


DEVELOPMENT OF POST-HARVEST TREATMENT FOR EXTENDING THE SHELF LIFE OF RIPE TOMATO
.
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[bookmark: _Toc210051683]The trial considered three (3) grades of ripe tomatoes categorized into large (235 g), medium (135 g) and small (30 g) apportioned to four post-harvest treatments: Hot Water Treatment (HWT), Fungicide (benomyl) Treatment, Acetone Absorber (AET) Treatment as well as (untreated) the control. The study materials were kept at ambient temperature in the laboratory after imposition of the treatment. Absolute weight loss progressively increases as tomato size increases; with the least weight loss witnessed in Small-sized tomatoes and the highest weight loss observed in Large-sized tomatoes. By the ninth day of the trial, the trend of increasing weight loss with storage became more pronounced across fruit size and post-harvest treatments. Over the duration of the experiment untreated tomatoes consistently exhibited the highest percentage weight loss compared with HWT and AET, with post-harvest treatments applied showing varying consistent storability superiority over the control, thus stressing the necessity for post-harvest treatment in tomato fruits so as to enhance fruit shelf life. At the termination of the trial, untreated small-sized fruits lost 7.1 % of their weight, while small-sized fruits treated to AET retained 96.4 % of their initial weight. Small-sized fruits treated to FT retained 94.8 % of their weight, while small-sized tomato subjected to HWT retained 95.5 % weight. Similarly, among medium-sized tomato fruits untreated fruits consistently recorded the highest weight loss. In contrast to the observed trend in small-sized fruits, fungicide (FT) treated fruits consistently recorded the lowest reduction in weight, followed by acetone (AET) treated fruits. Among large-sized tomato fruits, untreated fruits consistently exhibited the highest weight loss while fruits subjected to hot water treatment (HWT) recorded the lowest weight loss. Ultimately, the research validates the use of simple accessible post-harvest technologies as a viable strategy to reduce post-harvest losses, thereby enhancing food security and improving economic outcomes among tomato farmers in the study area. AET was gave the most consistent outcome in the trial compared with HWT. The methods studied present practical solutions to reduce spoilage and extend the shelf life of tomatoes. 
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1. Introduction 
Tomato is one of the most important vegetable crops globally based on production and consumption. Current global production area for tomato far exceeds 4,412,757 ha recorded about a decade ago, with a world production quantity estimated above 151,699,405 tonnes (FAO, 2025). Despite global average yield/ha tomato yield in West Africa, particularly Nigeria is not impressive when compared to those of Developed countries (FAO, 2025). Generally, consumers preferred large tomato fruits to small or medium sized fruits (Oyewole et al., 2026). With fruit quality often related to fruit size by most buyers these attract better pricing. However, fruit size may influence fruit shelf life. In many countries agricultural produce are regulated through size grading (Oyewole et al., 2026), with tomato sizes legally classified into categories such as small, medium, and large for market pricing and export quality control;  with export laws requiring imported tomatoes to meet minimum diameter or weight. Selling produce under the wrong size grade can be considered mislabeling or market fraud, and farmers, distributors, or exporters of such produce may face penalties or rejection of shipments if tomatoes do not meet legally defined size standards (Oyewole et al., 2026). 


Post-harvest loss refers to the decrease in quantity or quality of tomatoes after they have been harvested but before they reach the consumer. These losses can occur at various stages in the supply chain, including during harvesting, handling, storage, transportation, and marketing (Kitinoja & Kader, 2015). Tomatoes, being highly perishable, are particularly susceptible to post-harvest losses due to their delicate nature and short shelf life. A study by Arah et al. (2015) reported that post-harvest losses in tomatoes can be as high as 50% in developing countries, representing a significant waste of resources and economic loss for farmers and other stakeholders. Understanding the causes and impacts of post-harvest losses is crucial for developing effective strategies to minimize them and ensure food security.

Addressing post-harvest losses in tomatoes requires a multi-faceted approach involving improved harvesting practices, proper handling, efficient storage and transportation, and effective marketing strategies. Investing in infrastructure, such as cold storage facilities and improved transportation networks, can significantly reduce losses and enhance the value of tomato production (FAO, 2019). Furthermore, promoting good agricultural practices, such as proper harvesting techniques and disease management, can help to minimize losses at the farm level. Educating farmers, traders, and consumers on proper post-harvest handling techniques is also crucial for raising awareness and promoting sustainable practices throughout the value chain.

