphenols etc, that re constituents of the crude extracts.



Table 5: Mean scores of the FRAP Activities of the Crude Extracts at Different Concentrations

	
Samples
	Concentrations (µg/ml)

	
	50
	100
	200
	400

	Ctrl
	18.20 d ±0.5050
	29.64d ±0.2250
	38.80d±0.2501
	62.69d±0.3132

	AGX
	73.39 a ±0.4613
	82.42 a ±0.2212
	88.51a±0.2001
	89.93a±0.1504

	ATX
	34.42 c ±0.076
	61.72b±0.4225
	77.22b±0.0113
	79.53b±0.0802

	AMX
	40.84 b ±0.226
	50.18c±0.1550
	58.30c ±0.1450
	76.80c±0.2179

	LSD
	0.8352
	0.6338
	0.4256
	0.4819


The means ‘abc…’  with  different  superscript  within  the  same  column  are  significantly  different  (p≤0.05)
Keys:	Control = Normal Vitamin C
 AGX = Ginger extracts
	ATX = T. tetrapluera extracts
	AMX = M. myristica extracts                                                                                                                                                                                                                    

4.1.4.3. Lipids Peroxidation Inhibition Activity of the Extracts at Different Concentrations.

The results of the lipid peroxidation inhibition activity of the extracts at different concentration were as shown in Figure 5.  At 50 µg/ml, the control gave the highest pick (2.86 µg/ml) from 2.01 for AGX to 1.73 with ATX and gradually climbed to a value of 2.23 µg/ml for AMX. On the contrary, AMX had the highest value of 3.26 µg/ml, at 100 µg/ml; followed by control sample that gave a score of 2.95 µg/ml. In addition, sample AGX and ATX scored 2.63 µg/ml and 1.97 µg/ml respectively. It is shown that ATX had the least lipid Peroxidation inhibition at 100 µg/ml. 
Furthermore, the lipid peroxidation activities at 200 µg/ml showed that the control gave the highest value of 4.08 µg/ml and followed by AMX (3.50 µg/ml). AGX scored 2.88 while sample ATX had the least mean score of 2.29 µg/ml. Similar trend was observed at 400 µg/ml of the peroxide inhibition, with the control having the highest value of 6.34 µg/ml, followed by AMX with a score 4.55, while AGX and ATX recorded mean scores of 3.48 and 2.91 µg/ml,  respectively. Thus at 400 µg/ml, sample ATX exhibited lowest Lipid peroxidation inhibition activities while the control had the highest activity. It might be said that the lipid peroxidation inhibition is directly proportional to concentration. The control had the greatest peak when the concentration is 400 (µg/ml). Chan, et al, (2011) reported that lipid peroxidation of plants extracts increases with increase in concentration. Therefore, it can be deduced that the differences among the samples inhibitory activity could be attributed to the variations in the intrinsic factors of the crude extracts. 


Figure 5. Quantitative Phytochemical Screening of the Crude extracts




Figure 6. DPPH Assays of the Crude Extracts at Different Concentrations.


Figure 7. The FRAP activity of the Crude Extracts at Different Concentrations


Figure 8.  Lipid Peroxidation Inhibition Activities of the Extracts at Different Concentrations.
Keys:	Control = Normal Vitamin C
AGX = Ginger extracts
	ATX = T. tetrapluera extracts
	AMX = M. myristica extracts


