[bookmark: _Hlk199757881]Original Research Article

ASSESSMENT OF MINERALS, PHYTOCHEMICALS, PROXIMATE AND VITAMINS CONTENT OF Musa acuminata TREATED WITH DIFFERENT RIPENING AGENTS










ABSTRACT
[bookmark: _GoBack]The use of artificial ripening agents in fruit handling has raised growing concerns due to potential health implications and nutrient degradation. Since musa acuminata (banana) is a climacteric fruit, it is usually harvested at pre-climacteric stage and for commercial purposes, artificially ripened. This study investigated the effect of calcium carbide (CaC2) and African bush mango on the ripening time, nutritional and phytochemical contents of Musa acuminata. The experiment was designed into 4 groups (A, B, C and D), made up of eight (8) banana fingers of approximately the same size. The banana samples were kept in clean polyethylene bags and treated with different ripening agents to induce the ripening process. Group A was allowed to ripen naturally (NRB), group B was treated with African bush mango (ABM) and groups C and D were treated with 5g and 15g of calcium carbide respectively. Results of the study for proximate analysis showed that NRB contained the highest crude protein (0.83 ± 0.02%), ash (0.60 ± 0.01%), and carbohydrate (18.98 ± 0.01%) levels, while moisture content was lowest (78.69 ± 0.01%). In contrast, 15 g CaC₂ treated bananas had the highest moisture (85.86 ± 0.73%) and lowest protein (0.30 ± 0.02%). ABM-ripened bananas showed moderate moisture (84.07 ± 0.08%) and protein (0.73 ± 0.00%) content, indicating less degradation than with CaC2 for the Phytochemical analysis, NRB had the highest concentrations of tannins (85.90 ± 0.14 µg/mg), flavonoids (152.50 ± 0.14 µg/mg), alkaloids (1.60 ± 0.14 µg/mg), and saponins (1.85 ± 0.07 µg/mg), while 15 g CaC₂ treatment resulted in the lowest levels of these compounds. Vitamin analysis showed a marked decline in CaC2 treated bananas, with vitamin C dropping from 15.30 ± 0.42 mg/100g in NRB to 12.10 ± 0.14 mg/100g in 15 g CaC₂ treated samples. ABM samples retained moderate levels (14.80 ± 0.00 mg/100g), suggesting better nutrient preservation. Mineral assessment revealed NRB had the highest phosphorus (19.00 ± 0.28 mg/100g) and magnesium (9.40 ± 0.07 mg/100g), whereas calcium peaked in 15 g CaC₂ treated samples (17.67 ± 0.47 mg/100g), potentially due to residue accumulation. These results indicate that artificial ripening using calcium carbide significantly compromises the nutritional quality of bananas. African bush mango, however, offers a more biologically compatible alternative, retaining better nutritional and phytochemical integrity.
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INTRODUCTION
Fruit ripening is a complex physiological, biochemical, and molecular process involving the transformation of pigments, sugars, acids, texture, flavor, and aroma (Nura et al., 2018). While natural ripening offers desirable nutritional qualities and consumer safety, commercial demands and post-harvest handling challenges often 


