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Abstract
This study investigated the influence of four ripening methods—natural ripening, wood ash ripening, calcium carbide treatment, and ethylene gas treatment—on the proximate composition, antioxidant activity, qualitative and quantitative phytochemical profile of avocado pulp powder. Proximate analysis revealed that naturally ripened pulp powder exhibited the highest carbohydrate content (72.15%) and low moisture (8.45%), indicating superior shelf stability and energy density, while ethylene gas treatment yielded the lowest carbohydrates (50.4%) and highest moisture (22.8%), compromising stability. Antioxidant assays (DPPH, FRAP, nitric oxide scavenging, and total antioxidant capacity) showed that naturally ripened powder had robust DPPH (78.99% at 100 µg/ml) and FRAP (0.377 at 100 µg/ml) activities, closely rivaled by calcium carbide treatment (DPPH: 78.15%, FRAP: 0.424), with wood ash excelling in FRAP (0.412) and ethylene gas showing variable efficacy (DPPH: 70.27%). Qualitative phytochemical analysis indicated that naturally ripened powder contained all tested compounds (alkaloids, tannins, phlobatannins, saponins, terpenoids, cardiac glycosides, steroids, reducing sugars, flavonoids, phenols), with alkaloids and saponins in high abundance (++). Wood ash lacked phlobatannins and reducing sugars, while calcium carbide retained all compounds at moderate levels (+), and ethylene gas also lacked phlobatannins and reducing sugars. Quantitative analysis confirmed high saponins (52.48 mg/100g) and alkaloids (49.60 mg/100g) in naturally ripened powder, with wood ash showing lower values (e.g., saponins: 22.47 mg/100g) and ethylene gas the lowest (e.g., alkaloids: 15.17 mg/100g). These findings suggest that natural ripening optimizes nutritional and bioactive properties for functional food applications, while wood ash and calcium carbide enhance specific antioxidants but require further safety validation, and ethylene gas is least suitable due to reduced bioactivity.
1.0 Introduction
Avocado (Persea americana Mill.) is a globally valued fruit known for its rich nutritional profile and bioactive compounds, which contribute to its widespread use in food, cosmetic, and pharmaceutical industries (Stephen & Radhakrishnan, 2022). The pulp of the avocado is particularly prized for its high content of healthy fats, vitamins, and phytochemicals, which are influenced by various factors, including ripening methods (Annet Cheptoo et al., 2025). Ripening, a critical postharvest process, significantly affects the nutritional quality, bioactive composition, and functional properties of avocado products, such as pulp powder, which is increasingly utilized in functional foods and dietary supplements due to its shelf stability and concentrated nutrient content (Dukare et al., 2018). Different ripening methods—natural ripening, wood ash ripening, calcium carbide treatment, and ethylene gas treatment—are commonly employed to accelerate or optimize the ripening process, each with distinct effects on the fruit’s chemical and nutritional properties (Jeevanandam et al., 2018). Natural ripening, characterized by gradual physiological changes, is often considered the gold standard for preserving nutritional quality, while artificial methods like wood ash and calcium carbide treatments, or ethylene gas exposure, are used to hasten ripening, particularly in commercial settings. However, these artificial methods may alter the proximate composition, antioxidant activity, and phytochemical profile of avocado pulp, potentially affecting its suitability for health-focused applications. Proximate analysis, which includes moisture, ash, fat, fiber, protein, and carbohydrate content, provides a comprehensive overview of the nutritional composition of avocado pulp powder, influencing its energy value, shelf life, and applicability in food formulations (Nasir & Kamaruddin, 2023). Antioxidant activity, measured through assays such as 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant power (FRAP), nitric oxide scavenging, and total antioxidant capacity, is critical for assessing the powder’s potential to combat oxidative stress, a key factor in preventing chronic diseases (Ishii et al., 2020). The phytochemical profile, encompassing both qualitative (presence or absence) and quantitative (concentration in mg/100g) analyses of compounds such as alkaloids, tannins, phlobatannins, saponins, terpenoids, cardiac glycosides, steroids, reducing sugars, flavonoids, and phenols, further elucidates the bioactive potential of the powder, contributing to its antimicrobial, anti-inflammatory, and antioxidant properties (Krishnan et al., 2018). Previous studies have shown that ripening conditions can significantly alter these parameters, with natural ripening often preserving a broader range of bioactive compounds, while artificial methods may enhance specific compounds or introduce safety concerns due to chemical residues or processing artifacts. This study aims to investigate the influence of four ripening methods—natural ripening, wood ash ripening, calcium carbide treatment, and ethylene gas treatment—on the proximate composition, antioxidant activity, and qualitative and quantitative phytochemical profile of avocado pulp powder. By comparing these methods, the research seeks to identify the optimal ripening approach for maximizing nutritional and bioactive properties, thereby informing the development of high-quality avocado-based functional foods and nutraceuticals. The findings are expected to provide valuable insights into the effects of ripening techniques on avocado pulp powder’s suitability for health-promoting applications, addressing gaps in understanding the trade-offs between natural and artificial ripening methods in postharvest processing.
2.0 Materials and Methods
2.1 Sample Preparation
The study revealed that approximately 100 unripe avocado fruits (Persea americana, Hass variety), characterized by hard texture and green skin, were purchased from Oje market in Ibadan, Nigeria, and were authenticated at the Department of Biochemistry, Lead City University (LCU), Ibadan. The fruits were subjected to four distinct ripening methods to evaluate their effects on the resulting pulp powder. For natural ripening, fruits were placed in a tray and exposed to ambient air (25–30°C, 60–70% relative humidity) for 7–10 days until fully ripened. In the wood ash ripening method, fruits were placed in paper bags containing 500 g of wood ash for 5–7 days until ripening was achieved. For calcium carbide ripening, fruits were placed in paper bags with 10 g of calcium carbide for 3–5 days. For ethylene gas ripening, fruits were enclosed in a 100-liter sealed chamber, exposed to 100 ppm ethylene gas for 48 hours at 25°C, and then transferred to ambient air (25–30°C, 60–70% humidity) for 2–3 days until fully ripened. After ripening, fruits were peeled, pitted, and the pulp was freeze-dried at -50°C for 48 hours, then ground into a fine powder using a laboratory mill and stored at 4°C until analysis.
2.2 Determination of Proximate Composition of Avocado Pulp
Proximate composition (moisture, crude fat, crude protein, crude ash and carbohydrate contents) of the avocado pulp was determined using the methods of AOAC (AOAC, 2015). 

