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Comparison of Quality and Microstructure of Strawberry Powders  
Prepared by Two Different Drying Methods: Low Temperature Drying 

with Convection Dryer and Vacuum Freeze Drying 

materials such as fruits and vegetables may turn 

brown and the nutrients deteriorate, therefore this 

method is not suitable for the production of dry pow-

ders for fruits and vegetables, which are expected to 

have bright colors and nutritional functions. Low 

temperature drying (LTD) has made it possible to 

produce strawberry dry powder with the equivalent 

functional components as powder by vacuum freeze 

drying (FD). In addition, the processing time is short-

er and the cost is lower than vacuum FD. 

 In this study, we demonstrate the superiority 

of LTD by comparing the quality and microstructure 

of strawberry powders produced by LTD and vacuum 

FD. 

Introduction 

 Drying food is a process in which the water 

content is reduced, therefore suppressing quality  

deterioration including spoilage, and enabling long 
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 Convection dryers are the most affordable 

and most commonly used dryers for processing of 

agricultural products. However, since the               

temperature is high or the drying time is long,     
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term preservation and storage. In the agricultural, forestry 

and marine fields, many dried products are produced due 

to the simplicity of the drying process [1].   

 For many years, the authors have been engaged in 

the processing of agricultural products and the guidance 

of various processing techniques for several food                     

manufacturers in Kumamoto Prefecture. At the                          

agricultural processing site, there has been a high demand 

for commercialization of dried agricultural products, due 

to its easy operation and excellent preservability. 

 Hot air drying method is widely used for drying 

agricultural products including fruits and vegetables due 

to its low cost and easy operation [2]. There are many  

reports on the drying products using different                       

materials [3,4]. However, since hot air drying uses high 

temperatures and long drying time it results in drawbacks 

such as browning [5], surface hardening, [6] and                 

deterioration of nutrients [7]. Currently, there are many 

reports on the usefulness of vacuum freeze-drying (herein 

after referred to as vacuum FD) as it is one of the drying 

methods that does not reduce the quality of the products 

[8]. Nonetheless, vacuum FD requires dedicated                  

equipment, which is expensive and difficult to obtain, and 

is not suitable for low-cost commercialization. 

 In a previous report, the authors made a trial for 

the production of dried tomato powder and reported on a 

low-temperature drying method (hereinafter referred to 

as LTD) using a hot air dryer that can retain nutritional 

(functional) components equivalent to vacuum FD. It was 

clarified that by drying at a temperature of 40oC, which is 

not often used for drying agricultural products with a hot 

air dryer, it is possible to produce a dry powder that holds 

the same amount of components as vacuum FD and in a 

shorter time. 

 In this study, in order to demonstrate whether 

LTD is effective for agricultural products other than              

tomatoes, we have conducted a drying test of                       

strawberries, which are the main fruits in Kumamoto             

prefecture and dry powder products have been highly  

requested.  Strawberries, like tomatoes, have a high sugar 

content, making it difficult to produce powder using a hot 

air dryer. Therefore, we compared and verified the color 

and the amount of functional components after drying 

with vacuum FD, and discussed the superiority of LTD.  At 

the same time, since hot air dryers from different               

manufacturers were introduced at each processing plant, 

the effect of different dryers on the products has also been 

evaluated. 

Materials and Methods 

Materials 

 In this research, the authors studied four types of 

mature strawberries: Hinoshizuku, Yuubeni, Benihoppe, 

and Sagahonoka. The strawberries were cultivated in an 

agricultural plastic greenhouse at the Kumamoto                

Prefectural Agricultural Research Center, Agri System   

Research Institute (Kagami Town, Yatsushiro City,                   

Kumamoto, Japan). Table S1 of the supplementary             

material shows the sugar, citric acid, and glutamic acid 

contents of each type of strawberry. The whole of               

strawberry fruits was crushed with a cup holder type 

crusher in a closed vessel (Magic BULLET, MB-1001, Oak 

Lawn Marketing, China) with the blender option and              

subsequently used for drying tests and various analyses. 

