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 Vacuum freeze-dryer utilizing condenser waste heat can optimize the water sublimation. 

 Utilization of condenser waste heat can speed up the drying process. 

 The EGH is more optimal than the CFD because the drying process is faster. 

 The water loss in the EGH method is higher than the VFD method. 

 The EGH method produces a higher WL value than the VFD method. 
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Abstract 12 

Vacuum freeze dryer is able to remove some of the moisture content of the material. 13 

However, the drying rate is very slow because the sublimation process must propagate 14 

through the layers of material. Therefore, the aim of this study is to examine the use of 15 

exhaust gas heat from a condenser to increase the vacuum freeze-drying rate. Drying was 16 

carried out at freezing temperature of -55 ºC and the drying time was 7 hours. The research 17 

parameters observed were water losses, water content, texture, color, weight losses, and total 18 

soluble solids. The results showed that the exhaust gas heat in a vacuum freeze dryer can be 19 

used to optimize the water sublimation process. As a result, the drying process will be faster. 20 

The exhaust gas heat has a significantly effect on changes in water losses, moisture content, 21 

texture, weight losses, and total soluble solids, but does not significantly effect on the sample 22 

color. An efficient drying system was found in the exhaust gas heat (EGH) method because 23 

the quality parameters measured have better characteristics than a vacuum freeze dryer 24 

(VFD) method. 25 
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 28 

1. Introduction 29 

Vacuum freeze drying has been proven to be an effective drying method to produce 30 

freeze-dried products with the best quality compared to other drying methods [1-3]. The 31 

advantages of freeze-drying products are the texture structure that does not shrink [4], thus 32 

allowing very fast rehydration, high flavor retention because drying takes place at low 33 

temperatures, and the reconstitution of living cells in freeze-dried products remains high [5-34 

6]. It has been used to obtain high quality freeze-dried products [7-8]. 35 

Even though vacuum freeze drying is the best drying process [9], it has several 36 

drawbacks, including a slow drying rate because the heat used for the sublimation process 37 

must be propagated through the layer of material [10]. The porous structure of the material 38 

has a very low conductivity that the transfer of heat to the surface of the material is also very 39 

low [11-12]. 40 

Heating analysis to increase the efficiency of heat propagation to the material layer 41 

has been carried out by Reyes et al. [13], however, the use of exhaust gas heat a condenser 42 

has not been disclosed. Freeze drying using additional heating has been reported by Xu et 43 

al. [14] that the high drying temperature greatly affects the sublimation rate. 44 

Freeze-drying kinetics are influenced by the freezing rate and heat and mass transfer 45 

rates during the sublimation process [15-16]. The freezing process is one of the stages of 46 

freeze drying which requires high energy [17-18]. Therefore, the search for a more 47 

appropriate method is one of the most needed efforts by the food processing industry today 48 

[19]. 49 
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Research on the process of utilizing heat sources from the condenser has not been 50 

widely reported. Therefore, this research is very important to explain the efficiency of 51 

exhaust gas heat utilization that drying can take place quickly and produce hygienic frozen 52 

products. Therefore, the aim of this study was to examine the use of exhaust gas heat from 53 

a condenser to increase the vacuum freeze-drying rate. 54 

 55 

2. Materials and methods 56 

2.1. Materials 57 

The materials used in the study were fresh cut jackfruit with a harvest age of 3 months. 58 

This fruit was obtained from farmers' gardens in Mataram, West Nusa Tenggara Province, 59 

Indonesia. The jackfruit was split, then the skin was separated and the seeds are removed. 60 

Another material were refrigerant R134A was obtained from a minimarket in Mataram City, 61 

West Nusa Tenggara, Indonesia. 62 

 63 

2.2. Tools 64 

The main equipment used were a vacuum freeze dryer (VFD) and a modified vacuum 65 

freeze dryer with the use of exhaust gas heat (EGH). The other equipment were a digital 66 

refractometer type DR301-95, moisture tester, color meter TES135 series, and texture 67 

analyzer Brookfield model CT3. 68 

 69 

2.3. Drying procedure  70 

The drying process was carried out with a freeze temperature of -55 ºC and the drying 71 

time was 7 hours. Each treatment used a sample of 0.5 kg of fresh-cut jackfruit. The 72 

experiment was repeated 3 times. 73 

 74 
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2.4. Water Losses Analysis 75 

Water losses (WL) describes the amount of water evaporated from the sample during 76 

the vacuum freeze drying process which can be calculated by equation (1) [20]: 77 

𝑊𝐿 =  𝑚0 − 𝑚𝑡  
𝑊𝑡

𝑊0
 (Eq. 1) 78 

Where, m0 = sample moisture content at time 0 (%), mt = sample moisture content at time t 79 

(%), W0 = sample weight at time-0 (grams), Wt = sample weight at the time-t (gram). 80 

 81 

2.5. Moisture content analysis 82 

The moisture content of fresh-cut jackfruit was determined following the standard 83 

method of analysis [3]. Approximately 5 g of the sample was weighed into a can. The sample 84 

was heated to 50+1 °C until constant weight was reached, transferred to a desiccator, and 85 

was weighed soon after it had reached environment temperature. The moisture content was 86 

calculate by Equation (2): 87 

𝑀𝑐 =
𝑎−𝑏

𝑎
× 100%  (Eq. 2) 88 

Where, Mc = moisture content (%), a = initial of moisture content (%), b = final of moisture 89 

content (%). 90 

 91 

2.6. Texture analysis 92 

The measurement of the sample texture of result from the vacuum freeze dryer was 93 

carried out using a texture analyzer. The result can be calculated using equation (3): 94 

𝑇 =
𝑃

𝐴
 (Eq. 3) 95 

Where, T = texture (N/mm2), P = compressive force (N), and A = cross-sectional area (mm2). 96 
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2.7. Color Analysis 97 

The color of fresh-cut jackfruit was measurement using the Chroma meter type AT-98 

13-04 Konica Minolta type CR-400. Color measurement using the Hunter L* a* b* color 99 

value system [21]. 100 

For lightness were defined as: 101 

L ∗= L ∗𝑑− L ∗𝑓 (Eq. 4) 102 

For redness were defined as: 103 

a ∗= a ∗𝑑− a ∗𝑓 (Eq. 5) 104 

For yellowness were defined as: 105 

𝑏 ∗= b ∗𝑑− b ∗𝑓 (Eq. 6) 106 

Where, L* = lightness (L* = 0 for black, L* = 100 for white), a* = green-red (a*<0 for green, 107 

a*>0 for red), b* = blue-yellow (b*<0 for blue, b*>0 for yellow), subscript ‘f’ refers to fresh 108 

samples and ‘d’ to the values of dried materials.  109 

 110 

2.8. Weight losses analysis 111 

The weight losses (WL) of the sample was measured before and after drying. Weight 112 

losses was calculated using the following equation (6) [22]: 113 

𝑊𝐿 =
𝑤𝑓−𝑤𝑑

𝑤𝑓
 100% (Eq. 7) 114 

Where, WL = weight losses (%), wf = mass of sample before drying (grams), wd = mass of 115 

sample after drying (gram). 116 

 117 

2.9. Total soluble solids analysis 118 

Total soluble solids (TSS) were measured using a digital refractometer type DR301-119 

95. The TSS value is expressed in degrees of brix to indicate the dissolved sugar content in 120 
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the sample. Measurements were made by crushing 2 grams of jackfruit and then placing it 121 

on the refractometer sensor. Each treatment was repeated three times. 122 

2.10. Data analysis 123 

Analysis of variance (ANOVA) was used to determine the comparison of the results 124 

of the two types of dryers to the characteristics of frozen jackfruit. If the ANOVA table the 125 

F-count value is greater than F-crit, it means that there is a difference at the 5% significance 126 

level [23]. 127 

3. Results and discussions 128 

3.1. Water losses 129 

The data of WL in the sample during vacuum freeze-drying was shown in Figure 1. In 130 

this figure, it can be seen that the water losses in the EGH method is higher than that of the 131 

VFD method. This is due to the exhaust gas heat from the condenser as a heating source in 132 

the EGH method which can significantly accelerate the evaporation rate of water, whereas 133 

in the VFD method the water evaporation process only occurs because of the difference in 134 

pressure inside and outside the drying chamber. In line with this, Westerterp et al. [24] also 135 

stated that the process of evaporation of the water on the material during vacuum freeze 136 

drying occurs because there are difference in pressure on the surface of the material with 137 

environmental pressure and the longer the drying process, the more water was evaporated. 138 
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 139 

Figure 1. The water loss profile of fresh cut jackfruit during vacuum freeze drying 140 

 141 

Based on the results of the analysis of variance, it was known that the use of different 142 

drying methods provides different WL data. The EGH method produces a higher WL value 143 

than the VFD method. This shows that the use of additional heat energy from the exhaust 144 

gas heat of the condenser has a significant effect on the WL value. 145 

Other factors that influence water losses during drying are temperature and drying 146 

time. This result in line with the opinion of Mello et al. [25] that many factors influence to 147 

the water losses in the drying process, including drying temperature, air humidity, and air 148 

flow velocity. The greater the temperature difference between the heating medium and the 149 

drying material, the faster the heat transfer into the material, the rate faster of water losses 150 

from the dried material. The air humidity was inversely related to drying time. The higher 151 

the humidity, the longer the drying process will be. Meanwhile, the air flow rate was directly 152 

proportional to the drying time. The higher the air flow rate, the faster the drying process. 153 

 154 

3.2. Moisture content 155 
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Figure 2 presents the curves of the reduction in moisture content of the two different 156 

drying methods used in this study. To reach the moisture content of the frozen product, these 157 

two methods have different times. The final moisture content in the EGH method is much 158 

lower than the VFD method. This indicates that the use of exhaust gas heat from a condenser 159 

as a heating source can significantly accelerate the rate of decreasing moisture content. 160 

These data indicate that one of the important characteristics of vacuum freeze-dryers was 161 

the efficient use of energy to reduce moisture content compared to other drying methods. 162 

In Figure 2 it can also be seen that the final water content of the sample in the VFD 163 

method is higher, namely 15.95% than the final water content in the EGH method which is 164 

only 9.45%. This happens because there are additional heat energy from the condenser that 165 

the water sublimation process in the EGH method takes place faster than the VFD method. 166 

The same study have been described by Zhang et al. [26] that by utilizing secondary drying 167 

in a freeze dryer can optimize the sublimation process of water that the drying process takes 168 

place very quickly. 169 

 170 

Figure 2. Curve of the rate of reduction in moisture content during vacuum freeze drying 171 
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The moisture content is a very important characteristic of freeze-dried food products 173 

because the moisture content can affect the appearance, texture, and taste of the product [27]. 174 

The moisture content also affects the freshness and shelf life of the product. The high water 175 

content can make bacteria, molds, and yeast easy to reproduce there will be changes in 176 

foodstuffs [28]. The vacuum freeze drying process can remove moisture content from the 177 

sample. The moisture content produced from the vacuum freeze dryer in this study has met 178 

the quality requirements of freeze-dried fruit products a maximum of 15% [5]. 179 

 180 

3.3. Texture  181 

Vacuum freeze drying is a drying method that causes sublimation of the water vapor 182 

in the material that the structure of the material expands. The results showed that along with 183 

the drying time, the sample structure was changed from solid and chewy to a crunchy and 184 

porous texture. It can be seen clearly in Figure 3 that the samples dried using the EGH 185 

method produced a crunchier texture compared to the VFD method. It shows that the water 186 

vapor sublimation process that occurs in the EGH method causes the sample texture to be 187 

crunchy and easy to break. The factors causing the crisp texture of the sample are due to the 188 

low pressure in the drying chamber and the relatively high internal vapor pressure during 189 

the vacuum freeze drying process. 190 

In the EGH method, the sample structure changes due to the effect of additional 191 

heating energy from the exhaust gas heat of the condenser, after which the sample ice 192 

crystals turn into gas and then evaporate. Compared to the EGH method, the sublimation 193 

process in the VFD method was a heating process with low temperatures that the sample ice 194 

crystals evaporate more slowly. It was what causes the shrinkage of the sample. The results 195 

of the same paper have been described by Liu et al. [29] that the shocking effect of the 196 
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freezing process then heated to a higher temperature is the change of ice to vapor that the 197 

texture of the sample is crispier and more porous. 198 

The changing process of the sample texture has occurred shortly after drying, then 199 

evaporation of the water occurs and air bubbles form. Previous studies have reported by 200 

Zielinska et al. [30] that the vacuum freeze drying process can cause water evaporation, then 201 

the product expands and forms air cavities. The high and low texture value of a material 202 

according to Bozkir et al. [31] depending on the characteristics of the material, such as 203 

thickness, homogenization, and composition. 204 

 205 

Figure 3. The texture profile of cut jackfruit during vacuum freeze dryer 206 

 207 

The samples dried using the EGH method caused the water to come out of the fruit 208 

cell walls faster than the VFD method. This difference in the evaporation of high water 209 

content causes the texture structure of the sample to become more brittle and expand. This 210 

result in line with the study reported by Sobaszek et al. [32] that the vacuum freeze drying 211 

process resulted in water evaporation that the texture of the fruit would become hard. 212 
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In general, the texture of the jackfruit from vacuum freeze drying depends on the cell 213 

wall tissue. The texture change occurs in the vacuum freeze drying process because the 214 

sample has lost some of its moisture content. This view is supported by Pei et al. [33] who 215 

writes that the texture structure of the fruit depends on the cell wall tissue that in the vacuum 216 

freeze dryer there is a hardening on the surface of the material accompanied by changes in 217 

the size of the product texture. 218 

 219 

3.4. Color  220 

The graph of the color change of the fresh-cut jackfruit during vacuum freeze drying 221 

can be seen from the data in Table 1. From the Table 1 we can see that the type of dryer has 222 

no significant effect on lightness (L*), redness (a*), and yellowness (b*). 223 

 224 

Table 1. Value of lightness (L*), redness (a*), and yellowness (b*) of the fresh-cut jackfruit 225 

during vacuum freeze drying. 226 

Drying methods 
Color 

L* a* b* 

Control 58.62 ± 0.55 a 5.75 ± 0.78 a 67.23 ± 0.14 a 

EGH 57.23 ± 0.21 a 5.92 ± 0.14 a 68.37 ± 0.42 a 

VFD 57.12 ± 0.34 a 5.42 ± 0.56 a 69.63 ± 0.12 a 

 227 

Note: numbers followed by different letter notations in the same column show significant 228 

differences at the 0.05 significance level (P<0.05). 229 

 230 

Based the data in Table 1, it is apparent that the change in the lightness color of the 231 

freeze-dried jackfruit tended to decrease during the drying process. The sample color 232 
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changes from shiny yellow become opaque yellow in both types of drying methods. The 233 

lightness value in the VFD method was lower (57.12) than the EGH method (57.23) although 234 

it was not significantly different. The lightness color shows a decreasing trend during drying 235 

in both methods. This is caused by a biological reaction, resulting in an enzymatic process 236 

that causes the color of the sample to decrease in brightness. This result is in accordance 237 

with Keutgen and Pawelzik [34] have reported that low temperatures in the vacuum freeze 238 

drying process have not been able to activate the polyphenolic enzymes in the sample and 239 

the enzymes can still be active at temperatures as low as -73 ºC, although with very low 240 

reaction rates. 241 

The redness and yellowness color intensity did not change during the vacuum freeze 242 

drying process. The sample color before and after drying did not change significantly. 243 

