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HIGHLIGHTS 

 Using the same drying method and duration, butternut squash flour that underwent osmotic dehydration exhibited lower 

moisture content. 

 The flour prepared without osmotic dehydration retained relatively higher levels of beta-carotene and antioxidant activity. 

 The samples that underwent osmotic dehydration before drying produced flour with the brightest color. 

 Treatment with a salt solution during osmotic dehydration increased the heat resistance of the butternut squash flour. 
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 ABSTRACT 

Background: Butternut squash (Cucurbita moschata Duchesne ex Poiret) is a type of 

Cucurbita moschata that is potentially a source of beta-carotene and has high antioxidant 

activity. The Osmotic Dehydration (OD) pretreatment has been used to retain the colour 

of dried butternut squash cubes. This study investigated the effects of the drying method, 

i.e., freeze drying, cabinet drying, And vacuum drying of butternut squash cubes with and 

without OD pretreatment on the flour characteristics. 

Methods: The study was conducted at the Faculty of Agriculture, UNS Surakarta, 

January 2024. Butternut squash was peeled and cut into 1×1×1 cm cubes. The OD 

pretreatment was carried out in 15% (w/v) salt solution. The cubes treated with or 

without OD were then dried, further ground into powder, and sieved to produce flour. 

The flour’s characteristics tested included moisture, beta-carotene, antioxidant activity, 

colour, and pasting properties. The data was statistically analyzed with analysis of 

variance, followed by the Duncan multiple range test at p<0.05 using IBM Statistics 25. 

Results: The drying method significantly impacted the characteristics of the butternut 

squash flour. The moisture, beta-carotene, and antioxidant activity of flour pretreated 

with OD were lower than those without OD in all drying techniques. The highest L, b, 

and chroma values were observed in freeze dried and OD samples, and the lowest were in 

the cabinet dried and non-OD samples. OD pretreatment generated a denser 

microstructure with fewer cavities; protein and fiber on the starch granule surface were 

replaced by salt, causing greater starch aggregation, resulting in flour with higher thermal 

stability than that from non-OD pretreatment. 

Conclusions: The drying methods impacted the chemical, physical, and pasting 

properties of butternut squash flour. Although OD pretreatment reduced the beta-carotene 

content and antioxidant activity of flour, the treatment improved thermal stability, 

making it suitable for a wide range of food applications. 

© 2025, Shahid Sadoughi University of Medical Sciences. This is an open access article 

under the Creative Commons Attribution 4.0 International License. 
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Introduction 

Cucurbita moschata is a vegetable with a significant 

source of beta-carotene levels. Most vegetables have a high 

Moisture Content (MC) and are easily damaged (Chong 

and Law, 2011). Therefore, a processing method is 

required to extend their shelf life. Flouring process is one 

of these methods. Flour-based products offer distinct 

advantages, including high functionality, enhanced shelf-

stability, and logistical efficiencies in distribution. There 

are many types of pumpkins; butternut squash, is a type of 

pumpkin with relatively high economic value. The fiber 

content of butternut squash is around 2.20–2.97%, protein 

at 0.76–1.45%, sugar at 2.15–2.90%, fat at 0.12–0.17%, 

carbohydrates at 6.47–8.18%, and carotenoids at 34.54–

39.53 µg/g (Armesto et al., 2020). Therefore, it is an 

excellent complementary food for breastfed babies. 

The flouring process involves several stages that most 

determine its quality, namely the drying process; therefore 

an appropriate drying method is essential. The quality of 

the drying results is influenced by several factors, one of 

which is the drying method (Kudra and Mujumdar, 2009). 

