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










ABSTRACT
[bookmark: _GoBack]Fruit ripening is a combination of physiological, biochemical and molecular processes leading to changes in pigments, sugar content, acid content, flavor, aroma and texture. Since banana is a climacteric fruit, it is usually harvested at preclimacteric stage and for commercial purposes, artificially ripened. This study investigated the effect of calcium carbide (CaC2) and African bush mango on the ripening time, minerals, phytochemicals, proximate and vitamins content 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, group B was treated with African bush mango and groups C and D were treated with 5g and 15g of calcium carbide respectively. Results of the study showed that groups B, C and D ripened within 3 days, while group A the control, ripened on day 10. Moisture content, crude fibre and ash contents were higher in Musa acuminata treated with ripening agents. Calcium carbide treated groups’ revealed high crude fibre content than witnessed with bush mango treated group. Protein content was also highest in group A, followed by group B, then groups C and D. Then for the minerals, Copper and manganese were only present in artificially ripened bananas, while phosphorus and magnesium were highest in naturally ripened banana and lowest in those treated with calcium carbide.  Calcium and potassium contents were higher in groups B, C and D than we witnessed in group A. The Vitamins (A, C, B1, B6) and phytochemical contents of Musa acuminata, decreased along the groups in this order A>B>C>D. The result of the study revealed that artificial ripening agents altered the nutrient and phytochemical contents of Musa acuminata. 
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INTRODUCTION
Fruit ripening is a combination of physiological, biochemical and molecular processes leading to changes in pigments, 


sugar content, acid content, flavor, aroma and texture. In recent times, food safety concerns have been raised over the types of ripening agents. Some of them are reputed to leave residues of heavy metals (Nura et al., 2018). Although, the use of artificial ripening agents may give more acceptable color than naturally ripened fruits (Hakim et al., 2012), it may however be difficult to discern physical differences between artificially and naturally ripened fruits. Lack of easier and rapid methods for uniform ripening also stands as a major problem in developing countries. Though this practice reduces post-harvest losses of  fruits, for example banana especially during transportation; it is often accompanied with induced ripening with artificial agents (ethylene glycol, kerosene, ether, calcium carbide, Irvingia gabonesis also known as African bush mango etc.) to meet consumers’ demands and other economic factors (Abhishek et al., 2016). These artificial ripening agents if used inappropriately are toxic and their consumption may cause health problems; such as skin disease, cancers, neurological disorders and organ failure (Krishna et al., 2017).  
Banana (Musa spp., Family Musaceae) is one of the most traded tropical fruits worldwide, recorded as the fourth largest food crop. In Africa, it is a very common and popular economic crop, which serves as a major source of income for more than 70 million people around the continent (FAO, 2019). Akinyemi et al., (2017) reported that in South-western Nigeria, the cultivation of Cavendish banana is practiced to a large extent and as a result, the fruits are extremely affordable and readily available all year round compared to other fruits. 
Since banana is a climacteric fruit, it is usually harvested at pre-climacteric stage and for commercial purposes, artificially ripened (Maduwanthi and Marapana, 2019). Though this practice reduces post-harvest losses of banana especially during transportation; it is often accompanied with induced ripening with artificial agents (ethylene glycol, kerosene, ether, calcium carbide, Irvingia gabonesis also known as African bush mango etc.) to meet consumers’ demands and other economic factors (Abhishek et al., 2016). These artificial ripening agents if used inappropriately are toxic and their consumption may cause health problems; such as skin disease, cancers, neurological disorders and organ failure (Krishna et al., 2017).  Calcium carbide (CaC2) is a chemical compound, considered hazardous due to several reasons, but it is widely used for artificial ripening of bananas regardless of the policies surrounding its use in many developing countries (Islam et al., 2018; Nuhu et al., 2020). Research has shown that the chemical, causes a variety of side effects on human health, ranging from irritation of skin, eyes, chest and abdomen, vomiting, to burning sensations, seizures and coma even at low concentrations (Nura et al., 2018). Following the increased national and global drives for healthy and sustainable food system, ensuring food safety along the fruits value chain is important to optimize nutritional composition. Hence, this study was conducted owing to the scarcity of scientific information on the comparison of effect of carbide and African bush mango accelerated ripening of Musa acuminata (banana) on the nutritional composition of banana fruits.
 Statement of the Problem
In recent times, food safety concerns have been raised over the types of ripening agents. Some of them are reputed to leave residues of heavy metals (Maduwanthi and Marapana, 2019). Although, the use of artificial ripening agents may give more acceptable colour than naturally ripened fruits (	Ugbene and Alagboso, 2023), it may however be difficult to discern physical differences between artificially and naturally ripened fruits. Lack of easier and rapid methods for uniform ripening also stands as a major problem in developing countries. The present study was therefore carried out to evaluate the use of carbide and bush mango ripening inducers on the nutritional composition of banana fruits.	