necessitate the use of artificial ripening agents (Ugbene and Alagboso, 2023). In developing countries, where controlled ripening technologies are limited, agents such as calcium carbide, ethylene glycol, kerosene, and ether are commonly used to hasten the ripening of climacteric fruits like bananas (Abhishek et al., 2016). However, these substances are associated with significant food safety concerns.
Calcium carbide (CaC₂), in particular, is widely used despite being classified as hazardous. It reacts with moisture to release acetylene gas, which mimics ethylene in triggering fruit ripening. Unfortunately, residues from this reaction may introduce toxic heavy metals such as arsenic and phosphorus into the fruit (Islam et al., 2018). Chronic exposure has been linked to serious health conditions, including neurological disorders, carcinogenicity, and organ damage (Nura et al., 2018; Krishna et al., 2017). The unregulated use of calcium carbide remains widespread, particularly in street-level fruit vending, due to its affordability and ease of application.
Banana (Musa spp.), a major tropical fruit and the fourth most important food crop globally, plays a vital role in food security and rural livelihoods. In Africa, it supports over 70 million people economically and nutritionally (FAO, 2019). In regions such as southwestern Nigeria, Cavendish bananas are cultivated extensively, harvested at the pre-climacteric stage, and subjected to artificial ripening to minimize post-harvest losses and meet market demands (Akinyemi et al., 2017; Maduwanthi & Marapana, 2019). However, the safety and nutritional integrity of such artificially ripened fruits remain a growing concern.
Given these risks, there is increasing interest in identifying safe, cost-effective, and nutritionally favorable alternatives to synthetic ripening agents. One promising candidate is African bush mango (Irvingia gabonensis), a native fruit commonly used in West African cuisine and traditional medicine. Rich in phytochemicals and known for its antioxidant and antimicrobial properties, African bush mango may act as a natural ripening agent through its ethylene-releasing potential during fermentation or pulp decomposition. Prior studies suggest that such natural agents can simulate the endogenous ripening process more closely than synthetic chemicals, potentially preserving the nutritional and phytochemical quality of fruits (Ibeabuchi et al., 2019; Osunde & Orhevba, 2020).
In light of the limited scientific data comparing artificial and natural ripening methods, particularly involving African bush mango, this study was undertaken to evaluate the effects of calcium carbide and African bush mango-induced ripening on the nutritional composition of Musa acuminata (banana). The goal is to identify a safer, nutritionally superior alternative for commercial fruit ripening, especially in resource-limited settings where food safety remains a pressing issue.	
Objective of the Study
The specific objective of this study is to evaluate the proximate, phytochemical, minerals and vitamin content of banana (Musa acuminata), induced with different ripening agents (African bush mango, calcium carbide).
Materials/Methods. 
Freshly harvested Unripe but matured banana fruits and African bush mango fruit (Irvingia gabonesis) were purchased from Ibagwa market in Nsukka, Enugu state, Southeastern Nigeria. While Calcium Carbide was bought from a weldering workshop.  The statistical package used is SPSS Statistics food science and biological research for descriptive statistics and ANOVA.
Ripening of Banana Fruits
The banana fruits were manually separated from the bunch with a clean knife. They were washed with clean water to remove dirt, and subjected to different ripening methods. They were cut and separated  into 4 groups (A,B,C, and D) made up of eight (8) banana fingers of approximately the same size. The banana samples were kept in clean polyethylene bags at room temperature after been  induced with different ripening agents (Nwankwo et al., 2021). Group A was allowed to ripen naturally, group B was ripened using African bush mango and groups C and D were induced using 5g and 15g of calcium carbide respectively. The calcium carbide was introduced while wear hand gloves and  nose mask to prevent exposure to it.  Changes in skin color and texture of the fruit was considered as the stage for ripening of the fruit. 
The quantitative phytochemical analyses of musa acuminata was determined according to standard methods of A.O.A.C. (2019)



Proximate Analysis 

Determination of Moisture Content 
Two (2) grams of each processed samples were placed in a crucible and heated at 105 0C until a constant weight was attained. The moisture content of the sample was calculated as loss in weight of the original sample and expressed as percentage moisture content (Adeyemi et.al., 2018).
	
%Moisture content = W2−W3 X 100 … . 1
                       W2 − W1 

Where: W1 = initial weight of empty crucible; W2 = weight of crucible + sample before drying; W3 = ﬁnal weight of crucible + sample after drying 

Determination of Ash Content 
Approximately 2g of each sample were placed in a crucible ignited in a mufﬂe furnace at 5500 C for 6 hours after which it was cooled in a desiccator (AOAC, 2019; Bala and Bashar, 2017). It was weighed at room temperature to get the weight of the ash, using the formula:

%Ash content = Weight of Ash X 100 … 2
  Weight of original sample 


Determination of Crude Fibre content
Crude ﬁbre content was determined using the method of AOAC. (2019). Five (5) grams of each of the samples (A,B,C, and D) and 200ml of 1.25% H2SO4 were heated for thirty (30) minutes differently and ﬁltered with a Buchner funnel. The residue was washed with hot distilled water until it was acid-free. 
Two hundred (200) milliliters of 1.25% NaOH were used to boil the residue for thirty (30) minutes. It was ﬁltered and washed several times with distilled water until it was perceived alkaline-free. It was then rinsed once with 10% HCl and twice with ethanol. Finally, it was rinsed trice with petroleum ether. The residue was put in a crucible and dried at 105oC in an oven overnight. After cooling in a desiccator, it was weighed and then ignited in a mufﬂe furnace at 550oC for 90 minutes to obtain the weight of the ash. 
The percentage of crude ﬁbre was obtained using this formula: 
%Crude Fibre =  W2 − W3 	X 100 … . .3
W1 
Where W1= weight of sample
 W2= Dry weight of residue before ashing
W3= weight of residue after ashing