Several drying methods include sunlight, Cabinet Drying 

(CD), Freeze Drying (FD), Vacuum Drying (VD), 

microwave drying, and spray drying (Chong and Law, 

2011). Pretreatment of the dried material can also influence 

the drying results (Yadav and Singh, 2014). Preliminary 

treatment of materials includes size reduction, blanching, 

and Osmotic Dehydration (OD). The treatment of the air 

media used, such as vacuum, temperature, humidity 

reduction, modulation addition, and others, also plays a 

crucial role. (Kudra and Mujumdar, 2009). OD is a 

preliminary treatment which is carried out by soaking the 

material in a high concentration solution (for example salt, 

sugar, or something else). OD in pumpkin affects the 

chemical composition and structure of the material, which 

can reduce the MC of the material before the drying 

process (Ciurzyńska et al., 2013). The pretreatment of OD 

on butternut squash can also prevent color damage (Ramya 

and Jain, 2017), improve the quality of food products (Aras 

et al., 2019), minimize stress due to heat, and reduce 

energy input (Almena et al., 2019). OD, conducted with 

progressively higher salt concentrations, led to a reduction 

in flour moisture and beta-carotene content, while 

concurrently increasing its protein, fat, ash, fiber, and 

carbohydrate content (Dwivedi et al., 2023). 

For materials containing thermally labile components, 

temperature is a critical parameter in the selection of an 

appropriate drying method. Drying methods yield varying 

quality outcomes (Beaudry et al., 2004). This study aimed 

to determine the effect of drying methods (CD, VD, and 

FD) on the main parameters of butternut squash flour, 

namely color, MC, beta carotene content, and antioxidant 

activity. Additionally, it is essential to evaluate the 

properties of the resulting flour paste.  

 

Materials and methods 

Sample collection 

 Butternut squash was attained from the Karanganyar 

region, Central Java; distilled water and table salt (NaCl) 

were purchased from a local chemical shop. Other 

ingredients included methanol (Supelco, German), 2,2-

diphenyl-1-picrylhydrazyl (DPPH) reagent (Sigma Aldrich, 

German), petroleum ether (Smartlab, German), ethanol 

(Supelco, German), and K2Cr2O7 (MERCK, German). 

Sampling ensured that pumpkins were ripe and ready to be 

harvested, that they had normal growth, were not 

deformed, and had orange skin and flesh. The harvest age 

was guaranteed to be around three months, weighing 1–2 

kg.  

Equipment and instrumentation 

A set of tools were used for OD treatment including a 

stirrer (Heidolph, Germany), a UV-Vis spectrophotometer 

(UV min specification of 1240, Shimadzu, Japan), used for 

analysis of beta-carotene and antioxidant activity; and 

chromameter (Minolta, Japan) to measure color 

quantitatively (L, a, and b values), Cabinet dryer (Local, 

Indonesian), vacuum dryer (BK-FD10P-BIOBASE, 

BIOBASE, China) dan freeze dryer (BK-FD10P-

BIOBASE, China); with vacuum pressure ≤10 Pa, no-load 

temperature <-50
 o

C), Scanning Electron Microscope 

(SEM) (Hitachi SU 3500, Japan) and Rapid Visco 

Analyzer (RVA, RVA AACC76 22 61, China).  

Preparation of research materials 

The research was conducted at the Faculty of 

Agriculture, Sebelas Maret University in January 2024. 

Butternut squash that were met with the requirements were 

selected, cleaned, peeled, seeded, and cut into 1×1×1 cm 

cubes. Specifically for the initial OD treatment, the process 

was carried out with a ratio of ingredients and salt solution 

of 1:5 (w/v) (Manzoor et al., 2017) at room temperature 

(25 
o
C). Based on previous research, the optimal conditions 

included a salt solution concentration of 15% w/v, a 

stirring speed of 25 rpm and a soaking time of 155 min 

(Amanto et al, 2024). After completing OD, the pumpkin 

pieces were rinsed with clean water to remove excess salt 

and were dried using absorbent tissues. The drying process 

was carried out using three methods, namely, CD, VD, and 

FD. CD was conducted at 60 °C for 18 h. Samples, either 

pretreated with OD or untreated, were placed in the drying 

cabinet and removed after 18 h. Then, they were cooled to 

room temperature and milled to a size of 60-80 mesh. The 

exact process was applied to FD and VD methods. FD was 
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carried out at a temperature of -20 °C with a pressure 

below 600 Pa for 20-24 h. VD was conducted at 

approximately 20-25 °C for 30-36 h, with a pressure below 

600 Pa. The treatments used in this study were FD and 

non-OD (FD-non-OD) and with OD (FD-OD), CD and 

non-OD (CD-non-OD) and with OD (CD-OD), and VD 

and non-OD (VD-non-OD) and with OD (VD-OD). 

