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Abstract. Tomatoes are both nutritious and inexpensive, but due to their 
high moisture content, they are more readily damaged. Converting 
tomatoes into powder is a useful option for reducing post-harvest losses 
and enhancing tomatoes shelf life. Foam mat drying is a cost-effective way 
of drying tomatoes while maintaining quality. In this study, we observed 
into the physicochemical, thermal, and rheological characteristics of 
tomato powder as influenced by different temperatures for drying (50°C, 
60°C, 70°C, 80°C). The result observed that moisture content, water 
activity (aw), hygroscopicity, water absorption index (WAI) and color 
decreased, however water solubility index (WSI) tendency to rise as drying 
temperature increased. Thermal research revealed that raising the drying 
temperature reduced the weight loss of tomato powder. The peak 
temperature shifted to a higher temperature as the drying temperature 
increased. For the rheological behavior, different drying temperature 
influenced on the viscosity and shear stress of tomato powder. A drying 
temperature of 70°C was discovered to be the optimal treatment for 
producing tomato powder with the following characteristics: moisture 
content (4.65%), aw (0.24), hygroscopicity (4.28%), WSI (79.62%), WAI 
(252.77%), L value (53.45), a value (15.84), and b value (8.77).  
Keyword: Tomato powder, foam mat drying, physicochemical 
characteristics, thermal characteristics, Rheological behavior. 

1 Introduction 
Tomato (Lycopersicum escelentum Mill) is one of horticultural commodity that are easily 
growth and obtained in Indonesia. Tomato not only has a good taste but also rich in some of 
essential nutrients and low price [1]. Ripe tomatoes contained around 34.38 mg of vitamin 
C, 1.98 grams of fiber content and 1.53 grams of protein [2]. However, tomato fruit has a 
lot of moisture content (almost 93-95%), so it easily damaged in fresh condition and makes 
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its storage and transportation very difficult. The high moisture content of tomato fruits 
makes them more easily decomposed by microorganisms. Microorganisms such as fungus 
and bacteria induce rot and other flaws in preserved tomato fruits, making them unbearable. 
The loss of tomato quantity is related to the amount, which is more prevalent in Indonesia, 
whereas the loss of quality is due to its nutrients, caloric composition, acceptability, and 
edibility [3]. 
 In order to achieve the second agenda of Sustainable Development Goals (SDGs 2030), 
which focuses on reducing lack of food, establishing food safety, boosting nutrition, and 
advocating for agricultural sustainability, food preservation techniques are used to reduced 
post-harvest losses such as in tomato [3]. Drying is a suitable preservation method for 
removing moisture from food. For the manufacturing of food powder, many dried 
procedures can be applied including drum dried, freeze dried, spray dried, and foam mat 
dried [2][4]. Drum drying is a drying technique using high temperatures which causes loss 
of nutrients and results in an undesirable odor in the final product [5]. Freeze drying and 
spray drying process provide good quality product, but they are more expensive and time-
consuming drying process [6]. The most basic method for removing water from fruit and 
vegetable extract is foam mat drying. The drying procedure for foam mats changes a water-
based product into a steady foam. In the following stage, the foam will be spread out into a 
thin layer and air dried [7]. The benefits of foam mat drying include its adaptability for all 
kinds of juice, nutritional quality retention, ease of reconstitution, and low cost of powder 
manufacture [8]. The quick drying at lower temperatures in foam mat drying technology 
has an environmental impact, as it reduces energy usage [9]. In addition, foam mat drying is 
also applicable for drying foods that are typically challenging to dry due to their high sugar 
content, heat sensitivity, stickiness, and viscosity [7].  
 Several authors discovered that the temperature of drying had implications on the 
characteristics of foam-mat dried powder. Asokapandian et al., has found that muskmelon 
owder moisture content decreased as drying temperature increased [10]. Hariyadi et al., 
revealed that the best operating temperature for the production of tomato powder is at 50ºC 
[2]. According to Hossaine et al., the greater the drying temperatures decreased TSS and 
pH, but increased titratable acidity content and antioxidant activity of tomato powder [11]. 
Belal et al., concluded that the rate of drying influenced the physical properties of powder 
[12]. Drying temperatures affected the rheological models of cress seed gum solution [13]. 
Athmaselvi et al., were investigated thermal properties of tropical fruit powder [14]. 
However, no studies have investigated the effect drying temperature in thermal and 
rheology characteristics of dried powdered tomato. The study's goal was to explore the 
influence of drying temperature (50°C to 80°C) on the physical-chemical, thermal, and 
rheological characteristics of dried tomato powder. 