Determination of Crude Fat 
The estimation was performed using the Soxhlet extraction method as described by AOAC., 2019; Bala and Bashar,2017). About 10 grams of dried sample was weighed accurately in to a thimble and cotton plugged. The thimble was then placed in a soxhelet apparatus and 1and half volume of ether (approximately 200ml) was added and distilled for 16 hrs. The apparatus was cooled and the solvent was filtered in to a pre-weighed conical flask (W2). The flask of the apparatus was rinsed with small quantities of ether and the washings were added to the above flask. The ether was removed by evaporation and the flask with fat was dried at 80-100 ºC, cooled in a dessicator and weighed (W3)
Calculation
Fat content (g/100g) 

  		W3 – W2  X 100 … . .4
                	 W1 
Where,
W1-weight of dry matter taken for extraction;
W2- weight of conical flask and
W3- weight of flask with fat
Determination of Protein Content
Crude protein was determined by the method of the Association of Official Analytical Chemists (AOAC, 1990). Exactly 2.0 g of the sample was weighed into a digestion flask and 0.5 g of selenium catalyst was added followed by 25 ml of concentrated H2SO4, the flask was shaken to mix the contents. The flask was then placed on a digestion burner for 8 hr and heated until the solution turned green and clear. The sample solution was then transferred into a 100 ml volumetric flask and made up to the mark with distilled water. About 25 ml of 2 % boric acid was pipetted into a 250 ml conical flask and two drops of mixed indicator (20 ml of bromocresol green and 4 ml of methyl red) solution was added; and into the decomposition chamber of the distillation apparatus was added 15 ml of 40 % NaOH solution. From the digested sample, 10 ml was introduced into the Kjedahl flask. The condenser tip of the distillation apparatus was then dipped into the boric acid contained in the conical flask. The ammonia in the sample solution was then distilled into the boric acid until it changed completely into bluish-green. The distillate was then titrated against 0.1 N HCl until it became pink solution is observed. The percent total nitrogen and crude protein were calculated using a conversion factor of 6.25. The same procedure was repeated for each of the groups.

Determination of Carbohydrate Content
This was determined by the method described by Onyeike et al. (1995). This involves finding the difference after adding the % crude protein, moisture, ash, crude fiber and fat content from 100 %. Percentage carbohydrate = 100 - (% moisture + % ash + % crude protein + % crude fat + % crude fiber).
Determination of Vitamins Content of Musa accuminata

Determination of Vitamin A Content
The method described by Pearson (1976) was used to determine the vitamin A content of the extract. A quantity, 1.0 g of ground samples each, were macerated with 20 ml of petroleum ether. These were decanted into different test tubes and then evaporated to dryness. About 0.2 ml of chloroform-acetic anhydride (1:1 v/v) was added to the residue. Exactly 2 ml of TCA-chloroform in like (1:1 v/v) was added to the resulting solutions each, and absorbance was measured at 620 nm. Vitamin A standards were prepared in the same way and the absorbance taken at 620 nm. The concentrations of vitamin A in the samples was extrapolated from the standard curve.

Determination of Vitamin B1 Content
A quantity (5g) of the sample was homogenized in 50 ml ethanoic sodium hydroxide. The homogenized mixture (2 ml) was mixed with 10 ml potassium dichromate and the absorbance was recorded at 360 nm using a spectrophotometer. The absorbance obtained from the sample extract was converted to thiamine concentration by means of a calibration curve generated using different standard concentrations.
Determination of Vitamin B6 Content
One gram of the sample was measured into a 100 ml conical flask and extracted with 0.1 M HCl (10 ml) with vigorous shaking for 10 minutes. The sample was filtered through Whatsman No 1 filter paper. The filtrate was then made up to 10 ml with distilled water. A volume of 5 ml of the slightly acidic filtrate was treated with 1ml 0.40 % ferric chloride. The optical density of the resultant brown solution was measured using a spectrophotometer at 450nm. The absorbance obtained from the sample extract was converted to pyridoxine concentration by means of a calibration curve generated using different standard concentrations
Determination of Vitamin C Content
The AOAC (2003) method was used. Five gram of sample was weighed into a flat-bottomed flask and 60 ml TCA/Acetic acid solution was added. The mixture was left for an hour before it was filtered. A volume of the filtrate (10 ml) was taken for titration with 0.05% 2, 6-dichlorophenol indophenols. The vitamin C content was calculated as follows:

K= Y x Z x DF  
     Wt. of sample                     6
Where Y is the titre value; Z is the figure got when 50mg of the standard vitamin C is divided by its titre value; DF is the dilution factor.