Experimental design 

The experimental design used in this research was a 

Completely Randomized Design (CRD) with drying and 

OD treatment methods, namely FD, CD, and VD, each 

drying using materials treated with and without OD. The 

research was carried out using triplicate samples and two 

replicate analyses. The research data were statistically 

analyzed using one-way ANOVA with IBM SPSS version 

25 software. When significant differences were found 

between treatments, Duncan's Multiple Range Test 

(DMRT) was performed at a significance level of α=0.05. 

Determination of MC 

The gravimetric method used for fruit and vegetables for 

determining water content in flour products is calculated in 

equation 1 (Manzoor et al., 2017). Calculation of moisture 

loss content and addition of solids (solid gain) are via 

equations 2 and 3. 

𝑀𝐶 (%)   
(𝑊 𝑊

1
) 𝑊

2

𝑊
𝑥 100%     (1) 

Where: 

MC = material MC (%) 

W = initial sample weight of material (%) 

W1 = weight of cup (g) 

W2 = weight of cup and material after drying 

𝑀
𝐿
 %  

𝑀
𝑜
 𝑀

𝑡

𝑊
𝑥 100      (2) 

𝑆𝐺  %  
𝑆
𝑡
 𝑆

𝑜

𝑊
 𝑥 100       (3)  

Where:  

ML = loss of MC (% w/w db) 

SG = added solids (% w/w) 

Mo, Mt = initial sample weight, sample weight at time t 

(kg) 

So, St = Initial solid weight, solid weight at t (kg/kg db) 

Determination of beta-carotene levels 

Two g of a fine sample and 2.5 ml of ethanol were added 

and homogenized with a vortex mixer (Gemmy-Taiwan) 

for one min; then another 10 ml of petroleum ether was 

added and homogenized for 10 min. Two ml of the solution 

was pipetted, then three ml of petroleum ether was added 

to dilute it. The radiation was carried out on a 

spectrophotometer  (UV min specification of 1240, 

Shimadzu, Japan) at a wavelength of 450 nm with a 

petroleum ether blank. A standard solution of artificial 

beta-carotene was prepared by dissolving 32.2 mg of 

potassium dichromate (K2Cr2O7) in distilled water to a 

volume of 50 ml. The wavelength used was 450 nm with a 

distilled water blank. Notably, the absorbance of a 20 mg 

potassium dichromate solution in 100 ml of distilled water 

is equivalent to 5.6 μg of it in 5 ml of petroleum ether. 

Antioxidant activity  

A hundred mg of butternut squash flour was weighed 

and put into a test tube, then 10 ml of methanol was added 

and homogenized using a vortex for approximately 5 min. 

The test tube containing the sample was incubated for 24 h 

in dark conditions, and the test tube was closed using an 

aluminum foil.  

The control solution was made from 1 ml of 0.3 mm 

DPPH solution dissolved in 5 ml of methanol in a reaction 

tube wrapped in an aluminum foil. Then, the control 

solution was vortexed for 1 min and incubated in dark 

conditions for 30 min. The sample solution incubated for 

24 h was then taken as much as 0.1 ml into another test 

tube. Following this, 4.9 methanol and 1 ml of 0.3 mm 

DPPH solution were added. The sample solution was then 

homogenized using a vortex for 1 min and incubated in 

dark conditions for 30 min. The absorbance of the sample 

and control solutions was measured using a UV-Vis 

spectrophotometer at a wavelength of 517 nm. The 

antioxidant activity of samples using the DPPH method is 

calculated using the following formula: 