2 Materials and method 

2.1 Materials 

The resources for this study, including fresh ripe tomatoes ((dark red and free of blemishes) 
and eggs, were bought from the Subang market. Carboxymethyl cellulose (CMC) Food 
Grade (Gunacipta Multirasa Co, Indonesia) and maltodextrin food grade (Alfa Food 
Chemical) were used in this study as a foam stabilizer.  

2.2 Sample preparation 
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Tomatoes were cleaned up with running water to eliminate dirt and other unwanted 
materials. Next, they were blanched at 96°C temperature for 3-4 min. After peeling the 
tomatoes were crushed for 3 min using a blender and filtered to get pureed tomatoes. 
Furthermore, pureed tomato was blended with 15% of egg white, 10% of maltodextrin and 
0.33% of CMC. This mixture was whipped using a manual mixer (HR1552; Phillips, 
Indonesia) with a speed control of 950 rpm for 4.9 minutes. The foamed tomato was poured 
to reached a thickness of 3 mm into an aluminium tray (40 x 30 cm). The trays were 
followed to dry in drying oven (UFB500; Memmert, Germany) at different drying 
temperature (50°C, 60°C, 70°C and 80°C) for 5 hours. The dried tomato was ground in a 
blender (Philips HR2115) and sieved through a 20-mesh screen. The sample was packed 
into laminated foil bags and kept in the refrigerator until analysis.  

2.3 Physicochemical analysis 

The moisture content was done as chemical analysis; water activity (aw), hygroscopicity, 
water solubility index (WSI), water absorption index (WAI), and color were done as 
physical analysis. The moisture content of tomato powder was tested by drying them in a 
hot air oven until they reached consistent weights following the Association of Official 
Analytical Chemists protocol [15]. The water activity (aw) was determined  using a water 
activity meter HD-3A (CGoldenwell, China), in accordance by Azizpour et al. [16]. The 
WSI, WAI and hygroscopicity of tomato powder were examined using the procedure 
outlined by Afifah et al [17].  

A chromameter (3NH, China) was employed to determine the color evaluation of 
tomato powder. The sample was put in a borosilicate glass cuvette and positioned in dish 
chamber. Next the detector of the chromameter has been set on the sample and it was read 
automatically. Corresponding L* values demonstrate lightness, a* values (positive or 
negative) represent the red or green color, and b* values (positive or negative) represent 
yellow or blue color. 

2.4 Thermal analysis  

Thermal analyses of tomato powder were measured using a thermal analyzer (DTG-60 
SHIMADZU, Japan), as described by Athmaselvi et al, with slightly modification. The 
experiments were performed under a nitrogen flow. Amount of 5 mg were heated at a rate 
of 10 °C/min in an aluminium pan with nitrogen gas (100 mL/min) from 0 to 400 °C. [14]. 

2.5 Rheological analysis 

Rheological properties of tomato powder solution were measured with Thermo Scientific 
HAAKE MARS 40 Rheometer (Thermo Hakee Co. Ltd, Germany) at a constant 
temperature of 25oC. The measurements were employed using a concentric cylinder 
viscometer with a stationary outer cylinder with a spinning measuring bob 

2.6 Statistical analysis 

The study had a fully randomised design, with different drying temperature treatments 
(50°C, 60°C, 70°C, and 80°C). SPSS 13.0 program was applied for statistical analyses. 
Each treatment was performed three times with three analysis repeats. The analysis of 
variance, also known as an ANOVA, was used to statistically examine the collected data. 
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To test the difference among the data, the Duncan Multiple Range Test (DMRT) method 
was applied, with a level of significance of 0.05. Selection of the best treatment with 
effectiveness index  method de Garmo was determined from the highest result value (Nh) 
as described in Kartikasari et al [18]. First, the variable weight value (BV) was calculated 
based on respondent ratings of the importance of each variable. Then, divide the difference 
between the treatment value and the smallest value by the difference between the treatment 
value and the highest value to get the effectiveness value (Ne). The result value (Nh) of 
each variable obtained by multiplying the weight value (BV) by effectiveness value (Ne). 