Determination of Mineral Content of Musa accuminata
The following minerals were assessed calcium, magnesium and phosphorous, copper, potassium and manganese. The method of AOAC. (2019) was employed for the determination of mineral contents. One (1) gram of the pulverized sample was placed in a crucible and ignited in a mufﬂe furnace at 550oC for 6 hours. The resulting ash was dissolved in10mL of 10% HNO3 and heated slowly for 20 minutes. After heating, it was ﬁltered and the ﬁltrate was used for the determination of mineral content using Atomic Absorption Spectrophotometer (AAS) 

All chemicals used in this study were of analytical grade. All the assessments were carried out using standard biochemical methods
Results and Discussion
The life of a fruit can be divided into three phases: fruit set, fruit development, and fruit ripening. Fruit ripening is the initiation of fruit senescence which is a genetically programmed highly coordinated process of organ transformation from unripe to ripe stage to yield an attractive edible fruit (Perotti et al., 2014). It is an irreversible phenomenon involving a series of biochemical, physiological, and organoleptic changes. These changes include changes in carbohydrate content, increment of sugar content, changes in color, texture, aroma volatiles, flavor compounds, phenolic compounds, and organic acids (Tripathi et al., 2016). 













NRM: naturally ripened banana:  ABM African bush mango
Fig. 1 Effects of Ripening Agents on Peel Color Development


The result of the quantitative peel color development of Musa acuminata peels are shown Fig. 1 color change was first observed in the CaC2 and African bush mango treated banana on the 3rd day while it took 10 days for the banana to ripen naturally, calcium carbide at concentration of 5 g and 15 g had similar effect on 

duration of ripening. Calcium carbide has been established to induce ripening in banana as early as 24 hours (Islam et al., 2018). According to Nuhu et al. (2020), increased moisture content in CaC2 artificially ripened banana is an indication that the chemical compound weakens the fibre of the peel so that moisture is easily absorbed. 






Table 1: Results of the Proximate Analysis of Banana Induced with Different Ripening Agents
	Groups
	%Crude Protein
	%Ash Content
	%Crude Fat
	%Moisture Content
	%Crude Fiber
	%CHO content

	NRB
	0.83 ± 0.02
	0.60 ± 0.01
	0.30 ± 0.00
	78.69± 0.01
	0.60 ± 0.00
	18.98±0.01

	ABM
	0.73 ± 0.00
	0.77 ± 0.01
	0.25 ± 0.00
	84.07± 0.08
	0.80 ± 0.00
	13.38±0.02

	5 g CaC2
	0.40 ± 0.01
	0.10 ± 0.00
	0.02 ± 0.00
	83.33± 1.22
	0.30 ± 0.00
	15.85±0.00

	15 g CaC2
	0.30 ± 0.02
	0.83 ± 0.01
	0.30 ± 0.00
	85.86± 0.73
	0.90 ± 0.00
	11.81±0.00


*NRB-natural ripen banana, ABM-African bush mango ripen banana. 
CHO- Carbohydrate: Results are presented as mean of duplicate ± standard deviation
.
The result of the quantitative proximate composition of Musa accuminata is shown in table 1 Moisture content of calcium carbide (15 g and 5 g) treated  banana were the highest with the least moisture content found in natural ripen banana, 15g of calcium carbide treated banana moisture content was higher than that of 5g of calcium carbide treated banana. Protein content was lowest in banana aided to ripe with calcium carbide and ABM, 15g calcium carbide aided ripened banana had the least protein content followed by 5g calcium carbide then African bush mango Calcium carbide decreases the concentration of protein content of banana; this result obtained is in line with Fasanya et al. (2019) who reported a decrease in protein content and an increase in moisture of CaC2 induced ripened banana but an increase in protein content of banana induced with biological agent (African bunch mango). Ash content refers to the inorganic portion remaining after complete oxidation/or ignition of organic samples, and ash content provides insight into mineral composition of the sample Ash content was lowest in 5g calcium carbide treated banana (0.10 ± 0.00), followed by NRB (0.60 ± 0.01), ABM (0.77 ± 0.01) and 15g calcium carbide treated banana (0.83 ± 0.00). Crude fat content of natural ripen banana and that of 15g calcium carbide treated banana was the same (0.30 ± 0.00) while crude fat was lower in African bush mango ((0.25 ± 0.01) and 5 g calcium carbide treated banana crude fat was (0.20 ± 0.00). Crude fat concentration of these samples is fairly the same. 
Crude fibre content was lowest in banana induced with 5g of calcium carbide followed by natural ripen banana, African bush mango and then highest in banana induced with 15g of calcium carbide. Crude fibre reveals the carbohydrate content of a sample, carbohydrate provides energy and serve structural role in plants and animals (Nwankwo et al., 2021).