% Antioxidant activity = (1- 
𝑆𝑎𝑚𝑝𝑙𝑒 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒

𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒
) x 100 %    (4) 

Color (L, a, b, and chroma) 

Color measurements in butternut squash flour were 

carried out using a chromameter to measure color 

quantitatively (L, a, and b values). The Chroma parameter 

is also used to measure color, which is the coordinate 

between the values a as redness and b as yellowness. The 

chroma value calculated via C = √ (a
2
 + b

2
) (Silva et al., 

2014). 

Microstructure 

analysis was performed using a Hitachi SU 3500 SEM 

(Japan) to observe the extent of solid penetration into the 

fruit and to estimate the fruit shrinkage factor during OD 

(Rodrigues and Fernandes, 2007). The SEM provided high-

resolution images of the sample morphology, which were 

then analyzed using image processing technology to assess 

microstructural density, as described by Rahman et al. 

(2018). 

Pasting properties analysis  

The amylographic properties of flour can be analyzed 

using a RVA, which is a viscometer equipped with a 

heating and cooling system to measure sample resistance 
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under controlled stirring (Singh and Singh, 2003). A 

sample of dried butternut squash flour was weighed (3.5 g, 

db), distilled water was added, then adjusted to a total 

weight of 25 g. The starch sample was equilibrated at 50°C 

for 2 min, heated to 90 °C for 5 min at a rate of 6°C/min, 

maintained at 90°C for 5 min, and then cooled to 50°C for 

6 min at a rate of 6°C/min. (Chinnasamy et al., 2022). 

Pasting Temperature (PT), Peak Viscosity (PV), peak time, 

Trough Viscosity (TV), Breakdown Viscosity (BV), Final 

Viscosity (FV), and Setback Viscosity (SBV) are 

determined last by the curve. 

 

Results and discussion 

Chemical characteristics of butternut squash flour  

The chemical properties examined in this research were 

MC, beta-carotene, and antioxidant activity. MC is an 

important parameter and an indicator of quality in flour. 

Specifically for pumpkin flour, butternut squash, beta-

carotene content, and antioxidant activity are important 

parameters because these components are the advantages 

of butternut squash commodities (Aydin and Gocmen, 

2015). The results of the chemical characteristics of 

butternut squash flour with three different drying methods 

can be seen in Table 1.  

 

Table 1: Chemical Characteristics of butternut squash flour in various drying methods 

Treatment Moisture content (% wb) Beta-carotene   (µg/g wb) Antioxidant Activity (% inhibition/g wb) 

FD-non-OD 12.57±0.02 e 24.48±0.07 d 4953.94±39.57 f 

FD-OD 10.45±0.06 b 21.54±0.73 c 3113.81±24.35 d 

CD-non-OD 12.34±0.01 d 23.49±0.04 d 1089.70±55.52 b 

CD-OD 9.34±0.12 a 11.94±0.19 a 332.21±23.98 a 

VD-non-OD 12.73±0.02 f 23.89±0.21 d 4467.55±27.39 e 

VD-OD 11.29±0.01c 20.44±0.55 b 2864.15±30.44 c 

Different letter notations indicate a significant difference at α=0.05 

CD=Cabinet Drying; FD=Freeze Drying; OD=Osmotic Dehydration; VD=Vacuum Drying 

 

Based on Table 1, it the MC of butternut squash flour 

ranged from 9.34%-12.72% wb. The final MC was 

measured after the same drying time for each method; the 

MC of flour treated with OD was lower than that without 

OD. This is because OD pretreatment reduces the initial 

moisture of the material compared to non-OD treatments 

(Paradkar and Sahu, 2018). Within this range, the MC of 

flour was met with the requirements of Indonesian 

National Standard (INS) 3751:2009 (14.5% maximum), as 

the MC of pumpkin flour ranged between 11.47%-13.26%.  