Tomatoes (Solanum lycopersicum) are one of the most widely cultivated and consumed vegetables in the world, with their global production reaching approximately 186 million tonnes in 2022, according to the Food and Agriculture Organization (FAO, 2022). This remarkable crop is not only valued for its nutritional benefits but also for its economic significance, contributing significantly to the income of many farming families particularly in northern part of the country, were it is widely cultivated. 

Tomatoes are rich in essential nutrients such as vitamin C, potassium, and lycopene; an antioxidant associated with reduced risks of chronic diseases (Perveen et al. 2018). The demand for tomatoes is consistently high due to their versatility in culinary applications, ranging from raw consumption to use in processed products such as sauces, pastes, and juices (Maalouf et al. 2020). However, despite their importance, tomatoes are highly perishable, with significant losses occurring during the post-harvest phase. Globally, it is estimated that approximately 30 - 50% of tomato production is lost as post-harvest losses due to inadequate storage, handling practices, and spoilage (FAO, 2021).

The issue of post-harvest losses is particularly pronounced in Africa and Nigeria in particular, where the agricultural sector is a primary source of livelihood for the majority of the population. In Sub-Saharan Africa, it is estimated that post-harvest losses of fruits and vegetables, including tomatoes, can exceed 40%, with economic losses amounting to billions of dollars annually (Hodges et al. 2020). These losses are exacerbated by infrastructural deficiencies, limited access to modern preservation technologies, and climatic conditions that accelerate spoilage (Affognon et al. 2018). The high perishability of tomatoes, combined with inadequate preservation techniques, poses a significant threat to food security, farmers' income, and the overall agricultural economy.

In Nigeria, the importance of tomatoes cannot be overstated. Nigeria is the largest producer of tomatoes in Sub-Saharan Africa, contributing approximately 65% of the region’s total production (NBS, 2023). Tomatoes are a staple ingredient in Nigerian cuisine, widely used in the preparation of soups, stews, and sauces, which are integral to the dietary habits of millions of Nigerians. However, the country’s tomato industry is plagued by substantial post-harvest losses, which have been reported to range between 35% and 55% annually (Akinola et al. 2020). These losses are attributed to several factors, including poor transportation infrastructure, lack of cold storage facilities, and inadequate handling practices along the supply chain (Olayemi & Adegbola, 2023). Consequently, the high level of wastage not only undermines the potential economic benefits for tomato farmers but also contributes to food insecurity and inflation in the country.

The agricultural sector in Nigeria faces unique challenges that exacerbate post-harvest losses. One critical factor is the reliance on traditional methods for tomato preservation, such as sun drying and smoking, which are often inefficient and lead to quality deterioration (Adeoye et al. 2021). Furthermore, the lack of access to modern post-harvest technologies, such as controlled atmosphere storage and refrigeration systems, limits the ability of farmers to extend the shelf life of tomatoes (Idah et al. 2022). The inadequacy of market infrastructure, including poorly maintained roads and inadequate market facilities, further compounds the problem, resulting in significant losses during transportation and distribution (Adewumi et al. 2023). Addressing these challenges is critical to reducing post-harvest losses and enhancing the sustainability of tomato production in Nigeria.

Efforts to mitigate post-harvest losses have gained increasing attention in recent years, with researchers and policymakers advocating for the adoption of innovative preservation techniques. Studies have shown that the application of post-harvest treatments, such as the use of edible coatings, chemical treatments, and modified atmosphere packaging, can significantly reduce spoilage and extend the shelf life of tomatoes (Kumar et al. 2020). For example, the use of chitosan-based coatings has been demonstrated to enhance the quality and shelf life of tomatoes by reducing microbial growth and moisture loss (Sharma et al. 2022). Similarly, the application of Acetone inhibitors, such as 1-MCP, has been shown to delay ripening and reduce spoilage in tomatoes (Pila et al., 2021). These advancements highlight the potential of post-harvest treatments to address the challenges of tomato preservation, particularly in regions with limited access to refrigeration and storage facilities.

In Nigeria, research on post-harvest treatments for tomatoes has gained momentum, with promising results reported in various studies. For instance, a study conducted by Olaniyi et al. (2021) demonstrated that the use of locally sourced plant extracts, such as neem and moringa, as post-harvest treatments significantly reduced fungal infections in tomatoes during storage. Another study by Abiodun et al. (2022) highlighted the effectiveness of solar drying technologies in reducing post-harvest losses while maintaining the nutritional quality of tomatoes. These findings underscore the importance of developing and promoting context-specific solutions that are affordable and accessible to smallholder farmers, who constitute the majority of tomato producers in Nigeria.