3 Results and discussion 

3.1 Physical and chemical characteristics of tomato powder 

Physical and chemical characteristics of dried tomato powder are summarized in Table 1. 
With varying drying temperatures, dried tomato powder's moisture content values ranged 
from 3.61% to 7.47%. Tomato powder's low moisture content resulted in reduced 
microbiological activity and chemical reactions. The moisture content of tomato powders 
trended downward as drying temperature increased (p<0.05). Dried tomato powder 
produced at 80°C drying temperature had the lowest moisture content. At a greater 
temperature for drying, the heat energy went quickly into the foam, increasing moisture 
evaporation [19]. As stated by Pinto et al., with enhancing drying temperature, the water 
content of encapsulated carotenoid powder lowered [20]. 
 Table 1 showed that the water activity (aw) of tomato powder were relatively low in 
ranges of 0.173 to 0.339. All tomato powder samples exhibited aw values below 0.4, which 
could be prevents microbial growth [19]. Trend observed that the higher drying temperature 
tended to decrease the aw of tomato powder. The lowest aw was showed in sample at 80°C 
drying temperature. During whipping process, the egg white as a foam stabilizer could 
create foam, which will extend the surface, increasing the contact among the drying air and 
the object being dried and therefore evaporating more water. Decreased aw is closely related 
to decreased water content, at higher temperature the structure of food powder is more 
porous, so that made the drying faster and decreased the moisture level of powder [16]. A 
similar observation has also revealed in dried Nigella sativa powder [21]. 

Table 1. Physicochemical properties of dried tomato powder 

Physicochemical properties Treatments 
50°C 60°C 70°C 80°C 

Moisture content (%) 7.47±0.17d 6.21±0.11c 4.65±0.24b 3.61±0.21a 
Water activity 0.34±0.01d 0.29±0.01c 0.24±0.02b 0.17±0.01a 
Hygroscopicity 6.43±0.16d 5.25±0.08c 4.28±0.17b 3.37±0.06a 
Water solubility index (%) 76.98±0.80a 78.98±0.40b 79.62±0.14b 80.03±0.93b 
Water absorption index (%) 275.17±12.17b 255.79±3.46a 252.77±6.70a 249.57±9.47a 
Color     
L 57.58±0.21d 54.09±0.07c 53.44±0.04b 51.65±0.20a 
a 16.40±0.09c 15.86±0.15b 15.84±0.17b 13.59±0.05a 
b 21.65±0.07d 19.29±0.15c 18.77±0.09b 16.08±0.304a 
The mean value in a similar row with the same superscript lowercase letters does not differ much 
(p>0.05) 
   