Consequently, if the target MC is the same for all methods, 

the drying time for OD-treated materials can be shorter. 

Table 1 shows that the beta-carotene in OD treated samples 

was lower than in non-OD samples for each drying 

method. This is likely because salt can reduce beta-

carotene levels and antioxidant activity. The highest level 

of beta-carotene was found in the FD samples without any 

OD pretreatment (24.48±0.07 µg/g wb). Similar to the 

study conducted in 2023 which reported that soaking in a 

salt solution can decrease beta-carotene levels (Dwivedi et 

al, 2023). For instance, a 15% salt solution with a 30 min 

soak can reduce beta-carotene levels from 2.35±0.005 

mg/100 g to 2.08±0.002 mg/100 g. The antioxidant activity 

was higher in samples treated with OD with the highest 

antioxidant activity obtained by FD. However, beta-

carotene levels and the antioxidant activity were lower in 

samples treated with OD, consistent with findings that 

sodium chloride can reduce antioxidant activity (Zhang et 

al, 2021; Zhang et al., 2023). 

Color  

Color is represented by a 3-dimensional color scale, 

namely L*, a*, b*, and chroma. The table below shows the 

color of butternut squash flour with various drying 

methods and pretreatment.  

 

Table 2: Color (L*, a*, b* and chroma) of butternut squash flour in various drying methods 

Treatment L* a* b* Chroma 

FD-non-OD 74.53±0.26 b 4.48±0.67 d 53.05±0.59 d 53.24±0.62 d 

FD-OD 79.61±0.33 e 3.62±0.27 c 54.52±0.15 e 54.64±0.15 e 

CD-non-OD 69.93±0.02 a 6.33±0.26 f 40.48±0.33 a 40.98±0.27 a 

CD-OD 78.41±0.47 d 1.51±0.04 a 48.50±0.09 b 48.28±0.29 b 

VD-non-OD 75.38±0.57 c 5.80±0.10 e 51.26±0.22 c 51.59±0.18 c 

VD-OD 79.56±0.05 e 2.45±0.24 b 53.61±0.35 d 53.67±0.30 d 

Different letter notations indicate a significant difference at α=0.05 

CD=Cabinet Drying; FD=Freeze Drying; OD=Osmotic Dehydration; VD=Vacuum Drying 
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FD-non-OD CD-non-OD PVD-non-OD 

FD-OD CD-OD VD-OD 

Figure 1: Color of butternut squash flour with different drying methods and preliminary treatments 

CD=Cabinet Drying; FD=Freeze Drying; OD=Osmotic Dehydration; VD=Vacuum Drying 

 

The results depicted in Table 2 indicated that the color of 

the flour is relatively bright (average L* value above 70) 

and tends to be yellow (b* positive). The FD method 

obtained a relatively brightand yellowish color (Chroma 

value +54) because FD is able to reduce the degradation of 

color and other functional compounds (Roongruangsri and 

Bronlund, 2015). The OD treatment was also able to 

provide a brighter color compared to the NON-OD 

treatment. Figure 1 shows the appearance of the color of 

the butternut squash flour obtained. 

Based on these results, the FD-OD treatment was chosen 

as the best treatment in making butternut squash flour. In 

FD-OD, the results obtained for each parameter were MC 

(10.45%), beta carotene (21.54 µg/g db), antioxidant 

activity (3113.81% inhibition/g), L* value (79.61), a* 

value (3.62), and b* value (54.53). Similar to the study 

conducted by Que et al. (2008), the brightness of pumpkin 

flour was brighter when dried with a freeze dryer compared 

to a hot air dryer. In comparison, the study conducted by 

Dwivedi et al. (2023) produced pumpkin flour (Cucurbita 

maxima) using a 30-min OD treatment in a 15% salt 

solution at 1:4 ingredients to solution ratioThe resulting 

color values were: L = 60.2±1.3, a = 1.7±2.5, and b = 

32.2±2.13. 