Table	2: Results	of	the	Phytochemical Analysis of Banana Induced with Different	Ripening	Agents

	Groups
	Tanins 
(µg/mg)
	Flavonoids
(µg/mg)
	Alkaloids
(µg/mg)
	Saponins
(µg/mg)

	NRB
	85.90 ± 0.14
	152.50 ±0.14
	1.60 ± 0.14
	1.85 ± 0.07

	ABM
	82.40 ± 0.28
	136.30 ± 0.14
	1.45 ± 0.07
	1.35 ± 0.07

	5 g CaC3
	79.50 ± 0.42
	130.80 ± 0.28
	1.30 ± 0.00
	1.00 ± 0.00

	15 g CaC3
	72.00 ± 0.00
	120.90 ± 0.14
	1.20 ± 0.00
	0.80 ± 0.00


*NRB-natural ripen banana, ABM-African bush mango ripen banana. 
Results are presented as mean of duplicate ± standard deviation.

Phytochemicals are non-nutritive bioactive compounds with well-documented health-promoting properties, including antioxidant, anti-inflammatory, antimicrobial, and anticancer activities. In the present study, the concentrations of key phytochemicals as shown in table 2; tannins, flavonoids, alkaloids, and saponins were significantly affected by the method of ripening employed. Naturally ripened bananas (NRB) contained the highest levels of all four phytochemicals, while bananas ripened with calcium carbide (CaC2), particularly at higher concentrations, exhibited the lowest levels.
Tannins content was highest in NRB (85.90 ± 0.14 µg/mg) and decreased progressively across ABM (82.40 ± 0.28 µg/mg), 5 g CaC₂ (79.50 ± 0.42 µg/mg), and 15 g CaC₂ (72.00 ± 0.00 µg/mg). Tannins are polyphenolic compounds known for their potent antioxidant activity and their ability to chelate metal ions and scavenge free radicals, thereby protecting cellular membranes from oxidative damage (Ayyanar & Subash-Babu, 2012). Their molecular structure, which is rich in hydroxyl and carboxyl groups, also enables antimicrobial, antidiabetic, and anticancer activities through enzyme inhibition and interference with microbial substrate uptake (Karim & Azlan, 2012; Tong et al., 2014).
Flavonoids, another major class of plant phenolics, followed a similar trend, with the highest concentration found in NRB (152.50 ± 0.14 µg/mg), and the lowest in 15 g CaC₂-treated bananas (120.90 ± 0.14 µg/mg). The observed decrease in flavonoids in artificially ripened bananas may be due to the degradation of these compounds under stress conditions induced by chemical agents. Flavonoids are well-established antioxidants and anti-inflammatory agents, capable of modulating key enzymes in inflammatory pathways and protecting hepatocytes from lipid peroxidation (Vargas et al., 2015; Tiwari & Husain, 2017). In addition, their neuroactive effects via GABAergic modulation highlight their therapeutic potential in both respiratory and dermatological applications (Sangeetha et al., 2016).
Alkaloid concentrations also declined with artificial ripening, ranging from 1.60 ± 0.14 µg/mg in NRB to 1.20 ± 0.00 µg/mg in 15 g CaC₂. Alkaloids possess diverse pharmacological properties, including anesthetic, analgesic, antimalarial, and vasoconstrictive effects, making them valuable constituents in therapeutic formulations (Ge et al., 2015). The reduction in alkaloids under chemical ripening may be attributed to metabolic stress or degradation triggered by acetylene released from CaC₂.
Saponins were found in the lowest concentrations among the assayed phytochemicals, with a peak in NRB (1.85 ± 0.07 µg/mg) and a notable decline in the 15 g CaC₂ group (0.80 ± 0.00 µg/mg). Saponins exert a broad range of bioactivities, including cholesterol-lowering, anti-inflammatory, and anticancer effects (Nuhu et al., 2020). Their structural amphipathicity allows for interaction with cell membranes, enhancing their therapeutic action.
Overall, the findings from this study demonstrate that artificial ripening, particularly with calcium carbide, leads to a concentration-dependent reduction in the phytochemical content of bananas. African bush mango (ABM) offered moderate preservation of these bioactive compounds but still underperformed relative to natural ripening. These results are in agreement with previous studies which reported phytochemical losses in artificially ripened fruits due to the induction of stress-responsive metabolic pathways and oxidative degradation (Ibeabuchi et al., 2019; Ehiowemwenguan et al., 2022). Consequently, natural ripening not only enhances sensory qualities but also preserves health-promoting constituents, further supporting its superiority over chemical methods from a nutritional and pharmacological standpoint.












