


Nutritional and Sensory Impact of Paracetamol and Calcium Carbide Ripening Agents on Plantain (Musa paradisiaca)
Abstract 
[bookmark: _GoBack]This work assessed the impact of artificial ripening agents, paracetamol (acetaminophen) and calcium carbide on the proximate composition and sensory properties of plantain fruit. Proximate compositions were determined using standard Association of Official Analytical Chemist (AOAC) methods while the sensory evaluation was done with a 9-point hedonic scale.  The results obtained were analyzed 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.The proximate composition revealed that protein, crude fibre, ash, and fat contents of the plantain samples were all significantly reduced in the paracetamol and calcium carbide ripened French plantain at P <0.05.The crude protein reduced from 2.11 % in the natural ripened samples to 0.89 % and 1.17 % for paracetamol and calcium carbide ripened samples respectively. Similarly Crude fibre reduced from 1.96 % (Natural ripened) to 1.07 %, (paracetamol ripened) and 1.16% (calcium carbide ripened). Fat reduced from 0.87 % (Natural ripened) to 0.59 % (paracetamol ripened) and 0.63 % (calcium carbide ripened). The moisture content of all the artificial ripened samples increased compared to the control (natural ripened fruit). It increased from 63.22 % in the natural ripened sample to 68.04 % and 66.57 % for paracetamol and calcium carbide ripened samples respectively.The natural ripened plantain had the highest energy value of (131 kcal/100 g) followed by calcium carbide treated sample (126.25 kcal/100 g ) and the least was from paracetamol treated samples (121.57kcal/100 g).The sensory evaluation conducted on the ripened samples revealed that paracetamol ripened samples scored highest with respect to colour (6.50) compared to natural ripened samples (6.20)and calcium carbide treated samples scored the least (4.95).  In terms of texture , aroma and overall acceptability, the natural ripened samples scored highest by the panelist followed by paracetamol samples while the calcium carbide samples had the least scores. Calcium carbide treated samples gave the least scores in all the sensory attributes evaluated with respect to the colour, texture, aroma and overall acceptability compared to paracetamol and natural ripened fruits. The use of paracetamol and calcium carbide as artificial ripening agents could constitute a health hazard to consumers of fruits due to the presence of Arsenic a known carcinogen and Lead (Pb) which can cause Lead poisoning as reported in similar study. The reduction in the nutritional content of the fruit by these artificial ripening agents is a treat to food security. These findings underscore the need for consumer education and regulatory action against the unsafe practice of chemical-induced ripening
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1. 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. Chemicals commonly employed as ripening agents include: ethylene, ethephon/ethrel; (2-chloro ethyl phosphoric acid), Ethylene glycols, wood ash and calcium carbide. Calcium carbide (CaC2) reacts with moisture to produce acetylene gas, which accelerates the ripening process. However, the presence of acetylene gas and its byproducts in calcium carbide‐ripened fruits can pose risks to human health (Vidhya et al., 2025). Calcium carbide has some effect on the qualities of banana and this should be considered when choosing a treatment for the ripening of the fruit (Laryea et al., 2024). Calcium carbide is indiscriminately used in preference to other recommended practices of inducing ripening because it is readily available and very much affordable. However, use of calcium carbide poses lots of potential health hazards to human. The acute (short-term) health effects may include the irritation of the skin causing rashes, redness, and burning feeling on contact. Irritation of the mouth, nose and throat, irritation of the lungs causing cough and or/ shortness of breath (Fattah and Ali, 2010). Higher exposures may cause a build-up of fluid in the lungs (pulmonary edema), a medical emergency, with severe shortness of breath. Other effects on acute exposure include headache, vertigo, dizziness, delirium, seizures and even coma (Maduwanthi and Marapana 2019).Immediately after consumption, there may be abdominal pain, vomiting and diarrhea. Prolonged and repeated exposure may cause dry, cracked skin and eyes lids irritation. Despite reported acute cases, an increase in commercial CaC2 for fruit ripening has been reported in recent times, especially in developing countries, as many vendors may consider the toxic effects/risks as negligible (Okeke et al., 2022). Recently fruit marketers use detergents and paracetamol to ripen fruits. The food and drug regulatory agency in Nigeria, the National Agency for Food and Drug Administration and Control (NAFDAC) had severally raised concerns over the use of unsafe artificial ripening agents, including paracetamol, calcium carbide, and other dangerous chemical (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 contained in artificial ripen fruits, such as arsenic, are carcinogenic (George, 2024). The food regulatory agency stated 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 seeks to examine the impact of these artificial ripening agents (paracetamol and calcium carbide) on fruit quality with respect to nutritional content and sensory attributes of natural and artificial ripened fruits.
2. MATERIALSANDMETHOD
2.1 Materials Procurement
[bookmark: _bookmark48]The French type plantain used was purchased from Relieve Market, Owerri, Imo State, Nigeria. The plantain was identified by a plant Taxonomists in the department of Crop Science and Technology, Federal University of Technology, Owerri, Imo State-Nigeria.Allreagentswereofanalyticalgrades.Theywerepurchasedfromlocalsuppliersandwereusedwithout further purification. Paracetamol (500 mg) and calcium carbide were purchased from a Pharmacist Shop and a car spare parts dealer respectively, both located at Nkworji Markert, Owerri-North Local Government Area, Imo State, Nigeria.