Several investigators have also reported that the use of a vacuum freeze dryer did not result 244 

in color changes in the samples [35]. Sample color change usually occurs at high drying 245 

temperatures [36]. The same analogy has been explained by Falah et al. [37] that a significant 246 

change in sample color during high temperature drying can occur, but the change is not 247 

significant at cold temperature. 248 

 249 

3.5. Weight losses (WL) 250 

The results of the WL calculation of fresh-cut jackfruit during vacuum freeze drying 251 

are shown in Table 2. At the beginning of the drying process, the WL occurs very rapidly 252 

until 6th hour, then slowly until the end of drying. After reaching the saturated condition, the 253 

sample WL no longer changes. Table 2 also shows that the WL is higher in the EGH method 254 

compared to the VFD method. 255 

Table 2. Average of WL value of fresh cut jackfruit from vacuum freeze drying 256 

Drying time (hour) Weight losses (g) 
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EGH VFD 

1 0.00 a 0.00 a 

2 7.29 b 6.53 b 

3 10.12 c 9.41 c 

4 15.13 d 13.75 d 

5 23.14 e 18.65 e 

6 35.67 f 29.42 f 

7 37.32 f 31.82 g 

 257 

Note: numbers followed by different letter notations in the same column show significant 258 

differences at the 0.05 significance level (P <0.05). 259 

 260 

From the table above we can see that the samples dried in the EGH method had a final 261 

WL of 37.32 g, while those dried in the VFD method had a final WL of 31.82 g. These data 262 

indicate that the use of exhaust gas heat form a condenser in the EGH method has a 263 

significant effect on reducing WL of fresh-cut jackfruit 264 

The duration of the drying process also has a significant effect on the WL of fresh-cut 265 

jackfruit. The long drying process can trigger an increase in the percentage of WL in the 266 

sample. The same it cases has been reported by Singh and Khan [38] that WL is generally 267 

affected by the evaporation of moisture during drying due to the breakdown of organic 268 

compounds into inorganic compounds, namely compounds are oxidized to CO2 and absorb 269 

O2, then reduced to H2O. 270 

 271 

3.6. Total Soluble Solids (TSS) 272 
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The results of measuring the TSS value of fresh-cut jackfruit from vacuum freeze 273 

drying are shown in Table 3. 274 

 275 

Table 3. Average TSS value of fresh-cut jackfruit from vacuum freeze drying 276 

Drying time (hour) 
Total soluble solids (ºBrix) 

EGH VFD 

1 8.04 a 8.04 a 

2 10.19 b 09.83 b 

3 11.23 c 10.31 c 

4 12.33 d 11.67 d 

5 14.46 e 13.55 e 

6 15.67 f 14.92 f 

7 17.32 g 16.22 g 

 277 

Note: numbers followed by different letter notations in the same column show significant 278 

differences at the 0.05 significance level (P<0.05). 279 

 280 

The data in Table 3 shows that during drying, there was an increase in the TSS value 281 

in the sample due to the respiration and transpiration processes that were still ongoing even 282 

though the fruit had been harvested. The increase in TSS value is also accelerated by vacuum 283 

freeze drying. The TSS value was higher in the EGH method than the VFD method. This is 284 

thought to be due to the influence of the exhaust gas heat from a condenser which triggers 285 

the carbohydrate content to become sugar levels. A similar thing has been reported by [39] 286 

that immature fruit stores a lot of carbohydrates in the form of starch and during the process 287 

towards maturity the content will turn into sugar [40]. According to Nguyen and Chuyen 288 
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[41], fruits at advanced maturity levels have the highest TSS content, due to hydrolysis of 289 

starch to sugar. 290 

Total soluble solids are the combination of all inorganic and organic substances 291 

present in food. Based on the data in Table 3, it can be seen that at the beginning of drying 292 

the TSS value is still low. With the length of drying time, the TSS value tended to be higher 293 

in the two methods, but had different values. The difference in TSS value is thought to be 294 

due to the difference in temperature used between the EGH and VFD methods. The driving 295 

force of the exhaust gas heat from condenser in the EGH method causes some of the water 296 

to evaporate faster. In addition, the faster sublimation process can open larger pores of the 297 

sample surface. When the pores of the sample surface as the permeability membrane opens 298 

wider, the amount of water evaporating from the material will also increase. 299 

 300 

4. Conclusions 301 

The exhaust gas heat from a condenser can be used to accelerate the sublimation 302 

process during the vacuum freeze drying process, the drying process can take place faster. 303 

The results of this study have proven that the use of exhaust gas heat from a condenser has 304 

a significant effect on the parameters of water losses, moisture content, texture, weight 305 

losses, and total dissolved solids, but it does not affect the sample color. 306 

The new findings provide a better scientific understanding of the vacuum freeze drying 307 

process. This is relevant for better process understanding of vacuum freeze drying and 308 

application design for food products. Further research is needed to study the effect of freeze 309 

drying time on the quality of materials sensitive to changes in physiological activity. 310 
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 Vacuum freeze-dryer utilizing condenser waste heat can optimize the water sublimation. 

 Utilization of condenser waste heat can speed up the drying process. 

 The EGH is more optimal than the CFD because the drying process is faster. 

 The water loss in the EGH method is higher than the VFD method. 

 The EGH method produces a higher WL value than the VFD method. 
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Abstract 12 

Vacuum freeze dryer is able to remove some of the moisture content of the material. 13 

However, the drying rate is very slow because the sublimation process must propagate 14 

through the layers of material. Therefore, the aim of this study is to examine the use of 15 

exhaust gas heat from a condenser to increase the vacuum freeze-drying rate. Drying was 16 

carried out at freezing temperature of -55 ºC and the drying time was 7 hours. The research 17 

parameters observed were water losses, water content, texture, color, weight losses, and total 18 

soluble solids. The results showed that the exhaust gas heat in a vacuum freeze dryer can be 19 

used to optimize the water sublimation process. As a result, the drying process will be faster. 20 

The exhaust gas heat has a significantly effect on changes in water losses, moisture content, 21 

texture, weight losses, and total soluble solids, but does not significantly effect on the sample 22 

color. The drying system in the exhaust gas heat (EGH) method was more efficient because 23 

the final moisture content of the sample was 9.45% lower than the vacuum freeze dryer 24 

(VFD) method, which was 15.95%. 25 
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Keywords: Color losses; Moisture content; Quality parameters; Total soluble solids; Water 26 

losses 27 

 28 

1. Introduction 29 

Vacuum freeze drying has been proven to be an effective drying method to produce 30 

freeze-dried products with the best quality compared to other drying methods [1-3]. The 31 

advantages of freeze-drying products are the texture structure that does not shrink [4], thus 32 

allowing very fast rehydration, high flavor retention because drying takes place at low 33 

temperatures, and the reconstitution of living cells in freeze-dried products remains high [5-34 

6]. It has been used to obtain high quality freeze-dried products [7-8]. 35 

Even though vacuum freeze drying is the best drying process [9], it has several 36 

drawbacks, including a slow drying rate because the heat used for the sublimation process 37 

must be propagated through the layer of material [10]. The porous structure of the material 38 

has a very low conductivity that the transfer of heat to the surface of the material is also very 39 

low [11-12]. 40 

Heating analysis to increase the efficiency of heat propagation to the material layer 41 

has been carried out by Reyes et al. [13], however, the use of exhaust gas heat a condenser 42 

has not been disclosed. Freeze drying using additional heating has been reported by Xu et 43 

al. [14] that the high drying temperature greatly affects the sublimation rate. 44 

Freeze-drying kinetics are influenced by the freezing rate and heat and mass transfer 45 

rates during the sublimation process [15-16]. The freezing process is one of the stages of 46 

freeze drying which requires high energy [17-18]. Therefore, the search for a more 47 

appropriate method is one of the most needed efforts by the food processing industry today 48 

[19-20]. 49 
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Research on the process of utilizing heat sources from the condenser has not been 50 

widely reported. Therefore, this research is very important to explain the efficiency of 51 

exhaust gas heat utilization that drying can take place quickly and produce hygienic frozen 52 

products. Therefore, the aim of this study was to examine the use of exhaust gas heat from 53 

a condenser to increase the vacuum freeze-drying rate. 54 

 55 

2. Materials and methods 56 

2.1. Materials 57 

The materials used in the study were fresh cut-jackfruit with a harvest age of 3 months. 58 

This fruit was obtained from farmers' gardens in Mataram, West Nusa Tenggara Province, 59 

Indonesia. The jackfruit was split, then the skin was separated and the seeds are removed. 60 

Another material were refrigerant R134A was obtained from a minimarket in Mataram City, 61 

West Nusa Tenggara, Indonesia. 62 

 63 

2.2. Tools 64 

The main equipment used were a vacuum freeze dryer (VFD) and a modified vacuum 65 

freeze dryer with the use of exhaust gas heat (EGH) (Figure 1). The other equipment were a 66 

digital refractometer type DR301-95, moisture tester, color meter TES135 series, and texture 67 

analyzer Brookfield model CT3. 68 
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 69 

Figure 1. The vacuum freeze drying equipment sketch 70 

 71 

2.3. Drying procedure  72 

The drying process was carried out with a freeze temperature of -55 ºC and the drying 73 

time was 7 hours. Each treatment used a sample of 0.5 kg of fresh-cut jackfruit. The 74 

experiment was repeated 3 times. 75 

 76 

2.4. Water Losses Analysis 77 

Water losses (WL) describes the amount of water evaporated from the sample during 78 

the vacuum freeze drying process which can be calculated by equation (1) [21]: 79 

𝑊𝐿 =  𝑚0 − 𝑚𝑡  
𝑊𝑡

𝑊0
 (Eq. 1) 80 

Where, m0 = sample moisture content at time 0 (%), mt = sample moisture content at time t 81 

(%), W0 = sample weight at time-0 (grams), Wt = sample weight at the time-t (gram). 82 

 83 

2.5. Moisture content analysis 84 
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The moisture content of fresh-cut jackfruit was determined following the standard 85 

method of analysis [3]. Approximately 5 g of the sample was weighed into a can. The sample 86 

was heated to 50+1 °C until constant weight was reached, transferred to a desiccator, and 87 

was weighed soon after it had reached environment temperature. The moisture content was 88 

calculate by Equation (2) [5]: 89 

𝑀𝑐 =
𝑎−𝑏

𝑎
× 100%  (Eq. 2) 90 

Where, Mc = moisture content (%), a = initial of moisture content (%), b = final of moisture 91 

content (%). 92 

2.6. Texture analysis 93 

The measurement of the sample texture of the result from the vacuum freeze dryer was 94 

carried out using a texture analyzer with a compression method. The loading was carried out 95 

with a compression speed of 4 mm/s. The result can be calculated using equation (3) [4]: 96 

𝑇 =
𝑃

𝐴
 (Eq. 3) 97 

Where, T = texture (N/mm2), P = compressive force (N), and A = cross-sectional area (mm2). 98 

2.7. Color Analysis 99 

The color of fresh-cut jackfruit was measurement using the Chroma meter type AT-100 

13-04 Konica Minolta type CR-400. Color measurement using the Hunter L* a* b* color 101 

value system [22]. 102 

For lightness were defined as: 103 

L ∗= L ∗𝑑− L ∗𝑓 (Eq. 4) 104 

For redness were defined as: 105 

a ∗= a ∗𝑑− a ∗𝑓 (Eq. 5) 106 
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For yellowness were defined as: 107 

𝑏 ∗= b ∗𝑑− b ∗𝑓 (Eq. 6) 108 

Where, L* = lightness (L* = 0 for black, L* = 100 for white), a* = green-red (a*<0 for green, 109 

a*>0 for red), b* = blue-yellow (b*<0 for blue, b*>0 for yellow), subscript ‘f’ refers to fresh 110 

samples and ‘d’ to the values of dried materials.  111 

 112 

2.8. Weight losses analysis 113 

The weight losses (WL) of the sample was measured before and after drying. Weight 114 

losses was calculated using the following equation (6) [23]: 115 

𝑊𝐿 =
𝑤𝑓−𝑤𝑑

𝑤𝑓
 100% (Eq. 7) 116 

Where, WL = weight losses (%), wf = mass of sample before drying (grams), wd = mass of 117 

sample after drying (gram). 118 

 119 

2.9. Total soluble solids analysis 120 

Total soluble solids (TSS) were measured using a digital refractometer type DR301-121 

95. The TSS value is expressed in degrees of brix to indicate the dissolved sugar content in 122 

the sample. Measurements were made by crushing 2 grams of jackfruit and then placing it 123 

on the refractometer sensor. Each treatment was repeated three times. 124 

2.10. Data analysis 125 

Analysis of variance (ANOVA) was used to determine the comparison of the results 126 

of the two types of dryers to the characteristics of frozen jackfruit. If the ANOVA table the 127 

F-count value is greater than F-crit, it means that there is a difference at the 5% significance 128 

level [24]. 129 

 130 
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3. Results and discussions 131 

3.1. Water losses 132 

The data of WL in the sample during vacuum freeze-drying was shown in Figure 2. In 133 

this figure, it can be seen that the water losses in the EGH method is higher than that of the 134 

VFD method. This is due to the exhaust gas heat from the condenser as a heating source in 135 

the EGH method which can significantly accelerate the evaporation rate of water, whereas 136 

in the VFD method the water evaporation process only occurs because of the difference in 137 

pressure inside and outside the drying chamber. In line with this, Westerterp et al. [25] also 138 

stated that the process of evaporation of the water on the material during vacuum freeze 139 

drying occurs because there are difference in pressure on the surface of the material with 140 

environmental pressure and the longer the drying process, the more water was evaporated. 141 

 142 

Figure 2. The water loss profile of fresh cut jackfruit during vacuum-freeze drying 143 

