


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 (Solanum lycopersicum L.), belonging to the Solanaceae family, is one of the most widely consumed fruit vegetables worldwide and represents an essential component of human diets in many regions (Pinela et al., 2021; FAO, 2022). It is also among the most extensively cultivated horticultural crops, with global production steadily increasing over the past decades due to its high demand and wide adaptability to different agroecological conditions (Arah et al., 2020; FAO, 2022; Sawadogo et al., 2015; Thapliyal et al., 2025).).
Tomatoes are highly valued for their rich nutritional composition, which includes essential minerals such as calcium, potassium, magnesium, and sodium, as well as vitamins A, C, E, and B-complex vitamins. They are also an important source of bioactive compounds, particularly carotenoids such as lycopene, which is known for its strong antioxidant activity and potential role in reducing the risk of chronic diseases, including cardiovascular disorders and certain cancers (Sharma & Le Maguer, 2020; Pinela et al., 2021). Owing to this nutritional profile, tomatoes play a key role in maintaining a balanced diet and promoting human health (Yahia et al., 2021). In Côte d’Ivoire, tomato cultivation also represents an important socio-economic activity, providing income and employment opportunities for many smallholder farmers.
Despite its importance, tomato production in Côte d’Ivoire remains insufficient to meet national demand. Production peaks during the main harvesting period but is followed by extended periods of scarcity, leading to significant imports of fresh and processed tomato products from neighboring and international markets (Sangaré et al., 2009; Soro et al., 2007). Such fluctuations in supply highlight the need for improved post-harvest management strategies to ensure year-round availability.
Tomatoes are highly perishable due to their high moisture content and intense metabolic activity after harvest. As a result, post-harvest losses in developing countries can exceed 30–40%, mainly because of inadequate storage facilities, poor handling practices, and limited access to cold chain infrastructure (Arah et al., 2020; Kasso & Bekele, 2023). Although several preservation techniques such as drying or heat processing have been proposed, these methods may alter the nutritional quality, sensory characteristics, or commercial value of the product.
Therefore, the development of affordable and effective preservation methods remains crucial, particularly in tropical regions where access to refrigeration is limited. This study contributes to the scientific community by providing experimental data on the effectiveness of alternative preservation techniques for tomatoes. The findings are expected to improve the understanding of post-harvest loss reduction strategies and shelf-life extension of fresh produce. Moreover, the results may support the development of sustainable and economically viable preservation approaches that enhance food security and reduce post-harvest losses in developing countries.
The aim of this study was therefore to evaluate the effectiveness of different preservation techniques in order to extend the shelf life of tomatoes.

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).
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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.
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. 
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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. 
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. 
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).
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.
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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 significantly extended the shelf life of tomatoes compared to storage in open air. The best results were obtained with tomatoes coated in a combination of ash and charcoal powder, which maintained acceptable quality for up to 35 days. By contrast, tomatoes completely covered in ash or charcoal powder alone had a maximum shelf life of 28 days. After 35 days of storage, some fruits coated with the ash‑charcoal mixture showed early signs of membrane wilting, while a pronounced appearance of fungal growth was also observed in the coated fruits after 28 days of storage.
These results indicate that traditional mineral‑based treatments can significantly increase the shelf life of F1 Cobra tomatoes by creating a physical barrier that limits gas exchange, reduces microbial contamination, and slows down water loss (Yadav et al., 2022; Kasso & Bekele, 2023). Comparable protective effects of edible or mineral coatings have been reported in other horticultural products, where they improved water retention and delayed senescence (Zhang et al., 2022; Yadav et al., 2022). The use of traditional mineral matrices to extend post‑harvest life has also been documented for plantains, where such materials significantly prolonged shelf life (Lépengué, 1999; Arah et al., 2020).
Moreover, pre‑treatment disinfection may have reduced the initial microbial load, thereby enhancing the effectiveness of the preservation treatments (Bismuth et al., 2001; Arah et al., 2020). Temperature management is also a critical factor, as high temperatures accelerate metabolic and senescence processes in climacteric fruits such as tomato (Kader & Rolle, 2022; Nie et al., 2024). Proper spacing to reduce heat accumulation around the fruit likely contributed to slower spoilage rates in this study.
Taken together, these findings align with recent work demonstrating that both physical barriers and optimized post‑harvest practices can contribute to significant shelf‑life extension in fresh produce, particularly under conditions where conventional cold chain solutions are limited or unavailable (Kasso & Bekele, 2023; Zhang et al., 2022).
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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.