2.2 Ripening of the fruits

The fruits 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, the first portion ( three fingers) were left to ripen naturally under room temperature (27-300C) without any ripening agent and was Labeled 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 deionized water and the paste formed was sprinkled on the plantain fingers placed inside a zip lock plastic bag. This was labeled as "CRP". The third portion of plantains was treated with one tablet of May and Baker (M and B) brand of paracetamol (500 mg) as ripening agent. (one tablet dissolved in 20 ml of deionzed water) and rubbed per finger of the plantain. This was labeled as "PRP". The use of one tablet of paracetamol per finger of plantain was based on preliminary studies.  It stayed fourteen days for the natural ripen 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 30Cfor analysis.

[bookmark: _Toc189671499]Proximate Analysis 

2.3 Determination of Moisture Content
 Ten (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 was calculated as;
   ……………..1
Where;
W1 – weight of dried crucible
W2 – weight of crucible + sample before drying
W3 – weight of crucible + sample after drying to a constant weight


2.4 Determination of Ash Content 
Two  (2) grams of each sample were placed in a  crucible ignited in a muffle furnace at 550 0C for 6 hours after which it was cooled in a desiccator (A.O.A.C., 2019). It was weighed at room temperature to get the weight of the ash, using the formula: 

;………………2
Where; W1 = weight of empty crucible
 W2 = weight of crucible + ashes            
 W3 = weight of sample

2.5 Determination of Crude Fibre
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% H2SO4 were heated for thirty (30) minutes and filtered with a funnel. The residue was washed with distilled water until it was acid-free. Two hundred (200) mls 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 1050C in an oven overnight. After cooling in a desiccator, it was ignited in a muffle furnace at 550 0C for 90 minutes to obtain the weight of the ash. The percentage of crude fibre was obtained using this formula:
 (
3.3
)………………..3
Where;							
W1 - Weight of sample
W2 - Weight of crucible + sample before ashing
W3 - Weight of crucible + sample after ashing

2.6 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. Two hundred (200ml) of n-Hexane was used to extract the lipid (A.O.A.C., 2019). The fat content was calculated using the formula below
……………………….4
 (
3.2
)Where: 
W1 - weight of empty flask 
W2 - weight of empty flask + oil
W3 - weight of sample used.

2.7 Determination of Protein 
Two (2) grams of each sample was weighed along with 20cm3 of distilled water into a micro-Kjeldahl digestion flask. It was shaken and allowed to stand for some time. One tablet of selenium catalyst was added followed by the addition of 20cm3 concentrated hydrogen tetraoxosulphate. The flask was heated on the digestion block at 100 0C for 4 hours, until the digest became clear. The flask was removed from the block and allowed to cool. The content was transferred into 50cm3 volumetric flask and diluted to the mark with water. An aliquot of the digest (10cm3) was transferred into another micro Kjeldahl flask and placed in the distilling outlet of the micro-Kjeldahl distillation unit. A conical flask containing 5cm3 of boric acid indicator was placed under the condenser outlet. Sodium hydroxide solution (10cm3, 40%) was added to the content in the Kjeldahl flask by opening the funnel stopcock. The distillation was carried out and the heat supplied was regulated to avoid sucking back. When all the available distillate was collected in 5cm3 of Boric acid, the distillation was stopped. The nitrogen in the distillate was determined by titrating with 0.01M of H2S04 ; the end point was obtained when the colour of the distillate changed from green to pink. The percentage nitrogen was calculated and multiplied by 6.25 to obtain the value of the crude protein (A.O.A.C, 2019). 

