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Influence of Dehydration Temperature and Time on Physicochemical Properties of Tomato (Solanum lycopersicum L.) Powder
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The purpose of this research was to determine the optimum dehydration temperature and time length for a better physicochemical quality of tomato powders. The treatments consisted of 70, 80 and 90°C dehydration temperatures and 9, 11, and 13 h time durations arranged in a completely randomized design (CRD) with triplicates. The inlet and outlet air temperatures of the hot air oven dryer were about 24 and 60°C respectively with an air velocity of about 2.9 m/s. Fresh tomatoes were used as a control. It has been observed that the major quality parameters of tomato powders were significantly increased with increasing dehydration temperature and time up to 80°C and 11 h respectively. When the dehydration temperature and time length went beyond 80°C and 11 h respectively, the quality of tomato powders declined. The maximum TSS content (7.433 °Brix), titratable acidity (0.4967), rehydration ratio (3.437), lycopene content (0.4512 mg/100 g) and lower pH value (4.433) were obtained at 80°C temperature and 11 h dehydration time. Moisture content was reduced to 11% at the same dehydration temperature and time length without considerable physiochemical quality loss. Inversely, vitamin C was reduced as dehydration temperature and time increased. Generally, the results of this study showed that dehydration of tomatoes with 80°C and 11 h temperature and time length respectively, provides better physicochemical quality of tomato powders. Future research is suggested on consumers' acceptance of dehydrated tomato powders.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) belongs to the family Solanaceae is one of the most popular vegetable crops worldwide with a great nutritional contribution to the human diet (Dewanto et al., 2002; Ali et al., 2021). Tomato contains carotenoids (lycopene and β-carotenoids) which are primarily known for their health benefits (Sirivastava and Kulshreshtha, 2013). It is an excellent source of vitamin C, biotin, vitamin K, vitamin A (in the form of beta-carotene), vitamin B1, vitamin E, foliate and niacin (Ali et al., 2021). Tomato is consumed in fresh or processed forms such as paste, sauce, juiced and dehydrated slices or powder (Abdullahi et al., 2016). Tomato is also the most processed vegetable crop worldwide (Kozlova et al., 2020). However, its nutritional value, texture, appearance, color, flavor and taste are all subject to change as a result of the dehydration process (Taylor et al., 2008; Zhang et al., 2017).

Tomatoes are highly perishable fruit vegetables from which the postharvest losses reach 25 to 50%. Various dehydration methods have been developed to preserve tomatoes for extended use. Out of these methods, hot-air dehydration, microwave dehydration, solar-tunnel dehydration and freeze-dehydration are the widely employed for tomato dehydration (Singh and Heldman, 2014; Zhang et al., 2017). Hot-air dryers have been mostly preferred for low operating cost, lingering microorganisms hence better food safety and shelf life as well as a less environmental influence (Mujumdar and Law, 2010; Rayaguru and Routray, 2011; Zhang et al., 2017).

Authors (Subramanian, 2016; Karla and Flávio, 2019) reported that dehydrated tomatoes have inferior nutritional quality compared to fresh fruits. In contrast, many others (Khazaei et al., 2008; Ma et al., 2012; Mohammed and Malami, 2013; Tilahun et al., 2021) argue that dehydration of tomatoes increases the concentration of sugars (sources of energy) and carotenoids (lycopene and β-carotenoids) hence, dehydration enhances the quality of tomato. Additionally, dehydration can prevent or linger the growth of most microorganisms by reducing water activity and lowering pH (Amit et al., 2017). On the other hand, temperature extremes along with an extended dehydrating period may lead to a significant loss of vitamins, flavor and aroma (Mujumdar and Law, 2010; Alfeo et al., 2021). Several authors also reported different optimum dehydrating temperatures and time lengths for tomatoes; (Idah et al., 2010) 90°C for 1 h; (Correia et al., 2015) 60°C for 35–44 h; (Ashebir et al., 2009) 75°C for 3 h and (Yusufe et al., 2017) 80°C for 7 h. The quality of a dehydrated tomato depends on the variety of the crop, total soluble solid content (°Brix) of the fresh product, dehydrating air humidity, the size of the tomato segments, the air temperature and velocity and the efficiency of the dehydration system (Ghavidel and Davoodi, 2010). Consequently, all the aforementioned combinations of dehydrating temperatures and time length are seldom effective for improved hybrid tomato varieties having higher fruit moisture content, thick and firm pericarp.