The processed fruits were stored in a freezer at -80°C until 

analysis commenced. 

Drying Methods 

 LTD was performed using a compact-type food 

dehydrator SM10S-EH-DPC (Kihara Works Co., Ltd.,              

Yamaguchi, Japan). Approximately 150 g (0.2 g/cm2) of 

each crushed strawberry was loaded into a container 

made of parchment paper (25 cm × 30 cm, 750 cm2).              

Conditions for the drying experiments were set to 40oC for 

10 h; subsequently, each dried strawberry sample was 

crushed to size of 150-300 µm and used for analyses. In 

addition, for the sake of comparison, two models of a hot 

air dryer, SM10S-EH-DPC manufactured by Kihara               

Seisakusho Co., Ltd., and MC-1 manufactured by Meijo  

Seisakusho Co., Ltd., were used in the LTD method. 

 In the case of the vacuum FD method, the same 

amount (approximately 150 g) of each crushed strawberry 

http://www.openaccesspub.org/
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was dried using a VirTis Genesis Pilot Lyophilizer                  

(SP Scientific, Pennsylvania, US) for 70 h and then crushed 

to prepare samples for analysis.  

 Each of the drying tests was performed three 

times by each method, and the mean value and standard 

deviation were calculated. 

Analyses 

Color 

 The color of the strawberry powder was                 

determined by Color Meter (Model ZE-2000, Nippon 

Denshoku Industries Co., Ltd. Tokyo, Japan), and values for 

L* (lightness), a* (- greenness, + redness) and                               

b* (- blueness, + yellowness) were determined. The                 

redness (a*/b*) was calculated from the obtained values. 

Microstructure 

 To study the microstructure of the strawberry 

powders, samples were coated with osmium and analyzed 

using a Scanning Electron Microscope (SEM) SU-8000   

series (Hitachi High-Tech Corporation, Japan).  

Water Holding Capacity (WHC) 

 The WHC was determined according to the               

procedure of Sudha et al. [9]. In a centrifuge tube, 1 g of 

powder was mixed with 50 mL of distilled water, and then 

treated in an ultrasonic bath at 20°C for 20 min. After that, 

it was centrifuged at 10,000 rpm (KUBOTA 7000, Kubota) 

for 15min at 20oC, and the supernatant was decanted. The 

powder with absorbed water was reweighed, and WHC 

was expressed as g-water/g-dry powder. 

Water Solubility Index (WSI) 

 The WSI was measured using the method of           

Anderson et al. [10]. A mass of 0.5 g of powder and 6 mL 

distilled water were vigorously mixed in a 50 mL                  

centrifuge tube, and then treated in an ultrasonic bath at 

20°C for 20 min. After that, it was incubated in a                    

37oC-water bath for 30 min and then centrifuged for 20 

min at 10,000 rpm (KUBOTA 7000, Kubota). The                   

supernatant was carefully collected in a pre-weighed 

beaker and oven-dried at a temperature of 103 ± 2oC. The 

WSI was calculated as the percentage of dried supernatant 

(g) relative to the 0.5 g powder. 

 

Measurement of Total Polyphenol Content 

 The Folin–Ciocalteu method was partially               

modified to measure the total polyphenol content in each 

of the fresh, low-temperature dried, and vacuum                   

freeze-dried products. A fresh sample of approximately 1 g 

or a dried sample powder (1 g) was mixed with 2.0 mL of 

80% methanol aqueous solution, stirred for 10 s, and then 

treated in an ultrasonic bath at 40°C for 10 min. After that, 

the centrifugation treatment of each solution was                    

performed at 3000 rpm for 10 min, and the supernatant 

was collected. The sedimented residue was mixed with 2.0 

mL of 80% methanol solution, stirred for 10 s, and then 

centrifuged at 3000 rpm for 10 min. This procedure was 

repeated twice. The total volume of the collected                   

supernatants was adjusted to 10 mL and used as the             

polyphenol extract. 

 The total polyphenol extract was quantified             

according to the method presented by Sawai et al. [11]. 

