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ARTICLE INFO ABSTRACT
Keywords: The objective of this study is to investigate the effect of pre-drying treatment and particle size on
Compositional analysis pumpkin flour’s compositional, functional, pasting, thermal, and structural properties. Pre-drying

Particle size

. treatment and reducing the size of particles have led to an increase in the levels of crude fiber,
Structural properties

phytochemicals, and functional properties. However, the amounts of moisture and lightness of
color decreased with pretreatment, but improved with particle size reduction. Among the sam-
ples, those that were finely milled after pre-treatment showed the highest viscosities, while the
untreated samples that were coarsely milled had lower viscosities. The pre-drying treatments
yielded notable reductions in both gelatinization temperature and enthalpy of the flour matrix, in
comparison to untreated flours. FTIR analysis has indicated that no new functional groups were
produced. XRD analysis suggests that while pre-drying treatment leads to decreases in crystal-
linity index, fine milling leads to increments. The morphological pattern suggested that pre-
treatment effectively altered the original surface structure of the flour, but particle size reduction
did not.

1. Introduction

Pumpkins come in a variety of forms, dimensions, and colors. Because of its nutritional and health-protective polysaccharides,
agriculture, food processing, pharmaceutical as well as feed industry have all taken an increasing interest in pumpkin fruit and
pumpkin-derived products in recent years [1]. Pumpkin is a reliable source of beta-carotene, fibre, pectin, mineral salts, vitamins, and
other substances that are beneficial to health [2]. Because of these facts, pumpkin is processed into a variety of foods. According to Que
et al. [3], pumpkin flour is the major product of pumpkin fruit in processing since it can be stored for a long time and used in
manufacturing formulated foods. However, drying conditions, including high temperature, light, and oxygen exposure, would cause
degradation of carotenoids and thereby affect the final products’ attractive color and nutritive value [4].

Pre-drying, on the other hand, can shorten drying durations while improving quality by retaining color and flavor and reducing
nutrient loss and degradation through enzyme action [5]. It is suggested that the drying time be shortened in order to maintain the
bioactive components of pumpkin during the flour conversion process. A previous study [6] discovered that ultrasonic, microwave,
and combined pretreatment methods had better compositional, phytochemical, and functional qualities than untreated pumpkin flour.
Ultrasound and microwave combined pre-drying treatment has been discovered to decrease drying time significantly. It results in a
quicker and more effective drying process, while also improving the quality of the dried fruits by maintaining their nutritional
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properties [6]. Compared to other pretreatment methods, the use of ultrasound and microwave has been found to better retain vitamin
C and total phenolic content [7]. Additionally, decreasing the particle size of the flour is an effective option to increase the bioactive
availability, as larger particle sizes may be difficult to extract and may require longer heat treatment [8]. In addition, as reported by
Lee and Yoon [9] and Zhu et al. [10], different variations in particle size would likewise affect changes in flour color and bioactive
chemicals. Reduced particle size has been shown in several studies to increase the antioxidant activities of some food powders,
including winter wheat (Triticum aestivum L.), red rice (Oryza sativa L.), and Qingke (hull-less barley) [11-13]. This could be a good
way to increase the bioactivity and bioavailability of flour. So, to enhance its use in functional food products, it would be important to
look for acceptable particle sizes for pumpkin flour. However, there has been a lack of previous research focused on investigating the
combined impact of pre-drying treatment and particle size on the quality of pumpkin flour, which directly influences the overall
quality of the flour. Therefore the goal of this work was to study the interaction effect of pre-drying treatment and particle size on
physical, nutritional, phytochemical, functional, thermal, pasting, and structural properties of flours and to provide theoretical support
for the application of pre-drying treatment and fine milling in the food industries.