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).
Significance
The use of ripening agent for banana by marketers is inevitable, thus it is important that a most suitable ripening agent be found which does not alter the nutritional content of banana and also does not causes toxicity.
Materials/Methods. 
Freshly harvested Unripe but matured banana fruits and the 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 banana fruits were carefully separated from the bunch, washed with clean water to remove dirt, and subjected to different ripening methods. They were cut and separated into 4 groups (A,B,C,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, group B was ripened using African bush mango and groups C and D were ripened using 5g and 15g of calcium carbide respectively. 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 C 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 (A.O.A.C., 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 A.O.A.C. (2019). Five (5) grams of each of the sample and 200ml of 1.25% H SO were heated for thirty (30) minutes and ﬁltered with a Buchner funnel. The residue was washed with distilled water until it was acid-free. 
Two hundred (200) mills 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 with petroleum ether three times. The residue was put in a crucible and dried at 105oC in an oven overnight. After 
cooling in a desiccator, it was 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 

Determination of Crude Fat 
The estimation was performed using the Soxhlet extraction method. Ten (10) grams of each of the samples were weighed and wrapped with a ﬁlter paper and placed in a thimble. The thimble was covered with cotton wool and placed in the extraction column that was connected to a condenser. About 200ml of n-Hexane was used to extract the lipid (A.O.A.C., 2019; Bala and 
Bashar,2017). The fat content was calculated using the formula below:

%Fat content = W2 − W3  X 100 … . .4
                 Weight of sample 
Where: W2 = Weight of ﬁlter paper and sample before extraction; W3 = Weight of ﬁlter paper and sample after extraction



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 with 0.1 N HCl solutions until it became colorless. 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 A.O.A.C. (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% HNO 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). 













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 are shown in table 1 Moisture content of calcium carbide treated banana was 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
	Flavonoids
	Alkaloids
	Saponins

	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.



Tannins, flavonoids, alkaloids and saponins levels were all higher in naturally ripen banana, using a ripening agent lowered the phytochemical content of the banana. Calcium carbide treated banana had the lowest with reduction in phytochemical constituent reducing as concentration increased. Saponins possess anti-inflammatory effects, anti-neoplastic effects, cholesterol lowering effect etc. (Nuhu et al., 2020).
Tanins have numerous hydroxyl group and carboxyl group which make them to bind to macromolecules and reduce their absorption. 
Antioxidant action of tannins prevents free radicals from attacking lipids, lipids are essential components of membranes so their oxidation will affect membrane functions such as membrane fluidity and receptors action (Ayyanar and Subash-Babu, 2012). Their structure enables them serve as antiviral, antimicrobial anti-diabetic, anti-cancerous and antioxidant roles (Karim and Azlan, 2012). Their ability to bind to microbial substrates starves microbes from getting substrates needed for their survival, oxidative phosphorylation inhibition in microbes also destroys the microbes, and microbial enzyme inhibition via binding to them is other effective means through which tanins perform antimicrobial action (Tong et al., 2014). Their ability to bind to other molecules such as proteins, lipids and carbohydrates makes them effective in controlling diabetes as their action limits absorption of glucose (Tomczyk and Latte, 2009).
Alkaloids posses’ anesthetic property making them useful in serving as pain relief e.g. morphine, codeine, atropine, Tubocurarine, cocaine, ephedrine, opium etc. all these are alkaloids derivatives. Alkaloids can cause constrictions of the blood vessels e.g. ephedrine, cocaine gives a relaxing effect, opium act as respiratory or cardiac stimulants. Alkaloids have other functions like antimalarial (e.g. quinine), insecticidal and antioxidant (Ge et al., 2015).   
Flavonoids are low molecular weight polyphenol with antioxidant function due to their rich nature of hydroxyl group they stabilize reactive species of oxygen and nitrogen. Flavonoids have sedative properties through their binding to GABA receptors, serving as analgesic. This extract would be useful in treatment of respiratory tract diseases and externally in treating skin problems (Vargas et al., 2015; Sangeetha et al., 2016). They affect the enzymes involved in inflammatory processes, and prevent lipid peroxidation of the hepatic cells (Tiwaria and Husain, 2017).



