


     Impact of Artificial Ripening Agents (Paracetamol and Calcium Carbide) on Heavy Metal and Vitamin Composition of Plantain (Musa paradisiaca)





Abstract 
Fruit ripening is a natural process in which fruits go through physical and chemical changes and gradually become sweet, coloured, soft and palatable. This study assessed the impact of artificial ripening agents (Paracetamol and Calcium Carbide) on the heavy metals and vitamin composition of plantain (Musa paradisiaca). Heavy metals were determined using an Atomic Absorption Spectrophotometer, while vitamin contents were analysed using a UV-Vis Spectrophotometer. Plantains ripened with paracetamol showed the presence of heavy metals: 3.97 mg/kg for Lead, 1.87 mg/kg for Arsenic, and 1.04 mg/kg for Cadmium, all exceeding FAO/WHO permissible limits  (0.1 mg/kg for Pb, 0.003 mg/kg for As and 0.02 mg/kg for Cd). These heavy metals were not detected in naturally ripened plantains. Paracetamol ripening reduced all measured vitamins (A, B3, B6, C, and E), with vitamins A and C most affected. Vitamin A decreased from 12.63µg/100g in naturally ripened fruit to 5.68 µg/100g and 9.37 µg/100g in paracetamol and calcium carbide ripened samples, respectively. Vitamin C declined from 19.67 mg/100g to 6.32 mg/100g (paracetamol) and 10.46 mg/100g (calcium carbide). The reduction in vitamins was attributed to the accelerated ripening process. Similar trends were observed for calcium carbide. In conclusion, the use of artificial ripening agents poses health hazards due to toxic metal contamination and nutritional loss. Regulatory enforcement by agencies like NAFDAC is recommended to ban hazardous ripening practices, following the example of countries like India, Pakistan, Bangladesh, Sri Lanka and Nepal.
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INTRODUCTION
 
Fruit ripening is a natural process in which fruits go through physical and chemical changes and gradually become sweet, coloured, soft and palatable (Prasanna et al.,2007). It is associated with changes in the composition of the carbohydrate present in the fruit from starch to sugar (Owuamanam et al., 2025). A phase change in fruit development is triggered by the stimulation of the ripening process, which is aided by a significant change in primary and secondary metabolism. Carotenoids, flavour and volatile compounds, antioxidants, and sugars are formed as a result of these coordinated changes, all of which improve the nutritional quality of the fruits (Mohammed et al., 2021; Ahmed et al., 1995). Chemicals commonly employed as ripening agents include: ethylene, ethephon/ethrel, (2-chloroethyl phosphoric acid), Ethylene glycols, wood ash and calcium carbide. Calcium carbide2 reacts with moisture to produce acetylene gas, which accelerates the ripening process. (Vidhya et al., 2025). Calcium carbide is indiscriminately used in preference to other recommended practices of inducing ripening because it is readily available and very affordable. However, the use of calcium carbide poses lots of potential health hazards to human health. The acute (short-term) health effects may include the irritation of the skin, causing rashes, redness, and a burning feeling on contact, irritation of the mouth, nose and throat, irritation of the lungs, causing cough and shortness of breath (Igbinaduwa et al .,2018). Higher exposures may cause a build-up of fluid in the lungs (pulmonary oedema), a medical emergency, with severe shortness of breath (Igbinaduwa et al.,2018). Other effects on exposure include headache, vertigo, dizziness, delirium, seizures and even coma (Igbinaduwa et al., 2018; Maduwanthi and Marapana, 2019). Immediately after consumption, there may be abdominal pain, vomiting and diarrhoea. Prolonged and repeated exposure may cause dry, cracked skin and eyes lids irritation. Vegetables and fruits are the most common source of heavy metal exposure in humans, accounting for 90% of metal intake, with the remaining 10% coming via skin contact and inhalation of contaminated dust. Consumption of heavy metals through the food chain has been thoroughly documented worldwide. Plants can absorb heavy metals from the soil and build up in higher concentrations in them (Mawari et al., 2022). 
Recently, fruit marketers have been using detergents and paracetamol to ripen fruits. The Nigerian food and drug regulatory agency, known as the National Agency for Food and Drug Administration and Control (NAFDAC), had repeatedly raised concerns over the use of unsafe artificial ripening agents, including paracetamol, calcium carbide, and other dangerous chemicals (George, 2024). NAFDAC warned about the inherent health risks and called for increased public education on the dangers of these practices while urging stricter regulatory actions against offenders. According to NAFDAC, the dangers of using artificial methods to ripen fruits include loss of vitamins and micronutrients, adding that consumption of dangerous chemicals, such as arsenic, is carcinogenic (George, 2024). NAFDAC reported that arsenic also affects the skin, respiratory, endocrine and cardiovascular systems and phosphorus impurity from industrial grade calcium carbide can lead to health issues and death. This research work examined the impact of these artificial ripening agents (Paracetamol and Calcium carbide) on fruit quality with respect to safety and nutritional content.

