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Abstract

	This study evaluated the drying performance and quality retention of tomato (Lycopersicon esculentum) slices processed using three drying techniques, namely solar cabinet drying, polyhouse drying, and conventional open sun drying. Uniformly sliced (8 mm thickness) fully ripened tomatoes of a local cultivar were pretreated with a 10% sodium chloride solution followed by 5% potassium metabisulphite (KMS) to reduce enzymatic browning and oxidative degradation prior to drying. The pretreated slices were dried under respective conditions and subsequently milled into powder using a Willey mill for physicochemical and nutritional analyses, including lycopene content, reducing sugars, ascorbic acid, total soluble solids (TSS), pH, and total carbohydrates. The results indicated significant variation in drying duration, with polyhouse drying requiring the least time (65 h), followed by solar cabinet drying (90 h), while open sun drying exhibited the longest drying period (110 h). Despite a longer drying time than polyhouse drying, solar cabinet drying resulted in superior retention of ascorbic acid, TSS, reducing sugars, and total carbohydrates, attributable to more controlled thermal conditions and reduced exposure to environmental factors. These findings demonstrate that solar cabinet drying represents an effective technological improvement over traditional open sun drying, yielding nutritionally superior and higher-quality tomato powder, thereby offering a viable and sustainable drying method for enhancing product quality, reducing post-harvest losses, and supporting food security in the processing of horticultural crops such as tomatoes and peppers.
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1. Introduction

“Tomato (Lycopersicum esculentum) is one of the most popular and widely grown vegetable throughout the world and is known for excellent nutritive, medicinal and food values. Various foods prepared from tomatoes are: i) tomato preserves such as whole peeled tomatoes, ii) dried tomatoes such as tomato flakes and tomato powder and iii) tomato-based foods such as tomato soup, tomato sauce and ketchup (Dufera et al., 2021). To increase the shelf life of tomatoes, different preservation techniques are being employed that comprise of manipulation of storage temperature and relative humidity, addition of chemical preservatives, protection against air/germ pollution through waxing, dehydration and processing into other products (Hussein et al., 2023). Therefore, it is essential to preserve the tomatoes by using any of the food preservation techniques and to be made available in an acceptable form throughout the year at relatively minimum cost” (Durance and Wang, 2002; Elwakeel et al., 2024).

“Drying is the best and convenient technique among all the food preservation and processing methods, for product moisture content is greatly lowered which in turn helps to prevent the microbial degradation” (Fellows, 2009). “Among the drying techniques, open sun drying is a seasoned,simple (requires less technology), cost effective and familiar food preservation method used to reduce the moisture contents of all agricultural commodities” (Durance and Wang, 2002). “The quality of products can be seriously tainted and occasionally rendered inedible in open sun drying because of the potential risk from environmental problems (rain, storm, windborne dirt, dust) and biological hazards (infestation by insects, rodents and other animals) (Bayana & İçier, 2019). Thus, the resulting products may become inferior in their quality and bring adverse economic effects both in domestic and international markets” (Lahsasni et al, 2004; Lavanya et al., 2014).

Medugu, D.W. (2010) were studied “solar dryers (chimney and cabinet) were fabricated and tested in Nigeria. Both dryers were used to perform experimental test in drying 50 kg of tomatoes, pepper and bitter leaves. With solar chimney dryer, results reveal that these quantities of tomatoes, pepper and bitter leaves can be dried within 129, 105 and 84 h respectively giving an average 51% of the time spent for the natural sun drying. With solar cabinet dryer, the same quantities of                tomatoes, pepper and bitter leaves can be dried within 138, 129 and 90 h respectively with an average 79% of the time spent for natural sun drying”. Different studies have investigate the drying kinetics, performance, and efficiency of different drying methods applied to agricultural products (Kulanthaisami et al., 2010; Kumar et al., 2015; Lingayat et al., 2021; Munandar, 2024). The effects of different drying conditions including temperature, duration, and pre-treatments on the physical and quality characteristics of the dried products have also been examined in these studies (Perumal, 2007; Rajkumar et al., 2007; Mobolaji et al., 2021; Pravitha et al., 2024). This study evaluated the drying performance and quality retention of tomato slices processed using three drying techniques, namely solar cabinet drying, polyhouse drying, and conventional open sun drying.  