2.3 Determination of Antioxidant Activity of Avocado Pulp
Antioxidant assay methods of avocado pulp was determined as per standard methods reported in (Pham-Hu et al., 2008 & Panda et al., 2009)
2.3.1 DPPH Radical Scavenging Assay
0.1 mM solution of DPPH in ethanol was prepared; 1ml of the solution was added to 1 ml of pulp extract in water at different concentrations (25-100 μg/ml). The mixture was shaken vigorously and allowed to stand at room temperature for 30 min. Then the absorbance was measured at 517 nm by using a UV-Visible Spectrophotometer. Lower absorbance of the reaction mixture indicated higher free radical scavenging activity. The percent DPPH scavenging effect was calculated using the following equation:
DPPH Scavenging effect (%) =  × 100
Where A0 was the absorbance of the control and A1 was the absorbance in the presence of the standard sample or extract. The IC50 value represented the concentration of the compounds that caused 50% inhibition of DPPH radical formation. 
2.3.2 Ferric Reducing Antioxidant Power (FRAP) Assay 
1 ml of the sample (25-100 µg/ml), was mixed with 2.5 ml of 0.1 M Sodium phosphate buffer (pH 6.6) and 2.5 ml of 1%, w/v Potassium ferrocyanate [K3Fe(CN)6] in a 250 ml conical flask and then incubate at 50°C for 20 min. After which, addition of 2.5 ml trichloroacetic acid (10%, w/v), the mixture was centrifuged at 5000rpm for 10 min. The upper layer (5 ml) was mixed with 0.5 ml of fresh FeCl3 (0.1%, w/v), and the absorbance at 700 nm was measured against a blank. Ascorbic acid was used as the control. 
FRAP Scavenging effect (%) =  × 100
2.3.3 Nitric Oxide Radical Scavenging Assay
The extracts were prepared from a 10 mg/mL ethanol crude extract. These were then serially diluted with distilled water to make concentrations from 25−100 𝜇g/mL and the standard ascorbic acid. These were stored at 4∘C for later use. Griess reagent was prepared by mixing equal amounts of 1% sulphanilamide in 2.5% phosphoric acid and 0.1% naphthyl ethylene diamine dihydrochloride in 2.5% phosphoric acid immediately before use. A volume of 0.5 mL of 10 mM sodium nitroprusside in phosphate buffered saline was mixed with 1 mL of the different concentrations of the ethanol extracts (25−100𝜇g/mL) and incubated at 25∘ C for 180 mins. The extract was mixed with an equal volume of freshly prepared Griess reagent. Control samples without the extracts but with an equal volume of buffer were prepared in a similar manner as was done for the test samples. The colour tubes contained ethanol extracts at the same concentrations with no sodium nitroprusside. A volume of 150 𝜇L of the reaction mixture was transferred to a 96-well plate. The absorbance was measured at 546 nm using a UV/VIS TG 50 Plus UV-Vis microplate reader (Molecular Devices, GA, USA). Ascorbic acid was used as the positive control.The percentage inhibition of the extract and standard was calculated and recorded. The percentage nitrite radical scavenging activity of the ethanol extracts and Ascorbic acid were calculated using the following formula: percentage nitrite radical scavenging activity: 
Nitric oxide scavenged (%) =  × 100
where 𝐴control = absorbance of control sample and 𝐴test = absorbance in the presence of the samples of extracts or standards.
2.4 Determination of Phytochemical Profile of Avocado Pulp
2.4.1 Phytochemical Screening
Preliminary phytochemical screening of crude ethanolic extracts obtained was used as per standard procedure described by Harborne, (1991) and Ejikeme et al., (2014), for various phytochemicals such as alkaloid, steroids, terpenoids, tannins, phenolic compounds, flavonoids, carbohydrates and amino acids.