MATERIALS AND METHODS
Materials/Equipment
[bookmark: _bookmark48]The French type plantain used was purchased from Relieve Market, Owerri, Imo State, Nigeria. The plantains were identified by a plant taxonomist in the department of Crop Science and Technology, Federal University of Technology, Owerri. All reagents were of analytical grade. They were purchased from local suppliers and were used without further purification. An atomic absorption spectrophotometer was used for heavy metals determination, while a UV-Vis spectrophotometer was used for vitamin determination. 

 Ripening of the fruits

The fruit samples were prepared by the method described by Sojinu et al. (2021) with slight modification. The plantain samples were washed with clean water, air dried and divided into three portions for each ripening condition (Figure 1). The first portion (three fingers) was left to ripen naturally at room temperature (27-30℃) without any ripening agent and was labelled as "NRP". The second portion was treated with calcium carbide to induce the ripening process. Five grams (5 g) of calcium carbide was dissolved in 20 ml of deionised water, and the paste formed was sprinkled on the plantain fingers placed inside a zip lock plastic bag. This was labelled as "CRP". The third portion of plantains was treated with one tablet of paracetamol (500 mg) as a ripening agent. (one tablet dissolved in 20 ml of deionised water) and rubbed per finger of the plantain and was labelled as "PRP". The use of one tablet of paracetamol per finger of plantain was based on preliminary studies. It took fourteen days for the naturally ripened plantain to fully ripen, seven days for paracetamol samples to fully ripen and five days for the calcium carbide-treated samples to fully ripen. After ripening, the samples were packed in zip lock plastic bags and refrigerated at 3℃ for analysis.
Determination of heavy metals 
The heavy metals Pb, Cr, Cu, Cd, and As were determined using an Atomic absorption spectrophotometer (Model AA500 made by PG Company, United Kingdom) by the method described by Okon and Akwaowo  (2017). The fruit samples were ashed in a muffle furnace. Two (2) g of each ashed fruit sample was digested in 15 ml of HNO3 at 80ºC until a transparent solution was obtained. The solution was allowed to cool and then filtered through Whatman filter paper into a 100 ml volumetric flask and made to the mark with distilled water. Each filtrate was stored in a separately labelled sample bottle ready for the determination of Pb, Cr, Cu, , Cd, and As using Atomic absorption spectrophotometer (AAS). The AAS was calibrated with the appropriate standard 
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Solutions for each element and the samples filtrate were aspirated in turns into it to determine the heavy metals concentration. 
Determination of Vitamins 
The separation and detection of the vitamins were performed using a UV-Vis spectrophotometer (752 N model SEARCHTECH instruments, British Standard). Samples were analyzed for vitamin A, B3, and B6, C, and E      
Statistical Analysis: The result of this study was analysed by one-way analysis of variance (ANOVA), and means separation was done by Duncan multiple range test using Statistical Package for the Social Sciences (SPSS) version 21, USA Inc.  

RESULTS AND DISCUSSION

[bookmark: _Toc189668731][bookmark: _Toc189671555][bookmark: _Toc189671556]Table 1 Heavy metal composition of French plantain ripened with Paracetamol and 
               Calcium carbide
	 Sample Code
	Lead
(mg/kg)
	Arsenic
(mg/kg)
	Cadmium
(mg/kg)
	Copper
(mg/kg)
	Chromium
(mg/kg) 

