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ABSTRACT  

Curly red chili has high nutritional content, which includes capsaicinoids, vitamin C, carotenoids, and antioxidant 

compounds. However, their high moisture content renders them perishable. During peak harvest seasons, prices for 

chili significantly decrease, while they tend to rise in colder months. Inefficient postharvest technologies contribute 

to substantial waste due to damage. Effective postharvest processing, such as drying, mitigates these challenges by 

reducing moisture content and extending shelf life. Various drying methods, including food dehydration, oven, vacuum 

frying, and freeze drying, have distinct advantages and disadvantages. Comparative studies have been conducted on 

these methods specifically for curly red chili. This study contributes to evaluating the effects of different drying 

methods on the color, moisture content, vitamin C content, and capsaicin concentration of curly red chili (Capsicum 

annuum L.) in order to determine the most effective method for preserving its nutritional and physicochemical 

qualities. The results indicate that the drying method significantly influences the physicochemical properties of curly 

red chili. Among the methods tested, freeze-drying emerged as the most effective, based on the color of 66.69 ± 2.25, 

moisture content of 3.81%, and vitamin C of 94.34 mg/100g. The optimal treatment yielded a spiciness level of 

16504.71 SHU with a capsaicinoid content of 1100.32 mcg/g. Further research is needed to explore how moisture 

content affects capsaicin levels in curly red chili. 
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1. INTRODUCTION  

Indonesia, as an archipelagic country with abundant biodiversity, holds significant potential in the 

agricultural sector, particularly in chili (Capsicum spp.) production. Red chili is an essential component of 

Indonesian culinary culture and a high-value horticultural commodity. Based on data from the Food and 

Agriculture Organization, Indonesia ranks fourth as the largest chili-producing country in the world. In 

2022, red chili production in Indonesia reached 1.48 million tons, showing a significant increase compared 

to the previous year [1], [2]. 

Curly red chili is one of the most widely consumed varieties due to its high nutritional content, such 

as capsaicinoids, vitamin C, carotenoids, and antioxidant compounds [3]. However, this commodity is 

highly perishable due to its high moisture content, which accelerates microbial growth and enzymatic 

degradation, leading to significant postharvest losses. Additionally, seasonal fluctuations in chili production 

create price instability, with oversupply and sharp price declines during harvest seasons, and scarcity with 

price spikes during off-seasons. The lack of effective and sustainable postharvest handling techniques 

exacerbates this issue, resulting in high levels of waste from spoilage and physical damage [4], [5].  

Drying is an effective postharvest method for extending the shelf life of chili by reducing moisture 

content. However, the drying process can significantly affect nutritional quality and physical characteristics, 

such as color and texture. Therefore, pretreatment such as blanching is required to mitigate nutrient 

degradation and changes in the physicochemical characteristics of chili during drying [6], [7].  
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Pretreatment techniques such as blanching are often applied. Blanching has been shown to inactivate 

enzymes responsible for spoilage and unwanted color changes, as well as to improve drying efficiency by 

facilitating moisture diffusion [8], [9]. Specifically, low-temperature long-time (LTST) blanching has been 

reported to maintain product quality during drying processes [10]. This method not only reduces enzymatic 

activity but also facilitates moisture removal by disrupting cellular structures, thereby improving drying 

efficiency [10], [11]. 

Several drying methods, such as oven drying, food dehydration drying, vacuum frying, and freeze-

drying, are commonly used for preserving agricultural commodities [12]. Each technique offers specific 

advantages and limitations in terms of preserving nutritional content and physical characteristics. However, 

comprehensive comparative studies focusing on the effects of these drying methods on curly red chili 

remain limited in the literature. 

Therefore, the present study aimed to investigate the effects of different drying methods on the color, 

moisture content, vitamin C content, and capsaicin concentration of curly red chili (Capsicum annuum L.). 

High-Performance Liquid Chromatography (HPLC) was employed to determine the capsaicin content in 

the most promising treatments. The findings of this study are expected to contribute to practical insights 

and scientific recommendations for the selection of optimal drying techniques to enhance postharvest 

quality, minimize nutritional losses, and improve the market value of curly red chili. 

 

2. MATERIALS AND METHODS 

2.1. Materials  

The materials used in the study were curly red chili obtained from one trader in Citraland Market, 

Surabaya, East Java with medium size criteria following SNI Chili 4480:2016. The materials used for 

analysis consisted of methanol (EMSURE®, Merck KgaA, Germany), amylum indicator (Merck KgaA, 

Germany), iodine solution (EMSURE®, Merck KgaA, Germany), sodium thiosulfate (EMSURE®, Merck 

KgaA, Germany), potassium iodate (EMSURE®, Merck KgaA, Germany), sulfuric acid (FlukaTM, 

Honeywell, Germany), and distilled water.  