%Nitrogen = Vs− Vb x Nacid x 0.01401 X 100……………………….5
                                      W 
Where: 
Vs = Titre value of the sample; 
Vb = Volume of acid required to titrate; 
Nacid = Normality of acid; 
W = Weight of sample in grams

2.8 Determination of Carbohydrate Content 
The carbohydrate content was determined by subtracting the summed-up percentage compositions of moisture, protein, lipid, fibre, and ash contents from 100  (Igene and Abu  2022). The percentage carbohydrate was obtained using the formula: 
% Carbohydrate = 100 - (%Protein + %Moisture + %Ash + %Fibre  +% Fat)……………6

2.9 Determination of energy value (the caloric value).

This was determined using the Atwater factor described by (FAO, 2003)
Energy value in kcal/g  =  ( % Protein x 4  +  % Fat x 9 + % Carbohydrate x 4)……………7

2.10Sensory Evaluation of the fruit samples
Sensory evaluation  of the samples were determined by Hedonic test method described by Igene and Abu (2022). A 20-member panelist was used for the evaluation of ripened plantain samples The evaluations were based on organoleptic quality attributes of colour, texture, aroma and general/overall acceptability using a 9-point hedonic scale, 9 for liked extremely and 1 for disliked extremely. Samples were coded for the participating judges’ ratings.
Statistical Analysis: The result of this study was analyzed 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.

