


Effect of Tectona grandis L. ash and charcoal on the post-harvest preservation of F1 Cobra tomatoes


Abstract
Context: The tomato is one of the most widely consumed fruiting vegetables in Côte d'Ivoire. Unfortunately, 30 to 40% of its production is lost due to a lack of appropriate preservation techniques accessible to most producers and consumers.
Objectives: The aim of this study is to test the effectiveness of a number of traditional preservation processes.
Methodology: The experimental method is based on tomato preservation trials using coating and covering techniques. These techniques involve coating the fruit with ash or charcoal powder, or covering the fruit with ash or charcoal powder.
Results: It was found that preservation by coating had a positive effect on the fruit. In fact, coating the fruit with ash or charcoal powder enabled it to be preserved in very good condition for 35 days, unlike the techniques using ash or charcoal powder (28 days). However, the ash-coated fruit showed better physico-chemical characteristics, in particular a slight reduction in water content and vitamin C, as well as little loss of mass. A slight increase in refractometric dry extract and acidity was also noted.
Conclusion and outlook: Coating tomato fruit with ash appears to be the best technique for preserving tomato fruit at room temperature that is available to producers. However, sensory tests must be carried out to guarantee the quality of these tomatoes. 
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1. Introduction
The tomato (Lycopersicon esculentum), belonging to the Solanaceae family, is one of the most widely consumed fruit vegetables in the world (Boumendjel et al., 2012). It remains one of the most widely cultivated crops in fields and gardens, with production increasing from approximately 100 million tonnes in 2011 to almost 141 million tonnes in 2021 (Causse et al., 2003; FAO, 2021).	Comment by ahmed: Italic	Comment by ahmed: Bold	Comment by ahmed: Bold
Consuming tomatoes provides the body with significant amounts of minerals (such as calcium, potassium, magnesium and sodium), vitamins (such as A, B6, C and E) and lycopene (Glouchkoff, 2010; Sawadogo et al., 2015). This varied composition of minerals and organic substances gives tomatoes significant therapeutic properties. Lycopene, for instance, can prevent certain cancers, particularly colon, breast and prostate cancers. The fruit's high potassium content also has a positive effect on high blood pressure (Dossou et al., 2007). Thanks to its vitamins, minerals and fibre, tomatoes play an essential role in a balanced diet (Chougar, 2011; Agassounon et al., 2012). Furthermore, tomato cultivation plays an important socio-economic role in the Ivorian population as it is a significant source of income (Dao et al., 2003; Soro et al., 2007).	Comment by ahmed: Bold	Comment by ahmed: Bold	Comment by ahmed: Bold	Comment by ahmed: Bold
However, annual production, which fluctuates between 22,000 and 35,000 tonnes, unfortunately only meets two-thirds of the Ivorian population's needs (Soro et al., 2007). Production peaks from June to September, but is followed by a long period of scarcity from November to May (Sangaré et al., 2009). Scarce supply during the lean season necessitates significant imports of fresh tomatoes from neighbouring countries (Nigeria, Togo and Burkina Faso), as well as tomato purée from China and Singapore (Vierling, 2003). 	Comment by ahmed: Bold	Comment by ahmed: Bold	Comment by ahmed: Bold
Additionally, the high water content of this fruit-vegetable makes it fragile and difficult to store at room temperature. Consequently, during periods of abundance, post-harvest losses can exceed 40% (Massot et al., 2010; Houssou et al., 2015). This is why some studies have proposed preservation techniques involving drying and boiling. However, these techniques have limitations as they alter the product's nutritional and/or commercial characteristics (Massot et al., 2010; Houssou et al., 2015).	Comment by ahmed: Bold	Comment by ahmed: Bold