Extraction
500g of sample was pulverized into powdery form and soaked in 250 ml of solvent (ethanol). This was then placed in a amber bottle placed in a cupboard and allowed to stand for 72 hrs.
The aqueous extract is then filtered and concentrated for further phytochemical use
2.4.2 Qualitative Phytochemical Profile
Test for alkaloids
10 ml of a mixture of ethanol and hydrochloric acid (50:50) was added to 1 ml of the ethanolic extract in a test-tube. The mixture was allowed to boil in a water bath for 10 minutes and thereafter filter. The filtrate was then treated with Mayer’s reagent (mixture of mercuric chloride (1.36 g) and of Potassium iodide (5.00 g) in 100 ml distilled water), the and formation of a buff-white yellow precipitate indicates the presence of alkaloids. 
[bookmark: _Hlk206484364]Test for flavonoids
[bookmark: _Hlk206484377]0.30 g of powder sample was weighed into a beaker containing 30 ml of distilled water, and allowed to stand for 2 hours.10 ml of the filtrate was mixed with 5 ml of 1.0 M dilute ammonia solution followed by the addition of 5 ml of concentrated tetraoxosulphate (VI) acid. A yellow color which disappeared on standing shows the presence of flavonoids.
Test for tannins
0.30 g of the powder was weighed into a beaker; 30 ml of water was added and brought to a boil for 10 minutes in a water bath. The mixture was then filtered. To the filtrate, 5 ml of 1% ferric chloride solution was added, and a formation of brownish-green or a blue-black coloration showed a positive test for tannins.
[bookmark: _Hlk206484389]Test for saponins
10 ml of the ethanolic extract was diluted with 10 ml of water in a graduated measuring cylinder; it was shake vigorously and allowed to stand for 15 minutes. The formation of foam indicates the presence of Saponin, and the height of foam is measured: H2-H1.
Foam Height = H2-H1
                          Where H2 = Final foam height, H1 = Initial foam height
[bookmark: _Hlk206484412]Test for phenol
1 ml of the extract was mixed with 2 ml of 1 % FeCl3, the presence of blue-black (violet) or blue green coloration indicates the presence of phenol
[bookmark: _Hlk206484424]Test for terpenoids 
[bookmark: _Hlk206484436]To 5 mg (0.005 g) of the powder sample was dissolved in 10 ml of hot water, 3 ml of chloroform/ diethyl ether was then added to it into test-tube. The test tube was then titrated with the addition of 2 ml of concentrated sulphuric acid, slowly through the side of the test-tube; the presence of a brown-reddish color at the chloroform phase indicates the presence of terpenoid.
Test for Phlobatannin
0.30 g of powder sample was weighed into a beaker and 30 ml of distilled water was added. After 24 hours, 10 ml of the aqueous extract was boiled with 5 ml of 1% aqueous hydrochloric acid. The formation of deposit of red precipitate on the wall of the test-tube indicates presence of phlobatannin.