2. Materials and Methods

The experiment was conducted during March 2010 at the Agricultural Process and Food Engineering Laboratory, College of Agricultural Engineering, Bapatla. Fully ripened tomatoes of a local variety were selected, washed, and sliced uniformly to a thickness of 8 mm to ensure consistency during drying. Since enzyme activity significantly affects the quality of horticultural produce, pretreatment was carried out to achieve enzyme inactivation and minimize quality deterioration. Accordingly, the tomato slices were subjected to pretreatment by dipping in a 10% sodium chloride solution followed by 5% potassium metabisulphite, which is commonly used to control enzymatic browning and preserve nutritional quality prior to drying.
2.1	Drying Characteristics of Tomato Slices

2.1.1 Solar Cabinet Dryer

A solar cabinet dryer (Make: SEED, Hyderabad; Model: SDM-8) consisting of an insulated enclosure covered with a transparent glass sheet was used for the drying experiments. Solar radiation entering the enclosure was absorbed by the tomato slices as well as by the internal surfaces of the dryer, resulting in an increase in internal temperature. Provision was made for forced air circulation through suitable air inlets and outlets, and airflow was maintained using a fan operated by a solar photovoltaic panel. The temperature inside the solar cabinet dryer generally ranged between 40 and 80 °C during the drying period.

Tomato slices prepared from 3 kg of fresh tomatoes were uniformly spread on stainless steel wire mesh trays of size 100 × 100 mm. All trays were placed inside the solar cabinet dryer, which was exposed to solar radiation from 8:00 am to 5:00 pm. The reduction in sample weight due to moisture loss was recorded at five-hour intervals throughout the drying process. Drying was continued until successive weight measurements showed no significant variation, indicating the attainment of equilibrium moisture content.

2.1.2 Polyhouse

The drying characteristics of tomato slices under polyhouse conditions were investigated using a polyhouse installed at the College of Agricultural Engineering, Bapatla. The polyhouse had a plinth area of 5 m × 10 m and was covered with a UV-treated polyethylene sheet. Natural draft ventilators were provided at the top of the structure to facilitate air circulation, and a front-side access door of dimensions 1.2 m × 1.2 m was installed for operational convenience. Approximately 3 kg of pretreated tomato slices were uniformly spread on drying trays and placed inside the polyhouse from 8:00 am to 5:00 pm each day. Drying was carried out until the moisture content of the slices was reduced to a level suitable for safe storage. During the drying process, air temperature and relative humidity both inside and outside the polyhouse were monitored using a glass bulb thermometer and hygrometer. The reduction in sample weight due to moisture loss was recorded periodically, and drying was continued until successive             weight measurements showed no significant                variation, indicating the completion of the drying process.


[image: ]

Fig. 1. Flow chart for production of tomato powder

2.1.3 Open Sun Drying

For open sun drying, a leveled open yard area of approximately 5 m × 5 m was selected at a distance of 10 m from the polyhouse to avoid shading effects on the drying samples. Maintaining this distance ensured uniform exposure of the samples to direct solar radiation throughout the drying period. Approximately 3 kg of pretreated tomato slices were uniformly spread on a rectangular thermocol plate and placed in the open yard for sun drying from 8:00 am to 5:00 pm. During the drying process, the slices were manually stirred at regular intervals to ensure uniform drying and to prevent sticking. The reduction in sample weight due to moisture loss was recorded at five-hour intervals. Drying was continued until consecutive weight measurements showed no significant variation, indicating that the samples had reached stable moisture content suitable for storage.

2.1.4 Willey Mill

The dried tomato slices obtained from each drying method were ground into powder using a Willey mill. The slices were fed manually into the mill to obtain a uniform and fine powder while minimizing heat generation during grinding. The resulting tomato powder was immediately packed and stored in airtight plastic containers to prevent moisture absorption and oxidative deterioration prior to analysis. The stored samples were subsequently used for the determination of lycopene content, reducing sugars, ascorbic acid, total soluble solids (TSS), pH, and total carbohydrates following standard analytical procedures.

2.2 Production of Tomato powder

The various steps involved in the production of tomato powder are given in form of flow chart as shown in Fig. 1.

3. Results and Discussion

3.1 Solar Cabinet Dryer

The sample, consisting of 3 kg of pretreated tomato slices with an initial moisture content of 93.18% (wet basis), was uniformly spread on 100 × 100 mm mesh trays and carefully arranged inside the solar cabinet dryer to ensure proper air circulation and uniform exposure to heated air. The drying experiment commenced at 8:00 am on a clear and sunny day to maximize solar radiation utilization and continued daily until 5:00 pm. During the drying process, the moisture content of the tomato slices showed a continuous and progressive reduction, decreasing from an initial value of 93.18% (wb) to a final value of 10.15% (wb) over a total drying duration of 90 hours. As illustrated in Fig. 2, the moisture content consistently declined with increasing drying time, indicating effective moisture removal by the solar drying system. The initial stage of drying was characterized by a rapid moisture loss due to the evaporation of free surface water, while the later stages exhibited a slower drying rate as moisture diffusion from the internal cellular structure became the controlling mechanism. Although only a small difference in moisture content was observed between 80 hours (12.92%) and 85 hours (11.32%), the drying process was extended for an additional five hours to ensure complete and uniform drying of all slices. This final moisture level was necessary to prevent microbial spoilage, improve storage stability, and facilitate easy grinding of the dried slices into fine powder. When compared with open sun drying, which required 110 hours to achieve similar moisture content, the solar cabinet dryer proved to be significantly more efficient, reducing the total drying time by approximately 20 hours. Moreover, the enclosed and controlled drying environment of the solar dryer resulted in a superior quality final product with better color, texture, and hygiene, highlighting the advantages of solar cabinet drying over traditional open sun drying            methods.