The total polyphenol content was calculated as the gallic 

acid equivalent per 100 g of dry weight (g-GAE/100 g-dry 

weight). 

Measurement of DPPH Radical Scavenging Activity 

 The same extract was used to measure the             

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging 

activity and polyphenol content. Each extract was meas-

ured according to the method described by Oki et al. [12]. 

The measured value was represented by an amount   

equivalent to the Trolox used as the standard substance 

(equivalent mmol Trolox /100 g-dry weight). 

Measurement of Organic Acids 

 The organic acid concentration in each extract 

was measured as follow: approximately 100 mg of dried 

sample was mixed with 2 mL of 80% methanol aqueous 

solution, stirred for at least 20 to 30 s until the mix            

became uniform and then sonicated for 10 min in an              

ultrasonic bath at 40°C. Subsequently, the solution was 

http://www.openaccesspub.org/
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centrifuged at 3000 rpm for 10 min, and the supernatant 

was collected. This procedure was repeated twice. The 

collected supernatant was adjusted to 10 mL, and then  

passed through a pretreatment filter with a pore size of 

0.2 µm for high-performance liquid chromatography              

analysis. The organic acid concentration in each extract 

was measured using a Prominence series Organic Acid 

Analysis System (Shimadzu Corporation, Kyoto, Japan) 

with a Shim-pack SCR-102H column (Shimadzu GLC Ltd., 

Tokyo, Japan, 7 µm, 8.0 mm × 300 mm); 5.0 mmol/L of                

p-toluenesulfonic acid aqueous solution was used as                

mobile phase (eluent) with a flow rate of 0.8 mL/min, 5 

mmol/p-toluenesulfonic acid aqueous solution containing 

0.1 mmol/L of EDTA and 20 mmol/L of Bis-Tris was             

prepared for pH buffer with a flow rate of 0.8 mL/min, 

finally, column temperature was set at 35℃. 

Measurement of Free Amino Acids  

 The free amino acid concentration of each extract 

was measured using a Nexera X2 automatic precolumn 

derivatized amino acid analysis system (Shimadzu)               

together with a Kinetex EVO C18 column (Phenomenex, 

Inc., Torrance, California, USA; 2.6 µm, 3.0 mm × 100 mm); 

17 mmol/L of Potassium Dihydrogenphosphate with 3 

mmol/L Dipotassium Hydrogenphosphate was used as 

mobile phase A (eluent A), furthermore, a solution of 

water/acetonitrile/methanol was prepared following the 

next ratio: 15/45/40 and was used as the mobile phase B 

(eluent B). The initial concentration of liquid B was set at 

10.5% followed by a flow rate of 0.85 mL/min, and mixer 

capacity of 18μL. Temperature of the column was kept at 

35℃. A fluorescence detector RF-20AXS with a detection 

wavelength EX 350 nm Em 450 nm was used in this   

equipment.  An amino acid mixed standard solution Type 

H (FUJIFILM Wako Pure Chemical Corporation, Osaka, 

Japan) was employed to prepare the calibration curves. 

Results and Discussion 

Changes in Water Content of Strawberries Owning to the 

Different Drying Methods. 

 Table S2 shows the amount of water lost from 

each strawberry for each drying process. The amount of 

lost water by the LTD was 88.9-91.2%, whereas that of the 

vacuum FD was 88.3-90.9%, and the difference in drying 

between the two was 0.2-0.6%, which was a slight                  

difference. The dry state was almost the same for both 

LTD and vacuum FD, and there was no further problem as 

a dry product. Furthermore, Table S3 shows the amount 

of water lost by the two dryers SM10S-EH-DPC and MC-1. 

Two strawberry varieties, Hinoshizuku and Yubeni, were 

used for the comparison. Both dryers showed 88.9% for 

Hinoshizuku and 90.2% and 90.3% for Yubeni,                    

respectively, and both dryers showed the same degree of 

drying. 