[bookmark: _Hlk206484453][bookmark: _Hlk204485779]Test for Flavonoids
0.30 g of powder sample was weighed into a beaker containing 30 ml of distilled water, and allowed to stand for 2 hours.10 ml of the filtrate was mixed with 5 ml of 1.0 M dilute ammonia solution followed by the addition of 5 ml of concentrated tetraoxosulphate (VI) acid. A yellow color which disappeared on standing shows the presence of flavonoids.
[bookmark: _Hlk206484469]Test for Reducing Sugars
To 2 ml of aqueous extract,1 ml of Fehling solution A and B are added to it in a test tube and boil for 10 min. Formation of a brick red precipitate indicates the presence of reducing sugar.
[bookmark: _Hlk206484490]Test for Glycosides
[bookmark: _Hlk206484502]2.00 g of the powder sample was added to 20 ml of water, it was then heated for 5 minutes on a water bath and filtered through filter paper (12.5 cm).15 ml of 1.0 M sulphuric acid was added to 2 ml of the aqueous extract and boil for 10 minutes, formation of red precipitate indicates the presence of glycosides. 
2.4.3    Quantitative Phytochemical Analysis
[bookmark: _Hlk206484528]Test for Alkaloids
200 ml of 10% acetic acid in ethanol was added to each sample (2.50 g) in a 250 ml beaker and allowed to stand for 4 hours. The extract was then concentrated on a water bath to one-quarter of its original volume followed by addition of 15 drops of concentrated ammonium hydroxide dropwise to the extract until the precipitation was complete immediately after filtration. After 3 hours of mixture sedimentation, the supernatant was discarded and the precipitates were washed with 20 ml of 0.1 M of ammonium hydroxide and then filtered. The residue was dried in an oven and the percentage of alkaloid.
% Alkaloid = 
[bookmark: _Hlk206484544]Test for Saponin
100 ml of 20% aqueous ethanol was added to 5 grams of each powder sample in a 250 ml conical flask. The mixture was heated over a hot water bath for 4 hours with continuous stirring at a temperature of 550C. The residue of the mixture was re- extracted with another 100 ml of 20% aqueous ethanol after filtration and heated for 4 hours at a constant temperature of 55∘ C with constant stirring. The combined extract was evaporated to 40 ml over water bath at 90∘ C. 20 cm3 of diethyl ether was added to the concentrate in a 250 separating funnel and vigorously agitated from which the aqueous layer was recovered while the ether layer was discarded. This purification process was repeated twice. 60 ml of n-butanol was added and extracted twice with 10 ml of 5 % sodium chloride. After discarding the sodium chloride layer, the remaining solution was heated in a water bath for 30 minutes, after which the solution was transferred into a crucible and was dried in an oven to a constant weight. 
% Saponin = 
[bookmark: _Hlk206484557]Test for Tannins
50 g of sodium tungstate (Na2WO4) was dissolved in 37 ml of distilled water, Folin-Denis reagent was made. To the reagent prepared above, 10 g of phosphomolybdic acid (H3PMo12O40) and 25 ml of orthophosphoric acid (H3PO4) were added. This was reflux for 2 hours, cooled, and diluted to 500 ml with distilled water. One gram of each (sample) in a conical flask was added to 100 ml of distilled water. This was boiled gently for 1 hour on an electric hot plate and filtered using 125 mm Whatman filter paper in a 100 ml volumetric flask. Addition of 5.0 ml Folin-Denis reagent and 10 ml of saturated Na2CO3 solution into 50 ml of distilled water and 10 ml of diluted extract (aliquot volume) was carried out after being pipetted into a 100 ml conical flask for color development. The solution was allowed to stand for 30 minutes in a water bath at a temperature of 25∘C after thorough agitation. With the aid of UV/VIS spectrophotometer optical density was measured at 700 nm and compared on a standard tannic acid curve. 