2. Material and methods
2.1. Materials and chemicals

The fresh, healthy, ripped pumpkin was brought from a local supermarket (Wolkite town, Ethiopia). The Standards and reagents
used were quercetin (>98 %, sigma Aldric, Germany), 2,2-Diphenyl-1-picrylhydrazyl (Sigma Aldrich, Germany), gallic acid (97.5-100
% Sigma Aldrich, China), phytic acid sodium salt hydrate (Sigma Aldrich, Switzerland), (+-) Catechin hydrate (>96.0 %, Sigma
Aldrich, China), Folin-Ciocalteu’s (2 N, Sigma Aldrich, USA), Vanillin (>99.5 %, UNI-CHEM, Roth, France), Almunium Chloride (99 %
Loba chemic, India), Methanol (M.wt. = 34.02 g/mol, Biochem chemopharma, France) and Sodium carbonate (>99.5 % Carl Roth
GmbH, Karlsruhe) and Nitric acid (69 % Loba chemic, India). All other chemical reagents were purchased locally and were of analytical
grade.

2.2. Sample preparation

Untreated and pretreated (for 20 min in ultrasonic followed by 6 min at 300 W in the microwave) pumpkin slices (15 x 15 mm®)
were dried by a fluidized bed dryer at 60 °C for 180 and 121 min, respectively [14]. The sliced of dried pumpkin were milled coarsely
by hammer mill (Model BH24 1DY, Armfield, England), and then the flours were screened through 500 pm sieves to separate gran-
ulates. The resulting coarser flours were micronized using ball-milling (Planetary type ball mill, PM 100; Restch, Germany) at 300r
min~! for 15 min three times with an interval of 30 min to avoid flour overheating. The milled flour was also split into distinct particles
size fractions (250-150, 150-100, 100-75, and <75 pm particle size) using a set of screen sieved with the vibratory sieve shaker for 5
min. The milled flour obtained was stored at 4 °C in brown zipped bags until further analysis.

2.3. Physical property analysis

The sample color was detected via Hunter Lab Colorimeter, Minolta, using the hunter scale of L*, a*, and b x values as indicators.
The water activity of pumpkin flour was measured by a water activity meter (HD-3A, NanBei, China) [15]. The pH and Total Soluble
Solid were determined according to official methods of AOAC [16] and AOAC [17] using a pH meter (BANTE Multiparameter/China)
and a digital refractometer (Model-A670, Hanon, China) at 25 °C, respectively.

2.4. Chemical properties analysis

Proximate analysis: The Moisture, protein, fat, and ash were determined in triplicates by Association of Official Analytical
Chemists (AOACQ) official methods 967.19, 920.165, 920-39, and 941.12 [18], respectively. The crude fiber was estimated by 920.169
AOAC [19] method, while Carbohydrate (CHO) was calculated by difference.

Phytochemical property analysis: First, the methanol extracts were prepared from pumpkin flour according to Ferreira et al.
[20]. Ten grams of pumpkin flour were extracted with 100 mL of methanol at 25 °C at 150 rpm for 24 h using a temperature shaker
incubator (ZHWY-103 B) and then clarified through Whatman No. 1 paper. The deposit was extracted with two additional 100 mL
portions of methanol described above. The methanolic extracts were dried using a Rota evaporator (R-300, Buchi, Switzerland) at a
temperature of 40 °C until there was no more solvent left. They were then dissolved again in methanol at a concentration of 50 mg/mL
and kept at a temperature of 4 °C for future use. The total phenolic content was then assessed using the Folin-Ciocalteu method in
triplicate at a wavelength of 735 nm with gallic acid as a standard, and the total flavonoid concentration was assessed using the
colorimetric method at a wavelength of 510 nm with quercetin as a standard, in accordance with inuye et al. [21]. Antioxidant ac-
tivities were assessed using the DPPH methods [22] by using ascorbic acid as a standard without extract or control. Total carotenoid
was estimated based on the methodology of de Carvalho et al. [23]. Total carotenoids were expressed as pg per g of dry matter. All
analysis was carried out in triplicate.
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2.5. Functional properties analysis

Bulk density (g/mL) was established in accordance with Goula, Adamopoulos and Kazakis [24], water holding capacity (WHC) and
WSI were estimated according to Zhao et al. [25], while swelling capacity (SW) and oil absorption capacity (OAC) were assessed based
on the procedure outlined by Ye et al. [26]. The measurement of each sample was repeated three times.

