Effect of Sun, Solar, and Hybrid Drying Techniques on the Microbial Load and Sensory Properties of Tomato Powder

Abstract 
Aim: This study was aimed to examine the microbial and sensory quality of tomato powders using different drying methods
[bookmark: _Hlk207051019]Study Design: This study involved the design, fabrication, and performance evaluation of a mixed solar-powered dryer optimized for drying agricultural produce, specifically Roma tomatoes. The solar dryer was constructed with a solar collector and a drying chamber, and the incorporation of forced convection to enhance the drying efficiency. The design parameters were calculated based on climatic data from Makurdi, Nigeria, including solar radiation, wind speed, ambient temperature, and product moisture characteristics. The dryer was evaluated by comparing its performance to traditional sun drying and hybrid drying methods in terms of microbial load, drying efficiency, and sensory quality. Tomato powder produced from the different drying methods were analyzed for microbial counts (yeast, mold, and total viable count), and subjected to sensory evaluation for appearance, aroma, texture, and overall acceptability. The study demonstrated that the solar dryer produced tomato powder with significantly lower microbial load and higher sensory ratings compared to traditional sun drying.
Place and Duration of Study: Department of Food Science and Technology,
College of Food Technology and Human Ecology, Joseph Sarwuan Tarka University, between October 2024 to February 2025.
[bookmark: _Hlk207054114][bookmark: _GoBack]Methodology: An indirect solar dryer with forced convection was designed and constructed using locally sourced materials, including a 250W amorphous solar panel, plexiglass, bimetal thermostat, case fans, and a 200Ah battery. The design parameters—such as collector tilt angle, drying area, airflow rate, energy requirements, and collector efficiency—were calculated based on climatic data from Makurdi, Nigeria. Roma tomatoes were washed, sliced (5 mm thick), and dried using three methods: open sun drying, solar drying, and hybrid solar drying. After drying, the samples were milled into powder and sealed in polythene bags. Microbial analysis (total viable count and fungal count) was conducted using standard plate count methods, while sensory evaluation (appearance, aroma, texture, and overall acceptability) was performed by a trained panel using a 9-point hedonic scale. Performance parameters such as drying efficiency, drying rate, and collector efficiency were also assessed to evaluate the drying effectiveness.
Result: Microbial analysis result showed that the highest total viable count of 4.49 ± 0.02 was in the raw tomato sample, followed by the sun-dried tomato powder with 4.40 ± 0.04, then the solar-dried tomato powder with 4.29. ± 0.01 and 4.29. ± 0.01 for the hybrid dried tomato powder.  The Fungal result showed raw tomatoes had the highest count of 3.36 ± 0.03, followed by the sun dried tomato powder with 3.29 ± 0.01, then the hybrid dried tomato powder with 3.12 ± 0.06, and the solar dried tomato powder with 3.11± 0.03. Sensory analysis showed that the hybrid dried tomato had the highest score of appearance 8.00±0.71, followed by the solar dried tomato powder with 7.88±0.60 and sun-dried tomato powder with 6.11±0.78. Aroma results showed the hybrid dried tomato and solar dried tomato powder had the same scores of 7.55±0.53 while the sun-dried tomato powder had 6.00±0.0.86. Texture results showed that the hybrid dried tomato powder had the highest score of 7.66±0.50, followed by the solar dried tomato powder with 7.55±0.52 and lastly the sun-dried tomato powder with 6.11±0.60. General acceptability results showed the solar dried tomato powder had the highest score of 7.89±0.33, followed by the hybrid dried tomato powder with 7.78±0.44, and lastly the sun-dried tomato powder with 7.00±0.71. 
Conclusion: the samples dried with the solar dryer were more acceptable than those dried by traditional sun-drying due to their considerably lower microbial load and higher sensory attributes  