The economic implications of reducing post-harvest losses in tomatoes are substantial, with potential benefits extending beyond the agricultural sector. By improving post-harvest management practices, farmers can increase their income by reducing wastage and accessing more lucrative markets (Obi et al. 2020). Additionally, enhanced preservation techniques can contribute to food security by ensuring a steady supply of tomatoes throughout the year, thereby reducing seasonal fluctuations in availability and prices (Onyeka et al. 2023). The development of efficient post-harvest systems can also create employment opportunities in related industries, such as processing, packaging, and logistics, further contributing to economic growth (Eze et al. 2022).

Despite the progress made in research and technology development, significant gaps remain in the implementation of effective post-harvest solutions in Nigeria. Limited awareness and capacity building among farmers, coupled with inadequate policy support, have hindered the widespread adoption of innovative preservation techniques (Afolabi et al. 2023). Additionally, the high cost of post-harvest technologies and limited access to credit facilities pose significant barriers for smallholder farmers, who often operate under resource-constrained conditions (Ibrahim et al. 2024). Addressing these challenges requires a multi-stakeholder approach that involves government agencies, research institutions, non-governmental organizations, and the private sector.
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Post-harvest treatments are critical interventions aimed at maintaining the quality and extending the shelf life of tomatoes (Solanum lycopersicum). These treatments influence various quality parameters, including firmness, colour, nutritional composition, and microbial stability, which are essential for marketability and consumer acceptance. Understanding the effects of these treatments is crucial for addressing post-harvest challenges, particularly in regions like Nigeria, where significant losses occur due to inadequate preservation techniques and climatic constraints. 

Hot water treatment (HWT) is widely recognized for its effectiveness in reducing microbial spoilage and preserving tomato quality. This method involves immersing tomatoes in hot water at controlled temperatures to inhibit the growth of fungal pathogens. Research conducted by Sharma et al. (2022) demonstrated that HWT significantly reduced decay caused by Botrytis cinerea and Alternaria alternata, while also maintaining firmness and reducing weight loss in treated tomatoes. Similarly, Adeoye et al. (2021) highlighted the application of HWT in Nigeria, reporting a five-day extension in shelf life and improved physical appearance of tomatoes under ambient storage conditions. This method is particularly advantageous in tropical climates, where microbial proliferation poses a substantial threat to post-harvest quality.

Fungicide treatments (FT) are another commonly used method to control fungal growth and extend shelf life. These treatments involve the application of chemical agents such as thiabendazole and benomyl to inhibit the development of fungal spores on tomato surfaces. According to Kumar et al. (2020), fungicide-treated tomatoes exhibited lower levels of microbial decay and retained their firmness for longer durations compared to untreated samples. However, concerns about the potential for chemical residues have been raised, particularly in Nigeria, where regulatory enforcement is limited. Eze et al. (2022) found that while fungicide application reduced post-harvest losses by approximately 30%, improper usage and excessive application led to consumer safety concerns, necessitating proper training for farmers on their usage.

Acetone absorber treatment (EAT) is an innovative approach that reduces the accumulation of Acetone; a plant hormone responsible for accelerating ripening. By incorporating Acetone-absorbing materials such as potassium permanganate or activated carbon into storage environments, this method effectively slows the ripening process. Studies by Pila et al. (2021) revealed that tomatoes stored with Acetone absorbers exhibited delayed ripening, improved colour retention, and reduced softening over a storage period of two weeks. In Nigeria, Olaniyi et al. (2021) explored the use of Acetone absorbers in urban markets, demonstrating their potential to maintain tomato quality during extended storage and transportation. The simplicity and effectiveness of this method make it a promising option for smallholder farmers and distributors.

Edible coatings have gained attention as a sustainable and eco-friendly method for enhancing tomato shelf life. These coatings act as semi-permeable barriers that reduce moisture loss, delay ripening, and inhibit microbial growth. Materials such as chitosan, starch, and alginate are commonly used to formulate edible coatings. Research by Sharma et al. (2022) found that chitosan-coated tomatoes exhibited improved firmness, reduced microbial spoilage, and retained higher levels of vitamin C compared to uncoated samples. In Nigeria, Abiodun et al. (2022) investigated the application of cassava starch-based coatings, reporting a significant extension in shelf life and improved nutritional quality of tomatoes stored under ambient conditions. This method aligns with the growing demand for sustainable preservation techniques that minimize environmental impact.