[bookmark: _Hlk206484574]Preparation of Tannic acid for UV/VIS absorbance
0.20 g of tannic acid was dissolved in distilled water and dilution to 250 ml standard flask (1 mg/ ml) were used to obtain tannic standard curve. Varying concentrations (0.2–1.0 mg / ml) of the standard tannic acid solution were pipetted into five different test tubes to which Folin-Denis reagent (5 ml) and saturated Na2CO3 (10 ml) solution were added and made up to the 100 cm3 mark with distilled water. The solution was left to stand for 30 minutes in a water bath at 250C. Optical density was ascertained at 700 nm with the aid of UV/VIS spectrophotometer. Optical density (absorbance) versus tannic acid concentration was plotted. 
Tannic acid (mg/100g) = 
[bookmark: _Hlk206484589]Test for Phenols
2 g powder sample was carried out for 2 hours in 100 ml of diethyl ether using a Soxhlet apparatus. The defatted sample (0.50 g) was boiled for 15 minutes with 50 ml of ether for the extraction of the phenolic components. Exactly 10 ml of distilled water, with 2 ml of 0.1 N ammonium hydroxide solution, and 5 ml of concentrated amyl alcohol were also added to 5 ml of the extract and left to react for 30 minutes for color development. The optical density was measured at 505 nm. 0.20 g of tannic acid was dissolving in distilled water and diluted to 250 ml mark (1 mg / ml) in preparation for phenol standard curve. Varying concentrations (0.2–1.0 mg/ml) of the standard tannic acid solution were pipetted into five different test tubes to which 2 cm3 of NH3OH, 5 ml of amyl alcohol, and 10 ml of water were added. The solution was made up to 100 ml volume and left to react for 30 minutes for color development. The optical density was determined at 505 nm with UV/VIS TG 50 spectrophotometer.
Phenolic acid (mg/100g) =  × 100
Where C is the concentration of tannic acid read off the graph
[bookmark: _Hlk206484606]Test for Flavonoid
50 ml of 80 % aqueous methanol added was added to 2.50 g of sample in a 250 ml beaker, covered, and allowed to stand for 24 hours at room temperature. After discarding the supernatant, the residue was re-extracted (three times) with the same volume of ethanol. The solution was then filter and transferred into a crucible and then evaporated to dryness over a water bath. The content in the crucible was cooled in a desiccator and weighed until constant weight was obtained.  
% Flavonoid =  × 100
[bookmark: _Hlk206484617]Test for Reducing Sugars
1 g of 3,5-dinitrosalicylic acid (DNSA) and 30 g of sodium-potassium tartaric acid were dissolved in 80 mL of 0.5 N NaOH at 45°C. After dissolution, the solution was allowed to cool to room temperature and diluted to 100 mL with distilled water. 2 mL of DNSA reagent was then pipetted into a test tube containing 1 mL of plant extract (1 mg/mL) and kept at 95°C for 5 min. After cooling, 7 mL of distilled water was added to the solution and the absorbance of the resulting solution was measured at 540 nm using a UV-VIS spectrophotometer (Shimadzu UV-1800). The reducing sugar content was calculated from the calibration curve of standard D-glucose (200-1000 mg/L), and the results were expressed as mg D-glucose equivalent (GE) per gram dry extract weight.
Reducing Sugar (mg/100g) = 
2.5 Statistical Analysis
All quantitative data (proximate, antioxidant, and phytochemical) were analyzed by one-way analysis of variance (ANOVA) through SPSS (version 20.0) for Windows software package at p < 0.05. The data were presented as the mean ± standard deviation.