 144 

Based on the results of the analysis of variance, it was known that the use of different 145 

drying methods provides different WL data. The EGH method produces a higher WL value 146 
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(14.50%) than the VFD method (12.06%). This shows that the use of additional heat energy 147 

from the exhaust gas heat of the condenser has a significant effect on the WL value. 148 

Other factors that influence water losses during drying are temperature and drying 149 

time. This result in line with the opinion of Mello et al. [26] that many factors influence to 150 

the water losses in the drying process, including drying temperature, air humidity, and air 151 

flow velocity. The greater the temperature difference between the heating medium and the 152 

drying material, the faster the heat transfer into the material, the rate faster of water losses 153 

from the dried material. The air humidity was inversely related to drying time. The higher 154 

the humidity, the longer the drying process will be. Meanwhile, the air flow rate was directly 155 

proportional to the drying time. The higher the air flow rate, the faster the drying process. 156 

 157 

3.2. Moisture content 158 

Figure 2 presents the curves of the reduction in moisture content of the two different 159 

drying methods used in this study. To reach the moisture content of the frozen product, these 160 

two methods have different times. The final moisture content in the EGH method is much 161 

lower than the VFD method. This indicates that the use of exhaust gas heat from a condenser 162 

as a heating source can significantly accelerate the rate of decreasing moisture content. 163 

These data indicate that one of the important characteristics of vacuum freeze-dryers was 164 

the efficient use of energy to reduce moisture content compared to other drying methods. 165 

In Figure 3 it can also be seen that the final water content of the sample in the VFD 166 

method is higher, namely 15.95% than the final water content in the EGH method which is 167 

only 9.45%. This happens because there are additional heat energy from the condenser that 168 

the water sublimation process in the EGH method takes place faster than the VFD method. 169 

The same study have been described by Zhang et al. [27] that by utilizing secondary drying 170 
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in a freeze dryer can optimize the sublimation process of water that the drying process takes 171 

place very quickly. 172 

 173 

Figure 3. Curve of the rate of reduction in moisture content during vacuum freeze drying 174 

 175 

The moisture content is a very important characteristic of freeze-dried food products 176 

because the moisture content can affect the appearance, texture, and taste of the product [28]. 177 

The moisture content also affects the freshness and shelf life of the product. The high water 178 

content can make bacteria, molds, and yeast easy to reproduce there will be changes in 179 

foodstuffs [29]. The vacuum freeze drying process can remove moisture content from the 180 

sample. The moisture content produced from the vacuum freeze dryer in this study has met 181 

the quality requirements of freeze-dried fruit products a maximum of 15% [30]. 182 

 183 

3.3. Texture  184 

Vacuum-freeze drying is a drying method that causes sublimation of the water vapor 185 

in the material that the structure of the material expands. The results of the texture test using 186 

the compression method showed that the samples dried by the EGH method produced a 187 

80

82

84

86

88

90

92

94

96

98

100

0 3 6 9 12 15 18 21 24

M
oi

st
ur

e 
co

nt
en

t (
%

)

Time (h)

VFD

EGH

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



10 
 

crispier texture than the VFD method (Figure 4). It shows that the water vapor sublimation 188 

process that occurs in the EGH method causes the sample texture to be crunchy and easy to 189 

break. The factors causing the crisp texture of the sample are due to the low pressure in the 190 

drying chamber and the relatively high internal vapor pressure during the vacuum freeze 191 

drying process. 192 

In the EGH method, the sample structure changes due to the effect of additional 193 

heating energy from the exhaust gas heat of the condenser, after which the sample ice 194 

crystals turn into gas and then evaporate. Compared to the EGH method, the sublimation 195 

process in the VFD method was a heating process with low temperatures that the sample ice 196 

crystals evaporate more slowly. That's what causes sample shrinkage. The results of the 197 

same paper have been described by Liu et al. [31] that the shocking effect of the freezing 198 

process then heated to a higher temperature is the change of ice to vapor that the texture of 199 

the sample is crispier and more porous. 200 

The changing process of the sample texture has occurred shortly after drying, then 201 

evaporation of the water occurs and air bubbles form. Previous studies have reported by 202 

Zielinska et al. [32] that the vacuum freeze drying process can cause water evaporation, then 203 

the product expands and forms air cavities. The high and low texture value of a material 204 

according to Bozkir et al. [33] depending on the characteristics of the material, such as 205 

thickness, homogenization, and composition. 206 
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 207 

Figure 4. The texture profile of cut jackfruit during vacuum freeze dryer 208 

 209 

The samples dried using the EGH method caused the water to come out of the fruit 210 

cell walls faster than the VFD method. This difference in the evaporation of high water 211 

content causes the texture structure of the sample to become more brittle and expand. This 212 

result in line with the study reported by Sobaszek et al. [34] that the vacuum freeze drying 213 

process resulted in water evaporation that the texture of the fruit would become hard. 214 

In general, the texture of the jackfruit from vacuum freeze drying depends on the cell 215 

wall tissue. The texture change occurs in the vacuum freeze drying process because the 216 

sample has lost some of its moisture content. This view is supported by Pei et al. [35] who 217 

writes that the texture structure of the fruit depends on the cell wall tissue that in the vacuum 218 

freeze dryer there is a hardening on the surface of the material accompanied by changes in 219 

the size of the product texture. 220 
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3.4. Color  222 
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Changes in the color of fresh cut jackfruit before and after vacuum freeze drying can 223 

be seen from the data in Figure 5. The graph of the color change of the fresh-cut jackfruit 224 

during vacuum freeze drying can be seen from the data in Table 1. Based on the Table 1 we 225 

can see that the type of dryer has no significant effect on lightness (L*), redness (a*), and 226 

yellowness (b*). 227 

 228 

Figure 5. The color of fresh cut jackfruit before (A) and after (B) vacuum freeze-drying  229 

 230 

Table 1. Value of lightness (L*), redness (a*), and yellowness (b*) of the fresh-cut jackfruit 231 

during vacuum freeze drying. 232 

Drying methods 
Color 

L* a* b* 

Control 58.62 ± 0.55 a 5.75 ± 0.78 a 67.23 ± 0.14 a 

EGH 57.23 ± 0.21 a 5.92 ± 0.14 a 68.37 ± 0.42 a 

VFD 57.12 ± 0.34 a 5.42 ± 0.56 a 69.63 ± 0.12 a 

 233 

Note: numbers followed by different letter notations in the same column show significant 234 

differences at the 0.05 significance level (P<0.05). 235 
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 236 

Based the data in Table 1, it is apparent that the change in the lightness color of the 237 

freeze-dried jackfruit tended to decrease during the drying process. The sample color 238 

changes from shiny yellow become opaque yellow in both types of drying methods. The 239 

lightness value in the VFD method was lower (57.12) than the EGH method (57.23) although 240 

it was not significantly different. The lightness color shows a decreasing trend during drying 241 

in both methods. This is caused by a biological reaction, resulting in an enzymatic process 242 

that causes the color of the sample to decrease in brightness. This result is in line with 243 

Keutgen and Pawelzik [36] have reported that low temperatures in the vacuum freeze drying 244 

process have not been able to activate the polyphenolic enzymes in the sample and the 245 

enzymes can still be active at temperatures as low as -73 ºC, although with very low reaction 246 

rates. 247 

The redness and yellowness color intensity did not change during the vacuum freeze 248 

drying process. The sample color before and after drying did not change significantly. 249 

Several investigators have also reported that the use of a vacuum freeze dryer did not result 250 

in color changes in the samples [37]. Sample color change usually occurs at high drying 251 

temperatures [38]. The same analogy has been explained by Falah et al. [39] that a significant 252 

change in sample color during high temperature drying can occur, but the change is not 253 

significant at cold temperature. 254 

 255 

3.5. Weight losses (WL) 256 

The results of the WL calculation of fresh-cut jackfruit during vacuum freeze drying 257 

are shown in Table 2. At the beginning of the drying process, the WL occurs very rapidly 258 

until 6th hour, then slowly until the end of drying. After reaching the saturated condition, the 259 
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sample WL no longer changes. Table 2 also shows that the WL is higher in the EGH method 260 

compared to the VFD method. 261 

Table 2. Average of WL value of fresh cut jackfruit from vacuum freeze drying 262 

Drying time (hour) 
Weight losses (g) 

EGH VFD 

1 0.00 a 0.00 a 

2 7.29 b 6.53 b 

3 10.12 c 9.41 c 

4 15.13 d 13.75 d 

5 23.14 e 18.65 e 

6 35.67 f 29.42 f 

7 37.32 f 31.82 g 

Note: numbers followed by different letter notations in the same column show significant 263 

differences at the 0.05 significance level (P <0.05). 264 

 265 

From the table above we can see that the samples dried in the EGH method had a final 266 

WL of 37.32 g, while those dried in the VFD method had a final WL of 31.82 g. These data 267 

indicate that the use of exhaust gas heat form a condenser in the EGH method has a 268 

significant effect on reducing WL of fresh-cut jackfruit 269 

The duration of the drying process also has a significant effect on the WL of fresh-cut 270 

jackfruit. The long drying process can trigger an increase in the percentage of WL in the 271 

sample. The same it cases has been reported by Singh and Khan [40] that WL is generally 272 

affected by the evaporation of moisture during drying due to the breakdown of organic 273 

compounds into inorganic compounds, namely compounds are oxidized to CO2 and absorb 274 

O2, then reduced to H2O. 275 
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 276 

3.6. Total Soluble Solids (TSS) 277 

The results of measuring the TSS value of fresh-cut jackfruit from vacuum freeze 278 

drying are shown in Table 3. 279 

 280 

Table 3. Average TSS value of fresh-cut jackfruit from vacuum freeze drying 281 

Drying time (hour) 
Total soluble solids (ºBrix) 

EGH VFD 

1 8.04 a 8.04 a 

2 10.19 b 09.83 b 

3 11.23 c 10.31 c 

4 12.33 d 11.67 d 

5 14.46 e 13.55 e 

6 15.67 f 14.92 f 

7 17.32 g 16.22 g 

Note: numbers followed by different letter notations in the same column show significant 282 

differences at the 0.05 significance level (P<0.05). 283 

 284 

The data in Table 3 shows that during drying, there was an increase in the TSS value 285 

in the sample due to the respiration and transpiration processes that were still ongoing even 286 

though the fruit had been harvested. The increase in TSS value is also accelerated by vacuum 287 

freeze drying. The TSS value was higher in the EGH method than the VFD method. This is 288 

thought to be due to the influence of the exhaust gas heat from a condenser which triggers 289 

the carbohydrate content to become sugar levels. A similar thing has been reported by 290 

Rydzak et al. [41] that immature fruit stores a lot of carbohydrates in the form of starch and 291 
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during the process towards maturity the content will turn into sugar. According to Yusufe et 292 

al. [42], fruits at advanced maturity levels have the highest TSS content, due to hydrolysis 293 

of starch to sugar. 294 

Total soluble solids are the combination of all inorganic and organic substances 295 

present in food. Based on the data in Table 3, it can be seen that at the beginning of drying 296 

the TSS value is still low. With the length of drying time, the TSS value tended to be higher 297 

in the two methods, but had different values. The difference in TSS value is thought to be 298 

due to the difference in temperature used between the EGH and VFD methods. The driving 299 

force of the exhaust gas heat from condenser in the EGH method causes some of the water 300 

to evaporate faster. In addition, the faster sublimation process can open larger pores of the 301 

sample surface. When the pores of the sample surface as the permeability membrane opens 302 

wider, the amount of water evaporating from the material will also increase [43]. 303 

 304 

4. Conclusions 305 

The exhaust gas heat from a condenser can be used to accelerate the sublimation 306 

process during the vacuum-freeze drying process, the drying process can take place faster. 307 

The results of this study have proven that the use of exhaust gas heat from a condenser has 308 

a significant effect on the parameters of water losses, moisture content, texture, weight 309 

losses, and total dissolved solids, but it does not affect the sample color. 310 

This new finding provides a better scientific understanding of the vacuum freeze-311 

drying process. Therefore, the results of this study are recommended to be applied to vacuum 312 

freeze dryers for drying food products. 313 
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Abstract 12 

Vacuum freeze dryer is able to remove some of the moisture content of the material. 13 

However, the drying rate is very slow because the sublimation process must propagate 14 

through the layers of material. Therefore, the aim of this study is to examine the use of 15 

exhaust gas heat from a condenser to increase the vacuum freeze-drying rate. Drying was 16 

carried out at freezing temperature of -55 ºC and the drying time was 7 hours. The research 17 

parameters observed were water losses, water content, texture, color, weight losses, and total 18 

soluble solids. The results showed that the exhaust gas heat in a vacuum freeze dryer can be 19 

used to optimize the water sublimation process. As a result, the drying process will be faster. 20 

The exhaust gas heat has a significantly effect on changes in water losses, moisture content, 21 

texture, weight losses, and total soluble solids, but does not significantly effect on the sample 22 

color. The drying system in the exhaust gas heat (EGH) method was more efficient because 23 

the final moisture content of the sample was 9.45% lower than the vacuum freeze dryer 24 

(VFD) method, which was 15.95%. 25 
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Keywords: Color losses; Moisture content; Quality parameters; Total soluble solids; Water 26 

losses 27 

 28 

1. Introduction 29 

Vacuum freeze drying has been proven to be an effective drying method to produce 30 

freeze-dried products with the best quality compared to other drying methods [1-3]. The 31 

advantages of freeze-drying products are the texture structure that does not shrink [4], thus 32 

allowing very fast rehydration, high flavor retention because drying takes place at low 33 

temperatures, and the reconstitution of living cells in freeze-dried products remains high [5-34 

6]. It has been used to obtain high quality freeze-dried products [7-8]. 35 

Even though vacuum freeze drying is the best drying process [9], it has several 36 

drawbacks, including a slow drying rate because the heat used for the sublimation process 37 

must be propagated through the layer of material [10]. The porous structure of the material 38 

has a very low conductivity that the transfer of heat to the surface of the material is also very 39 

low [11-12]. 40 

Heating analysis to increase the efficiency of heat propagation to the material layer 41 

has been carried out by Reyes et al. [13], however, the use of exhaust gas heat a condenser 42 

has not been disclosed. Freeze drying using additional heating has been reported by Xu et 43 

al. [14] that the high drying temperature greatly affects the sublimation rate. 44 

Freeze-drying kinetics are influenced by the freezing rate and heat and mass transfer 45 

rates during the sublimation process [15-16]. The freezing process is one of the stages of 46 

freeze drying which requires high energy [17-18]. Therefore, the search for a more 47 

appropriate method is one of the most needed efforts by the food processing industry today 48 