1.0	INTRODUCTION
Solar drying is the use of solar energy to dry substances, especially food. The device used to achieve this is called a solar dryer (Srinivasan et al., 2021). 
Drying is one of the oldest methods of preserving food; it is a complex operation that involves applying heat to a product. Consequently, the product may change its physical characteristics (Zhang et al., 2017). It is one of the most important post-handling processes of agricultural produce and can extend the shelf life of harvested products (Mohana et al., 2020). In undeveloped and developing countries, the process of drying is a challenge due to the lack of power supply.  Most farmers resort to traditional sun-drying openly, which creates an avenue for rodent attacks and other contaminations (Fudholi et al., 2015).
Throughout history, a smoky fire, the wind, and the sun were used to remove moisture from meat, fruits, grains, and herbs (Omolola et al., 2017). By definition, food dehydration is the process of removing water from food by circulating hot air through it, thus reducing the growth of bacteria (Tiwari, 2016). Dried foods are easy to prepare, store, and use. They are also tasty, nutritious, and lightweight. The energy used in drying is less than what is needed to freeze or can, and the storage space needed is minimal compared with that needed for canning jars and freezer containers. The nutrient content of food is minimally affected by drying, such as vitamin A, which is retained during drying. However, foods containing it should be stored in dark places, because vitamin A is light-sensitive. Vitamin C is destroyed by exposure to heat, although pre-treating foods with lemon, orange, or pineapple juice increases vitamin C content. Dried fruits and vegetables are high in fiber and carbohydrates and low in fat, making them healthy food choices. For centuries, fruit, vegetables, meat, and fish were dried by direct sunlight, in open-air exposure (Guiné, 2018).
In solar drying, the sun is the main source of energy. Therefore, it is the cheapest method of drying, but on the other hand, it has many limitations, which include the exposure of foods to sources of contamination (insects, birds, and other animals), and it is also susceptible to weather conditions (Tiwari, 2016). Hence, the sanitary quality may be compromised, and product losses can occur due to food spoilage when the conditions are not favorable, before reaching a stable moisture content (Guiné, 2018). The solar greenhouse may minimize these problems because, while the sun as an energy source is very efficient and reaches higher temperatures due to the greenhouse effect, the foods are protected (Ziaforoughi and Esfahani, 2016). In direct solar drying, the product is exposed to solar radiation, whereas in indirect solar drying, the sun's energy is harnessed by collectors used to heat the air that would be used for drying food.
Solar energy is an important alternative source of energy. It is relatively preferred to other sources because it is free, abundant, inexhaustible, and non-pollutant in nature compared with higher prices and the shortage of fossil fuels. Solar energy is very abundant in Nigeria, particularly in the north (Kumar and Samadder, 2017). As an alternative to open sun drying, the solar drying system is one of the most attractive and promising applications of solar energy systems. It is a renewable and environmentally friendly technology that is also economically viable in most developing countries, improves quality, and reduces post-harvest losses. Solar crop drying has been demonstrated to be cost-effective and could be an effective alternative to traditional and mechanical drying systems, especially in locations with good sunshine during the harvest season (Yazici and Kose, 2024).
In Nigeria, traditionally, fresh food products are preserved by drying the food product in the sun on hard, dry ground/concrete floor/flat roof of houses in thin layers. In this method, drying can’t be controlled, and relatively low-quality dried products are obtained. Drying rate is very slow and takes 7-15 days, depending on the weather conditions and the type of product (Hossain et al., 2015). The products become contaminated with dust, dirt, rainfall, animals, birds, rodents, insects, and microorganisms. Under these conditions, losses can be as high as 40 – 60 % of the total quantity (Bhardwaj et al., 2020). During the drying period, if there is heavy and continuous rain, the damage to the product is as high as 70 – 80 %. Sun drying is weather-dependent; it generally yields poor-quality products due to breakage and seed loss. 
Solar drying is also solely dependent on the weather, although it's more sanitary, and the drying time is shorter than traditional open sun drying. 
Some research work was done to reduce the drying time or improve the quality of agricultural produce using the mechanical drying method. Most of these designs have limitations because they only function during hours of sunlight (Bhardwaj et al., 2020).
This project was aimed at designing and developing a prototype of a hybrid solar-powered dryer optimized for the drying of food at any time of the day (combining solar energy with an auxiliary heat). The design and fabrication of an optimal solar dryer would go a long way to reduce challenges for small and large-scale perishable food handlers, thereby improving our food status and economic diversification.
2. Materials and Methods 
2.1 Construction of Solar Dryer 
The indirect solar dryer with forced convection will be constructed according to the method described by Hossain et al. (2025) and Saini et al. (2024) with slight modifications. 
The following areas were considered in the design of the indirect solar dryer with forced convection: 
1. The angle of tilt (β) of the solar collector/air heater.
2. The amount of moisture to be removed from a given quantity of wet agricultural produce. 
3. Harvesting period during which drying is needed.
4. The daily sunshine (hours) for the selection of the total drying time.
5.  The quantity of air needed for drying. 
6.  Daily solar radiation to determine the energy received by the dryer per day. 
7.  Wind speed for the calculation of air vent dimensions. 
The solar dryer is an indirect solar dryer. The dryer consists of a dryer and a collector. The dryer is composed of a drying chamber, drying tray, and vent. To design the solar dryer, the following assumptions were made for the location as shown in Table 1(Saini et al., 2024).