 

2.2. Preparation of Curly Red Chili 

Curly red chili samples were selected based on the Indonesian National Standard (SNI 4480:2016) 

for fresh chili, with medium-sized fruit as the selection criterion. Each fruit was free from physical damage, 

disease, and signs of spoilage. A total of 250 g of chili was used for each drying method. Prior to drying, 

all samples were subjected to a blanching pretreatment using a Thermomix (Vorwerk TM5, Germany) at 

65 °C for 10 minutes. After blanching, the samples were evenly distributed and processed using four 

different drying methods. The drying experiments were conducted at the Food Processing Laboratory and 

the Food Chemistry and Biochemistry Laboratory, Department of Food Technology, Universitas Ciputra 

Surabaya. The drying process was performed with an oven at 60 °C for 14 hours, a food dehydrator at 70 °C 

for 10 hours, vacuum frying at 100 °C for 20 minutes, and freeze-drying at -50 °C for 24 hours. 

  

2.3. Color Analysis 

Color testing of samples was carried out with the CHN Spec CS-10 Colorimeter to determine the 

color value expressed in three units, namely L*, a*, and b*. The L* (lightness) value indicates the level of 

brightness, a* (redness) indicates green color for negative values and red color for the opposite value, and 

b* (yellowness) indicates blue color for negative values and yellow color for the opposite [13]. Each sample 

was analyzed in triplicate to ensure accuracy and reproducibility of the results. 

 

2.4. Moisture Content Analysis 

An analysis of the moisture content of the sample was carried out with a Shimadzu MOC63U 

moisture analyzer (Shimadzu, Japan). The chili samples were first crushed, and approximately 0.5 g of each 

sample was weighed and placed on an aluminium cup for analysis. Each sample was analyzed in triplicate 

to ensure accuracy and reproducibility of the results. The moisture content values were automatically 

recorded by the instrument [14]. 
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2.5. Vitamin C Analysis 

Vitamin C content testing was carried out using the iodometric titration method based on AOAC 

967.22- 2005. The sample filtrate was pipetted as much as 5 mL and put into an erlenmeyer. Then, 1 mL 

of 10% H2SO4 solution and a few drops of 1% amylum indicator were added. Next, titrated with I2 solution 

until blackish–red [15]. Each sample was analyzed in triplicate to ensure precision. Vitamin C calculations 

can be done using equation (1). 

 

 
𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐶 (𝑚𝑔/100𝑔) =

(𝑉𝑜𝑙𝑢𝑚𝑒 𝐼2 × 0.88 × 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜) × 100

(𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡)𝑔
 (1) 

 

2.6. Capsaicin Content Analysis 

Capsaicin content was determined using the High-Performance Liquid Chromatography (HPLC) 

method, which is a validated procedure for the quantification of capsaicinoids in chili products and their 

extracts [15]. The analysis was performed by first extracting capsaicinoids from the dried chili samples 

using an organic solvent, typically acetonitrile or methanol. The extract was then filtered and injected into 

the HPLC system equipped with a C18 reversed-phase column. The mobile phase consisted of a mixture of 

acetonitrile and water, and the separation was carried out under isocratic conditions. Detection was 

performed using a UV detector at a wavelength of 280 nm. Capsaicin concentrations were determined by 

comparing the retention time and peak area with those of capsaicin standard solutions [16]. Each sample 

was analyzed in triplicate to ensure precision. 

 

2.7. Research Design 

This study used a Randomized Group Design, with four treatments and five replicates. Determination 

of the number of treatment replicates is based on the Federer method.  

 

2.8. Data Analysis 

The data results that have been obtained are then processed into statistical data with one-way analysis 

of variance (ANOVA, p=0.05) using the IBM SPSS (Statistical Product and Service Solution) Statistic 26 

application. If the results obtained are significantly different, then further tests are carried out using the 

Duncan test. Data will be declared significant if the p-value is ≤0.05. 

 

2.9. Determination of The Optimal Treatment Sample 

The optimal treatment sample for curly red chili products was selected using the Simple Additive 

Weighting (SAW) method, following the approach of [17]. The determination criteria were based on 

physicochemical characteristics, including color, moisture content, and vitamin C content. The SAW 

analysis was performed using Microsoft Excel, with weighting assigned based on the average value of each 

parameter. 

 

3. RESULTS AND DISCUSSION  

3.1. Color  

Based on color analysis, the L*, a*, b* values were obtained, which is continued with further analysis, 

namely hue and chroma. The color evaluation uses L* values to indicate brightness, a* values to represent 

the red-green spectrum, and b* values to indicate the blue-yellow spectrum. A positive a* value indicates a 

red color, while a negative a* value indicates a green color. Positive b* values indicate yellow color and 

negative b* values indicate blue color [18]. Based on the analysis results, there is no significant difference 

between oven (P1) and vacuum frying (P2). However, there is a significant difference between the two 

samples with a food dehydrator (P3) and freeze-drying (P4). Therefore, the effect of drying on color should 

be evaluated. Detailed color analysis data can be seen in Table 1. 

The drying method influences color changes and brightness in curly red chili samples. According to 

Table 1, P4 exhibited the highest chroma value, indicating a brighter and more vivid color compared to 
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other samples. This is due to the low degradation of color pigments in the sample. The freeze-drying 

mechanism with low temperature and vacuum pressure ensures that the pigments remain stable with 

minimal degradation. The low temperature inhibits polyphenol oxidase enzyme activity, which is 

responsible for browning [19]. Additionally, the sublimation process prevents maillard reactions since it 

bypasses the liquid phase, preserving the cell structure and trapping pigments within the sample matrix. 