[19-20]. 49 
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Research on the process of utilizing heat sources from the condenser has not been 50 

widely reported. Therefore, this research is very important to explain the efficiency of 51 

exhaust gas heat utilization that drying can take place quickly and produce hygienic frozen 52 

products. Therefore, the aim of this study was to examine the use of exhaust gas heat from 53 

a condenser to increase the vacuum freeze-drying rate. 54 

 55 

2. Materials and methods 56 

2.1. Materials 57 

The materials used in the study were fresh cut-jackfruit with a harvest age of 3 months. 58 

This fruit was obtained from farmers' gardens in Mataram, West Nusa Tenggara Province, 59 

Indonesia. The jackfruit was split, then the skin was separated and the seeds are removed. 60 

Another material were refrigerant R134A was obtained from a minimarket in Mataram City, 61 

West Nusa Tenggara, Indonesia. 62 

 63 

2.2. Tools 64 

The main equipment used were a vacuum freeze dryer (VFD) and a modified vacuum 65 

freeze dryer with the use of exhaust gas heat (EGH) (Figure 1). The other equipment were a 66 

digital refractometer type DR301-95, moisture tester, color meter TES135 series, and texture 67 

analyzer Brookfield model CT3. 68 
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 69 

Figure 1. The vacuum freeze drying equipment sketch 70 

 71 

2.3. Drying procedure  72 

The drying process was carried out with a freeze temperature of -55 ºC and the drying 73 

time was 7 hours. Each treatment used a sample of 0.5 kg of fresh-cut jackfruit. The 74 

experiment was repeated 3 times. 75 

 76 

2.4. Water Losses Analysis 77 

Water losses (WL) describes the amount of water evaporated from the sample during 78 

the vacuum freeze drying process which can be calculated by equation (1) [21]: 79 

𝑊𝐿 =  𝑚0 − 𝑚𝑡  
𝑊𝑡

𝑊0
 (Eq. 1) 80 

Where, m0 = sample moisture content at time 0 (%), mt = sample moisture content at time t 81 

(%), W0 = sample weight at time-0 (grams), Wt = sample weight at the time-t (gram). 82 

 83 

2.5. Moisture content analysis 84 
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The moisture content of fresh-cut jackfruit was determined following the standard 85 

method of analysis [3]. Approximately 5 g of the sample was weighed into a can. The sample 86 

was heated to 50+1 °C until constant weight was reached, transferred to a desiccator, and 87 

was weighed soon after it had reached environment temperature. The moisture content was 88 

calculate by Equation (2) [5]: 89 

𝑀𝑐 =
𝑎−𝑏

𝑎
× 100%  (Eq. 2) 90 

Where, Mc = moisture content (%), a = initial of moisture content (%), b = final of moisture 91 

content (%). 92 

2.6. Texture analysis 93 

The measurement of the sample texture of the result from the vacuum freeze dryer was 94 

carried out using a texture analyzer with a compression method. The loading was carried out 95 

with a compression speed of 4 mm/s. The result can be calculated using equation (3) [4]: 96 

𝑇 =
𝑃

𝐴
 (Eq. 3) 97 

Where, T = texture (N/mm2), P = compressive force (N), and A = cross-sectional area (mm2). 98 

2.7. Color Analysis 99 

The color of fresh-cut jackfruit was measurement using the Chroma meter type AT-100 

13-04 Konica Minolta type CR-400. Color measurement using the Hunter L* a* b* color 101 

value system [22]. 102 

For lightness were defined as: 103 

L ∗= L ∗𝑑− L ∗𝑓 (Eq. 4) 104 

For redness were defined as: 105 

a ∗= a ∗𝑑− a ∗𝑓 (Eq. 5) 106 
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For yellowness were defined as: 107 

𝑏 ∗= b ∗𝑑− b ∗𝑓 (Eq. 6) 108 

Where, L* = lightness (L* = 0 for black, L* = 100 for white), a* = green-red (a*<0 for green, 109 

a*>0 for red), b* = blue-yellow (b*<0 for blue, b*>0 for yellow), subscript ‘f’ refers to fresh 110 

samples and ‘d’ to the values of dried materials.  111 

 112 

2.8. Weight losses analysis 113 

The weight losses (WL) of the sample was measured before and after drying. Weight 114 

losses was calculated using the following equation (6) [23]: 115 

𝑊𝐿 =
𝑤𝑓−𝑤𝑑

𝑤𝑓
 100% (Eq. 7) 116 

Where, WL = weight losses (%), wf = mass of sample before drying (grams), wd = mass of 117 

sample after drying (gram). 118 

 119 

2.9. Total soluble solids analysis 120 

Total soluble solids (TSS) were measured using a digital refractometer type DR301-121 

95. The TSS value is expressed in degrees of brix to indicate the dissolved sugar content in 122 

the sample. Measurements were made by crushing 2 grams of jackfruit and then placing it 123 

on the refractometer sensor. Each treatment was repeated three times. 124 

2.10. Data analysis 125 

Analysis of variance (ANOVA) was used to determine the comparison of the results 126 

of the two types of dryers to the characteristics of frozen jackfruit. If the ANOVA table the 127 

F-count value is greater than F-crit, it means that there is a difference at the 5% significance 128 

level [24]. 129 

 130 
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3. Results and discussions 131 

3.1. Water losses 132 

The data of WL in the sample during vacuum freeze-drying was shown in Figure 2. In 133 

this figure, it can be seen that the water losses in the EGH method is higher than that of the 134 

VFD method. This is due to the exhaust gas heat from the condenser as a heating source in 135 

the EGH method which can significantly accelerate the evaporation rate of water, whereas 136 

in the VFD method the water evaporation process only occurs because of the difference in 137 

pressure inside and outside the drying chamber. In line with this, Westerterp et al. [25] also 138 

stated that the process of evaporation of the water on the material during vacuum freeze 139 

drying occurs because there are difference in pressure on the surface of the material with 140 

environmental pressure and the longer the drying process, the more water was evaporated. 141 

 142 

Figure 2. The water loss profile of fresh cut jackfruit during vacuum-freeze drying 143 

 144 

Based on the results of the analysis of variance, it was known that the use of different 145 

drying methods provides different WL data. The EGH method produces a higher WL value 146 
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(14.50%) than the VFD method (12.06%). This shows that the use of additional heat energy 147 

from the exhaust gas heat of the condenser has a significant effect on the WL value. 148 

Other factors that influence water losses during drying are temperature and drying 149 

time. This result in line with the opinion of Mello et al. [26] that many factors influence to 150 

the water losses in the drying process, including drying temperature, air humidity, and air 151 

flow velocity. The greater the temperature difference between the heating medium and the 152 

drying material, the faster the heat transfer into the material, the rate faster of water losses 153 

from the dried material. The air humidity was inversely related to drying time. The higher 154 

the humidity, the longer the drying process will be. Meanwhile, the air flow rate was directly 155 

proportional to the drying time. The higher the air flow rate, the faster the drying process. 156 

 157 

3.2. Moisture content 158 

Figure 2 presents the curves of the reduction in moisture content of the two different 159 

drying methods used in this study. To reach the moisture content of the frozen product, these 160 

two methods have different times. The final moisture content in the EGH method is much 161 

lower than the VFD method. This indicates that the use of exhaust gas heat from a condenser 162 

as a heating source can significantly accelerate the rate of decreasing moisture content. 163 

These data indicate that one of the important characteristics of vacuum freeze-dryers was 164 

the efficient use of energy to reduce moisture content compared to other drying methods. 165 

In Figure 3 it can also be seen that the final water content of the sample in the VFD 166 

method is higher, namely 15.95% than the final water content in the EGH method which is 167 

only 9.45%. This happens because there are additional heat energy from the condenser that 168 

the water sublimation process in the EGH method takes place faster than the VFD method. 169 

The same study have been described by Zhang et al. [27] that by utilizing secondary drying 170 
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in a freeze dryer can optimize the sublimation process of water that the drying process takes 171 

place very quickly. 172 

 173 

Figure 3. Curve of the rate of reduction in moisture content during vacuum freeze drying 174 

 175 

The moisture content is a very important characteristic of freeze-dried food products 176 

because the moisture content can affect the appearance, texture, and taste of the product [28]. 177 

The moisture content also affects the freshness and shelf life of the product. The high water 178 

content can make bacteria, molds, and yeast easy to reproduce there will be changes in 179 

foodstuffs [29]. The vacuum freeze drying process can remove moisture content from the 180 

sample. The moisture content produced from the vacuum freeze dryer in this study has met 181 

the quality requirements of freeze-dried fruit products a maximum of 15% [30]. 182 

 183 

3.3. Texture  184 

Vacuum-freeze drying is a drying method that causes sublimation of the water vapor 185 

in the material that the structure of the material expands. The results of the texture test using 186 

the compression method showed that the samples dried by the EGH method produced a 187 
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crispier texture than the VFD method (Figure 4). It shows that the water vapor sublimation 188 

process that occurs in the EGH method causes the sample texture to be crunchy and easy to 189 

break. The factors causing the crisp texture of the sample are due to the low pressure in the 190 

drying chamber and the relatively high internal vapor pressure during the vacuum freeze 191 

drying process. 192 

In the EGH method, the sample structure changes due to the effect of additional 193 

heating energy from the exhaust gas heat of the condenser, after which the sample ice 194 

crystals turn into gas and then evaporate. Compared to the EGH method, the sublimation 195 

process in the VFD method was a heating process with low temperatures that the sample ice 196 

crystals evaporate more slowly. That's what causes sample shrinkage. The results of the 197 

same paper have been described by Liu et al. [31] that the shocking effect of the freezing 198 

process then heated to a higher temperature is the change of ice to vapor that the texture of 199 

the sample is crispier and more porous. 200 

The changing process of the sample texture has occurred shortly after drying, then 201 

evaporation of the water occurs and air bubbles form. Previous studies have reported by 202 

Zielinska et al. [32] that the vacuum freeze drying process can cause water evaporation, then 203 

the product expands and forms air cavities. The high and low texture value of a material 204 

according to Bozkir et al. [33] depending on the characteristics of the material, such as 205 

thickness, homogenization, and composition. 206 
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 207 

Figure 4. The texture profile of cut jackfruit during vacuum freeze dryer 208 

 209 

The samples dried using the EGH method caused the water to come out of the fruit 210 

cell walls faster than the VFD method. This difference in the evaporation of high water 211 

content causes the texture structure of the sample to become more brittle and expand. This 212 

result in line with the study reported by Sobaszek et al. [34] that the vacuum freeze drying 213 

process resulted in water evaporation that the texture of the fruit would become hard. 214 

In general, the texture of the jackfruit from vacuum freeze drying depends on the cell 215 

wall tissue. The texture change occurs in the vacuum freeze drying process because the 216 

sample has lost some of its moisture content. This view is supported by Pei et al. [35] who 217 

writes that the texture structure of the fruit depends on the cell wall tissue that in the vacuum 218 

freeze dryer there is a hardening on the surface of the material accompanied by changes in 219 

the size of the product texture. 220 

 221 
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Changes in the color of fresh cut jackfruit before and after vacuum freeze drying can 223 

be seen from the data in Figure 5. The graph of the color change of the fresh-cut jackfruit 224 

during vacuum freeze drying can be seen from the data in Table 1. Based on the Table 1 we 225 

can see that the type of dryer has no significant effect on lightness (L*), redness (a*), and 226 

yellowness (b*). 227 

 228 

Figure 5. The color of fresh cut jackfruit before (A) and after (B) vacuum freeze-drying  229 

 230 

Table 1. Value of lightness (L*), redness (a*), and yellowness (b*) of the fresh-cut jackfruit 231 

during vacuum freeze drying. 232 

Drying methods 
Color 

L* a* b* 

Control 58.62 ± 0.55 a 5.75 ± 0.78 a 67.23 ± 0.14 a 

EGH 57.23 ± 0.21 a 5.92 ± 0.14 a 68.37 ± 0.42 a 

VFD 57.12 ± 0.34 a 5.42 ± 0.56 a 69.63 ± 0.12 a 

 233 

Note: numbers followed by different letter notations in the same column show significant 234 

differences at the 0.05 significance level (P<0.05). 235 
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 236 

Based the data in Table 1, it is apparent that the change in the lightness color of the 237 

freeze-dried jackfruit tended to decrease during the drying process. The sample color 238 

changes from shiny yellow become opaque yellow in both types of drying methods. The 239 

lightness value in the VFD method was lower (57.12) than the EGH method (57.23) although 240 

it was not significantly different. The lightness color shows a decreasing trend during drying 241 

in both methods. This is caused by a biological reaction, resulting in an enzymatic process 242 

that causes the color of the sample to decrease in brightness. This result is in line with 243 

Keutgen and Pawelzik [36] have reported that low temperatures in the vacuum freeze drying 244 

process have not been able to activate the polyphenolic enzymes in the sample and the 245 

enzymes can still be active at temperatures as low as -73 ºC, although with very low reaction 246 

rates. 247 

The redness and yellowness color intensity did not change during the vacuum freeze 248 

drying process. The sample color before and after drying did not change significantly. 249 

Several investigators have also reported that the use of a vacuum freeze dryer did not result 250 

in color changes in the samples [37]. Sample color change usually occurs at high drying 251 

temperatures [38]. The same analogy has been explained by Falah et al. [39] that a significant 252 

change in sample color during high temperature drying can occur, but the change is not 253 

significant at cold temperature. 254 

 255 

3.5. Weight losses (WL) 256 

The results of the WL calculation of fresh-cut jackfruit during vacuum freeze drying 257 

are shown in Table 2. At the beginning of the drying process, the WL occurs very rapidly 258 

until 6th hour, then slowly until the end of drying. After reaching the saturated condition, the 259 
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sample WL no longer changes. Table 2 also shows that the WL is higher in the EGH method 260 

compared to the VFD method. 261 

Table 2. Average of WL value of fresh cut jackfruit from vacuum freeze drying 262 

Drying time (hour) 
Weight losses (g) 

EGH VFD 

1 0.00 a 0.00 a 

2 7.29 b 6.53 b 

3 10.12 c 9.41 c 

4 15.13 d 13.75 d 

5 23.14 e 18.65 e 

6 35.67 f 29.42 f 

7 37.32 f 31.82 g 

Note: numbers followed by different letter notations in the same column show significant 263 

differences at the 0.05 significance level (P <0.05). 264 

 265 

From the table above we can see that the samples dried in the EGH method had a final 266 