	NRP

	0.00±0.00 c
	0.00±0.00 c
	0.00±0.00 c
	0.31±0.01 c
	0.00±0.00 c


	
CRP

	1.60±0.01b
	0.42±0.01b
	0.12±0.01b
	0.64±0.01b
	0.12±0.01b


	 
PRP


LSD
*FAO/WHO
Standard
	3.97±0.01a
    
0.02

0.1mg/kg        
	1.87±0.02a 
   
0.07

0.003mg/kg      
	1.04±0.01a
  
 0.01

0.02mg/kg       
	1.19±0.01a
    
0.04

0.50mg/kg      
	 0.18±0.02a

   
0.03

0. 05mg/kg


Means are the sum of triplicate determinations. 
Means in the same column with similar superscripts are not significantly different at (P>0.05). 
*FAO/WHO permissible level in food.
Key: NRP- Natural ripened plantain, CRP- Calcium carbide ripened plantain, PRP-Paracetamol ripened plantain 

[bookmark: _Toc189668734][bookmark: _Toc189671558][bookmark: _Toc189671559]Table 2 Vitamin composition of French plantain ripened with Paracetamol and Calcium
               carbide
	Sample    Code 
	Vitamin A
(µg/100g)
	Vitamin B3
(mg/100g)
	Vitamin B6
(mg/100g)
	Vitamin C
(mg/100g)
	Vitamin E
(mg/100g)

	
NRP
	
12.63±0.0 a
	
0.68±0.01 a
	
0.42±0.01 a
	
19.67±0.01 a
	
0.84±0.02 a


	CRP
	9.37±0.01 b
	0.4 3±0.02 b
	0.23±0.03 b
	10.46±0.01 b
	0.43±0.02 b

	PRP
LSD
	5.68±0.01c
    0.01
	0.27±0.01 c
  0.02
	0.18±0.01 c
   0.03
	6.32±0.01 c
   0.01
	0.26±0.01 c
   0.07