3.0 Results and Discussion
The study showed that the proximate analysis of avocado pulp powders across four ripening methods—naturally ripened, wood ash ripened, calcium carbide treated, and ethylene gas treated (in Table 1) —revealed distinct nutritional profiles. Naturally ripened pulp powder exhibited a moisture content of 8.45%, ash content of 1.2%, total fatty acid of 6.6%, crude fiber of 1.4%, crude protein of 10.2%, and a high carbohydrate content of 72.15%, indicating excellent shelf stability and energy density suitable for functional foods (Wipawadee Nuengwang et al., 2020). Wood ash ripened powder showed higher moisture (10.84%), ash (1.5%), fat (8.2%), fiber (2.1%), and protein (12.4%), but lower carbohydrates (64.96%), suggesting enhanced nutrient retention but reduced energy content due to alkaline conditions. Calcium carbide treated powder had the lowest moisture (7.2%), with ash (1.24%), fat (9.6%), fiber (2.2%), protein (10.2%), and carbohydrates (69.56%), reflecting high stability and a robust nutritional profile suitable for functional food applications. Ethylene gas treated powder displayed the highest moisture (22.8%), lowest ash (0.8%), highest fat (13.0%), lowest fiber (0.4%), high protein (12.6%), and lowest carbohydrates (50.4%), indicating compromised stability and nutritional quality due to rapid ripening.
Naturally ripened avocado pulp powder exhibited robust antioxidant activity, with DPPH % inhibition values averaging 42.77% at 25 µg/ml, 54.56% at 50 µg/ml, 76.68% at 75 µg/ml, and 78.99% at 100 µg/ml, FRAP absorbance values of 0.037 at 25 µg/ml, 0.157 at 50 µg/ml, 0.235 at 75 µg/ml, and 0.377 at 100 µg/ml, nitric oxide scavenging activity averaging 34.77% at 25 µg/ml, 53.36% at 50 µg/ml, 66.63% at 75 µg/ml, and 71.99% at 100 µg/ml, and a total antioxidant capacity of 74.82% at 100 µg/ml (Marc & Crina Carmen Mureșan, 2023). Wood ash ripened powder showed slightly lower DPPH values (44.52% to 74.65%) but higher FRAP (0.412 at 100 µg/ml), with nitric oxide scavenging from 36.52% to 70.70% and total antioxidant capacity of 70.65%. Calcium carbide treated powder displayed DPPH values from 42.71% to 78.15%, FRAP from 0.037 to 0.424, nitric oxide scavenging from 33.72% to 70.89%, and total antioxidant capacity of 72.35%, closely rivaling natural ripening. Ethylene gas treated powder had the highest DPPH at 50 µg/ml (58.48%) but the lowest at 100 µg/ml (70.27%), with FRAP up to 0.343, nitric oxide scavenging from 33.87% to 70.89%, and the highest total antioxidant capacity (78.45%). Statistical analysis using ANOVA and Tukey’s HSD test revealed significant differences (p ≤ 0.05) across methods for DPPH and FRAP at all concentrations, with calcium carbide’s high FRAP and ethylene’s high DPPH at 50 µg/ml being statistically significant, while natural ripening’s balanced performance across assays made it ideal for functional food applications, though ethylene’s reduced potency at higher concentrations limited its versatility.
It was found that naturally ripened avocado pulp powder exhibited a robust qualitative phytochemical profile, with alkaloids and saponins much in abundance (++), and tannins, phlobatannins, terpenoids, cardiac glycosides, steroids, reducing sugars, flavonoids, and phenols present (+), quantitatively supported by high concentrations of saponins (52.48 mg/100g), alkaloids (49.60 mg/100g), terpenoids (46.55 mg/100g), and phenols (32.51 mg/100g), indicating strong antioxidant and antimicrobial potential for nutraceutical applications (Ford et al., 2023). Wood ash ripened powder showed cardiac glycosides and phenols in high abundance (++), with other phytochemicals present (+) except for absent phlobatannins and reducing sugars, and lower quantitative values (e.g., saponins: 22.47 mg/100g, phenols: 22.33 mg/100g), suggesting reduced bioactivity due to alkaline degradation (Chhikara et al., 2018). Calcium carbide treated powder had all phytochemicals present (+) with high terpenoids (48.60 mg/100g) and flavonoids (35.36 mg/100g), reflecting robust antioxidant capacity, while ethylene gas treated powder lacked phlobatannins and reducing sugars, with the lowest quantitative values (e.g., alkaloids: 15.17 mg/100g, saponins: 20.35 mg/100g), indicating diminished bioactivity (Yu Qing Meng et al., 2024). Statistical analysis using ANOVA and Tukey’s HSD test confirmed significant differences (p ≤ 0.05) across methods for all phytochemicals, with naturally ripened powder’s high saponins and alkaloids being statistically superior, while ethylene’s low concentrations and wood ash’s absent phlobatannins highlighted their limitations, positioning natural ripening as optimal for functional food applications.
Table 1: Proximate Composition of Avocado Pulp Powder
	Ripening Method
	Moisture (%)
	Ash (%)
	Crude Fat (%)
	Crude Fiber (%)
	Crude Protein (%)
	Carbohydrate (%)