Carotenoid and anthocyanin pigments are stable at low temperatures and vacuum pressure, minimizing 

oxidation and thermal degradation [20]. 

 

Table 1. Color of curly red chili pepper. 

Sample L* a* b* Chroma Hue angle 
Color Description 

Name Hue Hex Code 

P1 51.46ab ± 0.39 26.11a ± 0.21 25.40a ± 0.61 36.54a ± 2.00 0.61a ± 0.20 Sepia Brown #97563F 

P2 40.13a ± 0.65 24.63a ± 1.31 25.40a ± 1.19 35.60a ± 2.78 0.59a ± 0.35 
Baker’s 

Chocolate 
Brown #692A13 

P3 49.19ab ± 0.51 28.37a ± 0.77 31.04b ± 1.95 42.31b ± 2.65 0.79ab ± 0.34 Alert Tan Orange #93482C 

P4 57.22b ± 0.43 37.81b ± 0.45 54.66c ± 1.25 66.69c ± 2.25 1.23b ± 0.34 Tahiti Gold Orange #DF772F 

Notes: Data are presented as mean ± standard deviation. Different notations between treatments indicate significant differences 

between sample treatments (p≤0.05). Sample P1 (oven), sample P2 (vacuum frying), sample P3 (food dehydration), sample P4 

(freeze-drying). 

 

P1 and P2 statistical analysis indicated no significant difference, as evidenced by the same notation. 

Both treatments resulted in a brownish discoloration due to the degradation of color pigments, specifically, 

carotenoids and anthocyanins. The drying process was conducted at 60 °C to 70 °C for a prolonged duration, 

which facilitated pigment oxidation and browning reactions [21]. P2 was performed under vacuum 

conditions, utilizing oil as a heat transfer medium, which contributed to pigment degradation due to pigment 

solubility in oil [22]. The high drying temperature of 100 °C resulted in pigment degradation comparable 

to that observed in P1, where an oven was used at 60 °C. In P1, heat transfer occurred through air 

convection, providing more uniform heating despite requiring a longer processing time. This mechanism 

contributed to greater pigment stability [23], [24]. Conversely, P2 involves heat transfer via oil conduction, 

which generates higher thermal energy than air convection, leading to greater pigment degradation due to 

direct contact with oil [25]. Additionally, repeated oil usage accelerated the decline in color intensity as 

oxidation generated free radicals. Despite the shorter processing time, the high-temperature conditions in 

P2 induced thermal oxidation, reducing the intensity of the red color and leading to browning in curly red 

chili [26]. These factors collectively contributed to the lack of a significant difference between P1 and P2. 

Statistical data analysis revealed that P3 exhibited a significant difference compared to P1, P2, and 

P4. This is attributed to the better preservation of color pigments, specifically carotenoids and anthocyanins, 

at lower temperatures. However, while P3 was effective in maintaining color intensity, it was not as 

effective as P4, as exposure to hot air still led to some degree of pigment degradation. The gradual water 

evaporation mechanism in P3 contributed to maintaining the color intensity of curly red chili, as the color 

pigments remained more stable. P3 also exhibited an orange color, which can be interpreted as the 

carotenoid pigments are better preserved compared to P1 and P2. This is due to the vacuum conditions used 

in the P3 drying process, which help reduce oxidation. However, some pigment degradation occurred due 

to high-temperature exposure and the use of oil as a heat transfer medium. The oil may have dissolved 

certain pigments, slightly reducing the overall color intensity [22]. 

 

3.2. Moisture Content  

Chili has a high moisture content, which makes it highly perishable. To extend its shelf life, this 

study employed four different drying methods: oven, vacuum frying, food dehydration, and freeze-drying 

to reduce the moisture content of curly red chili. The results are summarized in Table 2. 

The results of the variance test showed that the color in the three drying methods was not significantly 

different. It was known that the average moisture content obtained ranged from 3.81% to 4.15%. The results 

of the moisture content obtained meet the requirements of SNI 3389:2023 regarding dried chili, with a 
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maximum moisture content limit of 11%. Based on Table 2, a significant difference was observed between 

treatments P1 and P2, P3, and P4. The highest moisture content was found in P1, and the lowest was found 

in P4. The P1 has a significant difference with other treatments; the highest water content is 4.88%. This is 

because air circulation and heat transfer are less effective, which causes water evaporation to be slower than 

in other treatments. The oven drying mechanism operates at high temperatures for an extended period but 

does so unevenly, causing some sample areas to retain more moisture. At the beginning of the drying 

process, there will be an increase in the drying rate due to the amount of water contained in the sample. 

However, as the process continues. The drying rate decreases due to the formation of a hardened outer layer 

on the chili’s surface, which inhibits further moisture release. This phenomenon results in a relatively high 

final moisture content [27]. 

 

Table 2. Moisture content of curly red chili pepper. 