 The capacity of a material to take in water from its surroundings is known as 
hygroscopicity [22]. The least amount of hygroscopicity of tomato powder was showed at 
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80°C (Table 1). Araújo and Pena explained that increasing drying temperature decreased 
the flour’s hygroscopicity [23]. This behavior is associated with an increase in temperature 
caused the water molecules to become activated, thus diminishing the attracting force 
between the water molecules and lowering the equilibrium water content and consequently 
decreasing the hygroscopicity [24]. Brites et al., also revealed that the enhancing 
temperature of drying reduced the hygroscopicity of yacon powder [25]. 
 The water solubility index assesses a food powder's tendency for dissolving in water 
[26]. The water solubility index (WSI) of tomato powder produced at 50°C was less than 
the sample prepared at 60°C. The solubility increased with the increasing drying 
temperature but did not differ significantly. Generally, at higher temperatures, the food 
structure becomes more permeable, this accelerated the reduction of moisture content. 
Lower moisture content enhanced the surface area thereby allowed more interaction 
between powder and water, resulting enhancement of WSI [27]. The similar finding was 
observed by Asokapandian et al. that as drying temperature increased, muskmelon powder's 
water solubility increased [10]. 
 The capacity of food powder to take up water is defined by the water uptake (WAI) 
[10]. The variety of the WAI value was 249.57% to 275.17%. It was clear in Table 1 that 
the enhancing of drying temperature reduced WAI value but did not differ significantly at 
60°C, 70°C, dan 80°C. This finding attributed to the reduced moisture content of powders 
which dried at greater temperatures, where the higher moisture content may contribute to 
water absorption [28]. Close results were reported that foam-mat dried lime powder 
decrease in WAI as the temperature increased [29]. 
 Color is one of physical parameter in food that used to indicate the quality and reflects 
their desirability [13]. The color difference between different drying temperature was 
displayed in L, a, and b values (Table 1). The L values were ranged 51.65 to 57.58. The a 
and b values were recorded between 13.59 and 16.40 and 16.08 and 21.65, respectively. 
The lightness (L value), redness (a value) and yellowness (b value) of tomato powder 
decreased with increasing drying temperature. The lower lightness in tomato powder was 
caused by the oxidation of carotenoid and the caramelization due to an enhance in drying 
temperature [20]. During drying process in high temperature, fruit pulp run into browning 
reaction and decrease in brightness level at the end of the process [28]. The brightness level 
decreased as the raised drying temperature in foam-mat dried lime juice [29]. According to 
Asokapandian et al., the reduction in red and yellow color with increase in drying 
temperature may be correlated with carotenoid degradation and Maillard reaction [10]. 

3.2 Thermal properties 

Thermogravimetric analysis was used to study the thermal characteristics of tomato powder 
at various drying temperatures. The TGA (thermogravimetry analysis) curves of all sample 
showed in one step thermal decomposition and started to lose weight at 199.19°C. This 
reduction of weight could be explained as water loss during the increase of temperature 
[30]. As shown in Figure 1, the TGA curve demonstrated a more stable phase after 
evaporation of water and other chemicals at temperatures ranging from 350 to 400°C. 
Similar result was found in thermal analysis of guava powder [14]. The weight loss of 
tomato powder at 50°C to 80°C were 46.50%, 30.50%, 22,77%, and 22,14% respectively. 
The increasing drying temperature had observed lower the weight loss of tomato powder. 
This is might be caused by the use of heat at a greater drying temperature increased the 
evaporation of the foam moisture so that decreased moisture content and reduced the 
weight loss of sample [31]. 
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Fig 1. Thermal analysis of tomato powder in different drying temperature (TP 50 is tomato powder at 
50°C; TP 60 is tomato powder at 60°C; TP 70 is tomato powder at 70°C; and TP 80 is tomato powder 
at 80°C)  

 The thermograms (DTA curves) of tomato powder at various drying temperature are 
displayed in Figure 1. In the presence of different temperature, the thermograms of all 
sample exhibited endothermic peak. This peak of endothermic represents the processes of 
water evaporation and pectin melting in tomato powder [32]. Peak temperatures of the 
endothermic peak of the tomato powder shifted to a higher temperature at 161.63°C, 
160.00°C, 162.94°C, and 162.33°C when drying temperatures rises (50°C to 80°C). The 
enthalpy values of the endothermic transition at 50°C to 80°C temperatures for drying were 
97.90mcal; 66.50mcal; 57.78mcal; and 55.01mcal respectively. The enthalpy of 
endothermic transition of tomato powder tended to decrease with increasing drying 
temperature. This result related to the moisture content of tomato powder. Liu et al., 
revealed that with decreasing moisture content, the endothermic peaks developed a 
shoulder. They also stated that the heat energy of endothermic process decreased with 
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reducing moisture content [33]. Figure 1 also showed that the exothermic peak appeared in 
the DTA curves for tomato powder all treatments. As the drying temperature increased, the 
exothermic peak temperature also increased to a higher temperature. It centered at 
300.75°C, 301.03°C, 302.88°C, and 303.33°C when temperatures for drying were 50°C to 
80°C, respectively. The exothermic transition of tomato powder might be affected by 
moisture content [33].  