WL of 37.32 g, while those dried in the VFD method had a final WL of 31.82 g. These data 267 

indicate that the use of exhaust gas heat form a condenser in the EGH method has a 268 

significant effect on reducing WL of fresh-cut jackfruit 269 

The duration of the drying process also has a significant effect on the WL of fresh-cut 270 

jackfruit. The long drying process can trigger an increase in the percentage of WL in the 271 

sample. The same it cases has been reported by Singh and Khan [40] that WL is generally 272 

affected by the evaporation of moisture during drying due to the breakdown of organic 273 

compounds into inorganic compounds, namely compounds are oxidized to CO2 and absorb 274 

O2, then reduced to H2O. 275 
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 276 

3.6. Total Soluble Solids (TSS) 277 

The results of measuring the TSS value of fresh-cut jackfruit from vacuum freeze 278 

drying are shown in Table 3. 279 

 280 

Table 3. Average TSS value of fresh-cut jackfruit from vacuum freeze drying 281 

Drying time (hour) 
Total soluble solids (ºBrix) 

EGH VFD 

1 8.04 a 8.04 a 

2 10.19 b 09.83 b 

3 11.23 c 10.31 c 

4 12.33 d 11.67 d 

5 14.46 e 13.55 e 

6 15.67 f 14.92 f 

7 17.32 g 16.22 g 

Note: numbers followed by different letter notations in the same column show significant 282 

differences at the 0.05 significance level (P<0.05). 283 

 284 

The data in Table 3 shows that during drying, there was an increase in the TSS value 285 

in the sample due to the respiration and transpiration processes that were still ongoing even 286 

though the fruit had been harvested. The increase in TSS value is also accelerated by vacuum 287 

freeze drying. The TSS value was higher in the EGH method than the VFD method. This is 288 

thought to be due to the influence of the exhaust gas heat from a condenser which triggers 289 

the carbohydrate content to become sugar levels. A similar thing has been reported by 290 

Rydzak et al. [41] that immature fruit stores a lot of carbohydrates in the form of starch and 291 
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during the process towards maturity the content will turn into sugar. According to Yusufe et 292 

al. [42], fruits at advanced maturity levels have the highest TSS content, due to hydrolysis 293 

of starch to sugar. 294 

Total soluble solids are the combination of all inorganic and organic substances 295 

present in food. Based on the data in Table 3, it can be seen that at the beginning of drying 296 

the TSS value is still low. With the length of drying time, the TSS value tended to be higher 297 

in the two methods, but had different values. The difference in TSS value is thought to be 298 

due to the difference in temperature used between the EGH and VFD methods. The driving 299 

force of the exhaust gas heat from condenser in the EGH method causes some of the water 300 

to evaporate faster. In addition, the faster sublimation process can open larger pores of the 301 

sample surface. When the pores of the sample surface as the permeability membrane opens 302 

wider, the amount of water evaporating from the material will also increase [43]. 303 

 304 

4. Conclusions 305 

The exhaust gas heat from a condenser can be used to accelerate the sublimation 306 

process during the vacuum-freeze drying process, the drying process can take place faster. 307 

The results of this study have proven that the use of exhaust gas heat from a condenser has 308 

a significant effect on the parameters of water losses, moisture content, texture, weight 309 

losses, and total dissolved solids, but it does not affect the sample color. 310 

This new finding provides a better scientific understanding of the vacuum freeze-311 

drying process. Therefore, the results of this study are recommended to be applied to vacuum 312 

freeze dryers for drying food products. 313 
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corrections.esch@elsevier.tnq.co.in <corrections.esch@elsevier.tnq.co.in> 12 Desember 2021 00.58
Kepada: ansar72@unram.ac.id

PLEASE DO NOT ALTER THE SUBJECT LINE OF THIS E-MAIL ON REPLY

Dear Dr. Ansar A,

Thank you for publishing with Results in Engineering. We are pleased to inform you that the proof for your upcoming
publication is ready for review via the link below. You will find instructions on the start page on how to make corrections
directly on-screen or through PDF.

https://elsevier.proofcentral.com/en-us/landing-page.html?token=982fe0e1e6d55a267307b61e2b931e

Please open this hyperlink using one of the following browser versions:

Google Chrome 68+
Mozilla Firefox 61+
Mac OS Safari 11+
Microsoft Edge 79+

We ask you to check that you are satisfied with the accuracy of the copy-editing, and with the completeness and
correctness of the text, tables and figures. To assist you with this, copy-editing changes have been highlighted.

You can save and return to your article at any time during the correction process. Once you make corrections and hit the
SUBMIT button you can no longer make further corrections.

Please review the proof and submit any corrections within 48 hours to help us publish your article as quickly and
accurately as possible.

We very much look forward to your response.

Yours sincerely,

Elsevier

E-mail: corrections.esch@elsevier.tnq.co.in

For further assistance, please visit our customer support site at https://service.elsevier.com. Here you can search for
solutions on a range of topics. You will also find our 24/7 support contact details should you need any further assistance
from one of our customer support representatives.

Disclaimer: The entire content of this email message, including any files transmitted with it are confidential and intended solely for the use of the individual or
entity to whom they are addressed. If you are not the named addressee or part of the entity, you should not disseminate, distribute, or copy this email. Please
notify the sender immediately by e-mail if you have received this email by mistake and delete this e-mail from your system. If you are not the intended
recipient you are notified that disclosing, copying, distributing, or taking any action in reliance on the contents of this information is strictly prohibited.

https://elsevier.proofcentral.com/en-us/landing-page.html?token=982fe0e1e6d55a267307b61e2b931e
mailto:corrections.esch@elsevier.tnq.co.in
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Researcher Support <support@elsevier.com> 15 Desember 2021 01.17
Balas Ke: Researcher Support <support@elsevier.com>
Kepada: ansar72@unram.ac.id

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for your e-mail which was forwarded to us here in Open Access Support. 

Please accept my apologies for the delayed in response. 

I have received your request for a waived publication fee in respect to your planned submission on the journal.
Each waiver request is considered on it’s own merit. For your request to be considered, I need to collect some
further information for you. I have attached a fact-find form for your completion. 

Many thanks and I look forward to hear from you. 

Kind regards,
 
Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Administrator
Date: Saturday, December 11, 2021 01:21 PM GMT 

Dear Customer, 
  
Thank you for contacting Researcher Support. This is an automated acknowledgement email. 
   
If you have not already done so, please supply the following information by replying to this acknowledgement  
  
1. Full Journal Name 
2. A Manuscript/Article Reference (if applicable) 
3. Telephone number - not essential but may be used if we need to ask additional information 
  
For all future correspondence, please quote your unique reference number provided in the subject header of this
email. 

Need Help? Have you visited our Journal Article Publishing Support Center where you can find frequently asked
questions which may help resolve your query. 

Please avoid changing the subject line of this email when replying to avoid delay with your query. 

https://www.elsevier.com/authors/submit-your-paper/sharing-and-promoting-your-article?utm_campaign=STMJ_1607087287_AUTH_SERV_OTR&utm_medium=email&utm_source=Other&dgcid=STMJ_1607087287_AUTH_SERV_OTR
https://service.elsevier.com/app/home/supporthub/publishing/track/BvPR9gpgDv8e~bC0Gpoa~yCe9dsqYS75Mv~Z~zj~PP8Q
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Regards, 

Elsevier Customer Service 

From: Ansar Ansar 
Date: Saturday, December 11, 2021 01:21 PM GMT 

I hope to be granted APC waived with article reference Ms. No. RINENG-D-21-00242R1

This email is for use by the intended recipient and contains information that may be confidential. If you are not the intended recipient, please notify
the sender by return email and delete this email from your inbox. Any unauthorized use or distribution of this email, in whole or in part, is strictly
prohibited and may be unlawful. Any price quotes contained in this email are merely indicative and will not result in any legally binding or
enforceable obligation. Unless explicitly designated as an intended e-contract, this email does not constitute a contract offer, a contract amendment,
or an acceptance of a contract offer. 

Elsevier Limited. Registered Office: The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, United Kingdom, Registration No. 1982084,
Registered in England and Wales. Privacy Policy
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Researcher Support <support@elsevier.com> 16 Desember 2021 01.30
Balas Ke: Researcher Support <support@elsevier.com>
Kepada: ansar72@unram.ac.id

Dear Ansar 

Our reference: 211211-008712
  
This is an automated email reminder. 
 
To enable us to respond fully to your enquiry, we requested some further details from you, however we do not
appear to have received a reply.  
 
Please can you supply the details requested so that we can answer your enquiry in full?  The original request is
below this message.  We look forward to receiving your response. 

Regards
  
Elsevier Customer Service

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for your e-mail which was forwarded to us here in Open Access Support. 

Please accept my apologies for the delayed in response. 

I have received your request for a waived publication fee in respect to your planned submission on the journal.
Each waiver request is considered on it’s own merit. For your request to be considered, I need to collect some
further information for you. I have attached a fact-find form for your completion. 

https://www.elsevier.com/legal/privacy-policy
https://mail.google.com/mail/u/0/?ui=2&ik=f3f303f0c4&view=att&th=17db9f35a98e3541&attid=0.1&disp=attd&safe=1&zw
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Many thanks and I look forward to hear from you. 

Kind regards,
 
Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Administrator 
Date: 11/12/2021 01.21 PM 

Dear Customer, 
  
Thank you for contacting Researcher Support. This is an automated acknowledgement email. 
   
If you have not already done so, please supply the following information by replying to this
acknowledgement  
  
1. Full Journal Name 
2. A Manuscript/Article Reference (if applicable) 
3. Telephone number - not essential but may be used if we need to ask additional information 
  
For all future correspondence, please quote your unique reference number provided in the subject
header of this email. 

Need Help? Have you visited our Journal Article Publishing Support Center where you can find
frequently asked questions which may help resolve your query. 

Please avoid changing the subject line of this email when replying to avoid delay with your query. 

Regards, 

Elsevier Customer Service 

From: Ansar Ansar 
Date: 11/12/2021 01.21 PM 

I hope to be granted APC waived with article reference Ms. No. RINENG-D-21-00242R1

This email is for use by the intended recipient and contains information that may be confidential. If you are not the intended recipient, please notify
the sender by return email and delete this email from your inbox. Any unauthorized use or distribution of this email, in whole or in part, is strictly
prohibited and may be unlawful. Any price quotes contained in this email are merely indicative and will not result in any legally binding or
enforceable obligation. Unless explicitly designated as an intended e-contract, this email does not constitute a contract offer, a contract amendment,
or an acceptance of a contract offer. 

Elsevier Limited. Registered Office: The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, United Kingdom, Registration No. 1982084,
Registered in England and Wales. Privacy Policy

https://www.elsevier.com/authors/submit-your-paper/sharing-and-promoting-your-article?utm_campaign=STMJ_1607087287_AUTH_SERV_OTR&utm_medium=email&utm_source=Other&dgcid=STMJ_1607087287_AUTH_SERV_OTR
https://service.elsevier.com/app/home/supporthub/publishing/track/BvPR9gpgDv8e~ZSyGnUa~yCW9dsqYS75Mv~M~zj~PP8F
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[---002:002551:00081---]

Researcher Support <support@elsevier.com> 17 Desember 2021 01.30
Balas Ke: Researcher Support <support@elsevier.com>
Kepada: ansar72@unram.ac.id

Dear Ansar 

Our reference: 211211-008712
  
This is an automated email reminder. 
Please send us further information so that we can fully answer your recent enquiry. 

The original request is below this message. We look forward to hearing from you. 

Regards
  
Elsevier Customer Service
 
  

From: Administrator 
Date: 15/12/2021 05.30 PM
[Kutipan teks disembunyikan]
[Kutipan teks disembunyikan]

[---002:002824:27050---]

Ansar - <ansar72@unram.ac.id> 17 Desember 2021 06.49
Kepada: Researcher Support <support@elsevier.com>

Dear Jana S. Nolos 
Research Support 
ELSEVIER 

We are hereby sent a Waiver Request (Fact-find) form. Hopefully, it can be considered. 

Best regards,
Dr. Ansar
[Kutipan teks disembunyikan]

Waiver Request Fact-find.xlsx 
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Researcher Support <support@elsevier.com> 18 Desember 2021 23.46
Balas Ke: Researcher Support <support@elsevier.com>
Kepada: ansar72@unram.ac.id

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for completing the Fact Find Sheet. 

I have noted that you input "Yes" in all authors Grantee's field. 

https://mail.google.com/mail/u/0/?ui=2&ik=f3f303f0c4&view=att&th=17dc56fba097a24f&attid=0.1&disp=attd&realattid=f_kx9k07se0&safe=1&zw
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In this case, could you please confirm if all authors received grants from their Institution. 

Looking forward to your response. 

Kind regards,
 
Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Ansar Ansar 
Date: Thursday, December 16, 2021 10:49 PM GMT 

Dear Jana S. Nolos 
Research Support 
ELSEVIER 

We are hereby sent a Waiver Request (Fact-find) form. Hopefully, it can be considered. 

Best regards,
Dr. Ansar

Pada tanggal Rab, 15 Des 2021 pukul 01.17 Researcher Support <support@elsevier.com> menulis: 

From: Administrator
Date: Thursday, December 16, 2021 05:30 PM GMT 

Dear Ansar 

Our reference: 211211-008712
  
This is an automated email reminder. 
Please send us further information so that we can fully answer your recent enquiry. 

The original request is below this message. We look forward to hearing from you. 

Regards
  
Elsevier Customer Service
 
  

From: Administrator
Date: Wednesday, December 15, 2021 05:30 PM GMT 

Dear Ansar 

Our reference: 211211-008712
  
This is an automated email reminder. 
 

https://www.elsevier.com/authors/submit-your-paper/sharing-and-promoting-your-article?utm_campaign=STMJ_1607087287_AUTH_SERV_OTR&utm_medium=email&utm_source=Other&dgcid=STMJ_1607087287_AUTH_SERV_OTR
mailto:support@elsevier.com
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To enable us to respond fully to your enquiry, we requested some further details from you, however we do not
appear to have received a reply.  
 
Please can you supply the details requested so that we can answer your enquiry in full?  The original request is
below this message.  We look forward to receiving your response. 

Regards
  
Elsevier Customer Service

From: Jana Sentillas Nolos 
Date: Tuesday, December 14, 2021 05:17 PM GMT
[Kutipan teks disembunyikan]
[Kutipan teks disembunyikan]

[---002:003740:51707---]

Ansar - <ansar72@unram.ac.id> 19 Desember 2021 21.46
Kepada: Researcher Support <support@elsevier.com>

Dear Jana S. Nolos
Researcher Support
ELSEVIER

Thank you for your email. 
I have completed the fact-find form. Hope it can be considered. 