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

	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


Vitamin C, vitamin B6, thiamine and Vitamin A levels were all higher in NRB. Using a ripening agent lowered the vitamin content of the banana. For the B complex vitamins assayed, a decrease in the content was noted in the artificially ripened bananas samples when compared to the naturally ripened samples. Similar finding reported by 

Olubiyo et. al., 2022 showed that vitamins  A and C concentrations were at their highest levels in the untreated sample. Gunasekara et al., (2015) also reported this similar trend. 
Vitamin C is a water soluble vitamin found mostly in fruits such as citrus and some vegetables, its deficiency causes scurvy as its essential in the hydroxylation of proline (Krishna, 2016). Vitamin C also serves as antioxidant, donating electron and is then converted to ascorbyl radical (Pathak et al., 2018). Vitamin A has immune function role, it is required for cell growth and reproduction alongside its antioxidant role (Malivindi et al., 2018).



Table 4: Results of The Minerals Analysis of Banana Induced with Different Ripening Agents
	Groups
	Phosphorus
	Calcium
	Copper
	Potassium
	Magnesium
	Manganese

	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.


Calcium and potassium concentrations were highest in 15g calcium carbide induced ripened banana, previous studies also indicated increases of calcium and potassium level in calcium carbide induce ripening (Chukwuma et al., 2016; Ariyo et al., 2021). Calcium is essential for normal growth and health but excessive level of calcium can cause constipation. This high calcium concentration might also impede the body's ability to absorb other minerals like iron and zinc (Sojinu et al., 2021). Banana ripened with ABM had higher calcium and potassium concentration than NRB. Phosphorus content was highest in naturally ripened banana 19.00 ± 0.28. Banana ripened with ABM had phosphorus content of 17.65 ± 0.21 while calcium carbide ripened banana had the least phosphorus content 16.40 ± 0.00 for 5g CaC2 and 15.60 

± 0.00 for 15g CaC2. Magnesium content followed similar trend of phosphorus, magnesium content was highest in NRB 9.40 ± 0.07. Banana ripened with ABM had magnesium content of 5.32  0.06 while calcium carbide ripened banana had magnesium content of 3.75 ± 0.05 for 5g 
CaC2 and 6.78 ± 0.00 for 15g CaC2. Copper and manganese were absent in NRB but however, present in those ripened artificially. ABM ripened banana had highest amount of copper.
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 alters the proximate, phytochemical, vitamins and mineral contents of banana. These ripening agents used in this study reduced all vitamins and phytochemicals evaluated in this study
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.

References 
Abhishek, R. U., Venkatesh, H. N., Manjunath, K., & Mohana, D. C. (2016). Artificial ripening of fruits-misleading ripe and health risk. Everyman's Science, 6: 364-369. 
Adeyemi, M.M., Bawa, M.H. and Muktar, 
B. (2018). Evaluation of the Effect of Calcium Carbide on Induce Ripening of Banana and Mango Cultivated within Kaduna Metropolis, Nigeria. Journal of Chemical Society, 43(2):108-118. 

Akinyemi, S. O. S., Adejoro, M. A., Layade, A. A., & Adegbite, O. O. (2017). Market structure and performance for plantain and banana. International Journal of Fruit Science, 17(4): 440- 450. https://doi.org/10.1080/15538362.2017.1360231

Aremu, S.O. and Nweze, C.C. (2017). 
Determination of Vitamin A Content from Selected Nigerian Fruits Using Spectrophotometric Method. Bangladesh Journal of Scientiﬁc and Industrial Research, 52(2):153-158.