3.3 Rheological properties 

The viscosity and shear stress versus shear rate of dried tomato powder are illustrated in 
Figure 2. 

 

 

Fig 2. Rheology characteristics of tomato powder in different drying temperature (TP 50 is tomato 
powder at 50°C; TP 60 is tomato powder at 60°C; TP 70 is tomato powder at 70°C; and TP 80 is 
tomato powder at 80°C) 
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 Different drying temperature influenced on the viscosity and shear stress of dried 
tomato powder. The viscosity graphs of each sample decreased and the shear stress 
increased with increasing shear rate. The flow curve of dried tomato powder exhibited a 
non-Newtonian behavior. This behaviour of tomato powder flow charts is able to be 
credited to the large molecular weight of pectins thus decreased the viscosity [34]. The high 
drying temperature exhibited the higher viscosity of tomato powder. Enzyme inactivation 
during drying could further prevent pectin degradation. These results are similar with 
observation of Moniri et al., that reported high drying temperatures resulted the high 
amount of viscosity of cress seed gum solution [13]. 
 The best treatment was determined based on the calculation of the total result (Nh) by 
considering their moisture content, aw, hygroscopicity, WSI, WAI, and color on tomato 
powder. The total result (Nh) at 50°C, 60°C, 70°C, and 80°C temperatures for drying 
treatment was 0,50; 0,47; 0,57; dan 0,50, respectively. Based on the data presented above, it 
was found that temperature for drying of 70°C had the greatest total Nh value and was the 
most effective method for producing tomato powder. 

4 Conclusion 
The study observed that drying temperature affected significantly the physicochemical of 
dried tomato powder. It was showed that the moisture content, water activity (Aw), 
hygroscopicity, water absorption index (WAI) and color decreased, however water 
solubility index (WSI) tended to trend upward as temperatures for drying increased. 
Thermal analysis resulted that the increasing drying temperature had observed lower the 
weight loss of tomato powder. As the drying temperature enhanced, the endothermic and 
exothermic peak temperature also increased to a higher temperature. The viscosity graphs 
of tomato powder decreased and the shear stress increased with increasing shear rate. 
Moreover, the drying temperature treatment of 70°C was found as the most effective 
treatment to produce a good physicochemical characteristic of dried tomato powder.  
 
The authors acknowledge the facilities, scientific and technical support from Laboratory of Research 
Center for Appropriate Technology, National Research and Innovation Agency.    

References 
[1] H.F. Wandestri, N. Harun, "Addition of Some Xanthan Gum Concentration on The 

Quality of Tomato Sauce (Solanum lycopersicum Linn.,)" Jom Faperta, 3, 2016. 
[2] T. Hariyadi, H. Santoso, J. Retti Witono, "The Influence of Foaming Agent and Cake 

Thickness on the Drying Process Tomatoes Using a Tray Dryer," Reaktor, 18, hal. 143–
8, 2018. 

[3] L. Yegrem, L. Ababel, "Pretreatments, Dehydration Methods and Packaging Materials: 
Effects on the Nutritional Quality of Tomato Powder- a review," J. Clin. Med. Images, 
Case Reports, 2, hal. 1–11, 2022. 

[4] Z. Hardy, V.A. Jideani, "Foam-mat Drying Technology : A Review," Crit. Rev. Food 
Sci. Nutr., 57, hal. 2560–72, 2015. 

[5] J. Qiu, P. Acharya, D.M. Jacobs, R.M. Boom, M.A.I. Schutyser, "A systematic analysis 
on tomato powder quality prepared by four conductive drying technologies," Innov. 
Food Sci. Emerg. Technol., 54, hal. 103–12, 2019. 