Therefore, refrigeration remains the most effective way to keep tomatoes fresh. Unfortunately, due to its high cost, this method is inaccessible to almost all producers. This is why it is essential to develop affordable techniques for keeping tomatoes fresh. Some work has already been done in this area. Tomatoes are very popular among the Ivorian population when fresh, particularly as an accompaniment to 'garba'. The aim of this study is therefore to evaluate the effectiveness of different preservation techniques in order to extend the shelf life of tomatoes. This will undoubtedly contribute to food security for the population.
2. Material and Methods
2.1. Matériel
This study focused on the F1 (Cobra) tomato variety, one of the most widely cultivated in Daloa. Fruit at the first stage of ripeness still green and firm was sourced from the city's main market (Figure 1).	Comment by ahmed: Starting distance of paragraph
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Figure 1: Photograph of the tomato fruits used for the study (Tecno WX3, 5 MP, 854 x 480)
[bookmark: _Toc55143]2.2. Sampling and preliminary processing
Fifteen kilograms of F1 (Cobra) tomatoes were purchased from the main market in Daloa. The fruit were sorted to select those that were firm and greenish-red, and then packed in a PET bag for the rest of the experiment. Once in the laboratory, the fruit were disinfected by being soaked in 1% sodium hypochlorite solution and then rinsed with plain water. They were then dried using Joseph paper (Lépengué, 1999). Finally, the fruit were divided equally into four subsamples for the preservation process.	Comment by ahmed: Starting distance of paragraph	Comment by ahmed: Bold
2.3. Conduct of the experiment
The tomatoes were preserved using two preservation techniques (coating and covering) and two different substrates: ash and charcoal powder. The first technique involved coating two tomato subsamples, one with ash and one with charcoal powder. These were arranged in a single layer in cardboard boxes lined with Joseph paper, spaced 2 cm apart. The boxes were stored at room temperature in a cool, well-ventilated place (see Figure 2).
The second technique involved completely covering two tomato subsamples, one with ash and one with charcoal powder. This was done using cardboard boxes in which a thin layer of the respective substrate had been placed beforehand. The tomatoes were arranged in alternating layers with the substrate until five layers of tomatoes were obtained. These boxes were then stored at room temperature, away from direct sunlight (Figure 3).
It should be noted that the substrates used in this study (ash from wood combustion and charcoal powder) were sieved several times and then sterilised for 24 hours in an oven at 105 °C. Observations were made every seven days until softening, wilting, or fungal growth appeared. At each observation, three fruits were removed from each subsample for physical and chemical analysis. It is important to note that a preliminary analysis was also carried out on a few fruits to determine their initial characteristics. To assess mass loss, three other fruits were selected and monitored throughout the process.
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Photo A 	                                       Photo B
Figure 2: Tomatoes coated with ash (Photo A) and charcoal powder (Photo B).
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Photo C                                     Photo D
[bookmark: _Toc55144]Figure 3: Tomatoes completely covered with ash (Photo C) and with charcoal powder (Photo D).
2.4. Evaluation of the physicochemical parameters of tomato fruits
2.4.1. Shelf life of tomato fruits  
The shelf life of tomato fruit vegetables was assessed for each technique by measuring the time elapsed between storage and the appearance of the first signs of deterioration, such as softening, wilting or the presence of mould. 
	[bookmark: _Hlk223021107]Pi - Pt 
P (%) =                     x 100 
Pi 