Table 1. Design assumptions of the Solar dryer
	PARAMETER 
	 SYMBOL 
	VALUE

	Weight of fresh ripe Produce
	Mp
	8 kg

	Initial MC 
	Mi
	90 %

	Final MC 	
	Mf
	8 %

	Latent heat 
	hfg 
	2400 kJ/kg

	Radiation 
	Sr
	224 W/m2

	Efficiency 
	Η
	0.25

	Density of air 
	ρa
	1.127 kg/m3

	Wind speed 
	Vw
	4.77 m/s

	Ambient temperature 
	Ta
	30 oC

	Dryer temperature 
	Td
	60 oC

	Drying time 
	T
	24 h

	Spreading density 
	ρs
	4 kg/m2

	Solar insolation 
	Ig
	4.85 kJh/day

	Humidity ratio before drying 
	Wa1
	0.019 kg/kg water

	Humidity ratio after drying 
	Wa2
	0.021 kg/kg water

	Product temperature 
	Tpr
	42 oC

	Specific heat capacity of the product (kJ/kg °C)
	Cp
	3.81kJ/kg oC

	Acceleration due to gravity 
	G
	9.8 m/s2





2.1.1	Angle of tilt (β) of solar collector/air heater.
The angle of tilt (β) of the solar collector/air heater was calculated according to Hossain et al. (2015). 
It states that the angle of tilt (β) of the solar collector should be 
β = 100 + lat ф     ------------ (1)
Where lat ф is the latitude of the collector location, the latitude of Makurdi, where the dryer was designed, is 7.730 N. 
Hence, the suitable value of β to use for the collector: 
β = 100 + 7.730= l7.730 
2.1.2 	Moisture content of agricultural produce  
The Moisture content of agricultural produce is expressed as a percentage of moisture derived from wet weight (wet basis) or dry matter (dry basis). Wet basis moisture content is mainly used in commercial use, while the dry basis is used primarily in research (Hossain et al., 2015).
Mw (wet basis) =   x 100   ----------------- (2)
Md (dry basis) =    x 100 ------------------- (3)
The moisture content was determined by the oven dry method, which is a direct method. 
 The moisture content of fresh samples was determined by the air oven method described by AOAC (2016). Two grams (2.0 g) of the prepared samples were weighed in duplicates into petri dishes of known weight and covered immediately. This was transferred into the oven (GENLAB, England B6S, serial no: 85K054), uncovered, and heated at 130 ± 1 0C for three hours. The samples were then removed and placed in a desiccator and allowed to cool for 15 minutes before weighing. This was repeated until constant weights were recorded. The loss in weight from the original sample (before heating) was reported as the percentage moisture content as follows: -
      ------------- (4)
2.1.3 	Moisture to be removed from the agricultural produce  
During drying, water at the surface of the substance evaporates and water in the inner part migrates to the surface to get evaporated. The ease of this migration depends on the porosity of the substance and the surface area available. Other factors that may enhance the quick drying of food items are high temperature, high wind speed, and low relative humidity (El-Mesery et al., 2022). The amount of moisture to be removed from the agricultural produce was calculated using the following equation:
       ---------------- (5)
Where, Mr = moisture to be removed (%) 
Mp = Sample weight (kg) 
Mi = Initial MC (%) 
Mf = Final MC (%)
2.1.4	Instantaneous or final moisture of the product 
The percentage of moisture content is obtained from the following relations: 
       ----------- (6) 
 ----------- (7) 
From equations (6 – 7) the final moisture content is obtained as: 
    ---------- (8) 
Where, Md = mass of dry product (kg), Mp = initial mass of wet product (kg), Mwf = final mass of wet product (kg), Mi = initial moisture content (%), Mf = final moisture content (%).
2.1.5   Pressure throughout the drying bed 
The airflow velocity is inversely proportional to the thickness of the drying bed. With increasing thickness of the drying bed, the airflow velocity decreases, which reduces the efficiency of the dryer. In a passive solar collector, air flows from the collector into the drying chamber due to the air density difference (kg). The pressure difference across the agricultural produce bed was solely due to the density difference between the hot air inside the dryer and the ambient air. Air pressure was determined by the equation given by Jindal and Gunasekaran (2017), 
 ) ------------- (9) 
Where H = Pressure head (height of the hot air column from the base of the dryer to the point of air discharged from the dryer) m, P = air pressure (Pa), g = is the acceleration due gravity (m/s2), and tam = ambient temperature (oC), ti= Inside temperature (oC). 
2.1.6 	Energy requirement
The amount of heat essential to evaporate the moisture from the agricultural produce would be calculated using the formular below: 
 -------------- (10)
Where,
hfg = Latent heat of vaporization 
2.1.7 	Collector area
The collector was made for maximal utilization of solar energy. The black body material was used to increase the efficiency of the collector. It states that the angle of tilt (β) of the solar collector should be β = 100 + lat ф (Babar et al., 2020)
Where lat ф is the latitude of the collector location, the latitude of Makurdi, where the dryer 
is design will be latitude of 7.730 N. 
Area of colector, --------------- (11)
Width of collector, Wc = 1.50 m (assuming) 
Length of collector, --------------- (12)
Where, Ac = Collector area, (m2), E = Energy (kJ), Sr = Insolation value at Makurdi, MJ/M2 day, η = Efficiency, (%)
2.1.8 Collector useful heat energy gain
The solar collector useful heat energy gain required to dry a given quantity of food product was obtained by using equation (13):
 ---------------- (13)
Where: Cp = Specific heat capacity of the product (kJ/kg °C), Mp = Initial weight of 
product before drying (kg), hfg = Heat of evaporation of moisture from the product 
(kJ/ kg ), Mwf = Dry matter of product ( kg ), Tc = Collector temperature (oC), Tam = Ambient temperature (oC).
2.1.9	 Airflow rate
Drying efficiency may suffer at high airflow rates since air may not have adequate contact time with the food to increase its moisture content. The optimum airflow rate for solar dryers has been reported to be about 0.75 m3/min per square meter of tray area (Yazici and Kose, 2024) . Insufficient airflow can result in slow moisture removal as well as high dryer temperatures. However, the internal resistance to moisture movement in agricultural products is much greater when compared to the surface mass transfer resistance that the airflow rate beyond certain levels has no significant effect on the drying rate (El-Mesery el al., 2022). In natural circulation systems, airflow is primarily determined by the temperature rise in the collector. Higher flow may be used at the beginning of drying and lower flow when drying enters the ‘falling-rate period’. Volumetric airflow rate can be calculated as follows:
Volumetric air flow rate,  ----------- (14)
Where, Ma = Mass of air needed for drying.  ρa = Density of air
2.1.10 	Drying area
The drying cabinet, together with the structural frame of the dryer, was built from polyvinyl sheets, which could combat atmospheric attacks. An outlet vent was provided toward the upper end at the back of the cabinet to facilitate and control the convective flow of air through the dryer. The roof and the two opposite sidewalls of the cabinet were covered with transparent glass sheets of 4 mm thickness, which provided additional heating due to the greenhouse effect.
Drying area,  ------------------ (15) 
Number of tray, Nt = 4
 Area of each tray,  ------------------- (16) 
Width of each tray,  ------------------ (17) 
Where, Lt = Length of tray (m)