Best regards,
Dr. Ansar

Pada tanggal Rab, 15 Des 2021 pukul 01.17 Researcher Support <support@elsevier.com> menulis: 
[Kutipan teks disembunyikan]

Waiver Request Fact-find.xlsx 
68K

Researcher Support <support@elsevier.com> 21 Desember 2021 20.13
Balas Ke: Researcher Support <support@elsevier.com>
Kepada: ansar72@unram.ac.id

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for your reply. 

I have checked the Fact Find Sheet and I have noted that you input "Yes" in all authors Grantee fields. 

Could you please confirm if all authors received Grants from their Institution. 

Thank you for your time and I am looking forward to your response. 

Kind regards, 

Jana S. Nolos
Researcher Support
ELSEVIER  
                                             

mailto:support@elsevier.com
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Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Ansar Ansar 
Date: Sunday, December 19, 2021 01:47 PM GMT 

Dear Jana S. Nolos
Researcher Support
ELSEVIER

Thank you for your email. 
I have completed the fact-find form. Hope it can be considered. 

Best regards,
Dr. Ansar

Pada tanggal Rab, 15 Des 2021 pukul 01.17 Researcher Support <support@elsevier.com> menulis: 

From: Jana Sentillas Nolos 
Date: Saturday, December 18, 2021 03:46 PM GMT 

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for completing the Fact Find Sheet. 

I have noted that you input "Yes" in all authors Grantee's field. 

In this case, could you please confirm if all authors received grants from their Institution. 

Looking forward to your response. 

Kind regards,
 
Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Ansar Ansar 
Date: Thursday, December 16, 2021 10:49 PM GMT 

Dear Jana S. Nolos 
Research Support 
ELSEVIER 

We are hereby sent a Waiver Request (Fact-find) form. Hopefully, it can be considered. 

Best regards,
Dr. Ansar

https://www.elsevier.com/authors/submit-your-paper/sharing-and-promoting-your-article?utm_campaign=STMJ_1607087287_AUTH_SERV_OTR&utm_medium=email&utm_source=Other&dgcid=STMJ_1607087287_AUTH_SERV_OTR
mailto:support@elsevier.com
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Pada tanggal Rab, 15 Des 2021 pukul 01.17 Researcher Support <support@elsevier.com> menulis: 

From: Administrator
Date: Thursday, December 16, 2021 05:30 PM GMT 

Dear Ansar 

Our reference: 211211-008712
  
This is an automated email reminder. 
Please send us further information so that we can fully answer your recent enquiry. 

The original request is below this message. We look forward to hearing from you. 

Regards
  
Elsevier Customer Service
 
  

From: Administrator
Date: Wednesday, December 15, 2021 05:30 PM GMT 

Dear Ansar 

Our reference: 211211-008712
  
This is an automated email reminder. 
 
To enable us to respond fully to your enquiry, we requested some further details from you, however we do not
appear to have received a reply.  
 
Please can you supply the details requested so that we can answer your enquiry in full?  The original request is
below this message.  We look forward to receiving your response. 

Regards
  
Elsevier Customer Service

From: Jana Sentillas Nolos 
Date: Tuesday, December 14, 2021 05:17 PM GMT 

[Kutipan teks disembunyikan]
[Kutipan teks disembunyikan]

[---002:004576:03813---]

Ansar - <ansar72@unram.ac.id> 21 Desember 2021 21.38
Kepada: Researcher Support <support@elsevier.com>

Dear Jana S. Nolos
Researcher Support
ELSEVIER 

Thank you very much for your attention. 
I have changed the input "NO" in all author's Grantee fields. 

Best regards,

mailto:support@elsevier.com


1/3/22, 6:11 PM Email Universitas Mataram - Re: Using of Exhaust Gas Heat from a Condenser to Increase the Vacuum Free [211211-008712]

https://mail.google.com/mail/u/0/?ik=f3f303f0c4&view=pt&search=all&permthid=thread-f%3A1719142735598728513&simpl=msg-f%3A17191427355… 9/21

Dr. Ansar
[Kutipan teks disembunyikan]
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Researcher Support <support@elsevier.com> 23 Desember 2021 23.38
Balas Ke: Researcher Support <support@elsevier.com>
Kepada: ansar72@unram.ac.id

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for completing the Fact Find Sheet. 

As your respective institution has not provided you with funding toward your research, we will require a written
confirmation from the Head of Finance or the Head of Department at your institution. Please provide this along
with the completed form by replying to this email. 

Many thanks and I look forward to hear from you. 

Kind regards,
 
Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Ansar Ansar 
Date: Tuesday, December 21, 2021 01:45 PM GMT 

Dear Jana S. Nolos
Researcher Support
ELSEVIER 

Thank you very much for your attention. 
I have changed the input "NO" in all author's Grantee fields. 

Best regards,
Dr. Ansar

Pada tanggal Sel, 21 Des 2021 pukul 20.13 Researcher Support <support@elsevier.com> menulis: 

From: Jana Sentillas Nolos 
Date: Tuesday, December 21, 2021 12:13 PM GMT
[Kutipan teks disembunyikan]
[Kutipan teks disembunyikan]

[---002:005502:31266---]

Researcher Support <support@elsevier.com> 24 Desember 2021 23.45
Balas Ke: Researcher Support <support@elsevier.com>
Kepada: ansar72@unram.ac.id
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Dear Ansar
 
Our reference: 211211-008712
 
This is an automated email reminder.
 
We recently requested some further details from you to enable us to respond fully to your enquiry.  As we have
not received a response to either our original request or subsequent reminder/s we will wait until we hear from
you.
 
If we can still be of assistance with this enquiry, please contact us and quote our reference number.
 
Regards
 
Elsevier Customer Service
 
 

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for completing the Fact Find Sheet. 

As your respective institution has not provided you with funding toward your research, we will require a written
confirmation from the Head of Finance or the Head of Department at your institution. Please provide this along
with the completed form by replying to this email. 

Many thanks and I look forward to hear from you. 

Kind regards,
 
Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Ansar Ansar 
Date: 21/12/2021 01.45 PM 

Dear Jana S. Nolos
Researcher Support
ELSEVIER 

Thank you very much for your attention. 
I have changed the input "NO" in all author's Grantee fields. 

Best regards,

https://www.elsevier.com/authors/submit-your-paper/sharing-and-promoting-your-article?utm_campaign=STMJ_1607087287_AUTH_SERV_OTR&utm_medium=email&utm_source=Other&dgcid=STMJ_1607087287_AUTH_SERV_OTR
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Dr. Ansar

Pada tanggal Sel, 21 Des 2021 pukul 20.13 Researcher Support <support@elsevier.com>
menulis: 

From: Jana Sentillas Nolos 
Date: 21/12/2021 12.13 PM 

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for your reply. 

I have checked the Fact Find Sheet and I have noted that you input "Yes" in all authors Grantee fields. 

Could you please confirm if all authors received Grants from their Institution. 

Thank you for your time and I am looking forward to your response. 

Kind regards, 

Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Ansar Ansar 
Date: 19/12/2021 01.47 PM 

Dear Jana S. Nolos
Researcher Support
ELSEVIER

Thank you for your email. 
I have completed the fact-find form. Hope it can be considered. 

Best regards,
Dr. Ansar

Pada tanggal Rab, 15 Des 2021 pukul 01.17 Researcher Support <support@elsevier.com>
menulis: 

From: Jana Sentillas Nolos 
Date: 18/12/2021 03.46 PM 

Dear Dr. Ansar, 
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Article reference: RINENG_100317 

Thank you for completing the Fact Find Sheet. 

I have noted that you input "Yes" in all authors Grantee's field. 

In this case, could you please confirm if all authors received grants from their Institution. 

Looking forward to your response. 

Kind regards,
 
Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Ansar Ansar 
Date: 16/12/2021 10.49 PM 

Dear Jana S. Nolos 
Research Support 
ELSEVIER 

We are hereby sent a Waiver Request (Fact-find) form. Hopefully, it can be considered. 

Best regards,
Dr. Ansar

Pada tanggal Rab, 15 Des 2021 pukul 01.17 Researcher Support <support@elsevier.com>
menulis: 

From: Administrator 
Date: 16/12/2021 05.30 PM 

Dear Ansar 

Our reference: 211211-008712
  
This is an automated email reminder. 
Please send us further information so that we can fully answer your recent enquiry. 

The original request is below this message. We look forward to hearing from you. 

Regards
  
Elsevier Customer Service
 

https://www.elsevier.com/authors/submit-your-paper/sharing-and-promoting-your-article?utm_campaign=STMJ_1607087287_AUTH_SERV_OTR&utm_medium=email&utm_source=Other&dgcid=STMJ_1607087287_AUTH_SERV_OTR
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From: Administrator 
Date: 15/12/2021 05.30 PM 

Dear Ansar 

Our reference: 211211-008712
  
This is an automated email reminder. 
 
To enable us to respond fully to your enquiry, we requested some further details from you, however we do not
appear to have received a reply.  
 
Please can you supply the details requested so that we can answer your enquiry in full?  The original request is
below this message.  We look forward to receiving your response. 

Regards
  
Elsevier Customer Service

From: Jana Sentillas Nolos 
Date: 14/12/2021 05.17 PM 

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for your e-mail which was forwarded to us here in Open Access Support. 

Please accept my apologies for the delayed in response. 

I have received your request for a waived publication fee in respect to your planned submission on the journal.
Each waiver request is considered on it’s own merit. For your request to be considered, I need to collect some
further information for you. I have attached a fact-find form for your completion. 

Many thanks and I look forward to hear from you. 

Kind regards,
 
Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

https://www.elsevier.com/authors/submit-your-paper/sharing-and-promoting-your-article?utm_campaign=STMJ_1607087287_AUTH_SERV_OTR&utm_medium=email&utm_source=Other&dgcid=STMJ_1607087287_AUTH_SERV_OTR
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From: Administrator 
Date: 11/12/2021 01.21 PM 

Dear Customer, 
  
Thank you for contacting Researcher Support. This is an automated acknowledgement email. 
   
If you have not already done so, please supply the following information by replying to this
acknowledgement  
  
1. Full Journal Name 
2. A Manuscript/Article Reference (if applicable) 
3. Telephone number - not essential but may be used if we need to ask additional information 
  
For all future correspondence, please quote your unique reference number provided in the subject
header of this email. 

Need Help? Have you visited our Journal Article Publishing Support Center where you can find
frequently asked questions which may help resolve your query. 

Please avoid changing the subject line of this email when replying to avoid delay with your query. 

Regards, 

Elsevier Customer Service 

From: Ansar Ansar 
Date: 11/12/2021 01.21 PM 

I hope to be granted APC waived with article reference Ms. No. RINENG-D-21-00242R1

This email is for use by the intended recipient and contains information that may be confidential. If you are not the intended recipient, please notify
the sender by return email and delete this email from your inbox. Any unauthorized use or distribution of this email, in whole or in part, is strictly
prohibited and may be unlawful. Any price quotes contained in this email are merely indicative and will not result in any legally binding or
enforceable obligation. Unless explicitly designated as an intended e-contract, this email does not constitute a contract offer, a contract amendment,
or an acceptance of a contract offer. 

Elsevier Limited. Registered Office: The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, United Kingdom, Registration No. 1982084,
Registered in England and Wales. Privacy Policy
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Ansar - <ansar72@unram.ac.id> 25 Desember 2021 07.22
Kepada: Researcher Support <support@elsevier.com>

Dear  Jana S. Nolos
Researcher Support
ELSEVIER

Article reference: RINENG_100317 

Attached is a letter from the Head of the Agricultural Engineering Study Program explaining that our research was not get
funding from our institution. 

Best regards,
Dr. Ansar

https://service.elsevier.com/app/home/supporthub/publishing/track/BvPR9gpgDv8e~XWkGjca~yCW9dsqYS75Mv8Q~zj~PP~Z
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Researcher Support <support@elsevier.com> 31 Desember 2021 20.38
Balas Ke: Researcher Support <support@elsevier.com>
Kepada: ansar72@unram.ac.id

Dear Dr. Ansar, 

Article reference: RINENG_100317 
Article title: Using of exhaust gas heat from a condenser to increase the vacuum freeze-drying rate 

Thank you for returning the fact-find information to support your request for a fee waiver. 

Your request has been provided to the Director of Open Access and the VP for Global Policy for consideration. 

I will send you an update once I received reply form their end. 

Kind regards,
 
Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Ansar Ansar 
Date: Friday, December 24, 2021 11:22 PM GMT 

Dear  Jana S. Nolos
Researcher Support
ELSEVIER

Article reference: RINENG_100317 

Attached is a letter from the Head of the Agricultural Engineering Study Program explaining that our research
was not get funding from our institution. 

Best regards,
Dr. Ansar

Pada tanggal Jum, 24 Des 2021 pukul 23.45 Researcher Support <support@elsevier.com> menulis: 

https://mail.google.com/mail/u/0/?ui=2&ik=f3f303f0c4&view=att&th=17deec09879e0be2&attid=0.1&disp=inline&realattid=f_kxl0p6ll0&safe=1&zw
https://www.elsevier.com/authors/submit-your-paper/sharing-and-promoting-your-article?utm_campaign=STMJ_1607087287_AUTH_SERV_OTR&utm_medium=email&utm_source=Other&dgcid=STMJ_1607087287_AUTH_SERV_OTR
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From: Administrator
Date: Friday, December 24, 2021 03:45 PM GMT 

Dear Ansar
 
Our reference: 211211-008712
 
This is an automated email reminder.
 
We recently requested some further details from you to enable us to respond fully to your enquiry.  As we have
not received a response to either our original request or subsequent reminder/s we will wait until we hear from
you.
 
If we can still be of assistance with this enquiry, please contact us and quote our reference number.
 
Regards
 
Elsevier Customer Service
 
 

From: Jana Sentillas Nolos 
Date: Thursday, December 23, 2021 03:38 PM GMT 

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for completing the Fact Find Sheet. 

As your respective institution has not provided you with funding toward your research, we will require a written
confirmation from the Head of Finance or the Head of Department at your institution. Please provide this along
with the completed form by replying to this email. 

Many thanks and I look forward to hear from you. 

Kind regards,
 
Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Ansar Ansar 
Date: Tuesday, December 21, 2021 01:45 PM GMT 

Dear Jana S. Nolos
Researcher Support
ELSEVIER 

Thank you very much for your attention. 
I have changed the input "NO" in all author's Grantee fields. 