Sample Moisture content (%) 

P1 4.88b ± 0.42 

P2 4.15a ± 0.41 

P3 3.94a ± 0.41 

P4 3.8 a ± 0.42 
Notes: Data are presented as mean ± standard deviation. 

Different notations between treatments indicate significant 

differences between sample treatments (p ≤ 0.05). Sample P1 

(oven), sample P2 (vacuum frying), sample P3 (food 

dehydrator), sample P4 (freeze-drying). 

 

P2 treatment conducted under vacuum pressure (-p=60 cmHg) obtained results that were not 

significantly different from P3 and P4. Vacuum frying uses oil and vacuum conditions to evaporate the 

moisture content of the sample without causing excessive nutrient degradation. The vacuum condition 

lowers the boiling point of water, facilitating faster moisture evaporation. Higher temperatures and lower 

vacuum pressures accelerate this process, as water evaporates more efficiently under reduced boiling point 

conditions. Additionally, oil has a higher thermal conductivity than air, allowing heat energy to be absorbed 

more rapidly by the sample, further enhancing drying efficiency [28]. 

The mechanism of P3 produces samples with efficient and uniform water evaporation. The drying 

rate of the dehydrator is faster compared to the oven due to its more stable temperature and air circulation. 

This facilitates the diffusion of water from the sample. Additionally, a stable temperature enhances heat 

transfer efficiency [29]. In P4, the drying process also demonstrates high efficiency in removing water from 

the material under low-temperature and vacuum conditions [20]. Additionally, the curly red chili was cut 

into three parts to accelerate the drying process. The freeze-drying rate tends to be slower compared to other 

drying methods. However, freeze-drying effectively removes moisture, including bound water, without 

damaging the structural integrity of the material. 

The principle of freeze-drying is sublimation, where ice transforms directly into water vapor without 

passing through the liquid phase under low-pressure conditions. This low pressure enhances the efficiency 

of water vapor transfer from the material. Before the drying process, curly red chili is first frozen to form 

stable ice crystals, ensuring effective sublimation. The prolonged drying time in freeze-drying is due to the 

energy required to break molecular bonds in the ice phase, while the vacuum condition further slows down 

the rate of moisture removal [19], [20]. The efficiency of the drying mechanism enables maximum water 

evaporation, resulting in no significant differences among treatments P2, P3, and P4. 

 

3.3. Vitamin C  

One of the essential vitamins in chili is vitamin C, a water-soluble nutrient that is highly unstable at 

high temperatures [30]. Therefore, the drying process significantly affects the vitamin C in curly red chili. 

The results of the vitamin C content analysis are presented in Table 3. 

Based on Table 3, the analysis results show that there are significant differences (p≤0.05) between 

treatments as evidenced by the different notations in each sample. Different drying machines have a 
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significant effect on the stability of the vitamin C content of curly red chili. In addition to the drying method, 

vitamin C stability is influenced by factors such as temperature, pressure, heat transfer, and evaporation 

processes. The longer the chili processing process, the smaller the vitamin C content [31]. In this study, 

vitamin C analysis was conducted on powdered dried chili samples. The grinding process may further 

reduce vitamin C content, as smaller particles are more susceptible to oxidation when exposed to air. The 

finer the chili texture, the greater the potential loss of vitamin C. These factors contribute to the lower-than-

expected vitamin C levels in dried curly red chili. 

 

Table 3. Vitamin C content of curly red chili. 

Sample Vitamin C (mg/100g) 

P1 29.92a ± 1.02 

P2 56.79c ± 1.57 

P3 49.28b ± 1.17 

P4 94.34d ± 1.40 
Notes: Data are presented as mean ± standard deviation. 

Different notations between treatments indicate significant 

differences between sample treatments (p≤0.05). Sample 

P1 (oven), sample P2 (vacuum frying), sample P3 (food 

dehydration), sample P4 (freeze-drying). 

 

Among the treatments. P4 retained the highest vitamin C content at 94.34 mg/100g. The freeze-

drying process effectively preserves vitamin C due to its reliance on sublimation, low temperatures, and 

vacuum pressure. These three factors prevent thermal degradation and oxidation of vitamin C so that the 

content is better maintained than in other drying machines [20]. In P2, despite using high temperature, it 

can still maintain vitamin C content better than P1 and P3. This is because vacuum conditions help reduce 

nutrient degradation. However, the use of oil as a heat transfer medium leads to some vitamin C degradation, 

resulting in lower retention than P4 [26]. 

The mechanism of the P3 drying machine is based on the principle of circulating hot air convection, 

so that the exposure to hot air is more even. Meanwhile, P1, with a high temperature and relatively longer 

time than P3, increases the rate of vitamin C oxidation. P1 mechanism heat transfer occurs by conduction, 

convection, and hot air radiation from the surface of the oven tray, causing faster loss of vitamin C. P1 has 

a lower relative humidity that can accelerate water evaporation. However, it can increase the oxidation of 

vitamin C. When the water content in chili is reduced a lot in a high-temperature environment, the oxidation 

of nutrients occurs faster. The higher the drying temperature used, the more sample nutrients are degraded 

[32], [33]. 