[bookmark: _GoBack]Modified atmosphere packaging (MAP) is a method that alters the composition of gases within a storage container to reduce the metabolic activities of fruits. By lowering oxygen levels and increasing carbon dioxide concentrations, MAP effectively slows the ripening process and microbial growth. Maalouf et al. (2020) highlighted the efficacy of MAP in preserving tomato quality, reporting extended shelf lives of up to two weeks under controlled conditions. In the Nigerian context, Afolabi et al. (2023) explored low-cost MAP alternatives, such as polyAcetone bags with micro-perforations, which showed similar benefits in maintaining firmness, colour, and flavour. This approach is particularly relevant for smallholder farmers, who often lack access to advanced storage facilities.

Solar drying is another method that has been adapted to preserve tomato quality by reducing moisture content and inhibiting microbial activity. Olaniyi et al. (2021) investigated the use of solar dryers in Nigeria, finding that solar-dried tomatoes retained their nutritional value and exhibited improved storage stability compared to untreated samples. The study also noted that solar drying reduced microbial spoilage and enhanced the visual appeal of tomatoes, making them more marketable. This method is especially beneficial in regions with abundant sunlight and limited access to refrigeration. 

Post-harvest treatments play a pivotal role in maintaining tomato quality and extending shelf life, particularly in resource-constrained regions like Nigeria. Each method offers unique advantages and targets specific challenges associated with tomato preservation. By understanding the effects of these treatments, stakeholders can make informed decisions to optimize post-harvest management practices and reduce losses in the tomato value chain

Post-harvest losses of tomatoes (Solanum lycopersicum) represent a critical challenge in Nigeria, with significant implications for food security, economic stability, and agricultural sustainability. 

In Kogi State, where tomato farming is a major agricultural activity, post-harvest losses have been estimated to range between 35% and 50%, according to recent findings by Adewale et al. (2022). These losses are primarily attributed to inadequate storage facilities, poor handling practices, and the reliance on traditional preservation methods such as open sun drying, which accelerates spoilage and reduces market value. Furthermore, the seasonal nature of tomato production exacerbates the problem, leading to gluts during peak harvest periods and acute shortages during off-seasons. This cyclical instability not only undermines farmers' incomes but also limits consumers' access to affordable, high-quality tomatoes (Olayemi & Adegbola, 2023). 

Despite the growing recognition of these challenges, existing mitigation strategies remain largely insufficient, with minimal adoption of advanced post-harvest treatment technologies in rural areas like Kogi State. A critical gap exists in the application of context-specific post-harvest solutions that are both affordable and accessible to smallholder farmers in Kogi State. 

While studies have demonstrated the effectiveness of innovative techniques such as edible coatings, chemical treatments, and solar drying in reducing post-harvest losses (Sharma et al. 2022; Abiodun et al. 2022), these methods have not been extensively explored or tailored to the unique socio-economic and climatic conditions of Kogi State. Additionally, there is a lack of comprehensive data on the efficacy of these treatments in preserving tomato quality and extending shelf life under local conditions. This study aims to address this gap by assessing the effectiveness of selected post-harvest treatments on reducing losses in tomato fruits within Kogi State, providing evidence-based recommendations to enhance the adoption of sustainable post-harvest practices among smallholder farmers. By bridging this gap, the research will contribute to improved livelihoods for farmers, increased food availability, and reduced economic losses in the region.

The research on assessing the efficacy of post-harvest treatments in reducing losses of tomato (Solanum lycopersicum) fruits is both timely and highly relevant due to the pressing need to address the persistent challenges of food security and economic instability in Kogi State, Nigeria. 

Tomatoes are an essential component of the local diet and a critical cash crop for many smallholder farmers, yet their high perishability leads to substantial post-harvest losses estimated at up to 50% annually in the region (Adewale et al. 2022). This not only undermines farmers' incomes but also exacerbates seasonal food shortages and inflates market prices, disproportionately affecting low-income households. Furthermore, existing preservation practices remain inadequate and inaccessible, highlighting an urgent need for scientifically validated, cost-effective solutions tailored to the socio-economic and environmental contexts of Kogi State. 