Measuring the Color of Strawberry Powders 

 Table S4 and Table S5 showed the results of the 

color measurement of the dry powder prepared by each 

drying method and the results from the different dryer 

models. L* represented lightness, a* represented green (-)

-red (+) hue, and b* represented blue (-)-yellow (+) one; 

a*/b* indicated the degree of redness. The lower the a*/b* 

value, the stronger the green color, and the higher the     

value, the stronger the red color. In the comparison                

between LTD and vacuum FD, vacuum FD showed higher 

values than LTD in all of L*, a*, and a*/b* color parameters 

(Table S4). However, the value of b* was higher in LTD, 

and it was found out that the powder made by LTD had 

weaker brightness and red color, and stronger yellow            

color than vacuum FD. In LTD, the highest L* values 

among the strawberry varieties were Yubeni and 

Sagahonoka. The value of Benihoppe was the second            

highest, and the value of Hinoshizuku was the lowest.            

Hinoshizuku had lower a* values than Yubeni and                 

Benihoppe, but b* value was also the lowest, so a*/b* was 

about the same for all three varieties. Sagahonoka had the 

lowest a*/b* of 0.77 because the a* value was low and the 

b* value was high. As a result, among the four types of 

powders, Yubeni and Benihoppe, which were high in both 

a* and b* values, showed bright colors and were             

considered to be preferable as food materials. On the                

other hand, the powder produced by vacuum FD had a*/

b* of 2.21-2.40, which was not significantly different               

between the varieties, and the appearance color was 

http://www.openaccesspub.org/
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bright pink. The color difference between LTD and                 

vacuum FD appeared at a drying temperature of 40°C, but 

it was still considered to be due to the effects of heating 

and oxidation. 

 In the drying test of two different models,                

SM10S-EH-DPC showed about 10% lower L* value than 

MC-1 (Table S5).  The model of SM10S-EH-DPC is slightly 

lower than that of MC-1 for a* and b*, SM10S-EH-DPC is 

higher for a*/b* in the variety of Hinoshizuku, and almost 

the same value for Yubeni. From the appearance                   

observation, the powder made by either the SM10S-EH-

DPC or MC-1 dryer did not make a big difference, and it 

seemed that there was no inconvenience as a food                  

material in terms of color. 

Physiochemical Properties of the Strawberry Powders 

 The electron micrographs of the strawberry               

powder prepared by each drying method and the different 

dryers are shown in Fig. S1 and Fig. S2 of the                            

supplementary material, respectively, and the results of 

water holding capacity (WHC) and water solubility index 

(WSI) are shown in Table S6 and Table S7, respectively. 

 The WHC value of the dry powder was 1.36-2.03 g

-H2O/g for LTD and 1.41-2.34 g-H2O/g for vacuum FD. 

Although there were some differences between the                

varieties, the difference by the drying method was smaller 

than the difference between the varieties, and the powder 

by the LTD method had the same WHC characteristics as 

the powder by the vacuum FD method. It was also found 

out that the WHC characteristics did not change much 

even if the dryer was changed (Table S6). On the other 

hand, according to the WSI results, the difference between 

LTD and vacuum FD was as small as ± 5%, and it was            

considered that the dry powders produced by the drying 

methods of LTD and vacuum FD had similar                        

characteristics in terms of WSI values. These results might 

have resulted from the microstructure of the dry powders 

that were created by the comminution, as shown in Fig. S1. 

Despite the different drying methods of LTD and vacuum 

FD, the similarities in WHC values could be explained by 

the fact that the both process of intense milling of                    

strawberry fruit before drying and after drying created 

particles of similar size and it destroyed the majority of 

the fruits’ primary structure. At the same time, all             

powders had a relatively large surface area, which allowed 

them to absorb water particles to a comparable degree. 

 Ratti has reported that in the case of whole             

lyophilised fruits that had not been subjected to                    

comminution, the spongy texture could absorb up to 2–4 

times more water than the fruits that had been processed 

by convection drying—due to considerable damage to 

their microstructure [13]. However, from the electron   

micrographs (Fig. S1), few of the powders of LTD and           

vacuum FD showed a spongy structure. 