Ariyo, O., Balogun and Solademi E.A. (2021). Effect of Accelerated Ripening Agent on Nutrient and Anti-nutrient Composition of Banana Journal of Agriculture and Food Science, 19(1): 63-77.
[bookmark: gjdgxs]AOAC (1990). Official Methods of Analysis. (14th edition). Association of Official Analytical Chemists. Virginia U.S.A. 503-515.
AOAC (2003). Official Methods of Analysis. (17th edition). Association of Official Analytical Chemists. Virginia U.S.A. Pp: 408-426

Association of Ofﬁcial Analytical Chemist, 
A.O.A.C. (2019). Ofﬁcial Methods of Analysis of the Association of Ofﬁcial Analytical Chemist (21 Edition).Washington.

Ayyanar, M. and Subash-Babu, P. (2012). 
	Syzygium cumini (L.) Skeels: a 
	review of its phytochemical constituents and traditional uses. Asian Pac. J. Trop. Biomed., 2(3):240-246

Bala, M. and Bahar, J.B. (2017). Proximate 
and Mineral Elements Composition of Five Locally Consumed Fruits in Kano State, Nigeria. Bayero Journal of Pure and Applied Sciences, 10(2):172-176. 

Chukwuma, O. M., Iroka, F. C., Akachukwu, E. E., Adimonyemma, N. R., and Mbaukwu, O. A. (2016). A study of the effects of induced ripening on the proximate, biochemical and mineral compositions of Musa sapientum (Banana). International Journal of Food Science and Nutrition, 1.2: 15-20. 
Fasanya, T.A., Olaiya, C.O. and Karigidi, K.O. (2019). Effect of Ripening Agents on the Nutritional and Antioxidant Qualities of Different Banana Cultivars. Annals. Food Science and Technology, 20(4): 877-886.

Food and Agricultural Organization of the United Nations, FAO (2019). FAO forecasts strong growth prospects for global production and trade of tropical fruits. http://www.fao.org/americas/informations/ver/fr/c/1193642 Retrieved 30 November, 2020
Ge, Y., Liu, P., Yang, R., Zhang, L., Chen, H., Camara, I., et al. (2015). Insecticidal constituents and activity of alkaloids from Cynanchum mongolicum. Molecules, 20: 17483-17492.

Gunasekara, S. R. W., Hemamali, K. K. G. U., Dayananada, T. G., and Jayamanne, V. S. (2015). Post-Harvest Quality Analysis of 'Embul' Banana following Artificial Ripening Techniques. International Journal of Science, Environment and Technology, 4(6): 1625 – 1632
Islam, M.N., Imtiaz, M.Y., Alam, S.S., et al., (2018). Artifcial ripening on banana (musa spp.) samples: analyzing ripening agents and change in nutritional parameters. Cogent Food & Agriculture, 2018
Krishna, P. S., Sri, G. K. R., and Naga Raju K. (2017). Estimation of the nutritional elements present in naturally ripened and artificially ripened bananas. International Journal of Applied Pharmaceutical Sciences, 4(1): 1-10.
Maduwanthi, S. D. T. and Marapana, R. A. U. (2019). Induced Ripening Agents and their Effect on Fruit Quality of Banana. Hindawi International Journal of Food Science, Article ID 2520179, 8 pages. https://doi.org/10.1155/2019/2520179 
Malivindi, R., Rago, V., De Rose, D., Gervasi, M.C., Cione, E., Russo, G., Santoro, M. & Aquila, S. (2018). Influence of all-trans retinoic acid on sperm metabolism and oxidative stress: Its involvement in the physiopathology of varicocele-associated male infertility. J. Cell. Physiol., 233: 9526–9537.
Nuhu, A. M., Rabi, A. and Tukur, H. R. (2020). Proximate and elemental analysis of banana fruits (musaspp) ripened with various concentrations of calcium carbide. J. Chem. Soc. Nigeria, 45(4): 648 -655. https://doi.org/10.46602/jcsn.v45i4.501 
Nura, A., Dandag, M. A. and Wali, N. R. (2018). Effects of artificial ripening of banana (Musaspp) using calcium carbide on acceptability and nutritional quality. Journal of Postharvest Technology, 6(2): 14-20
Nwankwo, J. U., Osuji, C. A. and Ubani, 
C.S. (2021). Human health risk assessment on the consumption of Musa acuminata treated with different ripening agents. Direct Research Journal of Health and Pharmacology, Vol.9, Pp. xx-xxx,ISSN 2449-0814 DOI: https://doi.org/10.26765/DRJHP76266049. Article Number: DRJHP76266049