Best regards,

https://www.elsevier.com/authors/submit-your-paper/sharing-and-promoting-your-article?utm_campaign=STMJ_1607087287_AUTH_SERV_OTR&utm_medium=email&utm_source=Other&dgcid=STMJ_1607087287_AUTH_SERV_OTR
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Dr. Ansar

Pada tanggal Sel, 21 Des 2021 pukul 20.13 Researcher Support <support@elsevier.com> menulis: 

From: Jana Sentillas Nolos 
Date: Tuesday, December 21, 2021 12:13 PM GMT 

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for your reply. 

I have checked the Fact Find Sheet and I have noted that you input "Yes" in all authors Grantee fields. 

Could you please confirm if all authors received Grants from their Institution. 

Thank you for your time and I am looking forward to your response. 

Kind regards, 

Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Ansar Ansar 
Date: Sunday, December 19, 2021 01:47 PM GMT 

Dear Jana S. Nolos
Researcher Support
ELSEVIER

Thank you for your email. 
I have completed the fact-find form. Hope it can be considered. 

Best regards,
Dr. Ansar

Pada tanggal Rab, 15 Des 2021 pukul 01.17 Researcher Support <support@elsevier.com> menulis: 

From: Jana Sentillas Nolos 
Date: Saturday, December 18, 2021 03:46 PM GMT 

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for completing the Fact Find Sheet. 

I have noted that you input "Yes" in all authors Grantee's field. 

In this case, could you please confirm if all authors received grants from their Institution. 
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mailto:support@elsevier.com


1/3/22, 6:11 PM Email Universitas Mataram - Re: Using of Exhaust Gas Heat from a Condenser to Increase the Vacuum Free [211211-008712]

https://mail.google.com/mail/u/0/?ik=f3f303f0c4&view=pt&search=all&permthid=thread-f%3A1719142735598728513&simpl=msg-f%3A1719142735… 18/21

Looking forward to your response. 

Kind regards,
 
Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Ansar Ansar 
Date: Thursday, December 16, 2021 10:49 PM GMT 

Dear Jana S. Nolos 
Research Support 
ELSEVIER 

We are hereby sent a Waiver Request (Fact-find) form. Hopefully, it can be considered. 

Best regards,
Dr. Ansar

Pada tanggal Rab, 15 Des 2021 pukul 01.17 Researcher Support <support@elsevier.com> menulis: 

From: Administrator
Date: Thursday, December 16, 2021 05:30 PM GMT 

Dear Ansar 

Our reference: 211211-008712
  
This is an automated email reminder. 
Please send us further information so that we can fully answer your recent enquiry. 

The original request is below this message. We look forward to hearing from you. 

Regards
  
Elsevier Customer Service
 
  

From: Administrator
Date: Wednesday, December 15, 2021 05:30 PM GMT 

Dear Ansar 

Our reference: 211211-008712
  
This is an automated email reminder. 
 

https://www.elsevier.com/authors/submit-your-paper/sharing-and-promoting-your-article?utm_campaign=STMJ_1607087287_AUTH_SERV_OTR&utm_medium=email&utm_source=Other&dgcid=STMJ_1607087287_AUTH_SERV_OTR
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To enable us to respond fully to your enquiry, we requested some further details from you, however we do not
appear to have received a reply.  
 
Please can you supply the details requested so that we can answer your enquiry in full?  The original request is
below this message.  We look forward to receiving your response. 

Regards
  
Elsevier Customer Service

From: Jana Sentillas Nolos 
Date: Tuesday, December 14, 2021 05:17 PM GMT 

Dear Dr. Ansar, 

Article reference: RINENG_100317 

Thank you for your e-mail which was forwarded to us here in Open Access Support. 

Please accept my apologies for the delayed in response. 

I have received your request for a waived publication fee in respect to your planned submission on the journal.
Each waiver request is considered on it’s own merit. For your request to be considered, I need to collect some
further information for you. I have attached a fact-find form for your completion. 

Many thanks and I look forward to hear from you. 

Kind regards,
 
Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Administrator
Date: Saturday, December 11, 2021 01:21 PM GMT 

Dear Customer, 
  
Thank you for contacting Researcher Support. This is an automated acknowledgement email. 
   
If you have not already done so, please supply the following information by replying to this acknowledgement  
  
1. Full Journal Name 
2. A Manuscript/Article Reference (if applicable) 
3. Telephone number - not essential but may be used if we need to ask additional information 
  
For all future correspondence, please quote your unique reference number provided in the subject header of this
email. 

Need Help? Have you visited our Journal Article Publishing Support Center where you can find frequently asked
questions which may help resolve your query. 

Please avoid changing the subject line of this email when replying to avoid delay with your query. 

https://www.elsevier.com/authors/submit-your-paper/sharing-and-promoting-your-article?utm_campaign=STMJ_1607087287_AUTH_SERV_OTR&utm_medium=email&utm_source=Other&dgcid=STMJ_1607087287_AUTH_SERV_OTR
https://service.elsevier.com/app/home/supporthub/publishing/track/BvPR9gpgDv8e~TCaGjAa~yCc9dsqYS75Mv~D~zj~PP8K
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Regards, 

Elsevier Customer Service 

From: Ansar Ansar 
Date: Saturday, December 11, 2021 01:21 PM GMT 

I hope to be granted APC waived with article reference Ms. No. RINENG-D-21-00242R1

This email is for use by the intended recipient and contains information that may be confidential. If you are not the intended recipient, please notify
the sender by return email and delete this email from your inbox. Any unauthorized use or distribution of this email, in whole or in part, is strictly
prohibited and may be unlawful. Any price quotes contained in this email are merely indicative and will not result in any legally binding or
enforceable obligation. Unless explicitly designated as an intended e-contract, this email does not constitute a contract offer, a contract amendment,
or an acceptance of a contract offer. 

Elsevier Limited. Registered Office: The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, United Kingdom, Registration No. 1982084,
Registered in England and Wales. Privacy Policy
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Researcher Support <support@elsevier.com> 2 Januari 2022 22.08
Balas Ke: Researcher Support <support@elsevier.com>
Kepada: ansar72@unram.ac.id

 

 How was our service today?   

 

Dear Dr. Ansar, 

Article reference: RINENG_100317 
Article title: Using of exhaust gas heat from a condenser to increase the vacuum freeze-drying rate 

I am sending this e-mail to your kind attention. 

I wish to inform you that I received confirmation from the publisher that the open access fee for your article
RINENG_100317, "Using of exhaust gas heat from a condenser to increase the vacuum freeze-drying rate” has
been waived. 

Our system has been updated to reflect this waiver. 

Further to this, I have noted that there was no invoice generated for your paper. 

If however, you received an invoice please let me know so I can cancel that. 

I hope this helps, but please let me know if I can be of further assistance. 

Kind regards, 

Jana S. Nolos
Researcher Support
ELSEVIER  
                                             

https://www.elsevier.com/legal/privacy-policy
https://service.elsevier.com/rd?1=BvPR9gpgDv8e~X2aGo4a~yCg9dsqYS75Mv~g~zj~PP8p&2=17&6=1&7=42265551
https://service.elsevier.com/rd?1=BvPR9gpgDv8e~X2aGo4a~yCg9dsqYS75Mv~g~zj~PP8p&2=16&6=1&7=42265551


1/3/22, 6:11 PM Email Universitas Mataram - Re: Using of Exhaust Gas Heat from a Condenser to Increase the Vacuum Free [211211-008712]

https://mail.google.com/mail/u/0/?ik=f3f303f0c4&view=pt&search=all&permthid=thread-f%3A1719142735598728513&simpl=msg-f%3A1719142735… 21/21

Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Jana Sentillas Nolos 
Date: Friday, December 31, 2021 12:38 PM GMT
[Kutipan teks disembunyikan]
[Kutipan teks disembunyikan]
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Ansar - <ansar72@unram.ac.id>

Re: Using of Exhaust Gas Heat from a Condenser to Increase the Vacuum Free
[211211-008712] 

Researcher Support <support@elsevier.com> 2 Januari 2022 22.08
Balas Ke: Researcher Support <support@elsevier.com>
Kepada: ansar72@unram.ac.id

 

 How was our service today?   

 

Dear Dr. Ansar, 

Article reference: RINENG_100317 
Article title: Using of exhaust gas heat from a condenser to increase the vacuum freeze-drying rate 

I am sending this e-mail to your kind attention. 

I wish to inform you that I received confirmation from the publisher that the open access fee for your article
RINENG_100317, "Using of exhaust gas heat from a condenser to increase the vacuum freeze-drying rate” has
been waived. 

Our system has been updated to reflect this waiver. 

Further to this, I have noted that there was no invoice generated for your paper. 

If however, you received an invoice please let me know so I can cancel that. 

I hope this helps, but please let me know if I can be of further assistance. 

Kind regards, 

Jana S. Nolos
Researcher Support
ELSEVIER  
                                             
Responsible sharing in line with copyright enables publishers to sustain high quality journals and the services
they provide to the research community. Find out how you can share your research published in Elsevier
journals.

From: Jana Sentillas Nolos 
Date: Friday, December 31, 2021 12:38 PM GMT
[Kutipan teks disembunyikan]
[Kutipan teks disembunyikan]
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Ansar - <ansar72@unram.ac.id>

Your Elsevier invoice OAD0000181478 

OAElsevierInvoicesNoReply@elsevier.com <OAElsevierInvoicesNoReply@elsevier.com> 18 Januari 2022 19.16
Balas Ke: OAElsevierInvoicesNoReply@elsevier.com
Kepada: ansar72@unram.ac.id

Dear Sir/Madam,  

Please find your invoice OAD0000181478 attached to this email.  

Transaction Number Due Date Currency Transaction
Amount

OAD0000181478 17-FEB-2022 USD 1,000.00

Can we assist you with anything?  

For payment and bank account information please refer to the attached invoice. If you have a question regarding the
invoice please follow the link to our customer support center.

Kind regards,

Researcher Support  
ELSEVIER | Research Content Operations 
www.elsevier.com  

*** This is an automatically generated email, please do not reply ***  

This email is for use by the intended recipient and contains information that may be confidential. If you are not the intended recipient, please notify
the sender by return email and delete this email from your inbox. Any unauthorized use or distribution of this email, in whole or in part, is strictly
prohibited and may be unlawful. Any price quotes contained in this email are merely indicative and will not result in any legally binding or
enforceable obligation. Unless explicitly designated as an intended e-contract, this email does not constitute a contract offer, a contract amendment,
or an acceptance of a contract offer.
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Ansar - <ansar72@unram.ac.id>

PLEASE TAKE ACTION - Share your article [RINENG_100317] 
1 pesan

Elsevier - Article Status <Article_Status@elsevier.com> 14 Desember 2021 20.50
Kepada: ansar72@unram.ac.id

Share your article!
Dear Dr. Ansar,
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A B S T R A C T   

Vacuum freeze dryer is able to remove some of the moisture content of the material. However, the drying rate is 
very slow because the sublimation process must propagate through the layers of material. Therefore, the aim of 
this study is to examine the use of exhaust gas heat from a condenser to increase the vacuum freeze-drying rate. 
Drying was carried out at freezing temperature of − 55 ◦C and the drying time was 7 h. The research parameters 
observed were water losses, water content, texture, color, weight losses, and total soluble solids. The results 
showed that the exhaust gas heat in a vacuum freeze dryer can be used to optimize the water sublimation 
process. As a result, the drying process will be faster. The exhaust gas heat has a significantly effect on changes in 
water losses, moisture content, texture, weight losses, and total soluble solids, but does not significantly effect on 
the sample color. The drying system in the exhaust gas heat (EGH) method was more efficient because the final 
moisture content of the sample was 9.45% lower than the vacuum freeze dryer (VFD) method, which was 
15.95%.   

1. Introduction 

Vacuum freeze drying has been proven to be an effective drying 
method to produce freeze-dried products with the best quality compared 
to other drying methods [1–3]. The advantages of freeze-drying prod-
ucts are the texture structure that does not shrink [4], thus allowing very 
fast rehydration, high flavor retention because drying takes place at low 
temperatures, and the reconstitution of living cells in freeze-dried 
products remains high [5,6]. It has been used to obtain high quality 
freeze-dried products [7,8]. 

Even though vacuum freeze drying is the best drying process [9], it 
has several drawbacks, including a slow drying rate because the heat 
used for the sublimation process must be propagated through the layer 
of material [10]. The porous structure of the material has a very low 
conductivity that the transfer of heat to the surface of the material is also 
very low [11,12]. 

Heating analysis to increase the efficiency of heat propagation to the 
material layer has been carried out by Reyes et al. [13], however, the use 
of exhaust gas heat a condenser has not been disclosed. Freeze drying 
using additional heating has been reported by Xu et al. [14] that the high 
drying temperature greatly affects the sublimation rate. 

Freeze-drying kinetics are influenced by the freezing rate and heat 
and mass transfer rates during the sublimation process [15,16]. The 
freezing process is one of the stages of freeze drying which requires high 
energy [17,18]. Therefore, the search for a more appropriate method is 
one of the most needed efforts by the food processing industry today [19, 
20]. 

Research on the process of utilizing heat sources from the condenser 
has not been widely reported. Therefore, this research is very important 
to explain the efficiency of exhaust gas heat utilization that drying can 
take place quickly and produce hygienic frozen products. Therefore, the 
aim of this study was to examine the use of exhaust gas heat from a 
condenser to increase the vacuum freeze-drying rate. 

2. Materials and methods 

2.1. Materials 

The materials used in the study were fresh cut-jackfruit with a har-
vest age of 3 months. This fruit was obtained from farmers’ gardens in 
Mataram, West Nusa Tenggara Province, Indonesia. The jackfruit was 
split, then the skin was separated and the seeds are removed. Another 
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material were refrigerant R134A was obtained from a minimarket in 
Mataram City, West Nusa Tenggara, Indonesia. 

2.2. Tools 

The main equipment used were a vacuum freeze dryer (VFD) and a 
modified vacuum freeze dryer with the use of exhaust gas heat (EGH) 
(Fig. 1). The other equipment were a digital refractometer type DR301- 
95, moisture tester, color meter TES135 series, and texture analyzer 
Brookfield model CT3. 

2.3. Drying procedure 

The drying process was carried out with a freeze temperature of 
− 55 ◦C and the drying time was 7 h. Each treatment used a sample of 
0.5 kg of fresh-cut jackfruit. The experiment was repeated 3 times. 

2.4. Water losses analysis 

Water losses (WL) describes the amount of water evaporated from 
the sample during the vacuum freeze drying process which can be 
calculated by equation (1) [21]: 

WL=m0 − mt
Wt

W0
(1)  

where, m0 = sample moisture content at time 0 (%), mt = sample 
moisture content at time t (%), W0 = sample weight at time-0 (grams), 
Wt = sample weight at the time-t (gram). 