 In the drying test conducted by Anna et al. using 

the chokeberries, the WHC of the convection drying             

method and the vacuum FD showed almost the same           

value, and the WSI value of the convection drying showed 

a considerably lower value than that of the vacuum FD. It 

was reported that the low WSI values obtained for the 

powders by the convection drying could have resulted 

from the compressed, hard microstructure of the powders, 

since separation and migration of minuscule particle            

aggregates was relatively difficult [14]. However, the           

convection drying at that time was obtained at a                   

temperature of 70°C and a drying time of 48 hours, and 

the conditions of this LTD were a combination of a very 

short drying time and a low drying temperature.               

Therefore, it was presumed that the WSI value was             

equivalent to that of vacuum FD. The powder obtained by 

LTD has a partial spongy structure (Yubeni, Sagahonoka) 

shown in the electron micrograph of Fig. S1, and it was 

suggested that the powder had a looser microstructure 

(they were not as compressed) similar to that of vacuum 

FD. In addition, the LTD showed the same physical               

characteristics even if the dryers were different, so no dif-

ference was observed depending on the model (Table S7, 

Fig. S2). 

Total Polyphenol Content 

 Strawberries contained many polyphenols such as 

anthocyanins, kaempferol, catechins, and quercetin [15]. 

http://www.openaccesspub.org/
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Many reports had been made on the antioxidant activity, 

antibacterial activity [16,17], COX inhibitory activity [18], 

photoprotective activity [19], and carcinogenesis-

preventing activity, of the polyphenol extracted from the 

strawberry. In this study, we aimed to investigate the             

difference by the drying method in the total quantity of 

polyphenols as a functional ingredient of strawberries, as 

presented in Table 1. It has been reported that the              

polyphenol content in crops differs depending, in between 

others, on the type of sample, the difference in cultivation 

environment, maturity, and storage conditions [20], the 

total amount of polyphenols contained in strawberries 

was also slightly different between varieties in this test. In 

LTD, the Benihoppe was the lowest with 1.57 g-GAE / 100 

g-dry weight, and the highest was Sagahonoka with             

1.88 g-GAE / 100 g-dry weight. Even when compared with 

the total polyphenol content after vacuum FD treatment, 

the difference was almost equal to about ±3%, therefore it 

was concluded that changing the drying method did not 

have any effect on the polyphenol content.  

 Fig. 1 shows the difference in the total quantity of 

polyphenols between different models of hot air dryers. 

The content of each polyphenol was about 4% for                   

Hinoshizuku and about 7% for Yubeni, and the dryer 

made by Akagi (MC-1) was higher than the dryer made by 

Kihara (SM10S-EH-DPS). It was speculated that the          

difference in polyphenol content in this result was due to 

the involvement of polyphenol oxidase, that is, the           

decrease in enzyme activity due to heating [21].                    

Temperature conditions and water activity have been  

reported as factors that affect polyphenol oxidase activity 

[22]. It was considered that different models of dryers had 

different amounts of heat during drying due to the                 

differences in the capacity of the drying chamber, heat 

sources, and the like. The dryer SM10S-EH-DPS and the 

dryer MC-1 were dried at the same temperature (40°C) 

and the same time (10 h). However, since MC-1 has a 

smaller drying chamber than SM10S-EH-DPS, it was               

speculated that the calorific value was higher and the           

polyphenol content was different. 

DPPH Radical Scavenging Activity 

 Various anti-acid components contained in foods 

have exhibited an inhibitory effect on the generation and 

action of active oxygen and free radicals [23], which are 

considered to be factors that can lead to cancer and                

myocardial infarction. Moreover, its antioxidative                

components are expected to prevent various                       

diseases [24]. In particular, because vegetables and fruits 

contain a large quantity of vitamin C, carotene vitamins, 

and polyphenols, many reports have been made on their 

effects [25]. It has been clarified that strawberries also 

contain a large amount of antioxidant components such as 

anthocyanins and other polyphenols [26]. Therefore, the 

difference in antioxidant properties of strawberries by 

each drying method was measured using the DPPH radical 

scavenging activity as an index, and the obtained results 

are shown in Table 2. The DPPH radical scavenging             

activity of strawberries was 9.63-11.65 mmol and                   

9.02-11.22 mmol per 100 g of dry weight for LTD and               

vacuum FD, respectively. It has been reported that the 

antioxidant activity of strawberries varies considerably 

depending on the variety [27]. However, in this             

measurement, even when the value of Benihoppe was low, 

the other three varieties showed almost the same activity 

value.  