Okwu, D.E and Josiah, C. (2006). 
Evaluation of the Chemical Composition of Two Nigerian Medicinal Plants. African Journal of Biotechnology, 5(4):357- 361

Olubiyo, G.T., Obochi, V.U., Edogbanya, 
P.R.O., Olubiyo, C.K., Iyeh, V.A.,  Obaje, J.O. and Matthew, E.O. (2022). Evaluation of the Effect of Calcium Carbide as a Ripening Agent on the Nutritional Value and Heavy Metal Content of Banana and Orange. Nigerian Agricultural Journal, 53: Pp 16-21

Onyeike, E. N., Olungwe, T. & Uwakwe, A. A. (1995). Effect of heat treatment and defatting on the proximate composition of some Nigerian local soup thickeners. Food Chemistry, 53: 173-175
Pathak, S. Sriramulu, S., Tandavan, S.P. Jothimani, G. Banerjee, A. and Marotta, F. (2018). Enhancement of shelf life of the climacteric fruits: a review on application of crispri technology. Trends in Technical and Scientific Research, 1(2). 56-70
Pearson, D. (1976).  The chemical analysis of food, 17th ed. Churchill Livingstone, London. pp. 3-4.
Perotti V. E., Moreno A. S., & Podest'a F. E., (2014). Physiological aspects of fruit ripening: the mitochondrial connection. Mitochondrion, 17: 1-6. https://doi.org/10.1016/j.mito.2014.04.010
Sangeetha, K.S.S., Umamaheswari, S., Reddy, C.U.M. & Kalkura, S.N. (2016). Flavonoids: Therapeutic Potential of Natural Pharmacological Agents. Int. J. Pharm. Sci. Res., 7(10): 3924-30
Sojinu, O.S., Biliaminu, N.T., Mosaku, A.M., Makinde, K.O., Adeniji, T.H. and Adeboye, B.M. (2021). The implications of ripening agents on chemical compositions of plantain (Musa paradisiaca). Heliyon; 7(6):e07123. doi: 10.1016/j.heliyon.2021.e07123. PMID: 34141914; PMCID: PMC8188368.
Tiwaria, S.C. and Husain, N. (2017). Biological activities and role of flavonoids in human health–a review. Indian J.Sci.Res., 12 (2): 193-196.
Tomczyk, M. and Latte, K.P. (2009). Potentilla—a review of its phytochemical and pharmacological profile. J. Ethnopharmacol., 122: 184-204.
Tong, W.Y., Wang, H., Waisundara, V.Y. & Huang, D. (2014). Inhibiting enzymatic starch digestion by hydrolyzable tannins isolated from Eugenia jambolana. LWT Food Sci. Technol., 59: 38995.
Tripathi, K., Pandey, S. Malik, M. and Kaul T. (2016). Fruit ripening of climacteric and non-climacteric fruit. Journal of Environmental and Applied Bioresearch, 4: 27–3
Ugbeni, O.C., and Alagbaoso, C.A. (2023). Calcium carbide-ripened plantain induced alterations in plasma electrolytes concentration and kidney function in rats. Brazilian Journal of Nephrology;45(4):393-400. doi: 10.1590/2175-8239-JBN-2022-0101en. PMID: 36638245; PMCID: PMC10726670.
Vargas et al. (2015). A: Network Flow Approach to Predict Protein Targets and Flavonoid Backbones to Treat Respiratory Syncytial Virus Infection. BioMed Research International, 2015.


NRB	
Time (Days) 	10	ABM	
Time (Days) 	3	5g CaC2	
Time (Days) 	3	15g CaC2	
Time (Days) 	3	Ripening agents
Time (Days) 