3. RESULTS
The results of proximate compositions of plantain ripened with paracetamol and calcium carbide is as shown in Table 1.0. It revealed that protein, crude fibre, ash and fat, contents of the plantain samples were all significantly reduced by the paracetamol and calcium carbide used as ripening agents at (P< 0.05). The crude protein reduced from 2.11 % in the natural ripened to 0.89 % and 1.17 % for paracetamol and calcium carbide ripened samples respectively. Similarly Crude fibre reduced from 1.96 % (Natural ripened) to 1.07 %, (paracetamol ripened ) and 1.16%  (calcium carbide ripened). Fat reduced from 0.87 % (Natural ripened) to 0.59 % and 0.63% for paracetamol and calcium carbide ripened samples respectively. The ash content reduced from 3.13 % (Natural ripened) to 1.24 % and 1.51% for paracetamol and calcium carbide ripened samples respectively. The carbohydrate content reduced only in paracetamol ripened samples from 28.73 % to 28.18% but had slight increase in the calcium carbide (28.98%) ripened samples. The moisture content of all the artificially ripened samples increased significantly at (P <0.05) compared to the control (natural ripened fruit). It increased from a value of 63.22 % in the natural ripen sample to 68.04 % and 66.57 % for paracetamol and calcium carbide samples respectively.The natural ripened sample had the highest energy value content (131 kcal/100 g), followed by calcium carbide treated sample (126.25 kcal/100 g ) and the least was from paracetamol treated sample (121.57kcal/100 g).The results of the sensory properties of the ripened samples were as shown in Table 2. Paracetamol ripened samples scored highest with respect to colour (6.50) compared to natural ripened sample (6.20)and calcium carbide treated samples which scored the least mean score (4.95). In terms of textural attribute evaluated the natural ripened samples were scored highest by the panelist followed by paracetamol samples while the calcium carbide samples had the least score. The natural ripen samples scored highest (8.10) followed by paracetamol samples (5.90) while the calcium carbide sample was the least (4.60) accepted by the panelist with respect to overall acceptability.
4.  DISCUSSION
The higher protein content in the natural ripened fruit than the calcium carbide-ripened ones is in line with the findings of Sogo-temi   et al. (2014) and Olubiyo et al. (2022) who found a decrease in protein concentration following ripening with calcium carbide. This decrease could be the result of a considerable drop in nitrogen during rapid ripening .This also agrees with the report of Sojinu et al. (2021) where the protein content of all the artificially ripened plantain with ethylene glycol, potassium dihydrogen phosphate and calcium carbide decreased compared to the natural ripened sample. In natural ripened plantains, the higher protein content (2.11 %) may be attributed to slower ripening, which allows for the maintenance of protein levels over time. This observation is consistent with the research showing that faster ripening methods, such as calcium carbide treatment can lead to lower protein content in fruits (Olubiyo et al., 2022). Natural ripening can help preserve protein content in plantains compared to calcium carbide and paracetamol treatment. Paracetamol is metabolized in humans and animals to reactive intermediates that bind to protein (National Library Of Medicine, 1990).The low fiber content in calcium carbide-treated plantains (1.16 %) and paracetamol treated samples (1.07 %,) suggests that the accelerated ripening process led to rapid breakdown of fiber components. Natural ripening can help preserve higher fiber content (1.96 %) in plantains compared to calcium carbide and paracetamol treatment. This highlights the importance of considering ripening methods to maintain optimal nutritional quality and texture in fruits (Olubiyo et al., 2022; Prasanna  et al., 2007;). Crude fiber is an essential component of plantains, contributing to their nutritional value and influencing their texture during the ripening process. Fiber content can affect fruit softening, cell wall degradation, and overall quality (Prasanna et al., 2007).There was reduction in fat content of the samples ripened with calcium carbide (0.63 %) and paracetamol (0.59%) compared to the natural ripened French plantain samples (0.87 %).This could be as a result of accelerated ripening leading to the breakdown of lipid component of the fruit. Research has shown that ripening genes and exogenous factors, such as ripening agents and environmental factors can affect the synthesis and degradation of nutrients during fruit ripening (Adaskaveg & Blanco-Ulate, 2023). The high fat content in natural ripened plantains (0.87 %) suggests that a slower ripening process might help maintain a more balanced lipid metabolism. This aligns with studies reporting that slower ripening can result in optimal nutrient composition in fruits (Olubiyo et al., 2022).The low ash content in calcium carbide (1.51 %) and paracetamol (1.24%) treated samples  compared to natural ripened samples  (3.13%) may result from the accelerated ripening process. This is in line with the work of Oguntade and Fatumbi  (2019) where the ash content of ripened plantain with calcium carbide had  the lowest, value  of 1.53 %. Higher ash content in natural ripened plantains may be attributed to slower ripening, allowing for a better retention of minerals during the process. Research has demonstrated that natural ripening methods can contribute to higher mineral content in fruits (Olubiyo et al., 2022). The moisture content of all the artificially ripened samples increased significantly at (P <0.05) compared to the control (natural ripened fruit).This is in line with the findings of Olubiyo et al, (2022) who found an increase in the moisture content of artificial ripened fruit with calcium carbide compared to natural ripen fruit. Consequently, fruits ripen with calcium carbide have a shorter shelf life (Begum et al., 2019). The increase in moisture content is a treat to the storage stability of the fruits. The highest energy value in natural ripened sample (131 kcal/100 g) may result from the non accelerated ripening promoting optimal carbohydrate, fat, and protein accumulation. The lowest energy value (121.57c kcal/100 g) reported in paracetamol treated plantains could result from the rapid ripening process potentially disrupting the accumulation of carbohydrates, fats, and proteins. These findings indicate that the ripening method can impact the energy content in plantains. Energy value content in plantains is an essential indicator of their nutritional quality, as it reflects the energy available from carbohydrates, fats, and proteins. Plantain is used as a cheap source of calories. It is one of the most important sources of food energy in West and Central Africa, where about 70 million people obtain more than 25% of their carbohydrates from plantains (Boris et al., 2023).The National Agency for Food and Drug Administration and Control (NAFDAC) had severally raised concerns over the use of unsafe artificial ripening agents, including paracetamol, calcium carbide, and other dangerous chemical (George, 2024). According to NAFDAC, the misuse of paracetamol in ripening alters its chemical composition, leaving harmful residues on fruits. Fruits ripened 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, para 12).This process of artificial ripening of fruits also compromises the nutritional quality of fruits, reducing their vitamin content and altering their sensory characteristics (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, reported “that this process can also lead to hormonal disruptions” (George, 2024, para 15). 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. NAFDAC warned about this inherent health risks and called for increased public education on the dangers of these practices while urging stricter regulatory actions against offenders. In addition, NAFDAC reported that the dangers of using artificial methods to ripen fruits include loss of vitamins and micronutrients and advised that there are safe alternatives for fruit ripening and Nigerians should embrace them (George, 2024).. In terms of the sensory evaluation conducted on the ripened sample (Table 2), paracetamol ripen samples scored highest with respect to colour appeal (6.50) compared to natural ripen sample (6.20) and calcium carbide which had the least mean score (4.95). The highest score in paracetamol ripen samples with respect to colour could be as a result of the presence of propylene glycol a dihyric alcohol used as a drug solvent in the manufacture of paracetamol and well known for its ability to ripen fruits.  In the textural attribute evaluated the natural ripen samples were scored highest by the panelist followed by paracetamol samples while the calcium carbide samples had the least score. The reason for the highest texture score of natural ripen samples (6.90) could be as a result of non accelerated ripening process which can help preserve higher fiber content in plantains and by extension the textural attributes. This highlights the importance of considering ripening methods to maintain optimal nutritional quality and texture in fruits (Prasanna et al., 2007). Crude fiber is an essential component of plantains, contributing to their nutritional value and influencing their texture during the ripening process. In terms of overall acceptability, the natural ripen samples scored highest (8.10) followed by paracetamol samples (5.90) while the calcium carbide sample was the least (4.60) accepted by the panelist.
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[bookmark: _Toc189671561]Table 1: Proximate composition of French plantain ripened with Paracetamol andCalcium 
carbide