Means are the sum of triplicate determinations.  
Means in the same column with similar superscripts are not significantly different at (P>0.05). 
Key: NRP- Natural ripened plantain, CRP- Calcium carbide ripened plantain, PRP- Paracetamol ripened plantain.
The results of plantain ripened with paracetamol revealed the presence of heavy metals which including Arsenic, Lead (Pb),  Copper, Cadmium and Chromium. It had (1.87 mg/kg) Arsenic, (3.97 mg/kg) Lead (Pb), (1.19 mg/kg) Copper, (1.04 mg/kg) Cadmium and (0.18 mg/kg) Chromium (Table 1). These concentrations of heavy metals were higher than the maximum recommended in food by the FAO/WHO standard (Igwe and Ezekwesili, 2023). The same trend was observed with calcium carbide ripened samples (Table 1). Arsenic contamination may be due to the use of chemicals for ripening, like calcium carbide. Commercial grade calcium carbide (CaC2) is impure; it contains impurities such as arsenic and phosphorus in the form of Calcium phosphide (Ca₃P₂) and calcium arsenide (Ca₃As₂), which may react with water to form phosphine (PH₃) and arsine (AsH₃), respectively. These hydrides are fat-soluble and may dissolve in the wax layer of fruits and can diffuse from peel to flesh of most fruits (Igbinaduwa et al.,2018). This can lead to health hazards to consumers of the fruits contaminated with calcium carbide.. Apart from the toxicity of acetylene produced from calcium carbide (CaC2), countless reports have shown that commercial calcium carbide contains traces of phosphorus hydride, Arsenic, and other heavy metals. These impurities synergistically multiply their impact to cause both acute and chronic conditions when ingested with calcium carbide pretreated fruits. Acute toxicity and burning sensations of different forms may be experienced due to the exothermic heat from harsh acetylene generated when CaC2 comes in contact with water (Okeke et al, 2022). There was no heavy metal detected for the control sample (natural ripened plantain) except for copper (0.31 mg/kg), which was below the maximum permissible limit of 0.5 mg/kg by the FAO/WHO standard. According to Igbinaduwa et al. (2018), the absence of arsenic in fruits ripened naturally could be a result of the lack of exposure of the fruits to direct contact with calcium carbide. Artificial ripening is commonly employed to make fruits market-ready quickly, especially in regions with poor cold-chain infrastructure. Chemicals such as calcium carbide and, more recently, paracetamol, have been found to be used in this process (George, 2024). Using paracetamol to artificially ripen fruits such as bananas and plantains has become a significant health concern in Nigeria (George, 2024). Health and nutrition experts warn that this practice is hazardous due to chemical alterations and the risks it poses to the food chain. Paracetamol, also known as acetaminophen, contains active compounds such as para-aminophenol derivatives, which exhibit mild oxidative properties. However, the misuse of paracetamol in ripening alters fruit chemical composition, leaving harmful residues on fruits (George, 2024). Fruits ripen with paracetamol may retain toxic by-products, which, over time, can lead to liver and kidney damage as the body struggles to process these excessive and unnatural chemicals (George, 2024).  According to a health researcher based in Europe, Temitope Fadeyi, the breakdown of paracetamol under heat can produce harmful compounds such as aniline, which is potentially carcinogenic and increases the risk of cancer with prolonged exposure (George, 2024). Additionally, frequent consumption of such fruits can cause acute symptoms such as nausea, vomiting, and abdominal pain, as well as chronic conditions like organ damage. A nutritionist and dietician, Mrs Ngozika Nnam, noted that this process can also lead to hormonal disruptions (George, 2024). She noted that certain chemical by-products may act as endocrine disruptors, potentially affecting hormonal balance, fertility, and development in consumers, including children and pregnant women (George, 2024). Considering the health hazards of chemically ripened fruits, several countries have begun to take measures against the use of chemical agents for ripening fruits. 
In terms of the vitamins, the paracetamol and calcium carbide ripened French plantain samples reduced all the vitamins analysed significantly at (P< 0.05). The reduction in all vitamins evaluated was a result of the accelerated ripening process by the artificial ripening agents. The vitamins affected negatively by the paracetamol were A, B3, B6, C and E. Vitamins A and C were most affected. Vitamin C reduced from a value of 19.67 mg/100g in the natural ripened fruit to 6.32 mg/100g and 10.46 mg/100g for paracetamol and calcium carbide treated samples, respectively (Table 2). The vitamin C content of plantains can vary depending on ripening stage and storage conditions. Natural ripening processes may preserve vitamin C content better than artificial ripening methods, as exposure to calcium carbide and paracetamol may lead to vitamin C degradation. The significant reduction in the vitamin C content of the plantain was consistent with previous reports (Oko et al., 2015). Vitamin C, also known as ascorbic acid, is an antioxidant that plays a crucial role in immune function and collagen synthesis. Vitamin A was reduced from 12.63 (µg/100g) in the naturally ripened plantain to 5.68 (µg/100g) and 9.37 (µg/100g) for paracetamol and calcium carbide-treated samples, respectively (Table 2). Artificial ripening methods, such as calcium carbide treatment, may affect the vitamin A content of plantains due to changes in metabolic processes during ripening (Oko et al., 2018). This reflects a significant concern for the consumption of plantain ripened with calcium carbide, as it reduces the essential vitamins for eye and sight health (Oko et al., 2018). Vitamin A is an essential nutrient that plays a crucial role in vision, immune function, and cell growth. A nutritionist and dietician, Mrs Ngozika Nnam, noted that the artificial ripening of fruits with hazardous chemicals like paracetamol and calcium carbide compromises the nutritional quality of fruits, reducing their vitamin content and altering their sensory characteristics (George, 2024). The nutritionist also reported that the unnatural ripening process often results in fruits losing essential vitamins and micronutrients, particularly vitamin C, which deteriorates due to chemical exposure (George, 2024). In the plantain samples, naturally ripened samples recorded higher content of vitamin B3 (0.68 mg/100g) than paracetamol samples (0.27 mg/100g ) and calcium carbide  (0.43 mg/100g) samples. Vitamin B3, also known as niacin, is important for energy metabolism and DNA repair. 

CONCLUSION
The presence of heavy metals, Arsenic, Lead (Pb),  Copper, Cadmium and Chromium in plantain samples was in concentrations higher than the maximum recommended by the FAO/WHO standard in food. High levels of these elements in fruits were a result of direct contact with calcium carbide and paracetamol used as ripening agents. This poses serious health challenges to consumers. These elements diffuse from the peel to the flesh of fruits, and thus, washing the fruits is not enough measure to reduce the toxic effects of this practice. The reduction in all vitamins evaluated was a result of the accelerated ripening process by the artificial ripening agents. This is a threat to the nutritional quality of the fruit.  Nigerian food regulatory agencies, such as NAFDAC, should enforce the ban on the practice of artificial ripening with hazardous chemicals, as is the case in countries like India, Pakistan, Bangladesh, Sri Lanka, and Nepal.
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