						(1) 


Pi: Initial mass of the tomato
Pt: Mass of the tomato at a defined time
2.4.3	Determination of water content
The method used to determine moisture content is based on that proposed by AOAC (1990). This method involves measuring the loss of mass of the sample until it reaches a constant mass at a temperature of 105°C. 	Comment by ahmed: Bold
2.4.4. Determination of pH and titratable acidity
Acidity and pH were determined using the method described by Dufour et al. (1996). The pH of the tomato samples was measured directly on the supernatant collected using a pH meter. 	Comment by ahmed: Bold	Comment by ahmed: Italic
Acidity was measured by titration with a strong base until the colour of the indicator changed.
2.4.5. Determination of °Brix (refractometric dry extract)
For the °Brix analysis, a few drops of tomato fruit juice were placed on the fixed prism of a refractometer. The concentration of soluble matter measured at 20 °C was read and then expressed as a percentage by mass according to a standardised method (NA 5669).
2.4.6. Determination of vitamin C (L-ascorbic acid)
The vitamin C content of the tomato fruits from the different treatments was determined by the indirect iodometric titration method described by Elgamouz (2016).	Comment by ahmed: Bold
2.5. Statistical data processing
The data collected were processed using the EXCEL 2016 spreadsheet programme. The spreadsheet was used to plot the graphs. Three trials were carried out for each experiment mentioned in this study.
[bookmark: _Toc55148]
3. Results and Discussion
3.1. Shelf life
Figure 4 summarises the results of the shelf life of tomatoes subjected to different treatments. Analysis revealed that treatments involving ash and charcoal powder extended the shelf life of tomatoes. The best results were obtained by coating the tomatoes in ash and charcoal powder, which extended their shelf life to 35 days. By contrast, tomatoes completely covered in ash or charcoal powder had a shelf life of 28 days. After 35 days of storage, some fruits coated with ash and charcoal powder showed signs of membrane wilting. A pronounced appearance of fungal growth was also observed in the coated fruits after 28 days. The results show that traditional treatments significantly increase the shelf life of F1 Cobra tomatoes. Fruit coated with ash or charcoal powder had a maximum shelf life of 35 days, compared to 28 days for tomatoes simply covered and stored in open air. This improvement could be explained by the formation of a physical barrier that limits gas exchange, microbial contamination, and water loss. Similar results were reported by Lepengué et al. (2010) for plantains, where the use of traditional mineral matrices was found to significantly extend the post-harvest life. Additionally, prior disinfection with bleach may have reduced the initial microbial load (Bismuth et al., 2001), enhancing the treatments' effectiveness. Spacing the fruit to reduce heat is also a determining factor, as temperature is recognised as a major accelerator of senescence processes (Varoquaux et al., 2002).	Comment by ahmed: Starting distance of paragraph	Comment by ahmed: Bold	Comment by ahmed: Bold	Comment by ahmed: Bold
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Figure 4: Shelf life of tomato fruits subjected to different treatments
3.2. Mass loss
Figure 5 illustrates the results of fruit mass loss. The lowest values were recorded for fruit coated with ash or charcoal powder. By day 28, the mass loss for these fruits was less than 20%, whereas for fruits coated with charcoal powder it was above 22%, and above 35% for fruits coated with ash. A gradual increase in mass loss was observed during storage, reaching around 12% by the end of the storage period. This loss was mainly due to transpiration and the evaporation of water from plant tissues. According to Varoquaux et al. (2002), excessive transpiration can significantly reduce the weight of fruit and vegetables. Compared to simple covering, coating treatments appear to have limited these losses, probably due to reducing water vapour flow between the fruit and the environment. These observations are consistent with classic post-harvest physiological mechanisms, whereby mass loss is a key indicator of commercial deterioration.	Comment by ahmed: Bold
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Figure 5: Shows the effect of different treatments on tomato fruit mass loss
3.3. pH
Figure 6 shows the effect of the different treatments on the pH of tomato fruits. This shows that the treatments caused a variation in pH. Unlike fruit covered with ash or charcoal powder, the pH of fruit coated with ash or charcoal powder increased from 4.20 to 4.50 and from 4.20 to 4.60, respectively, at the end of storage. Furthermore, on day 28, a decrease in pH was observed in the coated fruit, ranging from 4.20 to 3.92 for ash-coated fruit and from 4.20 to 3.87 for charcoal powder-coated fruit. An increase in pH was recorded during storage. This could be due to internal metabolic changes linked to ripening and the gradual degradation of organic acids. Similar variations in pH during dehydration treatments were also reported by Agassounon et al. (2012). An increase in pH can affect the product's microbiological and biochemical stability.	Comment by ahmed: Starting distance of paragraph	Comment by ahmed: Bold
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Figure 6: Effect of different treatments on the pH of tomatoes


3.4. Acidity
[bookmark: _Toc55152]The results showed that these two techniques induced a variation in the acidity of tomato fruits (Figure 7). It was noted that all techniques generally caused an increase in acidity. For fruit vegetables with a simple coating, the acidity increased from 5.18 meq/100 g to 5.70 meq/100 g for ash and from 5.18 meq/100 g to 6.09 meq/100 g for charcoal powder on the 35 th day. Similarly, for vegetables completely covered in ash and charcoal powder, the increase was from 5.18 meq/100 g to 5.90 meq/100 g and from 5.18 meq/100 g to 6.33 meq/100 g on the 35 th day, respectively. These results suggest that tomato fruit vegetables generally remain acidic during storage. Alongside the increase in pH, a variation in titratable acidity was observed. This change is the result of the transformation of organic acids during respiratory and enzymatic processes. Acidity is a key factor in determining the sensory and microbiological quality of tomatoes. The relatively high acidity values observed could partly explain the limitation of microbial development, as suggested by Bismuth et al. (2001) and Hamrouni et al. (2008). Therefore, the combination of moderately acidic pH and reduced water activity resulting from the treatments would slow down deterioration.	Comment by ahmed: Starting distance of paragraph	Comment by ahmed: 35th	Comment by ahmed: 35th	Comment by ahmed: Bold