Figure 9. The different bioactive compounds in the Extracts at Different Concentrations
Keys:	Control = Normal Vitamin C
AGX = Ginger extracts
	ATX = T. tetrapluera extracts
	AMX = M. myristica extracts
Conclusion
Microwave-assisted extraction was applied to obtain crude extracts from ginger (Zingiber officinale), Tetrapleura tetraptera, and Monodora myristica. The extraction yield varied among the spice samples, with M. myristica giving the highest yield and ginger giving the lowest. The qualitative screening confirmed the presence of major phytochemical groups, including saponins, flavonoids, terpenoids, alkaloids, phenolics, steroids, tannins, and cardiac glycosides. Quantitative results showed differences in the distribution of these compounds among the extracts. M. myristica contained the highest levels of flavonoids, terpenoids, tannins, and phenolics, while T. tetraptera showed higher alkaloid, steroid, and cardiac glycoside contents. Ginger showed the highest saponin content among the samples. The antioxidant assays demonstrated that the extracts had concentration-dependent activities in DPPH radical inhibition, ferric reducing antioxidant power, and lipid peroxidation inhibition. M. myristica showed the strongest DPPH activity, while ginger showed the highest FRAP activity under the experimental conditions. Overall, the results indicate that the studied tropical spices contain bioactive compounds with measurable antioxidant properties. These findings support their further investigation as natural sources of phytochemicals for food-related applications.
Limitations
This study was limited to crude extracts obtained from three selected tropical spices using microwave-assisted extraction. The work did not compare microwave-assisted extraction directly with other extraction techniques under controlled experimental conditions. The extracts were evaluated mainly for phytochemical composition and selected in vitro antioxidant activities; therefore, the results cannot be used to confirm biological effects in humans or animals. The study also did not isolate or identify individual compounds using advanced chromatographic or spectrometric techniques. Safety, toxicity, stability, sensory properties, and bioavailability of the extracts were not investigated. In addition, the use of a single extraction solvent and fixed extraction conditions may have influenced the composition and yield of the extracts. Further studies using optimized extraction parameters, compound-level identification, and broader biological and safety evaluations are required before specific food, nutraceutical, or industrial applications can be recommended.
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Lipid Peroxidation Inhibition Activities of the Extracts at Different Concentrations
50 (µg/ml)	CONTROL	AGX	ATX	AMX	2.86	2.0099999999999998	1.73	2.23	100 (µg/ml)	CONTROL	AGX	ATX	AMX	2.95	2.63	1.97	3.26	200 (µg/ml)	CONTROL	AGX	ATX	AMX	4	2.88	2.29	3.5	400 (µg/ml)	CONTROL	AGX	ATX	AMX	6.34	3.48	2.91	4.55	Samples

Concentration (µg/ml)



The Target Bioactives in the Different Samples of Crude Extracts
TOCOPHEROL	AGX	ATX	AMX	2.9000000000000001E-2	4.1000000000000002E-2	2.4E-2	CAROTENOIDS	AGX	ATX	AMX	15.5	7.55	17.66	GINGEROLS	AGX	ATX	AMX	18.79	13.26	12.07	TERPENES	AGX	ATX	AMX	9.4600000000000009	8.64	5.49	VIT. C.	AGX	ATX	AMX	9.0399999999999991	6.21	9.33	VIT. B6	AGX	ATX	AMX	8.56	7.26	7.88	VIT.B12	AGX	ATX	AMX	15	12.09	13.89	Samples Concentration (ug/ml)




Saponins	AGX	ATX	AMX	2.71	2.5299999999999998	2.48	Flavonoids	AGX	ATX	AMX	11.84	10.68	14.33	Terpenoids	AGX	ATX	AMX	5.87	5.36	7.3	Tannins	AGX	ATX	AMX	4.84	5.29	5.46	Alkaloids	AGX	ATX	AMX	7.47	10.17	6.84	Phenolics	AGX	ATX	AMX	23.26	20.93	26.06	Steroids	AGX	ATX	AMX	3.36	4.3099999999999996	2.02	Cardiac glycosides	AGX	ATX	AMX	2.37	3.83	3.56	Samples of extarcts

(Concentration (mg/100g)



DPPH Activity of the different Extracts at Different Concentration
50 (µg/ml)	CONTROL	AGX	ATX	AMX	41.07	49.26	44.64	56.61	100 (µg/ml)2	CONTROL	AGX	ATX	AMX	47.24	66.38	60.06	71.27	200 (µg/ml)	CONTROL	AGX	ATX	AMX	75.349999999999994	80.790000000000006	77.599999999999994	85.54	400 (µg/ml)	CONTROL	AGX	ATX	AMX	82.33	87.14	84.65	88.02	Samples

(Percentage Activity) 



Percentage FRAP Activities of the Crude Extracts at Different Concentrations
50 (µg/ml)	CONTROL	AGX	ATX	AMX	18.25	73.39	34.42	40.840000000000003	100 (µg/ml)	CONTROL	AGX	ATX	AMX	29.64	82.42	61.72	50.18	200 (µg/ml)	CONTROL	AGX	ATX	AMX	38.799999999999997	88.51	77.22	58.3	400 (µg/ml)	CONTROL	AGX	ATX	AMX	62.69	89.93	79.53	76.8	Samples

(Percentage Activity) 
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