 

3.4. Capsaicin Content 

Capsaicin content analysis was conducted only on the best-performing sample based on all evaluated 

parameters using the SAW method. Sample P4 was identified as the optimal treatment, as it had the lowest 

moisture content, which amounts to 3.81%, indicating a drier sample that meets the SNI 3389:2023 Dried 

Chili Quality Standard. Additionally, P4 exhibited superior hue, chroma, and vitamin C content, with 

amounts of 94.34 mg/100g compared to other treatments. Based on the analysis of this best-performing 

sample, capsaicin content and spiciness levels were further examined. As shown in Table 4, curly red chili 

treated with P4 contained 16504.71 Scoville Heat Units (SHU). According to SNI 4480:2016, the spiciness 

level of curly red chili in this study falls within the "mildly spicy" category, with a capsaicinoid content of 

1100.32 mcg/g.  

Capsaicin is a spicy compound in chili that gives a spicy taste sensation in the mouth. In addition, 

there are other compounds that also provide a spicy flavor, namely capsaicinoids. The compound is found 

in the white inner chili skin as a place to attach chili seeds and placenta [34]. The relatively low capsaicinoid 

content in this study can be attributed to the processing methods applied, including pretreatment blanching 

and grinding into powder. These processes can reduce the stability of capsaicinoids due to oxidation and 

enzymatic activity, particularly from peroxidase enzymes [35]. 
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Table 4. Capsaicin content of curly red chili. 

Parameters Quantity 

Spiciness level 16504.71 SHU 

Total capsaicinoids 1100.32 mcg/g 

 

Fresh curly red chili is around 30000–50000 SHU capsaicin content, which is influenced by the 

ripeness of the chili. As the chili matures, its capsaicin concentration increases, which is visually indicated 

by a deeper red color [16]. Moisture content also affects spiciness levels, where lower moisture content in 

fresh chilies corresponds to higher spiciness levels, while higher moisture content results in reduced 

pungency [36].  

The capsaicinoid content with the P4 treatment was not fully retained due to several factors from the 

drying machine used. Although freeze-drying is highly effective in preserving nutrients, capsaicinoid 

retention in P4 was not entirely maintained due to sublimation effects during drying [37]. Capsaicinoids are 

concentrated in the placental tissue, making them susceptible to degradation as moisture evaporates. 

Additionally, the low-pressure conditions in freeze drying may contribute to the loss of these compounds. 

Further degradation may have occurred during the grinding process, which exposes the chili powder to 

oxidation [35], [37]. 

 

4. CONCLUSION  

Drying methods using food dehydration, oven, vacuum frying, and freeze-drying significantly affect 

the physicochemical characteristics of curly red chili. This study shows that the drying method using freeze-

drying obtained the best results from all parameters. Chili dried using this method had the best color 

retention and highest vitamin C content. Furthermore, P4 yielded a spiciness level of 16504.71 SHU with 

a capsaicinoid content of 1100.32 mcg/g, indicating that freeze-drying is an optimal method for preserving 

both nutritional quality and sensory attributes of curly red chili. 

 

AUTHOR CONTRIBUTION 

All author contributed equally to the main contributor to this paper. All authors read and approved 

the final paper. Birgitta Allison Kesuma: Writing (review & editing), writing (original draft), and formal 

analysis. Ika Yohanna Pratiwi: Investigation, writing (review & editing), supervision, and 

conceptualization. Yohannes Somawiharja: Writing (review & editing), writing (original draft), and 

investigation.  

 

CONFLICTS OF INTEREST  

The authors declare that they have no conflicts of interest. 

 

ACKNOWLEDGMENT 

The authors are thankful to the School of Tourism Universitas Ciputra Surabaya for the financial 

support to this research through the DIP Faculty with a student research scheme. 

 

REFERENCES 

[1] A. Lukas, A. N. Kairupan, A. Hendriadi, A. Arianto, L. Parulian Manalu, L. Sumarno, J. Munarso, 

M. Hadipernata, H. M. Elmatsani, B. O. Benyamin, A. Junaidi, M. Jusuf Djafar, R. Elizabeth, Sahlan, 

Nasruddin, et al., “Fresh chili agribusiness: Opportunities and problems in Indonesia,” in 

Agricultural Economics and Agri-Food Business, O. Özçatalbaş and U. Iyer-Raniga, Eds., United 

Nations Sustainable Development Goals, 2024, https://doi.org/10.5772/intechopen.112786. 

[2] M. Rachmaniah, A. I. Suroso, M. Syukur, and I. Hermadi, “Supply and demand model for a chili 

enterprise system using a simultaneous equations system,” Economies, vol. 10, no. 12, p. 312, 2022, 

https://doi.org/10.3390/economies10120312. 

[3] I. G. B. T. Ananta and D. G. A. Anjasmara, “Antioxidant and antibacterial potency of red chillies 

https://doi.org/10.5772/intechopen.112786
https://doi.org/10.3390/economies10120312


Kesuma. et al.  Journal of Agri-Food Science and Technology (JAFoST) 6(4) 2025: 209 – 218 

216 

 

extract (Capsicum annum var. Longum),” J. Ilm. Medicam., vol. 8, no. 1, pp. 48–55, 2022, 

https://doi.org/10.36733/medicamento.v8i1.3170. 