	Natural
	8.45
	1.2
	6.6
	1.4
	10.2
	72.15

	Wood Ash
	10.84
	1.5
	8.2
	2.1
	12.4
	64.96

	Calcium Carbide
	7.2
	1.24
	9.6
	2.2
	10.2
	69.56

	Ethylene Gas
	22.8
	0.8
	13.0
	0.4
	12.6
	50.4



[bookmark: _Hlk207285688]Table 2: Antioxidant Assay of Avocado Pulp Powders
	[bookmark: _Hlk207285634]Assay 
	Conc. (µg/ml)
	Natural
	Wood ash
	Calcium Carbide
	Ethylene Gas
	Ascorbic Acid

	DPPH 
(% Inhibition)
	25
50
75
100
	32.57 ± 0.01
54.56 ± 0.29
72.53 ± 0.29
76.34 ± 0.00
	40.17 ± 0.12
54.52 ± 3.48
68.51 ± 0.06
72.35 ± 0.35 
	42.30 ± 0.08
56.93 ± 0.08
74.43 ± 0.14 
78.15 ± 0.01
	35.28 ± 0.31
58.40 ± 0.47
70.64 ± 0.13
70.27 ± 0.12
	48.39 ± 0.52
62.58 ± 0.04
81.34 ± 0.40
85.22 ± 0.20

	FRAP (Absorbance)
	25
50
75
100
	0.037±0.001
0.127±0.001
0.225±0.001
0.347±0.001
	0.041±0.001
0.149±0.001
0.244±0.002
0.419±0.001
	0.037±0.001
0.154±0.003
0.236±0.003
0.412±0.000
	0.031± 0.001
0.123±0.001
0.213±0.004
0.343±0.004
	0.154 ± 0.002
0.207 ± 0.001
0.327 ± 0.001
0.474 ± 0.001

	Nitric Oxide (%)
	25
50
75
100
	34.18 ± 0.01
49.36 ± 0.01
66.63 ± 0.01
71.99 ± 0.01
	32.14 ± 0.09
51.53 ± 0.32
66.38 ± 0.2
75.66 ± 0.23
	36.27 ± 0.01
52.58 ± 0.28
68.71 ± 0.25
70.70 ± 0.22
	28.56 ± 0.70
42.37 ± 0.01 
69.29 ± 0.44
73.59 ± 0.44
	35.38 ± 0.17
54.45 ± 0.52
70.59 ± 0.04
90.68 ± 0.17

	TAC (% Inhibition)
	100
	75.67 ± 0.00 
	72.36 ± 0.41
	74.65 ± 0.01

	68.56 ± 0.43
	90.29  0.30



[bookmark: _Hlk206405472]Table 3: Qualitative Phytochemical Profile of Avocado Pulp Powders
	Phytochemical
	Natural (Control)
	Wood Ash
	Calcium Carbide
	Ethylene Gas

	Alkaloid
	++
	+
	+
	+

	Tannin
	+
	+
	+
	+

	Phlobatannin
	+
	-
	+
	-

	Saponin
	++
	+
	+
	+

	Terpenoid 
	+
	+
	+
	+

	Cardiac Glycosides
	+
	++
	+
	+

	Steroid
	+
	+
	+
	+

	Reducing Sugar
	+
	-
	+
	-

	Flavonoid
	+
	+
	+
	+

	Phenol
	+
	++
	+
	+



Table 4: Quantitative Phytochemical Profile of Avocado Pulp Powders
	Phytochemical
	Natural
	Wood Ash
	Calcium Carbide
	Ethylene Gas