Global tomato production is rapidly increasing because of enhancing agricultural technologies such as improved varieties, fertilization, pest management, irrigation systems, protected cultivation, and hydroponics global tomato production (Costa and Huevelink, 2007; Sora, 2018). Nonetheless, large quantities of tomatoes are not reaching consumers due to post-harvest losses (FAO and World Bank, 2010). The postharvest loss is severe in developing countries where processing technologies are limited. Up to 50% of the produced tomatoes are lost during harvesting, handling, transporting, storage, and distribution, as well as at the wholesalers and retailers level (Kasso and Bekele, 2016; Minten et al., 2019). At peak harvest season, the selling price of tomatoes declines below the cost of production while in the off-seasons, the price hikes beyond the reach of average consumers. This critical problem causes market fluctuation, monetary loss and inadequate food intake (Gabriel, 2021). Postharvest problems also affect food safety and consumers' acceptability (Saran et al., 2017). Determining the optimum dehydrating temperature and time length will assure a year-round supply of dehydrated tomato powder with an average price thus producers, wholesalers, retailers and consumers will be benefited. This research was therefore initiated to investigate the optimum dehydrating temperature and time for better physicochemical quality retention of tomato powder.



MATERIALS AND METHODS

The dehydration process was conducted at Horticulture department laboratory of College of Agriculture and Environmental Sciences, University of Gondar, Ethiopia and physicochemical quality of the dehydrated tomatoes were analyzed in Institute of Technology, Faculty of Chemical and Food Engineering, Bahir Dar University, Ethiopia.


Experimental Materials, Standards, and Chemicals

The tomato fruits, Gelilea hybrid variety grown on farmers' open-field were used for the dehydration process. Galilea is a hybrid tomato variety released by Hazera Genetics Ltd., Israel (MANR, 2016) produced by Hazera Seeds Ltd, South Africa (Pty) and commercially supplied in Ethiopia by Greenlife Trading PLC. The variety is high-quality Roma-type fruit with a high yield and wide range of resistances, good for bush and stacking production, adapted for various climates, and suitable for processing (https://hazeraafrica.com/?s=galilea, October 2021). Thus, it is preferred by most of the producers and processing industries. Chemical and standards such as polyphenol standards (gallic acid, tannic acid, and catechin) with > 97.5% purity, FolinCiocâlteu reagent, aluminum chloride, oxalic acid, ascorbic acid, sodium nitrite, 2, 2-diphenyl-1-picrylhydrazyl (DPPH) and 2, 6-dichlorophenol indophenol dye were also used.


Treatments and Experimental Design

Treatments and experimental design dehydration temperature (70, 80, and 90°C) and time length (9, 11, and 13 h) were the experimental factors. 60°C temperature and 7 h time length were initially included, yet rejected after inefficient results. Fresh tomato fruits were used as a control. All treatment combinations were triplicated forming 30 total runs aligned in a completely randomized design (CRD).



Sample Preparation and Dehydration Process

Sample preparation and dehydration process fully matured tomato fruits, “Gelilea” variety were collected from farmers' fields, Mecha district. The variety “Galilea” is produced by Hazera Seeds Ltd, South Africa (Pty) and commercially supplied in Ethiopia by Greenlife Trading PLC. Before the dehydration process begins, the tomato fruits were sorted to remove the damaged ones, washed in clean water and weighed. The tomatoes were then subjected to hot water blanching for 3–5 mins and be allowed to cool afterwards (Figure 1). The blanched tomatoes were measured by calipers and cut into 8 mm thick slices using a sharp stainless steel knife (Jayathunge et al., 2012). To assure uniform dehydration, each of the tomato slices was spread out on aluminum foil and placed in a single layer in a hot air oven. Then, the predetermined temperatures of 70, 80, and 90°C were adjusted until the required period 9, 11, and 13 h. The inlet and outlet air temperatures were about 24 and 60°C, respectively with an air velocity of about 2.9 m/s air velocity (Nurkhoeriyati et al., 2021). Finally, dehydrated tomato slices were cooled for about an hour inside desiccators to prevent reabsorption of moisture and packed in a plastic bag. Then, the physicochemical quality of the dehydrated tomatoes was analyzed in the laboratory of Bahir Dar University, Institute of Technology, Faculty of Chemical and Food Engineering.