[4] M. Palumbo, G. Attolico, V. Capozzi, R. Cozzolino, A. Corvino, M. L. V. de Chiara, B. Pace, S. 

Pelosi, I. Ricci, R. Romaniello, and M. Cefola, “Emerging postharvest technologies to enhance the 

shelf-life of fruit and vegetables: An overview,” Foods, vol. 11, no. 23, p. 3925, 2022, 

https://doi.org/10.3390/foods11233925. 

[5] I. F. Islami and S. N. Rahmadhia, “The effect of sago starch (Metroxylon sp.) and chitosan as edible 

coating on physical and chemical characteristics of red chili (Capsicum annuum L.),” Adv. Food Sci. 

Sustain. Agric. Agroindustrial Eng., vol. 7, no. 3, pp. 265–273, 2024, 

https://doi.org/10.21776/ub.afssaae.2024.007.03.7. 

[6] N. W. Ranawati, U. Ahmad, and D. Wulandani, “Shelf-life estimation of dried chili in vacuum 

packaging,” J. Tek. Pertan. Lampung., vol. 13, no. 1, p. 60, 2024, https://doi.org/10.23960/jtep-

l.v13i1.60-70. 

[7] R. Rana, A. Islam, A. A. Sabuz, M. Hasan, and R. Ara, “Effect of blanching pretreatments on the 

physicochemical and drying characteristics of chui jhal (Piper chaba H.) stem,” Int. J. Food Sci. 

Agric., vol. 4, no. 4, pp. 482–491, 2020, https://doi.org/10.26855/ijfsa.2020.12.017. 

[8] E. Elamin, “Horticultural insights into the effect of blanching and drying on the shelf life of green 

peas,” Int. J. Hortic. Food Sci., vol. 6, no. 1, pp. 153–156, 2024, 

https://doi.org/10.33545/26631067.2024.v6.i1b.231. 

[9] S. Mandliya, J. Majumdar, S. Misra, M. Pattnaik, and H. N. Mishra, “Evaluation of dry microwave 

and hot water blanching on physicochemical, textural, functional and organoleptic properties of 

Indian gooseberry (Phyllanthus emblica),” J. Food Meas. Charact., vol. 17, no. 3, pp. 2881–2891, 

2023, https://doi.org/10.1007/s11694-023-01833-8. 

[10] R. Pande, S. Tyagi, S. Vishwakarma, and S. Mandliya, “Dry microwave and hot water blanching of 

underutilized star fruit (Averrhoa carambola): A comparative assessment of quality attributes and 

sensory evaluation using chemometric approach,” Food Phys., vol. 2, p. 100056, 2025, 

https://doi.org/10.1016/j.foodp.2025.100056. 

[11] N. Thi Thanh Huong, P. Thinh, D. Vinh Long, H. Bao Long, U. Thanh Dat, D. Tan Phat, P. Tri Nhut, 

T. Bui Phuc, and T. Thi Yen Nhi, “Effects of microwave and ultrasound treatment on vitamin C, 

polyphenols and antioxidant activity of mango (Mangifera indica) during low temperature drying,” 

Mater. Today Proc., vol. 59, pp. 781–786, 2022, https://doi.org/10.1016/j.matpr.2021.12.581. 

[12] A. Arslan and İ. Alibaş, “Assessing the effects of different drying methods and minimal processing 

on the sustainability of the organic food quality,” Innov. Food Sci. Emerg. Technol., vol. 94, p. 

103681, 2024, https://doi.org/10.1016/j.ifset.2024.103681. 

[13] A. M. Fallah, R. M. Putri, W. Yuliani, W. Wagiman, and M. A. F. Falah, “Characterization of freeze-

dried strawberries (Fragaria x ananassa var. Mencir): quality on physical information,” J. Agri-

Food Sci. Technol., vol. 5, no. 2, pp. 85–93, 2024, https://doi.org/10.12928/jafost.v5i2.9468. 

[14] H. W. Woldemariam, S. Admassu Emire, P. Getachew Teshome, S. Toepfl, and K. Aganovic, 

“Physicochemical, functional, oxidative stability and rheological properties of red pepper (Capsicum 

annuum L.) powder and paste,” Int. J. Food Prop., vol. 24, no. 1, pp. 1416–1437, 2021, 

https://doi.org/10.1080/10942912.2021.1969945. 

[15] AOAC, Official Methode of Analysis Association of Official Analytical Chemists. 2005. 

[16] N. Kalathil, N. Thirunavookarasu, K. Lakshmipathy, D. V. Chidanand, M. Radhakrishnan, and N. 

Baskaran, “Application of light based, non-thermal techniques to determine physico-chemical 

characteristics, pungency and aflatoxin levels of dried red chilli pods (Capsicum annuum),” J. Agric. 

Food Res., vol. 13, p. 100648, 2023, https://doi.org/10.1016/j.jafr.2023.100648. 