3.2 Polyhouse Drying

The polyhouse drying experiment was carried out using 3 kg of pretreated tomato slices with an initial moisture content of 93.18% (wb). The slices were uniformly spread on 50 × 50 cm trays and placed inside the polyhouse to ensure proper exposure to warm air and solar radiation. Drying was started at 8:00 am and continued daily until 5:00 pm. The polyhouse created a favorable microclimate with higher temperature and lower relative humidity than the ambient conditions, which enhanced moisture removal. As shown in Fig. 2, the moisture content decreased continuously with increasing drying time. The moisture content was reduced from 93.18% (wb) to 10.15% (wb) within a total drying period of 90 hours. Initially, rapid moisture loss occurred due to evaporation of free surface water. In the later stages, the drying rate decreased as internal moisture diffusion became the controlling mechanism. Although the difference between 80 h (12.92%) and 85 h (11.32%) was small, drying was continued to ensure uniform drying. The final moisture level achieved was suitable for safe storage and further processing into powder.

3.3 Open Sun Drying

The tomato slices were subjected to open sun drying starting at 8:00 am on a sunny day and continued until 5:00 pm. During the night, the partially dried slices were wrapped in a polyethylene cover and kept at room temperature to prevent moisture absorption. On the following day, the samples were again exposed to open sunlight and drying was continued until a final moisture content of 10.20% (wb) was achieved. Fig. 2 illustrates the variation of moisture content with drying time, showing that the moisture content decreased from 94.19% to 10.20% over a total drying period of 110 hours. The figure clearly indicates that moisture removal was rapid during the initial 65 hours, during which the moisture content decreased to 50.16%. In the later stages, the drying rate became slower, and it required nearly 70 hours to reduce the moisture content from 50.16% to 10.20%. Although the difference in moisture content observed near the end of drying was small, the experiment was continued for an additional hour to ensure uniform drying. This final moisture level was necessary to obtain dried tomato slices that could be easily ground into powder and safely stored.

3.4 Proximate Analysis

Fresh tomatoes contain approximately 20.6–23.17 mg/100 g of vitamin C, 18% total reducing sugars, 53.30 mg/100 g lycopene, and 4.50% carbohydrates. The results of the proximate analysis of dried tomato slices obtained by three different drying methods are presented in Table 1. The solar cabinet–dried samples showed higher retention of vitamin C, total carbohydrates, reducing sugars, total soluble solids (TSS), and lycopene compared to the fresh tomato samples, indicating improved concentration of nutrients due to moisture removal. The polyhouse-dried tomato slices exhibited nutrient values very close to those of fresh tomatoes, except for about a 6% reduction in TSS. This suggests that polyhouse drying effectively preserves the nutritional quality of tomatoes. The pH value was found to be lower in polyhouse-dried samples compared to solar cabinet–dried and open sun–dried samples, which may contribute to better microbial stability. Overall, both solar cabinet and polyhouse drying time.




Fig. 2. Variation moisture content against drying time in solarcabinet, polyhouse and polyhouse drying
Table 1. Proximate analysis

	
	Solar Cabinet drying
	Polyhouse drying
	Open sun drying

	Vitamin-C, %
	32
	25
	29

	Reducing Sugars, %
	26
	24
	25

	Total Carbohydrates, %
	60
	59
	59

	Total soluble solids, %
	57
	50
	52

	Lycopene content, %
	79.09
	66.12
	75.15

	PH
	3.85
	3.75
	3.9




4. Conclusion 

Drying of pretreated tomato slices in the solar cabinet dryer was found to be efficient and effective. The moisture content of the slices was reduced from 93.18% (wb) to 10.15% (wb) within 90 h of drying. A continuous decrease in moisture content with drying time was observed, following a typical falling-rate drying behavior. Although the rate of moisture removal between 80 and 85 h was relatively low, extending the drying duration to 90 h ensured the attainment of a safe moisture level suitable for storage and subsequent grinding. In comparison, open sun drying required 110 h to achieve a similar moisture reduction, indicating that the solar cabinet dryer reduced the drying time by approximately 20 h while producing a                     superior quality product. These results demonstrate that solar cabinet drying is a promising technology for the dehydration of tomatoes and other agricultural produce, offering an efficient, low-cost, and environmentally sustainable alternative to conventional drying methods, with potential benefits for improved food preservation and rural livelihood development.
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