8

BIO Web of Conferences 69, 01022 (2023)	 https://doi.org/10.1051/bioconf/20236901022
2nd ICAFE 2023



 
 
 
 
 
 
[6] Y. Shen, X. Tang, Y. Li, "Drying methods affect physicochemical and functional 

properties of quinoa protein isolate," Food Chem., 339, hal. 127823, 2021. 
[7] O.S. Qadri, A.K. Srivastava, B. Yousuf, "Trends in foam mat drying of foods: Special 

emphasis on hybrid foam mat drying technology," Crit. Rev. Food Sci. Nutr., 60, hal. 
1667–76, 2020. 

[8] S.L. Tan, R. Sulaiman, Y. Rukayadi, S. Ramli, "Effect of gum Arabic concentrations on 
foam properties, drying kinetics and physicochemical properties of foam mat drying of 
cantaloupe," Food Hydrocoll., 116, hal. 1–10, 2021. 

[9] Kumar, P. Kandasamy, I. Chakraborty, L. Hangshing, "Analysis of energy 
consumption, heat and mass transfer, drying kinetics and effective moisture diffusivity 
during foam-mat drying of mango in a convective hot-air dryer," Biosyst. Eng., 219, 
hal. 85–102, 2022. 

[10] S. Asokapandian, S. Venkatachalam, G.J. Swamy, K. Kuppusamy, "Optimization of 
Foaming Properties and Foam Mat Drying of Muskmelon Using Soy Protein," J. Food 
Process Eng., 39, hal. 692–701, 2015. 

[11] M.A. Hossain, S. Mitra, M. Belal, W. Zzaman, "Effect of foaming agent concentration 
and drying temperature on biochemical properties of foam mat dried tomato powder," 
Food Res., 5, hal. 291–7, 2021. 

[12] M. Belal, M.A. Hossain, S. Mitra, W. Zzaman, "Effect of Foaming Agent 
Concentration and Foam Stabilizer on The Foaming Capacity and Physical Properties of 
Tomato Powder at Dried at Different Temperature," J. Microbilogy, Biotechnol. Food 
Sci., 12, hal. 1–6, 2023. 

[13] H. Moniri, R. Farahmandfar, A. Motamedzadegan, "Investigation of hot air and foam-
mat dried cress seed gum by FT-IR, zeta potential, steady shear viscosity, dynamic 
oscillatory behavior, and other physical properties," Food Sci. Nutr., 8, hal. 2143–55, 
2020. 

[14] K.A. Athmaselvi, C. Kumar, M. Balasubramanian, I. Roy, "Thermal, Structural, and 
Physical Properties of Freeze Dried Tropical Fruit Powder," J. Food Process., 2014, hal. 
1–10. 

[15] AOAC, "Official Methods of Analysis. 15th Ed vol 1," 1990. 
[16] M. Azizpour, M. Mohebbi, M.H.H. Khodaparast, "Effects of foam-mat drying 

temperature on physico-chemical and microstructural properties of shrimp powder," 
Innov. Food Sci. Emerg. Technol., 34, hal. 122–6, 2016. 

[17] N. Afifah, N. Indrianti, L. Ratnawati, D.P. Putri, L.E. Yulianti, L. Rahmawati, "The 
effect of sugar cane concentration on foam-mat drying kinetics and physicochemical 
properties of dried-tomato pasta sauce," Emirates J. Food Agric., 35, hal. 442–51, 2023. 

[18] M.R.M.R. Pinto, D. de A. Paula, A.I. Alves, M.Z. Rodrigues, É.N.R. Vieira, E.A.F. 
Fontes, A.M. Ramos, "Encapsulation of carotenoid extracts from pequi (Caryocar 
brasiliense Camb) by emulsification (O/W) and foam-mat drying," Powder Technol., 
339, hal. 939–46, 2018. 

[19] N. Affandi, W. Zzaman, T.A. Yang, A.M. Easa, "Production of nigella sativa beverage 
powder under foam mat drying using egg albumen as a foaming agent," Beverages, 3, 
hal. 1–15, 2017. 

9

BIO Web of Conferences 69, 01022 (2023)	 https://doi.org/10.1051/bioconf/20236901022
2nd ICAFE 2023



 
 
 
 
 
 
[20] N.A. Shaari, R. Sulaiman, R.A. Rahman, J. Bakar, "Production of pineapple fruit 

(Ananas comosus) powder using foam mat drying: Effect of whipping time and egg 
albumen concentration," J. Food Process. Preserv., 42, hal. 1–10, 2017. 