2.3	Materials 
Materials used for the construction of the solar dryer include: 250 watts amorphous solar panel, plexiglass, bimetal thermostat snap switch, hobbs meter, 5V DC brushless, 7 wave case fans, Scraps of metal off-cuts, and 200 amp battery. The agricultural produce used was Roma Tomato
Fabricated solar dryer
The hybrid solar dryer features a horizontal drying chamber and a solar collector that operates based on the principles of solar energy utilization, forced convection, and controlled heating. It has a dual power input, including a solar input used to directly dry products (such as tomatoes and peppers) and charge the batteries, which powers an auxiliary heating system (using a DC heater). This addresses the limitations of solar drying during cloudy or rainy periods. Plates 1-3 shows the different views of the hybrid solar dryer.
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Plate 1: Fabricated Hybrid Solar Dryer; Front view


[image: ]

Plate 2: Fabricated Hybrid Solar Dryer; Right Side view


2.4 Preparation of Agricultural Produce Powder
I.	Preparation of tomato powder
Tomato flour was prepared using the method described by with slight modification (Figure 1). The tomatoes were sorted out to get rid of the unwanted ones, washed with clean water to remove adhering soil and other materials. It was sliced into a thickness of 5mm. It was then dried both in the fabricated solar drier and the sun. The dried tomato slices were milled mechanically using an attrition mill machine before sieving and sealed in polythene prior to analysis.
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Figure 1: Flow chart for the preparation of tomato powder
Source: Nagamani (2014) Modified.





2.5	Microbial Analysis
 
i. Total plate count
The pour-plate method, according to Asoso et al. (2022), was adopted. Using the standard microbiological technique, serial dilution, a tenfold dilution of 1 g of the sample was carried out in 9 ml of sterile water (the aliquot). l ml of the aliquot (supernatant) was pipetted and mixed with another 9 ml of sterile distilled water in a test tube. The test tube was shaken vigorously to homogenize. Fourfold serial dilution was carried out by transferring 1 ml of the sample into each test tube. 0.1ml aliquots of each sample were inoculated onto each petri dish before the already prepared agar medium was poured aseptically into each dish with swirling to ensure even distribution of the agar. Nutrient agar was used for the bacteria count. The poured plates were allowed to set and were incubated at 37 °C for 48 hours. Discrete colonies that developed after incubation were counted and enumerated as colony-forming unit per gram (cfu/g).

ii.	Yeast and Mold count 
Total fungal count was carried out on the samples as described by Ijah (2014). The samples were prepared by weighing 1g of each and mixing with 9 ml of sterile distilled water. Fourfold serial dilution was carried out by transferring 1 ml of sample into each test tube. 0.1ml aliquots of each sample were inoculated onto each petri dish before the already prepared agar medium was poured aseptically into each dish with swirling to ensure even distribution of the agar.  Potato dextrose agar (PDA) was used for fungi growth. The analysis was carried out in duplicate. The plates were incubated for 3 – 5 days at 30 0C. The colonies were counted and reported as viable counts (cfu/g). 
Total fungal count (v) was calculated using the formula below.
N = 
Where V = viable count (cfu/g)
	  N = Number of Colonies in a sample
	  C = Volume of plate
	  D = Dilution factor 	