	Sample Code
	Moisture
(%)
	Crude Protein
(%)
	Crude Fibre
(%)
	Fat
(%)
	Ash
(%)
	Carbohydrate
(%)
	Energy Value
(Kcal)

	
NRP
	63.22±0.6c
	2.11±0.0 a
	1.96±0.02a
	0.87±0.01a
	3.13±0.02a
	28.73±0.01a
	131.15±0.13a

	CRP
	66.57±0.4b
	1.17±0.01b
	1.16±0.0b
	0.63±0.01b
	1.51±0.01b
	28.98±0.03b
	126.25±0.21b

	PRP

LSD
	68.04±0.4a

0.11
	0.89±0.00c

0.03
	1.07±0.02c

0.04
	0.59±0.01b

0.04
	1.24±0.03c

0.06
	28.18±0.02c

0.07

	121.57±0.04c

0.28



Means are sum of triplicate determination 
Means in the same column with similar superscript are not significantly different at (P>0.05). 
Key:NRP- Natural ripened plantain, CRP- Calcium carbide ripened plantain, PRP-Paracetamol ripened  plantain
Table 2. Sensory attributes of French plantain ripened with Paracetamol and Calcium
 carbide 
	Sample code
	Colour
	Texture
	Aroma
	General Acceptability

	NRP
	6.20±2.33 ab
	6.90±1.71a
	7.70±1.34a
	8.10±1.55a


	PRP
	6.50±1.96 a
	5.25±2.29 b
	5.00±2.25bc
	5.90±1.48b


	CRP

LSD
	4.95±2.04 b

1.22
	5.10±2.22 b

1.09
	4.20±2.31c

1.02
	4.60±2.23c

1.04


Means are sum of triplicate determination 
Means in the same column with similar superscript are not significantly different at (P>0.05). 
Key: NRP- Natural ripened plantain, CRP- Calcium carbide ripened plantain, PRP-Paracetamol ripened plantain

5. CONCLUSION
The use of calcium carbide and Paracetamol as artificial ripening agents caused the vital nutritional content of fruits to decrease. Calcium carbide and paracetamol treatments reduced significantly the amount of protein, fat, fibre, ash and carbohydrate. All the energy values of the artificial ripened fruits were significantly reduced at (P <0.05) compared to the natural ripened plantain. On the other hand, the artificial ripening agents increased the moisture content which is a treat to the storage stability of the fruit. The use of these artificial ripening chemical degraded the nutritional quality of plantain. Calcium carbide treated samples had the least scores in all the sensory attributes evaluated with respect to colour, texture, aroma and overall acceptability compared to Paracetamol and natural ripened fruits. On a general note, this study found that using calcium carbide and paracetamol as a ripening  agents resulted in a significant loss of fruit nutrients and some sensory attributes.
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