Figure 5 illustrates the results related to fruit mass loss during the storage period. The lowest mass loss values were recorded for fruits coated with ash or charcoal powder. By day 28, the mass loss of these fruits remained below 20%, whereas fruits coated with charcoal powder showed losses slightly above 22%, and those coated with ash exhibited losses exceeding 35%. A gradual increase in mass loss was observed throughout the storage period, reaching approximately 12% by the end of the storage duration.
This mass loss can mainly be attributed to transpiration and water evaporation from plant tissues, which are natural physiological processes occurring after harvest (Arah et al., 2020; Kader & Rolle, 2022). Excessive transpiration has been widely reported to significantly reduce the weight and commercial quality of fruits and vegetables during storage (Varoquaux et al., 2002; Zhang et al., 2022). The results obtained in this study indicate that coating treatments with ash or charcoal powder effectively limited these losses compared to simple covering. This effect could be explained by the formation of a protective physical layer around the fruit surface, which reduces water vapour transfer and slows moisture loss between the fruit and the surrounding environment. 
Such behaviour has also been reported for several coating-based preservation techniques, which act as semi-permeable barriers that regulate gas exchange and water migration, thereby delaying dehydration and senescence processes (Yadav et al., 2022; Kasso & Bekele, 2023). Consequently, the reduced mass loss observed in coated tomatoes suggests improved maintenance of fruit firmness and overall quality during storage. These observations are consistent with established post-harvest physiological mechanisms, where mass loss is considered a key indicator of fruit deterioration and shelf-life limitation.
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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 during storage. The data indicate that the treatments induced significant variations in pH. Unlike fruits simply covered with ash or charcoal powder, tomatoes coated with a combination of ash and charcoal powder exhibited an increase in pH from 4.20 to 4.50 and from 4.20 to 4.60, respectively, by the end of the storage period. However, by day 28, a temporary decrease in pH was observed in the coated fruits, ranging from 4.20 to 3.92 for ash-coated fruits and from 4.20 to 3.87 for charcoal powder-coated fruits.
The observed pH changes during storage likely reflect internal metabolic processes, including ongoing ripening, respiration, and gradual degradation of organic acids such as citric and malic acids (Yadav et al., 2022; Pinela et al., 2021). Similar patterns of pH variation during post-harvest storage and dehydration treatments have been reported in tomatoes and other horticultural crops, highlighting the influence of both physical coatings and storage conditions on biochemical stability (Arah et al., 2020; Kasso & Bekele, 2023).
An increase in pH can have important implications for the microbiological and biochemical stability of the fruit, potentially influencing susceptibility to spoilage and the activity of endogenous enzymes (Sharma & Le Maguer, 2020; Vitucci et al., 2021). These findings suggest that the application of ash or charcoal coatings not only modifies water and gas exchange but may also indirectly affect acid metabolism and microbial growth, thereby contributing to the overall preservation of tomato quality during storage.
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Figure 6. Effect of different treatments on the pH of tomatoes


3.4. Acidity
[bookmark: _Toc55152]The results showed that both ash and charcoal powder treatments induced significant changes in the acidity of tomato fruits (Figure 7). Overall, all treatments caused an increase in titratable acidity during storage. For fruits with a simple coating, 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 by day 35. Similarly, for fruits completely coated with ash and charcoal powder, acidity increased 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, respectively, on the 35th day.
These results indicate that tomatoes generally maintain an acidic profile during storage. Alongside the observed increase in pH, titratable acidity fluctuated due to transformations of organic acids during respiratory and enzymatic processes, which are common in climacteric fruits (Yadav et al., 2022; Pinela et al., 2021). Acidity plays a critical role in determining both sensory quality and microbiological stability of tomatoes. The relatively high acidity values observed in this study likely contributed to limiting microbial proliferation, as previously reported (Bismuth et al., 2001; Hamrouni et al., 2008; Arah et al., 2020).
Moreover, the combination of moderately acidic pH and reduced water activity, resulting from the ash or charcoal coatings, likely slowed deterioration by inhibiting microbial growth and delaying enzymatic spoilage (Kasso & Bekele, 2023; Vitucci et al., 2021). These findings support the notion that traditional mineral-based coatings can enhance the shelf-life and safety of tomato fruits while maintaining their nutritional and organoleptic properties under conditions where refrigeration is limited.