[17] F. Wang, L. Bian, Z. Zhan, Y. Chen, C. Ling, H. Guo, Y. Gai, G. Liu, T. Xu, Y. Wang, Y. Xu, and 

Y. Huo, “Determination of optimal sampling time of grape embryo rescue based on near infrared 

spectroscopy combined with machine learning,” Plant Phenomics, vol. 7, no. 2, p. 100044, 2025, 

https://doi.org/10.1016/j.plaphe.2025.100044. 

[18] C. Chen, M. Espinal‐Ruiz, A. Francavilla, I. J. Joye, and M. G. Corradini, “Morphological changes 

https://doi.org/10.36733/medicamento.v8i1.3170
https://doi.org/10.3390/foods11233925
https://doi.org/10.21776/ub.afssaae.2024.007.03.7
https://doi.org/10.23960/jtep-l.v13i1.60-70
https://doi.org/10.23960/jtep-l.v13i1.60-70
https://doi.org/10.26855/ijfsa.2020.12.017
https://doi.org/10.33545/26631067.2024.v6.i1b.231
https://doi.org/10.1007/s11694-023-01833-8
https://doi.org/10.1016/j.foodp.2025.100056
https://doi.org/10.1016/j.matpr.2021.12.581
https://doi.org/10.1016/j.ifset.2024.103681
https://doi.org/10.12928/jafost.v5i2.9468
https://doi.org/10.1080/10942912.2021.1969945
https://doi.org/10.1016/j.jafr.2023.100648
https://doi.org/10.1016/j.plaphe.2025.100044


Kesuma. et al.  Journal of Agri-Food Science and Technology (JAFoST) 6(4) 2025: 209 – 218 

217 

 

and color development during cookie baking—Kinetic, heat, and mass transfer considerations,” J. 

Food Sci., vol. 89, no. 7, pp. 4331–4344, 2024, https://doi.org/10.1111/1750-3841.17117. 

[19] J. Shen, M. Zhang, A. S. Mujumdar, Y. Wang, K. Chen, and J. Chen, “Investigation on the 

discoloration of freeze-dried carrots and the color protection by microwave combined with coating 

pretreatment,” Dry. Technol., vol. 40, no. 16, pp. 3568–3579, 2022, 

https://doi.org/10.1080/07373937.2022.2067865. 

[20] K. R. Ward and P. Matejtschuk, “The principles of freeze-drying and application of analytical 

technologies,” in Cryopreservation and Freeze-Drying Protocols, W. F. Wolkers and H. Oldenhof, 

Eds., New York: Springer, 2021, pp. 99–127, https://doi.org/10.1007/978-1-0716-0783-1_3. 

[21] N. Mohd Zain, M. Abd. Ghani, Z. Mohd Kasim, and H. Hashim, “Effects of different drying methods 

on the functional properties and physicochemical characteristics of chia mucilage powder (Salvia 

hispanica L.),” Sains Malaysiana, vol. 50, no. 12, pp. 3603–3615, 2021, 

https://doi.org/10.17576/jsm-2021-5012-12. 

[22] A. K. Pandey, N. Ravi, and O. P. Chauhan, “Quality attributes of vacuum fried fruits and vegetables: 

A review,” J. Food Meas. Charact., vol. 14, no. 3, pp. 1543–1556, 2020, 

https://doi.org/10.1007/s11694-020-00403-6. 

[23] H. Sun, Y. Wu, B. Lin, M. Duan, Z. Yang, H. Zhao, Z. Wei, S. Yu, S. Li, and J. Song, “Indoor 

thermal environment improvement based on switchable radiation/convection-combined intermittent 

heating: Comparison between conventional terminals and an integrated novel terminal,” 

Engineering, vol. 53, pp. 58–75, 2025, https://doi.org/10.1016/j.eng.2024.08.020. 

[24] J. Dehghannya and M. Ngadi, “Recent advances in microstructure characterization of fried foods: 

Different frying techniques and process modeling,” Trends Food Sci. Technol., vol. 116, pp. 786–

801, 2021, https://doi.org/10.1016/j.tifs.2021.03.033. 

[25] S. Mandliya, S. Vishwakarma, and H. N. Mishra, “Modeling of vacuum drying of pressed mycelium 

(Pleurotus eryngii) and its microstructure and physicochemical properties,” J. Food Process Eng., 

vol. 45, no. 10, 2022, https://doi.org/10.1111/jfpe.14124. 

[26] M. E. Sosa‐Morales, A. P. Solares‐Alvarado, S. P. Aguilera‐Bocanegra, J. F. Muñoz‐Roa, and G. A. 

Cardoso‐Ugarte, “Reviewing the effects of vacuum frying on frying medium and fried foods 

properties,” Int. J. Food Sci. Technol., vol. 57, no. 6, pp. 3278–3291, 2022, 

https://doi.org/10.1111/ijfs.15572. 

[27] Y.-X. Bi, S. Zielinska, J.-B. Ni, X.-X. Li, X.-F. Xue, W.-L. Tian, W.-J. Peng, and X.-M. Fang, 

“Effects of hot-air drying temperature on drying characteristics and color deterioration of rape bee 

pollen,” Food Chem. X, vol. 16, p. 100464, 2022, https://doi.org/10.1016/j.fochx.2022.100464. 