By identifying and validating effective post-harvest treatments, this study has the potential to inform policymakers, enhance agricultural extension services, and support smallholder farmers in adopting sustainable practices, ultimately contributing to improved livelihoods, reduced food wastage, and strengthened agricultural resilience. Its findings will also provide valuable insights for agribusiness stakeholders, including processors and distributors, fostering a more efficient and equitable tomato supply chain within and beyond the region.

The broad objective of this study assessed efficacy of post-harvest treatments in reducing losses in tomato (Solanum lycopersicum) fruit weight. The specific objectives were to:

i. Evaluate the effectiveness of different post-harvest treatments in mitigating weight loss in different sized ripe tomato fruits in the study area.
ii. Evaluate the effectiveness of different post-harvest treatments in improving the shelf life of different sized ripe tomato fruits in the study area.
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2. Materials and Methods
The experiment was conducted at the Faculty of Agriculture, Prince Abubakar Audu University, Anyigba, located at latitude 7° 30′N and longitude of 7° 09′E, within the Southern Guinea Savannah agro-ecological zone of Nigeria. The region experiences distinct wet and dry seasons, with an average annual rainfall of approximately 1260 mm and a mean temperature of 27 °C. 

Freshly harvested disease-free tomato fruits were sourced from local farmers, while acetone absorbers and commercial fungicides were procured from reputable agricultural input suppliers. All materials were handled following standard practices to ensure consistency and reliability. The experimental arrangement was laid out in a Randomized Complete Design (RCD) consisting of three (3) tomato grades classified as large (235 g), medium (135 g) and small (30 g), and four post-harvest treatments, namely, Hot Water Treatment, Fungicide Treatment, Acetone Absorber Treatment and Control, resulting in a total of 48 experimental units. Each treatment was replicated four (4) times.

Ripe, but firm tomato fruits (Appendix I) were carefully sorted to remove damaged or diseased samples before subjecting them to required post-harvest treatment. For Hot Water Treatment (HWT), fruits carefully wrapped in polybags to prevent water absorption, and immersed in hot water maintained at 50 °C for 10 minutes using a thermostatically controlled water bath. For Fungicide Treatment (FT), a commercial fungicide (benomyl) was uniformly applied to the tomato fruits using a hand sprayer. For Acetone Treatment (ET), the fruits were stored in sealed containers with acetone absorbers placed within the storage environment. The control fruits were kept at ambient temperature without post-harvest treatment. All samples were kept in the laboratory under the same ambient temperature and relative humidity conditions. 

[bookmark: _Toc210051718]Data were collected at three days intervals to monitor treatment effects on water loss; determined by weight loss, and fruit quality, which was assessed visually to determine shelf life of the tomato fruits. The data collected were subjected to descriptive simple statistical analysis: mean, median, mode, percentage calculations, standard deviation, among others. 

3. Results
Percentage weight losses are presented on Table 1 below. Data taken on day 3 showed that, among Small-sized tomato fruits, the control treatment recorded the highest percentage weight loss (3.5 %), followed by hot water treated fruits (HWT), which recorded 3.0 %, weight loss, while fungicide treated fruits (FT) recorded 2.7 % weight loss, and acetone treated fruits (AET) gave the lowest weight loss (2.6 %). At the termination of the trial on day 9, the untreated fruits within small-sized tomato fruits have lost 7.1 % of their initial weight (Table 1) retaining 92.9 % of their weight, while small-sized fruits treated to AET retained 96.4 % of their initial weight, losing just 3.6 % of their weight. Small-sized fruits treated to FT retained 94.8 % of their initial weight losing 5.2 % of their weight. Tomato fruits subjected to HWT retained 95.5 % of their initial weight having lost 4.5 % of their weight by the 9th day. Thus, the highest weight loss was in untreated tomato fruits, while the least weight loss was observed among fruits treated with acetone (AET) (2.6 %). Similar trends were observed on day 6 and 9, where untreated fruits consistently exhibited the highest weight loss (5.0 % and 7.1 %, respectively). On day 6, fruits treated with AET and HWT showed comparable weight loss (3.2 %). Overall, among small-sized fruits, acetone treated fruits consistently resulted in the least weight loss (12.0 %) throughout the experiment.  
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Similarly, among medium-sized tomato fruits untreated fruits consistently recorded the highest weight loss on day 3, 6 and 9. However, in contrast to the observed trend in small-sized fruits, fungicide (FT) treated fruits consistently recorded the lowest reduction in weight on day 3, 6 and 9, followed by acetone (AET) treated fruits; an indication that FT worked better with medium-sized fruit tomatoes. At the termination of the experiment, untreated fruits retain 91.3 % of their initial weight, AET treated fruits retain 93.9 % of their initial weight, while FT treated fruits retain the highest weight (96.5 %). 