Table 3: Result of the Vitamins Analysis of Banana Induced with Different Ripening Agents
	Groups
	Vitamin C
(mg/g)
	Vitamin B6
(mg/g)
	Thiamine
(mg/g)
	Vitamin A
(mg/g)

	NRB
	15.30 ± 0.42
	0.45 ± 0.07
	0.50 ± 0.01
	46.20 ± 0.00

	ABM
	14.80 ± 0.00
	045 ± 0.07
	0.04 ± 0.00
	38.20 ± 0.28

	5 g CaC3
	13.25 ± 0.21
	0.30 ± 0.00
	0.15 ± 0.00
	20.30 ± 0.14

	15 g CaC3
	12.10 ± 0.14
	0.20 ± 0.00
	0.01 ± 0.00
	12.70 ± 0.14


*NRB-natural ripen banana, ABM-African bush mango ripen banana. 
Results are presented as mean of duplicate ± standard deviation


The present study evaluated the impact of various ripening agents on the vitamin composition of Musa acuminata, focusing on four essential vitamins; vitamin C, vitamin B6, thiamine (vitamin B1), and vitamin A as shown in table 3. The findings clearly demonstrate that natural ripening (NRB) preserved significantly higher concentrations of all assessed vitamins compared to bananas ripened with African bush mango (ABM) and calcium carbide (CaC₂).
Vitamin C content was highest in naturally ripened bananas (15.30 ± 0.42 mg/g) and declined progressively in fruits treated with ABM (14.80 ± 0.00 mg/g), 5 g CaC2 (13.25 ± 0.21 mg/g), and 15 g CaC₂ (12.10 ± 0.14 mg/g). This reduction is likely attributable to the oxidative degradation of ascorbic acid under the accelerated ripening conditions induced by calcium carbide.

Vitamin C, being highly sensitive to heat, light, and oxygen, is prone to breakdown during chemically induced ripening processes. This observation aligns with previous reports by Olubiyo et al. (2022), and Gunasekara et al. (2015 who found significantly higher vitamin C content in naturally ripened bananas compared to carbide treated ones. Pathak et al. (2018) further described the antioxidant nature of vitamin C and its conversion to ascorbyl radical under oxidative stress, reinforcing the vulnerability of this nutrient during artificial ripening.
Similarly, vitamin B6 levels declined from 0.45 ± 0.07 mg/g in NRB and ABM to 0.30 ± 0.00 mg/g in 5 g CaC₂ and 0.20 ± 0.00 mg/g in 15 g CaC₂. The decrease in pyridoxine content under artificial ripening could result from enhanced enzymatic and chemical degradation triggered by ripening agents. Gunasekara et al. (2015) and Mahato et al. (2022) both documented diminished B-complex vitamin retention in artificially ripened fruits, citing alterations in enzymatic activity and cellular respiration as possible causes.
Thiamine (vitamin	B1) showed a particularly sharp reduction. Naturally ripened bananas contained 0.50 ± 0.01 mg/g, which fell drastically to 0.04 ± 0.00 mg/g in ABM, 0.15 ± 0.00 mg/g in 5 g CaC₂, and just 0.01 ± 0.00 mg/g in 15 g CaC2 treated samples. This pronounced depletion may be due to thiamine’s high sensitivity to sulfites, reactive gases, and acidic conditions typically associated with calcium carbide decomposition. Krishna (2016) emphasized thiamine’s instability in the presence of chemical stressors, while Ezeanya et al. (2021) reported nearly 80% thiamine loss in bananas ripened with calcium carbide, compared to minimal degradation in ethylene-treated fruits.
Vitamin A content followed a similar trend, with the highest level recorded in naturally ripened bananas (46.20 ± 0.00 mg/g), followed by ABM (38.20 ± 0.28 mg/g), 5 g CaC₂ (20.30 ± 0.14 mg/g), and 15 g CaC₂ (12.70 ± 0.14 mg/g). The degradation of vitamin A precursors, such as β-carotene, under chemical ripening may be due to oxidative and photolytic breakdown. Vitamin A is crucial for immune function, epithelial integrity, and reproductive health (Malivindi et al., 2018). The observed loss is consistent with findings by Shobha et al. (2021) and Kwaku & Alamu (2023), who noted substantial reductions in vitamin A content following calcium carbide treatment in various tropical fruits.
Overall, the results indicate that artificial ripening, especially with calcium carbide, significantly compromises the vitamin content of bananas. While ABM-induced ripening retained more nutrients than CaC₂-treated samples, it still underperformed compared to natural ripening. These findings support the growing body of evidence advocating against the use of calcium carbide in fruit ripening, not only due to its potential toxicity but also because of its detrimental effects on nutritional quality.