[28] L. Rani, M. Kumar, D. Kaushik, J. Kaur, A. Kumar, F. Oz, C. Proestos, and E. Oz, “A review on the 

frying process: Methods, models and their mechanism and application in the food industry,” Food 

Res. Int., vol. 172, p. 113176, 2023, https://doi.org/10.1016/j.foodres.2023.113176. 

[29] C. Pacco and Honorato, “Temperature simulation and control for lab-scale convection dehydrators,” 

Procedia Comput. Sci., vol. 180, pp. 922–934, 2021, https://doi.org/10.1016/j.procs.2021.01.343. 

[30] M. Mieszczakowska-Frąc, K. Celejewska, and W. Płocharski, “Impact of innovative technologies on 

the content of vitamin C and its bioavailability from processed fruit and vegetable products,” 

Antioxidants, vol. 10, no. 1, p. 54, 2021, https://doi.org/10.3390/antiox10010054. 

[31] F. Susa and R. Pisano, “Advances in ascorbic acid (vitamin C) manufacturing: Green extraction 

techniques from natural sources,” Processes, vol. 11, no. 11, p. 3167, 2023, 

https://doi.org/10.3390/pr11113167. 

[32] H.-W. Xiao, Z. Pan, L.-Z. Deng, H. M. El-Mashad, X.-H. Yang, A. S. Mujumdar, Z.-J. Gao, and Q. 

Zhang, “Recent developments and trends in thermal blanching – A comprehensive review,” Inf. 

Process. Agric., vol. 4, no. 2, pp. 101–127, 2017, https://doi.org/10.1016/j.inpa.2017.02.001. 

[33] A. Krzykowski, S. Rudy, R. Polak, B. Biernacka, A. Krajewska, E. Janiszewska-Turak, I. Kowalska, 

J. Żuchowski, B. Skalski, and D. Dziki, “Drying of red chili pepper (Capsicum annuum L.): Process 

kinetics, color changes, carotenoid content and phenolic profile,” Molecules, vol. 29, no. 21, p. 5164, 

2024, https://doi.org/10.3390/molecules29215164. 

https://doi.org/10.1111/1750-3841.17117
https://doi.org/10.1080/07373937.2022.2067865
https://doi.org/10.1007/978-1-0716-0783-1_3
https://doi.org/10.17576/jsm-2021-5012-12
https://doi.org/10.1007/s11694-020-00403-6
https://doi.org/10.1016/j.eng.2024.08.020
https://doi.org/10.1016/j.tifs.2021.03.033
https://doi.org/10.1111/jfpe.14124
https://doi.org/10.1111/ijfs.15572
https://doi.org/10.1016/j.fochx.2022.100464
https://doi.org/10.1016/j.foodres.2023.113176
https://doi.org/10.1016/j.procs.2021.01.343
https://doi.org/10.3390/antiox10010054
https://doi.org/10.3390/pr11113167
https://doi.org/10.1016/j.inpa.2017.02.001
https://doi.org/10.3390/molecules29215164


Kesuma. et al.  Journal of Agri-Food Science and Technology (JAFoST) 6(4) 2025: 209 – 218 

218 

 

[34] S. Nazeer, T. T. R. Afzal, Sana, M. Saeed, S. Sharif, and M. Zia-Ul-Haq, “Chili pepper,” in Essentials 

of Medicinal and Aromatic Crops, Cham: Springer International Publishing, 2023, pp. 855–885. 

https://doi.org/10.1007/978-3-031-35403-8_33. 

[35] P. Popelka, P. Jevinová, K. Šmejkal, and P. Roba, “Determination of capsaicin content and pungency 

level of different fresh and dried chilli peppers,” Folia Vet., vol. 61, no. 2, pp. 11–16, 2017, 

https://doi.org/10.1515/fv-2017-0012. 

[36] W. Zhang, S. Li, H. Tang, Q. Huang, P. Meng, H. Deng, Z. He, C. Liu, P. Liu, T. Li, and Y. Yuan, 

“Investigation of the flavor profiles on chili rapeseed oil: A study on flavor generation by chili 

addition and frying oil temperature,” LWT, vol. 228, p. 118064, 2025, 

https://doi.org/10.1016/j.lwt.2025.118064. 

[37] J. P. L. Aguiar, E. P. da Silva, A. P. G. da Silva, W. G. Sganzerla, J. Xiao, and F. das C. do A. Souza, 

“Influence of freeze-drying treatment on the chemical composition of peppers (Capsicum L.) from 

the Brazilian Amazonia region,” Biocatal. Agric. Biotechnol., vol. 38, p. 102220, 2021, 

https://doi.org/10.1016/j.bcab.2021.102220. 

 

https://doi.org/10.1007/978-3-031-35403-8_33
https://doi.org/10.1515/fv-2017-0012
https://doi.org/10.1016/j.lwt.2025.118064
https://doi.org/10.1016/j.bcab.2021.102220