Among large-sized tomato fruits, untreated fruits consistently exhibited the highest weight loss throughout the storage period while fruits subjected to hot water treatment (HWT) recorded the lowest weight loss on day 3, 6 and 9.

Overall, small-sized fruits lost an average of 2.9 %, 3.9 %, and 5.1 % of their initial weight, respectively on day 3, 6 and 9 across post-harvest treatment imposed. In comparison, medium-sized fruits lost 5.7 %, 7.4 % and 8.6 % while large-sized fruits recorded the highest mean weight losses of 8.1 %, 10.5 % and 17.2 %, respectively over the same period (Table 1). The results indicate a progressive increase in weight loss with increasing fruit size, with the least losses observed in small-sized tomatoes and the highest losses in large-sized fruits (Tables 1 and 2). 

Results for cumulative quantitative weight loss (g) are presented in Table 3. Among small-sized tomato fruits the highest cumulative weight loss was in the control treatment, acetone treated fruits recorded the least weight loss. Similarly, among medium-sized fruits, the control treatment exhibited the highest cumulative weight loss (15.93 g), whereas, fungicide treated fruits recorded the least (6.35 g). For Large-sized fruits, the control treatment lost 94.71 g of its initial weight by day 9, while fruits subjected to hot water treatment (HWT) experienced the least weight cumulative loss (Table 3).

Generally, by the ninth day of storage, the trend of increasing weight loss with storage became more pronounced across fruit sizes and post-harvest treatments. Although no post-harvest demonstrated consistent superiority across all fruit sizes, the results clearly indicate that post-harvest treatments improved tomato fruit storability compared to untreated fruits, thereby highlighting the importance of post-harvest treatment in reducing weight loss and enhancing tomato shelf life.



Table 1:  Cumulative percent weight loss among different sized ripe tomato 
	Treatment
	Average initial weight  (g)
	% cumulative weight loss 
	Total final weight (g)
	% final weight

	
	
	Day 3
	Day 6
	Day 9
	
	

	Small
	
	
	
	
	
	

	Control
	30
	3.5±0.01
	5.0±0.00
	7.1±0.00
	27.87
	92.9

	AET
	30
	2.6±0.01
	3.2±0.00
	3.6±0.00
	28.92
	96.4

	FT
	30
	2.7±0.01
	4.3±0.00
	5.2±0.00
	28.44
	94.8

	HWT
	30
	3.0±0.01
	3.2±0.00
	4.5±0.00
	28.65
	95.5

	Mean 
	
	2.9
	3.9
	5.1
	
	

	Medium
	
	
	
	
	
	

	Control
	135
	8.7±0.01
	9.1±0.01
	11.8±0.00
	119.07
	88.2

	AET
	135
	5.8±0.01
	7.9±0.01
	8.2±0.01
	123.93
	81.8

	FT
	135
	2.5±0.01
	4.1±0.00
	4.7±0.00
	128.65
	94.3

	HWT
	135
	5.8±0.01
	8.6±0.00
	9.6±0.00
	122.04
	91.4

	Mean 
	
	5.7
	7.4
	8.6
	
	

	Large
	
	
	
	
	
	

	Control
	235
	15.7±0.02
	22.0±0.02
	40.3±0.02
	140.29
	59.7

	AET
	235
	4.0±0.01
	5.3±0.01
	6.3±0.01
	220.20
	93.7

	FT
	235
	11.3±0.01
	12.7±0.01
	19.3±0.01
	189.64
	80.7

	HWT
	235
	1.3±0.01
	2.0±0.01
	3.0±0.01
	227.95
	97.0

	Mean 
	
	8.1
	10.5
	17.2
	
	


AET: Acetone Treatment
FT: Fungicide Treatment
HWT: Hot Water Treatment


Table 2: Relative weight loss among different sized ripe tomato fruits
	Treatment
	Average initial weight  (g)
	% total weight loss 9th day after treatment 
	