Table 4: Results of The Minerals Analysis of Banana Induced with Different Ripening Agents
	Groups
	Phosphorus
(Mg/kg)
	Calcium
(Mg/k g)
	Copper
(Mg/kg)
	Potassium
(Mg/kg)
	Magnesium
(Mg/k g)
	Manganese
(Mg/kg)

	NRB
	19.00 ± 0.28
	12.33 ± 0.47
	0.00 ± 0.00
	1.39 ± 0.21
	9.40 ± 0.07
	0.00 ± 0.00

	ABM
	17.65 ± 0.21
	13.67 ± 0.47
	0.06 ± 0.00
	0.42 ± 0.17
	5.32 ± 0.06
	0.38 ± 0.02

	5g CaC2
	16.40 ± 0.00
	8.00 ± 0.00
	0.03 ± 0.00
	1.58 ± 0.06
	3.75 ± 0.05
	0.00 ± 0.00

	15g CaC2
	15.60 ± 0.00
	17.67 ± 0.47
	0.03 ± 0.00
	1.82 ± 1.04
	6.78 ± 0.00
	0.18 ± 0.02



*NRB-natural ripened banana, ABM-African bush mango ripened banana. Results are presented as mean of duplicate ± standard deviation.


Mineral composition is significantly altered by the type of ripening agent used for this study as shown in table 4. Interestingly, calcium content was highest in 15g CaC₂-treated bananas (17.67 ± 0.47), which is higher than both ABM (13.67 ± 0.47) and NRB	(12.33±0.47). This may be explained by contamination or chemical interaction during artificial ripening, as calcium carbide may leave calcium residues or promote calcium accumulation. While calcium is important for bone and muscle function, excess calcium may lead to health issues like constipation and interfere with the absorption of iron and zinc (Sojinu et al., 2021). This makes excessive calcium from artificial ripening a potential concern. Also Potassium, vital for muscle function, heart rhythm, and nerve transmission, was highest 