Figure 7: Effect of different treatments on tomato acidity
3.5. Water content
Analysis of the effect of different treatments on the water content of tomato vegetables revealed that both techniques induce water loss (see Figure 8). The best results, however, were obtained with fruit coated with ash, which experienced relatively low water loss of around 1.95% after 35 days of storage. For fruits coated with charcoal, a decrease in water content from 92.86% to 90.52% was observed, indicating an estimated water loss of around 2.59% over 28 days. Furthermore, vegetables completely covered in ash or charcoal powder lost 2.20% or 3.95% of their water content, respectively, after 28 days of storage. During storage, a slight decrease in water content (approximately 2%) was observed. This reduction is primarily the result of transpiration and evaporation. Storing the tissue in a cooler environment limits these losses by reducing respiratory intensity and water vapour pressure (Varoquaux et al., 2002). Coating treatments appear to have played a protective role by slowing down tissue dehydration.	Comment by ahmed: Starting distance of paragraph	Comment by ahmed: Bold
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Figure 8: Effect of different treatments on the water content of tomatoes

3.6. Refractometric dry extract
Fruit vegetables that underwent various ash and charcoal powder treatments (coating and covering) showed variation in refractometric dry extract during storage (Figure 9). An increase in the dry extract of tomatoes completely covered with ash was observed, rising from 6.80 to 7.52 on the 28th day. Conversely, a decrease in the dry extract of tomatoes coated with ash was noted, falling from 6.80 to 4.73 on the 28th day. Conversely, there was a decrease in dry matter, falling from 6.80 to 3.40 for tomatoes coated with charcoal and from 6.80 to 6.03 for tomatoes covered with charcoal on the 28th day. The increase in total soluble solids (TSS) observed during storage may be linked to the concentration of soluble solids caused by water loss. According to Abbas and Khoudi (2016), prolonged storage leads to a significant increase in dry matter due to biochemical changes and increased sugar concentration. This evolution can influence the organoleptic properties, particularly flavour perception.	Comment by ahmed: Starting distance of paragraph	Comment by ahmed: 28th	Comment by ahmed: 28th	Comment by ahmed: 28th	Comment by ahmed: Bold
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Figure 9: Effect of different treatments on the refractometric dry extract of tomatoes


3.7. Vitamin C content
Analysis of the effect of different treatments on the vitamin C content of fruit revealed that both techniques resulted in degradation of the vitamin (Figure 10). The least degradation was observed in tomato vegetables coated with ash, at 25.65 mg/100 g after 28 days. The other treatments showed higher levels of degradation, with approximately 21 mg/100 g for those covered with ash and charcoal powder, and 19.83 mg/100 g for those coated with charcoal powder after 28 days of storage. A progressive decrease in vitamin C content was observed during storage. Ascorbic acid is particularly sensitive to oxygen, light and ambient temperature (Chanforan, 2010). Exposure to open air promotes the oxidation of vitamin C, which could explain the recorded losses. Abbas and Khoudi (2016) also reported increased degradation of this vitamin with longer storage times.However, coating treatments appear to slow down this degradation process by limiting direct exposure to oxygen and light.	Comment by ahmed: Starting distance of paragraph	Comment by ahmed: Bold	Comment by ahmed: Bold


Figure 10: Effect of different treatments on the vitamin C content of tomatoes
4. Conclusion
The study demonstrated that traditional techniques involving the application of ash and charcoal powder can effectively extend the shelf life of F1 Cobra tomatoes under tropical ambient conditions. The coating technique, particularly the ash coating, proved to be the most effective, achieving a shelf life of 35 days compared to 28 days for full coverage.
Physicochemical analyses revealed that the coated fruits were more stable, characterised by low weight and water content losses, moderate vitamin C degradation, and a slight increase in total soluble solids. These results suggest that these methods work by reducing water loss, limiting microbial growth, moderating gas exchange and slowing down oxidative reactions.
Therefore, ash coating is a simple, accessible and cost-effective alternative for improving the post-harvest preservation of tomatoes when a cold chain is unavailable. However, further studies on the nutritional, organoleptic and toxicological qualities are necessary to validate these methods fully and encourage their widespread adoption.
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