[image: Figure 1]
FIGURE 1. Flowchart for tomato dehydration process adopted and modified from Surendar et al. (2018).




Preparation of Tomato Powder

Preparation of tomato powder the dehydrated tomato slices were collected and ground using a clean household grinder packed and stored in sealed plastic containers before further analysis. Optimum processing conditions to develop dehydrated tomato powder were determined based on product color, moisture content, physicochemical analysis and rehydration ratio of the powder.




Procedures for Preparing Tomato Powder
 
Moisture Content Determination

An aluminum foil was weighed then the digital sensitive balance was reset to zero. The initial moisture content of the slices was measured by drying in an oven at 105°C for 24 h, moved to the desiccator then allowed to cool and dehydrated samples were weighed and expressed as kg water/kg dry solids (AOAC, 2000) which varied between 12.477 and 13.492 kg water/kg dry solids. The 500 g sliced samples were placed on the aluminum foils (W1). The samples were put in the oven at 70, 80 and 90°C for 9, 11, and 13 h. Then, the samples were moved to the desiccator and allowed to cool. The dehydrated samples were weighed (W2). The percent moisture contents of dehydrated tomato powders were calculated as follows and expressed in percent;
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Where,

W1 = weight of the sample before dehydration

W2 = weight of the sample after dehydration.




Physicochemical Quality Analysis
 
pH and Titratable Acidity (TA)

pH and titratable acidity (TA) were obtained following AOAC (2000) procedures. The pH was measured using the Hanna pH meter at about 27°C temperature. Five grams of samples were dissolved in 50 ml distilled water. After shaking well the samples, the pH was measured with a well-calibrated pH meter. During TA estimation, 5 ml of sample was titrated with 0.1 N NaOH up to pH 8.1. Results were expressed in grams of citric acid per 100 g of dry tomato weight.

[image: image]

Where TA = titratable acidity

*Equivalent weight of acid = 0.0064 (Citric acid).



Determination of Ascorbic Acid (Vitamin C) Content

About 5 ml of a standard solution of ascorbic acid was pipetted into a 100 ml conical flask. 10 ml of oxalic acid was added and the solution titrated against the dye (V1 ml) until a pink color persisted for 15 seconds. The dye that was consumed is equivalent to the amount of ascorbic acid. Also, 0.5 g of the sample was extracted in 4% oxalic acid and made up to 100 ml. The solution was filtered. 10 ml of oxalic acid was added to 5 ml of the filtrate above. The solution was then titrated against the dye solution (2, 6—dichlorophenol indophenol). The volume of dye used was recorded as (V2 ml) (Ibitoye, 2005).

[image: image]

Where W = sample weight.



Total soluble solids (TSS)

Total soluble solids (TSS) was determined according to AOAC (2000) method using an Atago DR-A1digital refractometer (Atago Co. Ld., Japan) at 25°C. The result was expressed as a percent.



Determination of Lycopene Content

Determination of lycopene content lycopene estimation was done by using (AOAC, 2000). The samples 5 to 10 g were extracted with acetone. The extraction was repeated until the filtrate changed colorless. The acetone extract was then moved to a separating funnel filled with 10 to 15 ml petroleum ether. Then, 5% sodium sulfate solution was added. The lower acetone phase was repeatedly extracted with petroleum ether similarly until it become colorless. The upper petroleum ether extract was pooled and its volume made up to 50 ml with petroleum ether and the color was measured in a 1 cm cell at 503 nm in a spectrophotometer (Systronics UV-VIS double beam spectrophotometer 2201) using petroleum ether as blank. Finally, the lycopene was calculated using the following equation:
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where A is the absorbance at 503 nm, D is the dilution of extract to 100 ml, and W is the weight of the sample taken.



Color Measurement

Color measurement the color of dehydrated tomatoes was measured by hunter color difference meter (Color Quest XE, Hunter Lab), calibrated with a white tile. “L” represents the lightness index (“0” for black to “100” for white), “a” represents redness and greenness (“+100” for red and “−80” for green) while, “b” represents for yellowness and blueness (“+70” for yellow and “−80” for blue). Three replications of each of the treatment combinations were analyzed.