3 Results and Discussion 
3.1 Microbial Quality of Tomato Powder
The microbial load analysis of tomato powder produced using different drying methods highlights the significant impact of drying techniques on microbial quality. Table 1 presents the viable bacterial and fungal counts in raw tomatoes, sun-dried tomato powder, solar-dried tomato powder, and hybrid-dried tomato powder. The results provide critical insights into the effectiveness of these drying methods in reducing microbial contamination.
The highest bacteria count was observed in raw tomatoes, with a bacterial count of 4.49 ± 0.04 CFU/g. This result underscores the inherent susceptibility of fresh tomatoes to microbial contamination due to their high moisture content and nutrient-rich composition, which create an ideal environment for microbial proliferation. Comparatively, all dried tomato powder samples exhibited reduced bacterial loads, signifying the efficacy of drying. Among the dried samples, sun-dried tomato powder had a bacterial count of 4.40 ± 0.04 CFU/g, which was significantly higher than that of solar-dried 4.29 ± 0.01 CFU/g and hybrid-dried tomato powder 4.29 ± 0.01 CFU/g. There was a significant difference (p < 0.05) between the sun-dried samples and the solar/hybrid-dried samples. The reduction in microbial load in solar and hybrid drying methods can be attributed to the controlled drying conditions that limit contamination and promote effective microbial inhibition (Owureku-Asare et al., 2022).
The fungal count mirrored the bacterial load trend. Raw tomatoes exhibited the highest fungal count of 3.36 ± 0.03 CFU/g, reflecting the significant risk of fungal growth in fresh produce. The sun-dried tomato powder showed a fungal count of 3.29 ± 0.01 CFU/g, which was higher than the hybrid-dried (3.12 ± 0.04 CFU/g) and solar-dried tomato powder (3.11 ± 0.06 CFU/g). A significant difference (p < 0.05) was also observed between the sun-dried and solar/hybrid-dried samples for fungal counts, further supporting the superior microbial control achieved by the latter methods.
The findings from this study align with similar works in the literature. Owureku-Asare et al. (2022) reported that solar drying significantly reduces microbial contamination in agricultural produce compared to open sun drying, owing to the enclosed drying environment that minimizes external contamination. Similarly, Murali et al. (2023) also highlighted the efficacy of hybrid drying systems in achieving lower microbial loads while maintaining product quality. These comparisons emphasize the advantages of adopting advanced drying technologies for improving the microbial safety of agricultural products.
The performance evaluation of the solar dryer indicates its effectiveness in achieving lower microbial contamination levels in dried tomato powder compared to traditional sun drying. The hybrid drying method demonstrated the best performance, with marginally lower microbial loads than solar drying. These findings underscore the potential of adopting solar and hybrid drying technologies in improving the safety and shelf life of agricultural produce (Lamidi et al.,2019). 
3.2 Sensory Quality of Tomato Powder
The sensory evaluation results for the three types of tomato powders (solar dried, hybrid dried, and sun dried) reveal valuable insights into the drying methods' influence on the quality attributes of the tomatoes, namely appearance, aroma, texture, and general acceptability. His is shown in Table 2. Each of these parameters plays a crucial role in determining the overall desirability of the final product in terms of consumer preference and its potential application in the food industry
The appearance scores showed that hybrid dried tomato powder achieved the highest mean score of 8.00±0.71, followed by solar-dried tomato powder (7.8.±0.60), and sun-dried tomato powder (6.11±0.78). This suggests that hybrid dried and solar dried tomato powder were more visually appealing in color and shape, likely due to the controlled and consistent drying conditions provided by the solar dryer. Solar drying, being more efficient in retaining the natural color of the tomato, may have resulted in a more attractive final product compared to sun drying, which can expose the tomatoes to fluctuating environmental conditions like temperature and humidity which affects color retention. These findings align with previous studies that have highlighted the impact of drying methods on the appearance of agricultural products. Jayaraman and Gupta (2020) observed that solar drying systems preserve the color and appearance of fruits better than traditional methods, which can result in browning or uneven drying. Similarly,  Owureku-Asare et al. (2020) reported that controlled drying environments, such as solar dryers, tend to yield better color retention in dried tomatoes compared to sun drying.