[21] A.L. de Araújo, R. da S. Pena, "Effect of particle size and temperature on the 
hygroscopic behaviour of cassava flour from dry group and storage time estimation," 
CYTA - J. Food, 18, hal. 178–86, 2020. 

[22] R. Ouaabou, S. Ennahli, C. Di Lorenzo, H. Hanine, A. Bajoub, R. Lahlali, A. Idlimam, 
A. Ait Oubahou, M. Mesnaoui, "Hygroscopic Properties of Sweet Cherry Powder: 
Thermodynamic Properties and Microstructural Changes," J. Food Qual., 2021, hal. 1–
11. 

[23] M.L. Brites, S.M. Meira, A. Brandelli, C.Z. Noreña, "Characterization of powder from 
the permeate of yacon extract by ultrafiltration and dehydrated by spray drying," Cienc. 
e Agrotecnologia, 40, hal. 584–95, 2016. 

[24] J. Dehghannya, M. Pourahmad, B. Ghanbarzadeh, H. Ghaffari, "Influence of foam 
thickness on production of lime juice powder during foam-mat drying: Experimental 
and numerical investigation," Powder Technol., 328, hal. 470–84, 2018. 

[25] R.B. Watharkar, S. Chakraborty, P.P. Srivastav, B. Srivastava, "Foaming and foam 
mat drying characteristics of ripe banana (Musa balbisiana (BB)) pulp," J. Food Process 
Eng., 44, hal. 1–16, 2021. 

[26] T.S. Franco, C.A. Perussello, L.N. Ellendersen, M.L. Masson, "Effects of foam mat 
drying on physicochemical and microstructural properties of yacon juice powder," LWT 
- Food Sci. Technol., 66, hal. 503–13, 2016. 

[27] J. Dehghannya, M. Pourahmad, B. Ghanbarzadeh, H. Ghaffari, "Heat and mass 
transfer enhancement during foam-mat drying process of lime juice: Impact of 
convective hot air temperature," Int. J. Therm. Sci., 135, hal. 30–43, 2019. 

[28] Z. Aksit, H. Genccelep, "Investigation of Tomato, Quince and Grapefruit Waste; 
Compositions and Functional Properties," Hittite J. Sci. Eng., 8, hal. 19–26, 2021. 

[29] S. Abasi, S.M. Mousavi, M. Mohebi, S. Kiani, "Effect of Time and Temperature on 
Moisture Content, Shrinkage, and Rehydration of Dried Onion," Iran. J. Chem. Eng., 6, 
hal. 57–70, 2009. 

[30] C. Osorio, J.G. Carriazo, "Thermal and Structural Study of Guava (Psidium guajava L) 
Powders Obtained By Two Dehydration Methods," Quim. Nov., 34, hal. 636–40, 2011. 

[31] Q. Liu, R. Yada, J. Arul, "Characterization of thermal properties of potato dry matter - 
Water and starch - Water systems," J. Food Sci., 67, hal. 560–6, 2002. 

[32] B. Abu-Jdayil, F. Banat, R. Jumah, S. Al-Asheh, S. Hammad, "A comparative study of 
rheological characteristics of tomato paste and tomato powder solutions," Int. J. Food 
Prop., 7, hal. 483–97, 2004. 

[33] S.N. Kartikasari, P. Sari, A. Subagio, "The Effect of Improver Addition on Sweet 
Bread Made From Wheat Flour," Food Sci. J., 1, hal. 8–19, 2019. 

[34] N. Kanha, J.M. Regenstein, T. Laokuldilok, "Optimization of process parameters for 
foam mat drying of black rice bran anthocyanin and comparison with spray- and freeze-
dried powders," Dry. Technol., 40, hal. 581–94, 2022. 

10

BIO Web of Conferences 69, 01022 (2023)	 https://doi.org/10.1051/bioconf/20236901022
2nd ICAFE 2023