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 fruits revealed that both ash and charcoal powder coatings induced some degree of water loss (Figure 8). The most effective treatment was coating with ash, which resulted in relatively low water loss of approximately 1.95% after 35 days of storage. Fruits coated with charcoal powder experienced a decrease in water content from 92.86% to 90.52%, corresponding to an estimated water loss of about 2.59% over 28 days. Additionally, fruits completely covered in ash or charcoal powder lost 2.20% and 3.95% of their water content, respectively, after 28 days of storage.
The gradual decrease in water content during storage is primarily attributed to transpiration and evaporation from fruit tissues, processes that are well recognized as key contributors to post-harvest weight loss in fruits and vegetables (Arah et al., 2020; Kader & Rolle, 2022). Storage under cooler conditions helps limit these losses by reducing respiratory activity and the water vapor pressure gradient between the fruit and the surrounding environment (Varoquaux et al., 2002; Yadav et al., 2022).
The coating treatments appear to have provided a protective barrier, reducing water vapor transfer and effectively slowing down tissue dehydration. This is consistent with recent studies demonstrating that mineral or edible coatings can maintain tissue moisture, delay senescence, and improve overall post-harvest quality of tomatoes and other fruit vegetables (Pinela et al., 2021; Vitucci et al., 2021; Zhang et al., 2022). Therefore, the combination of physical coating and moderate acidity, as observed in this study, likely contributes to prolonged shelf-life and enhanced quality preservation.
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Figure 8. Effect of different treatments on the water content of tomatoes

3.6. Refractometric dry extract
Tomato fruits subjected to different ash and charcoal powder treatments (coating and complete covering) exhibited significant variations in refractometric dry matter content during storage (Figure 9). An increase in dry matter was observed for fruits completely covered with ash, rising from 6.80°Brix to 7.52°Brix by day 28. In contrast, fruits coated with ash showed a decrease in dry matter from 6.80°Brix to 4.73°Brix, while tomatoes coated with charcoal decreased from 6.80°Brix to 3.40°Brix, and those completely covered with charcoal decreased to 6.03°Brix over the same period.
The observed increase in total soluble solids (TSS) in some treatments is likely linked to concentration effects due to water loss and post-harvest biochemical transformations, including starch-to-sugar conversion and organic acid metabolism (Abbas & Khoudi, 2016; Yadav et al., 2022). These changes in soluble solids can significantly affect organoleptic properties, particularly sweetness and flavor perception, which are critical for consumer acceptance. Similar trends have been reported in recent studies on coated and stored tomato fruits, highlighting that post-harvest treatments that limit water loss can stabilize TSS and preserve sensory quality (Vitucci et al., 2021; Pinela et al., 2021).
Thus, ash and charcoal powder coatings not only influence the physicochemical stability of tomatoes but also indirectly affect their nutritional and sensory characteristics, making them promising traditional techniques for extending shelf life in contexts where refrigeration is limited.
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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 post-harvest treatments on the vitamin C content of tomato fruits revealed that both ash and charcoal powder techniques induced some degradation of ascorbic acid over storage (Figure 10). The least degradation was observed in fruits coated with ash, retaining 25.65 mg/100 g after 28 days. Other treatments exhibited greater losses, with approximately 21 mg/100 g for fruits completely covered with ash or charcoal powder, and 19.83 mg/100 g for fruits coated with charcoal powder over the same period. A progressive decrease in vitamin C content was observed during storage, consistent with the known sensitivity of ascorbic acid to oxygen, light, and temperature (Chanforan, 2010; Yadav et al., 2022).
Exposure to open air accelerates the oxidation of ascorbic acid, which explains the higher losses in uncoated or fully covered fruits. Coating treatments appear to mitigate these effects by acting as a physical barrier that limits oxygen penetration and light exposure, thereby slowing the degradation process. Similar observations have been reported in recent studies on coated and minimally processed tomatoes, where edible or mineral coatings helped preserve vitamin C content during extended storage (Abbas & Khoudi, 2016; Vitucci et al., 2021; Pinela et al., 2021). 
These results highlight the importance of simple, low-cost coating treatments in maintaining the nutritional quality of tomatoes, particularly in regions where refrigeration is limited, and underline the potential of traditional techniques to improve post-harvest preservation of micronutrients.



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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