[bookmark: _Hlk200209062]In terms of aroma, both solar dried tomato powder and hybrid dried tomato powder had the same score of 7.55±0.53, while sun dried tomato powder had a slightly lower score of 6.00±0.86. The similar aroma scores for solar and hybrid dried tomato powders suggest that these drying methods may preserve the natural aroma of the tomatoes more effectively than sun drying, where prolonged exposure to the sun can lead to the degradation of volatile compounds responsible for its characteristic aroma. The findings regarding aroma support those of Kaur et al. (2025), who found that solar drying preserved the aroma of fruits better than sun drying, due to reduced exposure to external elements like dust and insects. Hossain et al. (2018) also noted that hybrid drying methods can better retain the volatile compounds that contribute to the pleasant aroma of agricultural produce, which could explain the similar scores between solar and hybrid dried tomato powders in this study. 
The texture evaluation revealed that hybrid-dried tomato powder had the highest score of 7.66±0.50, followed by solar-dried tomato powder at 7.55±0.52, and sun sun-dried tomato powder at 6.11±0.60. The texture score for sun dried tomato powder was slightly higher, which could be attributed to the drying method's tendency to produce a more robust and chewy texture compared to solar drying. Sun drying typically results in a longer drying period, which can lead to a more concentrated texture, making the tomatoes denser and more compact. On the other hand, solar dried tomato powder might have a slightly softer texture, as the drying process is quicker and possibly less intense. These findings align with studies by Kaur et al. (2025), who reported that solar dryers, while efficient, may result in a softer, more uniform texture due to their controlled drying environment, which is less likely to induce over-drying or shrinkage compared to sun drying. In contrast, Abdulrahaman et al. (2014), reported that sun drying could lead to a firmer texture in fruits due to the slower moisture loss rate.
The general acceptability scores indicated that Solar dried tomato powder was the most acceptable to the evaluators, with a score of 7.89±0.33, followed closely by hybrid dried tomato powder at 7.78±0.44. Sun-dried tomato powder had the lowest acceptability score of 7.00±0.71. This suggests that overall, the solar drying method yielded the most favorable product in terms of its overall sensory attributes, possibly due to its balance of appearance, aroma, and texture. Both solar and hybrid dried tomato powders had high acceptability scores, indicating that these drying methods are likely to produce tomatoes that meet consumer preferences for dried agricultural products (Hasan et al., 2019). These results are consistent with those of Owureku-Asare et al. (2022), who found that products dried with solar dryers or hybrid methods are more likely to be accepted by consumers due to their more uniform appearance, better aroma, and acceptable texture. Conversely, products dried by sun drying were often less preferred, as they were more prone to variations in quality due to inconsistent drying conditions.
[bookmark: _Hlk200121798]Overall, the findings suggest that the solar drying method offers significant advantages over traditional sun drying, particularly in terms of appearance and general acceptability, while hybrid drying provides a good balance between qualitative attributes (Boateng, 2023). There were no significant differences in aroma between solar and hybrid drying methods, which suggests both methods preserve the natural aroma of tomatoes effectively. Sun drying, while acceptable, appears to have more limitations in terms of consistent appearance, aroma, and texture, leading to slightly lower scores in these areas (Hussein et al., 2016). These results highlight the potential of solar and hybrid drying methods for improving the quality of dried agricultural products, particularly tomatoes, and provide useful insights for future research on drying technologies.