Pasting properties of the butternut squash flour 

The pasting properties of flour determine its use in food 

products and their quality. To obtain appropriate flour 

characteristics, several modifications are made to the 

manufacturing process. Modifications can be done 

physically, chemically, or biologically. One such method 

involves the preliminary processing of the raw material 

prior to milling it into flour.. The purpose of a modification 

is to obtain flour properties suitable for further processing. 

The pasting properties of flour are critical for it 

application in food processing, which is associated with 

viscosity, shelf life, retrogradation, and syneresis 

(Kartikasari et al., 2016).  
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Figure 2: Pasting characteristic of butternut squash flour (amylograph chart) 

CD=Cabinet Drying; FD=Freeze Drying; OD=Osmotic Dehydration; VD=Vacuum Drying 

 

Figure 2 shows a graph of the pasting properties of 

butternut squash flour. Pasting properties, including PV, 

TV, BV, Setback Viscosity (SV), FV, and PT of butternut 

squash flour prepared with various drying methods, are 

presented in Table 3. 

 

Table 3: Amylograph test results for the viscosity of butternut squash flour 

Sam-pel 
Peak Viscosity  

(cP) 

Trough  

Viscosity (cP) 

Breakdown  

Viscosity (cP) 
Setback Viscosity (cP) 

Final  

Viscosity (cP) 

Pasting  

Temperatur  

(OC) 

Peak 

Time (mnt) 

FD-non-OD 1433.00±6.50 814.00±3.90 619.00±2.01 2479.00±4.17 3293.00±2.00 50.55±0.01 6.80±0.01 

FD-OD 256.00±1.09 212.00±0.75 44.00±0.00 71.00±0.01 283.00±0.45 - 3.07±0.00 

CD-non-OD 868.00±2.07 459.00±0.98 409.00±0.20 716.00±0.30 1175.00±0.89 52.05±0.01 6.20±0.02 

CD-OD 165.00±0.56 157.00±0.01 8.00±0.00 49.00±0.00 206.00±0.34 - 3.07±0.00 

VD-non-OD 2048.00±8.30 1003.00±0.88 1045.00±2.01 3346.00±7.30 4349.00±5.37 50.45±0.00 8.93±0.02 

VD-OD 38.00±0.02 35.00±0.01 3.00±0.00 6.00±0.00 41.00±0.00 - 3.20±0.00 

CD=Cabinet Drying; FD=Freeze Drying; OD=Osmotic Dehydration; VD=Vacuum Drying 

 

All parameters of the paste properties showed greater 

values in the treatment without OD than in those with OD. 

It can be concluded that OD pretreatment with a salt 

solution provided lower paste viscosity values (PV, TV, 

BV, SV, and FV). Similar to the study conducted by Kose 

et al. (2019), which reported that salt solution can reduce 

pasting characteristics. The same result was achieved by 

Kim et al. (2023), who examined the effect of NaCl on the 

properties of a mixture of corn flour and methyl cellulose 

paste. It was also found that NaCl can reduce pasting 

characteristics. The BV value showed how easily the starch 

was gelatinized (broke down) (Varavinit at al., 2003). In 

flour samples without pretreatment, the highest BV value 

was found in flour dried with a vacuum dryer, followed by 

the freeze dryer, and then the cabinet dryer. Regarding the 

drying temperatures, the cabinet dryer used the highest 

temperature (60 °C), while the vacuum and freeze dryers 

operated at much lower temperatures (approximately -20 

°C). According to Aviara et al. (2010), high temperatures 

negatively impact BV by inhibiting the flour's ability to 

gelatinize. 

A high SV value indicates that the flour undergoes rapid 

retrogradation after cooling. For bakery products like 

cakes, cookies, and bread, a high SV is undesirable as it 

leads to hardness upon cooling. Instead, flour with a high 

SV is more suitable for use as a filler agent. 

The values in Table 3 show that all samples not treated 

with OD had a higher viscosity than those treated with OD. 