Rehydration Capacity

Rehydration capacity the determination of rehydration capacities of tomato powders were determined following a procedure set by Lewicki (1998). The initial weight was taken by weighing 2 grams of sample powder. This sample was added into 250 ml beakers and dissolved with 50 ml of distilled. After about 2.0 h, the water was filtered using filter paper by a vacuum pump (D-7800, German) until all the water was drained out at room temperature. The suspended water was removed by laboratory tissue paper. Lastly, the weight of water absorbed by samples was taken as the final weight. Then, rehydration capacities were determined using the following formula.

[image: image]
 


Statistical Analysis

The data generated from laboratory analysis were subjected to analysis of variance (ANOVA) using the GenStat 18th Edition (64 bit) statistical software and GraphPad 8.0.2. Treatment differences were determined using Fisher's LSD (Least Significant Difference Test) at a 5% level of significance.




RESULT AND DISCUSSION

Results revealed that the physicochemical quality of tomato powders was significantly influenced by dehydration temperature and length of time.


Moisture Content

Dehydration temperature significantly (P < 0.001) reduced moisture contents of dehydrated powders of tomato while dehydration time had no significant difference.

As it can be predicted, the maximum moisture content (92.58%) was obtained from fresh tomatoes (Table 1). The exclusive comparison of dehydrated tomatoes showed that the maximum moisture content (12.18%) was obtained at 70°C while the minimum (9.39%) was at 90°C dehydration temperatures. The decrease in moisture content with increasing temperature is accompanied by an increased percentage of TSS since it is the major component of dry matter. This result is supported by Abe-Inge et al. (2018). Food products with high moisture content are suitable for microbial development causing product spoilage. Therefore, such food products would have a shorter shelf life (Lewicki, 1998). Abdullahi et al. (2016) reported a reduced microbial growth on dehydrated tomatoes with lower moisture content. The lower moisture content of the tomato powder might reduce the probability of microbial development and potentially extends shelf life.


Table 1. Effects of dehydration temperature and time length on moisture, pH, TA and vitamin C contents.

[image: Table 1]



pH and Titratable Acidity (TA)

Both pH and TA were significantly (P < 0.01 and P < 0.001 respectively) influenced by dehydration temperature and time length. The maximum pH value (4.567) was recorded from fresh tomato fruits whereas the minimum (4.333) was obtained at 90°C with 13 h dehydration temperature and time length respectively. Dehydrated tomato powders showed a reduction in pH values compared with fresh fruits. pH values were decreasing along with the increasing dehydration temperature and time (Table 1). On the contrary, Alfeo et al. (2021) reported no significant difference in pH values among dehydration temperatures of 50, 60, and 70°C. However, a decrease in pH value has been reported by Yusufe et al. (2017) from tomato slices dehydrated at 90°C for 8 h.

Titratable acidity (TA) was also increased with increasing temperature and time length. The maximum TA (0.4967%) was obtained at 90°C dehydration for 11 h (Figure 2). This result was statistically similar with the same temperature but 13 h of dehydration time. Previous studies (Khazaei et al., 2008) also reported an increase in TA with increasing dehydration temperature. The increase in TA with dehydration temperature and time might be due that organic acids in dehydrated tomatoes became more concentrated. The minimum TA (0.0433%) was observed from fresh tomatoes followed by the lowest dehydration temperature of 70°C and 9 h dehydration time (0.2867%). When dehydration time is extended from 11 to 13 h at a constant temperature of 90°C, there was about a 20.13% reduction in TA content (Table 2). This might be due to acetic acid degradation by higher temperatures. This result is consistent with several studies (Khazaei et al., 2008; Aderibigbe et al., 2018) that reported degradation of citric acid at higher temperatures with extended dehydration time.


[image: Figure 2]
FIGURE 2. Effect of dehydration temperature and time length on TA of tomato powder (mean + standard deviation).



Table 2. Effects of dehydration temperature and time length on TSS and rehydration ratio of dehydrated tomato powder.