 The ratio of LTD to vacuum FD was -1 to 7%, and 

LTD was slightly higher, but there was almost no                 

difference. Drying of agricultural products with a hot air 

dryer has been reported to have lower antioxidant activity 

and functional components than vacuum FD [28], but the 

drying temperature was often higher in both cases.              

However, the result of this drying with LTD was that the 

antioxidant activity was almost the same as that of               

vacuum FD.  On the other hand, the DPPH radical                     

scavenging activity due to the difference in the dryer    

model is shown in Fig. 2. The dryer made by Kihara was 

3% higher than that made by Meijo in Hinoshizuku, and it 

was 4% lower in Yubeni. From this result, it could be             

inferred that LTD was a drying method that did not              

depend much on the type of equipment.  

Organic Acids 

http://www.openaccesspub.org/
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Figure 1. Polyphenol content of strawberry powders obtained by different hot air dryer models. 

Variety 
Polyphenol (g-GAE/100 g-dry weight) 

LTD FD 

 Hinoshizuku 1.80 ±0.098 1.86 ± 0.072 

 Yubeni 1.81 ± 0.107 1.83 ± 0.076 

 Benihoppe 1.57 ± 0.018 1.52 ± 0.078 

 Sagahonoka 1.88 ± 0.023 1.88 ± 0.122 

Table 1. Polyphenol content of strawberry powders obtained from LTD and 

vacuum FD. 

http://www.openaccesspub.org/
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Figure 2. DPPH radical scavenging activity from strawberry powders obtained from different hot 

air dryer models.  

Variety 
DPPH (equivalent mmol Trolox/100 g-dry weight) 

LTD FD 

 Hinoshizuku 11.05 ± 1.01 11.18 ± 0.19 

 Yubeni 11.08 ± 0.50 11.08 ± 0.47 

 Benihoppe 9.54 ± 0.27 9.02 ± 0.09 

 Sagahonoka 11.23 ± 0.49 11.22 ± 0.21 

Table 2. DPPH radical scavenging activity from strawberry powders          

obtained by LTD and vacuum FD. 

http://www.openaccesspub.org/
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 The organic acid content of strawberries after 

each drying treatment are shown in Table S8. Strawberry 

fruits contain amino acids, organic acids, and sugars as 

chemical components involved in taste [29], specially,  

organic acids are known to be important elements that 

exhibit sourness. Since the main components of the                

organic acids contained in strawberries are citric and 

malic acid, the authors quantified concentrations of both 

acids for all dried samples. Comparing LTD and vacuum 

FD, LTD showed 35-17% for malic acid and 36-13% for 

citric acid, which were lower than vacuum FD. In the              

previous report, the amount of organic acid in the tomato 

drying test did not show a large difference between LTD 

and vacuum FD, suggesting that there is a difference               

depending on the characteristics of the sample type.  On 

the other hand, regarding the difference in the amount of 

organic acid between different LTD devices, there was 

only a slight difference of 1-2% in both the amount of 

malic acid and the amount of citric acid between the              

Hinoshizuku and Yubeni varieties as shown in Fig. 3. 

Free amino Acids 

 Free amino acids contained in strawberries are 

important components involved in taste [30]. Of the 21 

free amino acids measured, the major amino acids in 

strawberries are asparagine and glutamine. Therefore, 

Table S9 shows the amounts of asparagine and glutamine 

after drying with LTD and vacuum FD. Of the four types of 

strawberries, the one with the highest asparagine content 

was Sagahonoka, and the one with the highest glutamine 

amount was Benihoppe; from these results it was inferred 

that the amount of free amino acids was highly dependent 

on the variety. The amount of free amino acids in the 

strawberry powder produced by the two different drying 

methods (LTD and vacuum FD) did not show a constant 

tendency between the two drying methods, and no                

difference was observed between the drying methods.  