Among the three treatments without OD, the highest 

viscosity value was from the sample dried using VD, and 

the lowest was from CD. It is suspected that temperature 

differences during the drying process can affect viscosity. 

The salt content in the material can also affect viscosity 

(Muhandri, 2007). The viscosity of flours with OD 

treatment was decreased even upon heating. Among the 

drying methods, the VD produced flour with the lowest 
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viscosity. 

The initial PT is the temperature at which starch granules 

begin to absorb water and swell, marked by an initial 

increase in viscosity. For butternut squash flour treated 

with OD, this initial gelatinization temperature was 

undetectable. In contrast, untreated flour had an average 

initial gelatinization temperature of approximately 50 °C. 

Only the OD-treated flour dried with CD exhibited a 

slightly higher temperature of 52 °C. Moreover, the effect 

of NaCl was very significant on the viscosity of the flour 

(Muhandri, 2007). 

BV, calculated as the difference between PV and TV, 

indicates a paste's stability under heat. The lower the BV, 

the more stable the pasta is against heating. (Fiqtinovri, 

2020; Muhandri, 2007). Accordingly, some butternut 

squash flours treated with OD demonstrated considerable 

heat resistance. 

Microstructure of butternut squash slices  

Food microstructure is defined as the arrangement of cell 

and intercellular space in food (Aguilera, 2005). Since 

structural changes during food processing can reduce food 

quality, the main concern is to maintain the original 

microstructure of food ingredients (Chen and Mujumdar, 

2008). A material's capacity to integrate with other 

materials is determined by its structure. 

 

  

  
Figure 3: Scanning electron microscope of butternut squash slices without (1 and 2) and with osmotic dehydration pretreatment (3 and 4). The 

magnification was 500× for 1 and 3, and 1000× for 2 and 4. 

 

The difference in the shape of the microstructure before 

and after the OD process was that before the OD process, 

the fibers appeared to be elongated, and after the OD, they 

appeared shorter with substantial material filling the inter-

fiber spaces. This condition is as shown in Figure 3. This 

observation is consistent with the findings of Tan et al. 

(2020), who reported that the microstructure which 

contained NaCl resulted in a more compact network 

structure (Tan et al., 2020). Therefore, changes in 

microstructure due to the addition of salt are thought to 

contribute to the rheological differences. The OD process 

reduced the initial MC of the material, which could 

subsequently extend the required drying time. These 

structural changes function to control mass transport, 

including the movement of water and solutes (Tortoe, 

2010). A visible effect of OD was that the final MC of 

treated materials was consistently lower. Blanching and 

OD could induce changes to the macro-, micro-, and 

ultrastructure of tissues, and water distribution, with some 

modifications greatly influencing the mechanical behavior 

and, therefore, the perceived texture (Alzamora et al., 

2008). However, due to the complex relationships and 

interdependence of fruit tissue material properties, 

including mechanical properties, it is difficult to predict 

and explain (Kunzek et al., 1999). Nonetheless, it is 

established that such treatments significantly influence 

compression, viscoelastic properties, and texture (Garcia 

Loredo et al., 2013). For instance, Monteiro et al. (2018) 

demonstrated that applying FD to pumpkin cubes yields a 

spongier microstructure compared to CD.  
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Conclusion 

The final MC, beta-carotene content, and antioxidant 

activity of butternut squash flour pretreated with OD were 

lower than that in flour without OD treatment. Among the 

drying methods, the FD best preserved these qualities, 

followed by the VD and the CD. The highest L, b and 

Chroma values were found in FD-OD treated flour, while 

the lowest values were in CD-non-OD flour. OD treatment 

with a salt solution resulted in a denser microstructure with 

fewer voids. OD-treated flour demonstrated greater heat 

resistance compared to non-OD flour. Furthermore, OD 

pretreatment enhanced the thermal stability of butternut 

squash flour, suggesting its suitability for a wider range of 

food applications.  
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