in 15g CaC2 treated bananas (1.82 ± 1.04) and lowest in ABM-treated bananas (0.42 ± 0.17). Interestingly, CaC₂ treated bananas had higher potassium than natural ripened bananas	(1.39±0.21). This increase may reflect accelerated breakdown of cell components during artificial ripening, releasing intracellular potassium. Alternatively, it might suggest chemical interactions enhancing apparent potassium levels. Chukwuma et al., (2016) and Ariyo et al., (2021) showed similar result for calcium and potassium. 
Phosphorus content was highest in naturally ripened bananas (19.00 ± 0.28), followed by ABM-treated bananas (17.65 ± 0.21), and lowest in calcium carbide-treated bananas with 5g CaC2 at 16.40 ± 0.00 and 15g CaC2 at	15.60±0.00. This decreasing trend suggests that artificial ripening, especially with chemical agents, may reduce phosphorus availability or stability, potentially due to degradation of phosphorus-containing compounds or interference in their absorption possibly due to metabolic shifts that deplete phosphate reserves. Phosphorus is essential for energy metabolism (ATP), bone health, and cellular function. Loss of this mineral may compromise the nutritional value of the fruit. A similar study by Igbinaduwa et al., (2022), also reported similar decreases in phosphorus with higher CaC2 concentrations in bananas.
Magnesium followed the same trend as phosphorus: highest in naturally ripened bananas (9.40 ± 0.07) and lowest in calcium carbide-treated samples (5g CaC2: 3.75 ± 0.05; 15g CaC2: 6.78 ± 0.00).
This implies that artificial ripening diminishes magnesium content, which is crucial for enzyme function, muscle contraction, and bone health. This result is in agreement with that of Abdulra et al., (2022)
Copper was absent in naturally ripened bananas (0.00 ± 0.00) but present in ABM (0.06 ± 0.00), and in both 5g and 15g CaC2 treated	bananas	(0.03±0.00).
This presence in artificially ripened samples may be due to external contamination from the ripening agents or changes in biochemical pathways that result in trace copper accumulation. Copper is essential in trace amounts for enzymatic reactions but could be toxic at higher levels, so its presence where it's naturally absent is noteworthy.
Like copper, manganese was absent in NRB but present in ABM (0.38 ± 0.02) and 15g CaC2	(0.18±0.02).
This suggests possible external introduction or activation of certain pathways during non-natural ripening processes. While manganese is essential for metabolic processes, its unnatural presence might signal contamination or ripening-related biochemical shifts. The result for copper and manganese concurs with the study of Maduwanthi, and Marapana, (2019) who reported absence of copper and manganese NRB but present in those induced. Roy et al., (2021), also reported similar trend.
Summarily, while CaC2 speeds up ripening, it introduces or amplifies certain mineral levels, possibly through contamination or altered metabolic pathways, and diminishes essential nutrients like phosphorus and magnesium. Natural ripening remains the most nutritionally balanced method, while African bush mango may offer a safer alternative to chemical ripening agents. 
Summary
Calcium carbide and African bush mango used as a ripening agent in this study had the following effect on banana;
· Treatment of banana with calcium carbide and African mango causes banana to ripen faster as observed in peel colour change of artificially ripened banana. Fibre of the peel is weakened so moisture is easily absorbed leading to a higher moisture content in the induced ripened banana.  
· Protein content of banana was highest in the bananas that ripen naturally; thus, using a ripening agent lowered the protein concentration. Protein concentration was lower in calcium carbide banana than African mango treated banana. 
· Crude fibre was highest in calcium carbide treated banana but lower in naturally ripen banana, African bush mango treated banana also had higher crude fibre than banana left to ripen naturally. Crude fibre level was almost the same in both artificially ripen banana and those that ripen naturally. 
· Ash content of artificially ripen banana were higher than banana that ripen naturally indicating a high mineral concentration of banana peel, the minerals in the artificially ripen banana must have been absorbed from the peels since the fibre of the peel is more weaken than naturally ripen banana. 
· Calcium and potassium were the two minerals that had highest concentration for artificially ripen banana, calcium carbide elicited a greater level than African bush mango. Copper and manganese were only present in artificially ripen banana, while phosphorus and magnesium was highest in naturally ripen banana and lowest in calcium carbide treated banana. 
· Vitamin A, vitamin C, vitamin B6 and thiamine, tannins, saponins, alkaloids and flavonoids concentration were reduced when the bananas were induced to ripen with ripening agent

Conclusion
The results of this study clearly demonstrated that the use of calcium carbide and African bush mango to ripen banana (Musa acuminata), significantly altered it’s nutritional, phytochemical, and mineral contents. Natural ripening preserved the highest levels of essential nutrients such as crude protein, carbohydrates, vitamins (A, C, B6, thiamine), and beneficial phytochemicals (tannins, flavonoids, alkaloids, and saponins). In contrast, artificial ripening particularly with calcium carbide accelerated ripening but resulted in nutrient degradation, including reduced protein, vitamin, and phytochemical contents, alongside altered mineral profiles.
In contrast, artificial ripening particularly with calcium carbide accelerated ripening but resulted in nutrient degradation, including reduced protein, vitamin, and phytochemical contents, alongside altered mineral profiles.
African bush mango (ABM), a biological ripening agent, demonstrated a moderate effect by inducing ripening faster than natural methods while retaining more nutritional value compared to calcium carbide. However, calcium carbide at both 5g and 15g concentrations showed more pronounced negative effects, with increased moisture content and reduced levels of protein, ash, and key vitamins and phytochemicals. Furthermore, artificial ripening introduced elements (like copper and manganese) absent in naturally ripened bananas, suggesting potential contamination or biochemical changes linked to these agents.
Lastly, while artificial ripening agents like calcium carbide may offer convenience and rapid results, they compromise the nutritional quality and safety of bananas. Biological alternatives such as African bush mango may serve as a better compromise between speed and nutritional retention. Nevertheless, natural ripening remains the most effective method for preserving the health-promoting properties of bananas and should be encouraged where possible, especially for consumer safety and nutritional integrity.

Recommendation
In as much as speedy ripening is wanted, the reduction in vitamins and phytochemical content of banana by calcium carbide and African bush mango is undesirable. Vitamin C, vitamin A and phytochemicals are important antioxidants required to defend the body against the ever increasing level of free radicals. Protein content of banana is reduced also when it’s ripening is induced. Due to the decrease in the nutritive and antioxidant components of the induced ripen banana, artificial ripening agent should be avoided as much as possible. Since fruits constitute the major source of vitamins in our diets, regulating the use of calcium carbide and African bush mango in the Nigerian food system is essential to promote food and nutrition security in the country.
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