[image: Table 2]

pH and titratable acidity (TA) contents are associated with the amount of citric acid. Citric acid is the most important acid present in tomatoes. A high value of citric acid is associated with a satisfactory acidic flavor (Yusufe et al., 2017). It has been reported that tomato fruits with below 4.5 pH values are desirable to cease the proliferation of microorganisms after industrial processing (Qiu et al., 2017). TA and pH are interrelated in terms of acidity but have different impacts on food quality. While TA influences more on the flavor and taste of products, pH provides a degree of strength of acidity (Ma et al., 2012; Aderibigbe et al., 2018). Lower pH provides more inhibition of microbial growth (Cases, 2021). So, acidity contributes to both food taste and food safety.



Vitamin C Content

There was a significant (P < 0.001) change in vitamin C content of dehydrated tomato powders compared with fresh tomato fruits (Figure 3; Table 1). Vitamin C content significantly decreased with increasing temperature while dehydration time had no significant influence (Figure 3). The result is consistent with Dewanto et al. (2002) who testified a decreased vitamin C content with a dehydration temperature at 88°C. Many other authors (Ashebir et al., 2009; Arslan and Özcan, 2011; Basri and Aziz, 2012) also reported Vitamin C reduction with increasing temperature. It might probably be due to the thermos-sensitivity of ascorbic acid. Basri and Aziz (2012) justified that the decrease in vitamin C contents with increasing processing temperature is due to Vitamin C being a very heat-labile component. Thus, vitamin C retention is affected by thermal processing. Dewanto et al. (2002) further clarified that loss of vitamin C occurs primarily by chemical degradation involving oxidation of ascorbic acid into dehydroascorbic acid (DHAA); then, the DHAA is hydrolyzed into 2, 3-diketogulonic acid which finally forms nutritionally inactive products.


[image: Figure 3]
FIGURE 3. Effect of dehydration temperature and time length on vitamin C content of tomato powder (mean + standard deviation).




Total Soluble Solids (TSS)

Both the sole implementation and interaction of dehydration temperature and duration of time significantly (P < 0.001) influenced the TSS content of dehydrated tomatoes (Table 2). The maximum TSS content (7.433 °Brix) (Figure 4) was recorded when tomatoes are dehydrated at 80°C for 11 h which was statistically at par with 90°C*11 h, 80°C*13 h and 90°C *13 h. Whereas the minimum TSS (4.467°Brix) was observed from fresh tomatoes followed by dehydration at 70°C for 9 h. This result was in line with Alfeo et al. (2021) who observed an increased TSS with increasing temperature (50 to 60 then up to 70°C). Ashebir et al. (2009) also reported increased TSS with increasing temperature from 55, to 65 to 75°C. TSS content is one of the most crucial quality parameters in processed tomatoes. 50–65% of soluble solid contents are sugars, glucose and fructose, and their amount and proportion influence the organoleptic quality of tomatoes (Basri and Aziz, 2012). Thus, increased TSS with temperature and dehydration time might assure that there was a decrease in moisture content. On the other hand, dehydration temperatures beyond 80°C decreased the TSS content even though the change was not significant. Consistently, TSS contents were reportedly decreased after 80°C and extended dehydration time (Khazaei et al., 2008; Yusufe et al., 2017). The higher temperatures along with longer dehydration time lengths may be attributed to degrade sugars (Basri and Aziz, 2012).


[image: Figure 4]
FIGURE 4. Effect of dehydration temperature and time length on TSS of tomato powder (mean + standard deviation).




Lycopene Content

There was a significant difference (P < 0.001) in the lycopene content of fresh and dehydrated tomatoes as well as within dehydrated tomatoes. Increasing dehydration temperature from 70 to 80°C significantly increased lycopene content (Table 3; Figure 5). On the other hand, dehydration time and its interaction with temperature had no significant difference. It may indicate that lycopene degradation is more sensitive for a higher temperature than time length.


Table 3. Effects of dehydration temperature and time length on lycopene content and color of tomato powder.

[image: Table 3]


[image: Figure 5]
FIGURE 5. Effect of dehydration temperature and time length on lycopene content of tomato powder (mean + standard deviation).