	
	
	Small sized
/ 30 g
	Medium sized
/ 135 g
	Large sized
/ 235 g
	

	Control
	
	7.1±0.00
	11.8±0.00
	40.3±0.02
	

	AET
	
	3.6±0.00
	8.2±0.01
	6.3±0.01
	

	FT
	
	5.2±0.00
	4.7±0.00
	19.3±0.01
	

	HWT
	
	4.5±0.00
	9.6±0.00
	3.0±0.01
	

	Mean 
	
	5.1
	8.6
	17.2
	


AET: Acetone Treatment
FT: Fungicide Treatment
HWT: Hot Water Treatment










Table 3: Quantitative weight loss in grams among different sized tomato fruits and post-harvest treatment
	Treatment
	Average initial weight  (g)
	Progressive quantitative weight loss  (g)
	 final weight
(g)

	
	
	Day 3
	Day 6
	Day 9
	

	Small
	
	
	
	
	

	Control
	30
	1.11±0.003
	1.29±0.000
	2.13±0.000
	27.87

	AET
	30
	0.78±0.003
	0.96±0.000
	1.08±0.000
	28.92

	FT
	30
	1.05±0.003
	1.50±0.000
	1.56±0.000
	28.44

	HWT
	30
	0.90±0.003
	0.96±0.000
	1.35±0.000
	28.65

	Medium
	
	
	
	
	

	Control
	135
	11.75±0.003
	12.29±0.003
	15.93±0.000
	119.07

	AET
	135
	7.80±0.003
	10.67±0.003
	11.07±0.003
	123.93

	FT
	135
	3.38±0.003
	5.54±0.000
	6.35±0.000
	128.65

	HWT
	135
	7.83±0.003
	11.60±0.000
	12.96±0.000
	122.04

	Large
	
	
	
	
	

	Control
	235
	36.90±0.024
	51.70±0.024
	94.71±0.024
	140.29

	AET
	235
	9.40±0.003
	12.46±0.003
	14.80±0.003
	220.20

	FT
	235
	26.56±0.003
	29.40±0.003
	45.36±0.003
	189.64

	HWT
	235
	3.10±0.003
	4.70±0.003
	7.05±0.003
	227.95


AET: Acetone Treatment
FT: Fungicide Treatment
HWT: Hot Water Treatment

4. Discussion 
Generally, farmers in Nigeria trade predominantly on ripe tomato fruits, therefore, the focus of this study. Effect of the imposed treatments on moisture loss was targeted, as Affognon et al. (2018) and Hodges et al. (2020) observed that when tomatoes ripen its skin becomes more permeable, and as the cuticle thins and the stomata‑like pores open, it makes the fruit more susceptible to moisture loss than unripe fruits. Kumar et al. (2020) observed that ripe tomatoes lose water mainly by transpiration (water vapour through the skin) and by respiration (loss of dry‑matter). Stressing that ripe tomato fruits exhibit higher metabolic activity and since respiration consumes sugars and releases CO₂ and heat, thereby accelerating water loss. Larger fruits contain more respiring tissue; consequently, total respiratory water loss is greater resulting in higher weight loss.

Tomatoes are composed of approximately 94 ‑ 95 % water by weight (Kumar et al. 2020; Abioye et al. 2022; Eze et al. 2022), therefore, larger fruits contains more absolute water content. This must have accounted for higher weight loss in large-sized tomatoes compared with medium or small-sized fruits; as any reduction in water content is reflected almost directly in fruit weight and size (Kumar et al. 2020; Abioye et al. 2022; Eze et al. 2022; Olayemi & Adegbola, 2023). 

A larger fruit has a smaller ratio of surface area to volume than a small one and because water loss is proportional to the exposed surface, the absolute amount of water that can be lost per hour is greater in a big tomato, even though the percentage loss per unit weight may be similar or slightly lower (Kumar et al. 2020; Abioye et al. 2022; Eze et al. 2022; Olayemi & Adegbola, 2023). 

The result obtained in the trial indicates that fruit size is a critical factor in weight loss, with Large-sized ripe tomatoes being more susceptible to moisture loss due to their higher water content (Kumar et al. 2020; Abioye et al. 2022; Eze et al. 2022; Olayemi & Adegbola, 2023). The larger ripe fruits showed a higher absolute weight loss in line with Affognon et al. (2018) and Hodges et al. (2020). In addition, as ripe fruits expand, the cuticle is stretched and may develop micro‑cracks (Maalouf et al. 2020). 