2.5. Moisture content analysis 

The moisture content of fresh-cut jackfruit was determined following 
the standard method of analysis [3]. Approximately 5 g of the sample 
was weighed into a can. The sample was heated to 50 + 1 ◦C until 
constant weight was reached, transferred to a desiccator, and was 
weighed soon after it had reached environment temperature. The 
moisture content was calculate by Equation (2) [5]: 

Mc =
a − b

a
× 100% (2)  

where, Mc = moisture content (%), a = initial of moisture content (%), b 
= final of moisture content (%). 

2.6. Texture analysis 

The measurement of the sample texture of the result from the vac-
uum freeze dryer was carried out using a texture analyzer with a 
compression method. The loading was carried out with a compression 
speed of 4 mm/s. The result can be calculated using equation (3) [4]: 

T =
P
A

(3)  

where, T = texture (N/mm2), P = compressive force (N), and A = cross- 
sectional area (mm2). 

2.7. Color analysis 

The color of fresh-cut jackfruit was measurement using the Chroma 
meter type AT-13-04 Konica Minolta type CR-400. Color measurement 
using the Hunter L* a* b* color value system [22]. 

For lightness were defined as: 

L ∗ =L∗d − L∗f (4) 

For redness were defined as: 

a ∗ = a∗d − a∗f (5) 

For yellowness were defined as: 

b∗= b∗d − b∗f (6)  

where, L* = lightness (L* = 0 for black, L* = 100 for white), a* = green- 
red (a*<0 for green, a*>0 for red), b* = blue-yellow (b*<0 for blue, 
b*>0 for yellow), subscript ‘f’ refers to fresh samples and ‘d’ to the 
values of dried materials. 

Fig. 1. The vacuum freeze drying equipment sketch.  
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2.8. Weight losses analysis 

The weight losses (WL) of the sample was measured before and after 
drying. Weight losses was calculated using the following equation (6) 
[23]: 

WL=
wf − wd

wf
100% (7)  

where, WL = weight losses (%), wf = mass of sample before drying 
(grams), wd = mass of sample after drying (gram). 

2.9. Total soluble solids analysis 

Total soluble solids (TSS) were measured using a digital refractom-
eter type DR301-95. The TSS value is expressed in degrees of brix to 
indicate the dissolved sugar content in the sample. Measurements were 
made by crushing 2 g of jackfruit and then placing it on the refrac-
tometer sensor. Each treatment was repeated three times. 

2.10. Data analysis 

Analysis of variance (ANOVA) was used to determine the comparison 
of the results of the two types of dryers to the characteristics of frozen 
jackfruit. If the ANOVA table the F-count value is greater than F-crit, it 
means that there is a difference at the 5% significance level [24]. 

3. Results and discussions 

3.1. Water losses 

The data of WL in the sample during vacuum freeze-drying was 
shown in Fig. 2. In this figure, it can be seen that the water losses in the 
EGH method is higher than that of the VFD method. This is due to the 
exhaust gas heat from the condenser as a heating source in the EGH 
method which can significantly accelerate the evaporation rate of water, 
whereas in the VFD method the water evaporation process only occurs 
because of the difference in pressure inside and outside the drying 
chamber. In line with this, Westerterp et al. [25] also stated that the 
process of evaporation of the water on the material during vacuum 
freeze drying occurs because there are difference in pressure on the 
surface of the material with environmental pressure and the longer the 
drying process, the more water was evaporated. 

Based on the results of the analysis of variance, it was known that the 
use of different drying methods provides different WL data. The EGH 
method produces a higher WL value (14.50%) than the VFD method 

(12.06%). This shows that the use of additional heat energy from the 
exhaust gas heat of the condenser has a significant effect on the WL 
value. 

Other factors that influence water losses during drying are temper-
ature and drying time. This result in line with the opinion of Mello et al. 
[26] that many factors influence to the water losses in the drying pro-
cess, including drying temperature, air humidity, and air flow velocity. 
The greater the temperature difference between the heating medium 
and the drying material, the faster the heat transfer into the material, the 
rate faster of water losses from the dried material. The air humidity was 
inversely related to drying time. The higher the humidity, the longer the 
drying process will be. Meanwhile, the air flow rate was directly pro-
portional to the drying time. The higher the air flow rate, the faster the 
drying process. 

3.2. Moisture content 

Fig. 2 presents the curves of the reduction in moisture content of the 
two different drying methods used in this study. To reach the moisture 
content of the frozen product, these two methods have different times. 
The final moisture content in the EGH method is much lower than the 
VFD method. This indicates that the use of exhaust gas heat from a 
condenser as a heating source can significantly accelerate the rate of 
decreasing moisture content. These data indicate that one of the 
important characteristics of vacuum freeze-dryers was the efficient use 
of energy to reduce moisture content compared to other drying methods. 

In Fig. 3 it can also be seen that the final water content of the sample 
in the VFD method is higher, namely 15.95% than the final water con-
tent in the EGH method which is only 9.45%. This happens because 
there are additional heat energy from the condenser that the water 
sublimation process in the EGH method takes place faster than the VFD 
method. The same study have been described by Zhang et al. [27] that 
by utilizing secondary drying in a freeze dryer can optimize the subli-
mation process of water that the drying process takes place very quickly. 

The moisture content is a very important characteristic of freeze- 
dried food products because the moisture content can affect the 
appearance, texture, and taste of the product [28]. The moisture content 
also affects the freshness and shelf life of the product. The high water 
content can make bacteria, molds, and yeast easy to reproduce there will 
be changes in foodstuffs [29]. The vacuum freeze drying process can 
remove moisture content from the sample. The moisture content pro-
duced from the vacuum freeze dryer in this study has met the quality 
requirements of freeze-dried fruit products a maximum of 15% [30]. 

Fig. 2. The water loss profile of fresh cut jackfruit during vacuum- 
freeze drying. 

Fig. 3. Curve of the rate of reduction in moisture content during vacuum 
freeze drying. 
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3.3. Texture 

Vacuum-freeze drying is a drying method that causes sublimation of 
the water vapor in the material that the structure of the material ex-
pands. The results of the texture test using the compression method 
showed that the samples dried by the EGH method produced a crispier 
texture than the VFD method (Fig. 4). It shows that the water vapor 
sublimation process that occurs in the EGH method causes the sample 
texture to be crunchy and easy to break. The factors causing the crisp 
texture of the sample are due to the low pressure in the drying chamber 
and the relatively high internal vapor pressure during the vacuum freeze 
drying process. 

In the EGH method, the sample structure changes due to the effect of 
additional heating energy from the exhaust gas heat of the condenser, 
after which the sample ice crystals turn into gas and then evaporate. 
Compared to the EGH method, the sublimation process in the VFD 
method was a heating process with low temperatures that the sample ice 
crystals evaporate more slowly. That’s what causes sample shrinkage. 
The results of the same paper have been described by Liu et al. [31] that 
the shocking effect of the freezing process then heated to a higher 
temperature is the change of ice to vapor that the texture of the sample is 
crispier and more porous. 

The changing process of the sample texture has occurred shortly after 
drying, then evaporation of the water occurs and air bubbles form. 
Previous studies have reported by Zielinska et al. [32] that the vacuum 
freeze drying process can cause water evaporation, then the product 
expands and forms air cavities. The high and low texture value of a 
material according to Bozkir et al. [33] depending on the characteristics 
of the material, such as thickness, homogenization, and composition. 

The samples dried using the EGH method caused the water to come 
out of the fruit cell walls faster than the VFD method. This difference in 
the evaporation of high water content causes the texture structure of the 
sample to become more brittle and expand. This result in line with the 
study reported by Sobaszek et al. [34] that the vacuum freeze drying 
process resulted in water evaporation that the texture of the fruit would 
become hard. 

In general, the texture of the jackfruit from vacuum freeze drying 
depends on the cell wall tissue. The texture change occurs in the vacuum 
freeze drying process because the sample has lost some of its moisture 
content. This view is supported by Pei et al. [35] who writes that the 
texture structure of the fruit depends on the cell wall tissue that in the 
vacuum freeze dryer there is a hardening on the surface of the material 
accompanied by changes in the size of the product texture. 

3.4. Color 

Changes in the color of fresh cut jackfruit before and after vacuum 
freeze drying can be seen from the data in Fig. 5. The graph of the color 
change of the fresh-cut jackfruit during vacuum freeze drying can be 

seen from the data in Table 1. Based on the Table 1 we can see that the 
type of dryer has no significant effect on lightness (L*), redness (a*), and 
yellowness (b*). 

Based the data in Table 1, it is apparent that the change in the 
lightness color of the freeze-dried jackfruit tended to decrease during the 
drying process. The sample color changes from shiny yellow become 
opaque yellow in both types of drying methods. The lightness value in 
the VFD method was lower (57.12) than the EGH method (57.23) 
although it was not significantly different. The lightness color shows a 
decreasing trend during drying in both methods. This is caused by a 
biological reaction, resulting in an enzymatic process that causes the 
color of the sample to decrease in brightness. This result is in line with 
Keutgen and Pawelzik [36] have reported that low temperatures in the 
vacuum freeze drying process have not been able to activate the poly-
phenolic enzymes in the sample and the enzymes can still be active at 
temperatures as low as − 73 ◦C, although with very low reaction rates. 

The redness and yellowness color intensity did not change during the 
vacuum freeze drying process. The sample color before and after drying 
did not change significantly. Several investigators have also reported 
that the use of a vacuum freeze dryer did not result in color changes in 
the samples [37]. Sample color change usually occurs at high drying 
temperatures [38]. The same analogy has been explained by Falah et al. 
[39] that a significant change in sample color during high temperature 
drying can occur, but the change is not significant at cold temperature. 

3.5. Weight losses (WL) 

The results of the WL calculation of fresh-cut jackfruit during vac-
uum freeze drying are shown in Table 2. At the beginning of the drying 
process, the WL occurs very rapidly until 6th hour, then slowly until the 
end of drying. After reaching the saturated condition, the sample WL no 
longer changes. Table 2 also shows that the WL is higher in the EGH 
method compared to the VFD method. 

From the table above we can see that the samples dried in the EGH 
method had a final WL of 37.32 g, while those dried in the VFD method 
had a final WL of 31.82 g. These data indicate that the use of exhaust gas 
heat form a condenser in the EGH method has a significant effect on 
reducing WL of fresh-cut jackfruit. 

The duration of the drying process also has a significant effect on the 
WL of fresh-cut jackfruit. The long drying process can trigger an increase 
in the percentage of WL in the sample. The same it cases has been re-
ported by Singh and Khan [40] that WL is generally affected by the 
evaporation of moisture during drying due to the breakdown of organic 
compounds into inorganic compounds, namely compounds are oxidized 
to CO2 and absorb O2, then reduced to H2O. 

3.6. Total soluble solids (TSS) 

The results of measuring the TSS value of fresh-cut jackfruit from 
vacuum freeze drying are shown in Table 3. 

The data in Table 3 shows that during drying, there was an increase 
in the TSS value in the sample due to the respiration and transpiration 
processes that were still ongoing even though the fruit had been har-
vested. The increase in TSS value is also accelerated by vacuum freeze 
drying. The TSS value was higher in the EGH method than the VFD 
method. This is thought to be due to the influence of the exhaust gas heat 
from a condenser which triggers the carbohydrate content to become 
sugar levels. A similar thing has been reported by Rydzak et al. [41] that 
immature fruit stores a lot of carbohydrates in the form of starch and 
during the process towards maturity the content will turn into sugar. 
According to Yusufe et al. [42], fruits at advanced maturity levels have 
the highest TSS content, due to hydrolysis of starch to sugar. 

Total soluble solids are the combination of all inorganic and organic 
substances present in food. Based on the data in Table 3, it can be seen 
that at the beginning of drying the TSS value is still low. With the length 
of drying time, the TSS value tended to be higher in the two methods, Fig. 4. The texture profile of cut jackfruit during vacuum freeze dryer.  
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but had different values. The difference in TSS value is thought to be due 
to the difference in temperature used between the EGH and VFD 
methods. The driving force of the exhaust gas heat from condenser in the 
EGH method causes some of the water to evaporate faster. In addition, 
the faster sublimation process can open larger pores of the sample sur-
face. When the pores of the sample surface as the permeability mem-
brane opens wider, the amount of water evaporating from the material 
will also increase [43]. 

4. Conclusions 

The exhaust gas heat from a condenser can be used to accelerate the 
sublimation process during the vacuum-freeze drying process, the dry-
ing process can take place faster. The results of this study have proven 
that the use of exhaust gas heat from a condenser has a significant effect 
on the parameters of water losses, moisture content, texture, weight 
losses, and total dissolved solids, but it does not affect the sample color. 

This new finding provides a better scientific understanding of the 
vacuum freeze-drying process. Therefore, the results of this study are 
recommended to be applied to vacuum freeze dryers for drying food 
products. 
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Fig. 5. The color of fresh cut jackfruit before (A) and after (B) vacuum freeze-drying. (For interpretation of the references to color in this figure legend, the reader is 
referred to the Web version of this article.) 

Table 1 
Value of lightness (L*), redness (a*), and yellowness (b*) of the fresh-cut jack-
fruit during vacuum freeze drying.  

Drying methods Color 

L* a* b* 

Control 58.62 ± 0.55a 5.75 ± 0.78a 67.23 ± 0.14a 

EGH 57.23 ± 0.21a 5.92 ± 0.14a 68.37 ± 0.42a 

VFD 57.12 ± 0.34a 5.42 ± 0.56a 69.63 ± 0.12a 

Note: numbers followed by different letter notations in the same column show 
significant differences at the 0.05 significance level (P < 0.05). 

Table 2 
Average of WL value of fresh cut jackfruit from vacuum freeze drying.  

Drying time (hour) Weight losses (g) 

EGH VFD 

1 0.00a 0.00a 

2 7.29 b 6.53 b 

3 10.12c 9.41c 

4 15.13d 13.75d 

5 23.14e 18.65e 

6 35.67f 29.42f 

7 37.32f 31.82 g 

Note: numbers followed by different letter notations in the same column show 
significant differences at the 0.05 significance level (P < 0.05). 

Table 3 
Average TSS value of fresh-cut jackfruit from vacuum freeze drying.  

Drying time (hour) Total soluble solids (◦Brix) 

EGH VFD 

1 8.04a 8.04a 

2 10.19 b 09.83 b 

3 11.23c 10.31c 

4 12.33d 11.67d 

5 14.46e 13.55e 

6 15.67f 14.92f 

7 17.32 g 16.22 g 

Note: numbers followed by different letter notations in the same column show 
significant differences at the 0.05 significance level (P < 0.05). 
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