The apparent increase in lycopene after dehydration is attributed to the loss of water and concentrated lycopene in the dehydrated product. Basri and Aziz (2012) reported similar findings. Maximum lycopene content (0.4512 mg/100 g) was obtained at 80°C dehydration temperature for 11 h (Table 3) whereas the minimum (0.2 mg/100 g) was recorded from fresh tomato fruits. This finding is in line with Dewanto et al. (2002) who observed an increased lycopene content up to 88°C. However, lycopene content was declined at 90°C despite the reduction was not significant (Figure 5). It may also indicate that extreme temperatures damage the lycopene pigments. This assumption is in agreement with Akanbi and Oludemi (2004) who reported lower lycopene contents in processed tomatoes. Amaya (1997) stated that the red color appears when lycopene is formed in the tomato fruit fibers. The attractive red color of the tomato fruit and its products is due to the presence of lycopene (Basri and Aziz, 2012). Therefore, dehydration methods with higher lycopene contents can be considered best for consumer preference.



Color

Product color is another quality parameter that needs to be maintained during tomato processing. There was no significant difference in the color of fresh fruits and tomato powders dehydrated at lower dehydration temperatures for a shorter time length. However, significantly different L*, a* and b* values of tomato powders were observed at interaction effects of higher temperatures and longer dehydration times, i.e., 80°C *11 h, 80°C *13 h, 90°C *11 h, and 13°C *13 h. When the temperature was increased with time length, the L* (brightness), a* (redness) and b* (yellowness) values were decreased (Table 3). In line with this result, Arslan and Özcan (2011) reported reduced L*, a* and b* values of dehydrated tomatoes compared with fresh fruits. Ashebir et al. (2009) and Arslan and Özcan (2011) also reported decreased L* values of tomato slices with increasing dehydration temperature. The reduction in brightness (L* value) of dehydrated products is likely. The color change can be either due to pigment degradation or browning reaction or both during dehydration (Akanbi and Oludemi, 2004; Mwende et al., 2018). The color change is associated with quality reduction. Hence dehydration of tomatoes with higher temperatures may reduce consumers' acceptability.



Rehydration Ratio

Significant (P < 0.01) changes have been observed in the rehydration ratio of dehydrated tomato powders in response to dehydration temperature and time length. The maximum rehydration ratio (4.347) was recorded at the maximum temperature (90°C) with 13 h time length, followed by the same temperature with 11 h time length (Figure 6; Table 2). Rehydration is the process of moisturizing a dehydrated material with abundant water (Lewicki, 1998). It is also considered as a measure of structural injury to the processed product caused by dehydration (Singh and Heldman, 2014). Whereas rehydration represents the ability of the same product for restoring its fresh quality in rehydration solution (Zhang et al., 2017). Consequently, the increased rehydration ratio with increasing temperature and time duration implies that the physical structure of tomato powder was not harshly damaged by increased temperature and time. So that it was able to promote better reabsorption and reconstitution of the product. Ghavidel and Davoodi (2010) reported similar findings from solar and tunnel dehydration methods. Farooq et al. (2020) observed a bit less rehydration ratio ranging from 1.51–1.82 for hot-air-dehydrated tomato powders. The difference is attributed to differences in a variety having different dry matter content. Dehydrated powders with higher dry matter content have lower moisture content so a higher rehydration ratio (Farooq et al., 2020). Increased attraction of water results in increased flow into the tissue and therefore improved rehydration (Ghavidel and Davoodi, 2010).


[image: Figure 6]
FIGURE 6. Effect of dehydration temperature and time length on rehydration ratio of tomato powder (mean + standard deviation).





CONCLUSIONS

Results revealed that up to 80°C dehydration temperature and 11 h time length significantly increased the major quality parameters of tomato powders. When the dehydration temperature and time length went beyond 80°C and 11 h respectively, the quality of tomato powders declined.

• Maximum TSS (7.433 °Brix), TA (0.4967% CA), lycopene (0.4512 mg/100 g) contents; as low as 4.433 pH and best rehydration ratio (3.437) were obtained at 80°C temperature and 11 h dehydration time.

• It was also possible to reduce the moisture content of tomato powders below 11% with the same temperature and time length while acceptable color L* (brightness/darkness), a* (redness/greenness) and b* (yellowness/blueness) values were maintained.

• However, ascorbic acid (vitamin C) content was significantly reduced by the increased dehydration temperature whereas time length had less influence on vitamin C content.

Generally, the results of this study showed that dehydration of tomatoes with 80°C and 11 h temperature and time length respectively, provides better physicochemical quality of tomato powders. Future research is suggested on consumers' acceptance of dehydrated tomato powders.
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