These cracks serve as additional pathways for water vapour, further increasing loss in larger, fully ripe tomatoes. Thus, the combined effects of larger surface area, higher respiratory activity, and compromised cuticle integrity explain the increased absolute weight loss with increasing fruit size. This observation is consistent with the surface-area-to-volume principle and with numerous post-harvest studies reporting higher weight loss in larger, fully ripe fruits Perveen et al. 2018; Idah et al. 2022). 

However, Perveen et al. (2018) reported that weight loss in fresh tomatoes is driven primarily by transpiration and, to a lesser extent, by dry-matter loss. They emphasized that the cuticle and epidermis of tomato act as the primary barrier and when the fruits are untreated, the high surface – area – volume ratio of small-sized tomato accelerates moisture diffusion, resulting in greater proportional weight loss (Hodges et al. 2020). 

The consistent observation that untreated tomatoes recorded the highest percentage weight loss throughout the storage period underscores the rapid deterioration that occurs in the absence of post-harvest intervention. This demonstrates that post-harvest treatments effectively mitigate weight loss, which is primarily an indicator of moisture loss during ripening and storage. 

As tomatoes ripen, a gradual reduction in water content is inevitable, and this study’s findings align with previous reports of rapid physiological deterioration and moisture loss in untreated fruits (Abioye et al. 2022). Similarly, Olayemi & Adegbola (2023) showed that organic coatings significantly reduced weight loss under ambient storage by limiting transpiration.

As have been previously reported post-harvest treatments reduce transpiration by sealing stomata, reinforcing the cuticle, lowering the water-vapour gradient, and slowing respiration (Maalouf et al. 2020; Akinola et al. 2020). The consistent performance of treatments across fruit sizes indicates that these interventions effectively offset size-related disadvantages in water loss. Comparable results have been reported for coated cherry tomatoes (Idah et al. 2022) and calcium-treated beefsteak tomatoes (Adeoye et al. 2021), where treatment benefits were uniform across size categories.

Overall, the surface-area-to-volume principle predicts higher proportional water loss in smaller fruits, whereas the respiratory-loss model suggests that reductions in metabolic activity lower total weight loss (Kumar et al. 2020). The present findings support both concepts: untreated fruits followed surface-area-to-volume expectations, while treated fruits exhibited reduced respiration and transpiration, consistent with the respiratory-loss model.

5. Conclusion
This study evaluated the efficacy of different post-harvest treatments in reducing weight loss in tomato fruits. Acetone (AET) and hot water treatments (HWT) demonstrated consistently superior performance in mitigating water loss. The fungicide treatment (FT) yielded variable results, proving effective for medium-sized tomatoes but less effective for large-sized fruits, indicating a complex treatment–fruit size interaction that warrants further investigation. Although acetone treatment (AET) showed the most consistent overall performance, the findings validate the use of simple, accessible post-harvest technologies as viable strategies for reducing post-harvest losses, thereby enhancing food security and improving the economic returns of tomato farmers in the study area. The promotion and adoption of hot water and acetone treatments are therefore recommended for smallholder tomato farmers, given their proven efficacy, simplicity, and accessibility. These methods offer practical and cost-effective solutions to minimize spoilage and extend the shelf life of tomato fruits.
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Appendix I: Tomato samples used in the experiment
	[image: C:\Users\user\Desktop\large-sized-agai.jpg][image: C:\Users\user\Desktop\large-sized-agai.jpg][image: C:\Users\user\Desktop\large-sized-agai.jpg]
	[image: C:\Users\user\Desktop\mediu-sized.jpg][image: C:\Users\user\Desktop\mediu-sized.jpg][image: C:\Users\user\Desktop\mediu-sized.jpg]

	Large-sized tomatoes
	Medium-sized tomatoes

	[image: C:\Users\user\Desktop\NEW\small.jpg][image: C:\Users\user\Desktop\NEW\small.jpg][image: C:\Users\user\Desktop\NEW\small.jpg]
	[image: C:\Users\user\Desktop\mix.jpg][image: C:\Users\user\Desktop\mix.jpg]

	Small-sized tomatoes
	Mixed-sized tomato fruits





1

image2.jpeg




image3.jpeg




image4.jpeg




image5.jpeg




image6.jpeg




image1.jpeg