	Alkaloid
	49.60 ± 0.06 
	30.43 ± 0.29
	32.74 ± 0.34
	15.17 ± 0.07

	Tannin
	38.78 ± 0.10
	18.21 ± 0.12
	36.76 ± 0.11
	20.73 ± 0.13

	Phlobatannin
	28.19 ± 0.19
	-
	24.39 ± 0.11
	-

	Saponin
	52.48 ± 0.02
	22.47 ± 0.35 
	44.07 ± 0.02
	20.35 ± 0.21

	Terpenoid 
	46.55 ± 0.58
	22.35 ± 0.15
	48.60 ± 0.23
	10.62 ± 0.48

	Cardiac Glycosides
	18.11 ± 0.61
	20.57 ± 0.18
	22.48 ± 0.06
	12.26 ± 0.22

	Steroid
	22.89 ± 0.01
	12.40 ± 0.16
	30.70 ± 0.07   
	5.46 ± 0.22

	Reducing Sugar
	25.44 ± 0.21
	-
	25.87 ± 0.33
	-

	Flavonoid
	28.31 ± 0.05
	15.23 ± 0.30
	35.36 ± 0.39
	25.27 ± 0.19

	Phenol
	32.51 ± 0.31
	22.33 ± 0.23
	32.19 ± 0.06
	15.47 ± 0.25



4.0 Conclusion
The study concluded that naturally ripened avocado pulp powder exhibited the most balanced and robust profile, with high carbohydrate content (72.15%), low moisture (8.45%), strong antioxidant activity (DPPH: 78.99%, FRAP: 0.377 at 100 µg/ml, nitric oxide scavenging: 71.99%, total antioxidant capacity: 74.82%), and a comprehensive phytochemical composition, including high saponins (52.48 mg/100g) and alkaloids (49.60 mg/100g), making it ideal for functional food and nutraceutical applications due to its nutritional and bioactive potency. Wood ash ripened powder showed enhanced ferric reducing power (FRAP: 0.412) but reduced phytochemical diversity due to absent phlobatannins and reducing sugars, limiting its versatility despite high phenols (22.33 mg/100g) (Da’ana et al., 2021). Calcium carbide treated powder closely rivaled natural ripening in antioxidant activity (DPPH: 78.15%, FRAP: 0.424) and retained high terpenoids (48.60 mg/100g), but its higher moisture (0.8%) suggested reduced shelf stability. Ethylene gas treated powder had the lowest nutritional quality (carbohydrates: 50.4%) and phytochemical content (e.g., alkaloids: 15.17 mg/100g), with variable antioxidant performance (DPPH: 70.27%), making it least suitable for high-potency applications. Statistical analysis (ANOVA, Tukey’s HSD, p ≤ 0.05) confirmed significant differences across methods, underscoring natural ripening’s superiority for optimizing the proximate, antioxidant, and phytochemical properties of avocado pulp powder for health-promoting applications.
4.1 Recommendations
The study recommended that natural ripening be prioritized for producing avocado pulp powder due to its optimal proximate composition (72.15% carbohydrates, 8.45% moisture), robust antioxidant activity (DPPH: 78.99%, FRAP: 0.377 at 100 µg/ml, nitric oxide scavenging: 71.99%, total antioxidant capacity: 74.82%), and comprehensive phytochemical profile (high saponins: 52.48 mg/100g, alkaloids: 49.60 mg/100g), making it ideal for functional foods and nutraceuticals with excellent shelf stability and bioactive potency. Wood ash ripening was suggested as a viable alternative for applications targeting high ferric reducing power (FRAP: 0.412), but its use should involve optimized processing to mitigate the loss of phlobatannins and reducing sugars, ensuring enhanced antioxidant benefits (Rangani et al., 2018). Calcium carbide treatment was recommended for antioxidant-rich formulations (DPPH: 78.15%, FRAP: 0.424) only after rigorous toxicological validation to confirm safety, given its high terpenoids (48.60 mg/100g) and flavonoids (35.36 mg/100g) but slightly higher moisture (0.8%). Ethylene gas ripening was deemed least suitable for high-value applications due to its reduced nutritional quality (50.4% carbohydrates) and lower phytochemical content (e.g., alkaloids: 15.17 mg/100g), though it could be considered for niche products if processing addresses its high moisture (22.8%) and variable antioxidant performance (DPPH: 70.27%) (Fahmy et al., 2018). Statistical significance (ANOVA, Tukey’s HSD, p ≤ 0.05) supported prioritizing natural ripening for consistent quality across all parameters.
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