 On the other hand, in the measurement of the 

amount of free amino acids between different models in 

LTD, there was a difference of -4 to 5% for asparagine and 

-6 to -4% for glutamine compared to the dryer made by 

Meijo for that of Kihara. (Fig. 4) Since the difference                

between the two is small and the difference changes            

depending on the strawberry variety, it was considered 

that there is no superiority or inferiority between the 

models. 

 From the above results, it was confirmed that the 

drying characteristics of LTD, such as polyphenols as  

functional components and taste components, DPPH            

antioxidant activity, organic acids, and free amino acid 

storage stability, are almost the same as vacuum FD except 

for organic acids, and that LTD is a drying method with 

little difference in the resulting products even when using 

different models of hot air dryer. Furthermore, we are 

convinced that LTD is an advantageous drying method for 

developing functional dried products because it requires 

less processing time and lower cost than FD even at food 

processing sites. 

Conclusion 

 Using conventional drying methods, it is difficult 

to obtain dried products, including dried powder products 

of vegetables and fruits with high-concentrations of                 

sugars, amino acids, and water, such as strawberries.           

Additionally, these drying methods reduce the ingredients 

with the original functionality of these fruits and                  

vegetables (raw materials). Consequently, we carried out 

drying in a temperature range that does not reduce               

functional components (low-temperature drying, LTD), 

and compared the results to those of vacuum FD, which is 

a drying method that sustains the raw characteristics and 

causes the least change in ingredients. Then, we examined 

the effectiveness of LTD and the variability of LTD due to 

different models. The following conclusions can be drawn 

from this study: 

 After drying, the water content was 8–11% for 

both drying methods, therefore, obtaining a sufficiently 

dried sample. In comparison, vacuum FD lasted for 90 h, 

whereas LTD was conducted for 12 h, which was                 

approximately 1/8 of vacuum FD. In addition, the                  

moisture reduction by different models was 88-91%, and 

the same dry product was obtained. 

 The color of the powder after drying was different 
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Figure 3. Organic acid content of strawberry powders obtained from different hot air dryer 

models 

Figure 4. Amino acid content of strawberry powders obtained by different hot air dryer                

models. 
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depending on the drying method, and the powder made by 

LTD had lower L* and a* values and higher b* values than 

vacuum FD. In addition, the difference between varieties 

was clearer than that of vacuum FD. However, there was 

no clear difference in the final appearance of the powders. 

 Both WHC and WSI as physiochemical properties 

of the powder were the same for both LTD powder and 

vacuum FD powder, and no difference was observed in the 

water holding capacity and the solubility property. 

 The total polyphenol content after drying in LTD 

was 15-28% higher than that in vacuum FD. The values 

were almost the same between different models of hot air 

dryer. 

  In DPPH radical scavenging activity, which is an 

index showing antioxidant activity, LTD was 99-107% of 

vacuum FD, showing almost the same activity as vacuum 

FD. In addition, there was no effect for the difference              

between models of hot air dryer. 

  As for the amount of free amino acids after drying, 

the values of LTD and vacuum FD fluctuated between 

strawberry varieties, so LTD was considered to be an             

effective drying method comparable to vacuum FD. In  

addition, the fluctuation of the value depending on the 

model of hot air dryer was not significant. 

 Based on the above results, we can conclude that 

low-temperature drying is a drying method that can            

produce functional dried foods at a food processing site in 

a shorter drying time than vacuum FD. 
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Research Highlights 

1. Strawberry powder made by low temperature drying 

(LTD) exhibits the same physicochemical properties 

(Water holding capacity and Water solubility index) 

as the powder made by vacuum freeze drying (FD). 

2. LTD has less reduction of nutritional and functional 

components such as free amino acids and total poly-

phenols compared to vacuum FD. 

3. LTD is a drying method that uses an inexpensive con-

vection dryer, the dried product obtained by this 

method showed the same quality in a much shorter 

time than vacuum FD. 
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