Table 2:  Microbiological Load of Sun-Dried Tomato Powder and Solar Dried Tomato Powder (log CFU/g).
	 
	Parameters
	 

	Sample
	Total Viable Count
	Total Fungal Count

	Sun-Dried Tomatoes  
	4.40b±0.04
	3.29a±0.01

	Solar Dried Tomatoes	
	4.29c±0.01
	3.11b±0.06

	Hybrid Dried Tomatoes
	4.29c±0.01
	3.12b±0.04

	Raw Tomatoes
	4.49a±0.02
	3.36a±0.03



Values are means ± standard deviations of triplicate determinations
 means with the same superscript in the same column are not significantly different (p> 0.05)


Table 3:  Sensory Quality of Tomato Powder of Sun-Dried Tomato Powder and Solar Dried Tomato Powder 
	Parameter

	Sample
	Appearance 
	Aroma 
	Texture 
	Overall-Acceptability

	
Sun Dried Tomatoes

	6.11b±0.78
	6.00b±0.86
	6.11b±0.60
	7.00b±0.71

	
Solar Dried Tomatoes
	7.88a±0.60
	7.55a±0.53
	7.55a±0.52
	7.89a±0.33

	
Hybrid Dried Tomatoes
	8.00a±0.71
	7.55a±0.53
	7.66a±0.50
	7.78a±0.44



Values are means ± standard deviations of triplicate determinations
 means with the same superscript in the same column are not significantly different (p> 0.05)

4. Conclusion 
This study demonstrated the advantages of solar drying over traditional open sun drying, particularly in reducing the risk of contamination and enhancing overall product quality. Microbial analysis revealed a significantly lower microbial load in solar-dried samples, underscoring the improved safety of this method. Furthermore, the solar-dried and hybrid tomato products were generally accepted in terms of sensory attributes, indicating their potential for consumer acceptability and marketability.
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