2.6. Pasting properties

The pasting properties of the flours were evaluated using a rapid visco-analyzer (Perten RVA 4800, Perkins Elmer, Sweden). Pasting
parameters were calculated by adjusting moisture to 15 % (using the flour’s moisture content as a guide, extra distilled water was
added to reach 15 % moisture) at 250 rpm speed with a starting temperature of 50 °C for 1 min, raising to 95 + 0.1 °Cin 3 min 42 s, and
holding for 2 min 30 s. After the holding time, the temperature was ramped down to 50 & 0.1 °C in 3 min 48 s by the cooling system
[27].

2.7. Thermal properties

Thermal properties were analyzed by differential scanning calorimeter (SKZ1052B, Hunan, china). Using an empty aluminum pan
as a reference, 8 mg of each sample were placed in a hermetic aluminum pan and heated from 20 to 150 °C at a rate of 10 'C/min in a
50 mL/min nitrogen flow. Onset temperature (To), peak temperature (Tp), conclusion temperature (Tc), and change in enthalpy (AH)
were assessed [27] from the curve obtained.

2.8. Structural properties

Scanning electron microscope (SEM): The morphological characterization of flour particles was studied using a scanning
electron microscope (JCM-6000 plus, Jeol Ltd., Korea) to study the effect of grinding and pretreatment on the structure modification.
The sample was coated with a thin gold layer to make the samples conductive, and images were captured at an accelerated voltage of 5
kV at 2000 x magnification [28].

Fourier transform infrared (FT-IR) spectroscopy: FTIR spectra were collected using FTIR spectrometer (Nicolet is50 ABX,
Thermofisher Scientific, German) over the range 4000-400 cm ! by the potassium bromide (KBr) pellet method a spectral resolution
of 4 em™! [29].

XRD Analysis: The crystallinity and structural properties of pumpkin flour of different sizes were characterized by an X-ray
diffractometer (XRD-7000, Shangai Drawel scientific instrument co., Ltd., China) operating at 40 kV and 40 mA. The sample was
dispersed onto a stub and placed within the chamber of an analytical X-ray diffractometer (wavelength = 1.54 A, CuKa radiation). The
diffraction data were collected in the 20 range from 5 to 80° at a 5°/min scan rate [30].

2.9. Statistical analysis

Conventional statistical methods were used to calculate means and standard deviations. The software package SAS version 9.0 (SAS
Institute, Inc., Cary, North Carolina, USA) using analysis of variance (ANOVA) was applied to the data to determine differences (P <
0.05). Tukey’s HSD test at the significance level of 5 % (P < 0.05) was used to determine significant differences among flours. After
characterizing their physical, chemical, and functional qualities, notably by looking into their fiber and phytochemical makeup, other

Table 1

Effects of particle size and pretreatment method interaction on Water activity, pH, TSS, and color properties of flour.
Sample code Water activity pH TSS L* ax b*
CON1 0.35 + 0.04" 6.59 + 0.32% 4.28 +0.13* 83.35 + 0.56% 4.55 + 0.40¢ 37.27 + 1.42¢
CON 0.38 + 0.03% 6.55 + 0.30% 4.21 + 0.01° 82.06 + 1.15% 5.02 + 0.60% 38.68 + 2.00%
CON2 0.39 + 0.02%° 6.53 + 0.24° 413 +0.23* 81.00 + 092° 5.67 + 0.69" 39.17 + 1.06%
CON3 0.41 + 0.04* 6.41 + 0.16% 4.03 + 0.25% 79.92 + 0.93° 5.77 + 0.78" 39.58 + 1.82°
20UM1 0.31 + 0.00° 6.42 + 0.15% 4.07 +0.31% 77.13 + 1.69° 6.03 + 0.37° 42.14 + 1.03°
20UM 0.37 + 0.05% 6.35 + 0.22% 3.87 + 0.62% 76.03 + 2.31%¢ 7.19 + 0.22% 43.64 + 0.74%°
20UM2 0.38 + 0.04%° 6.31 + 0.04° 3.76 + 0.24* 74.78 + 1.51¢ 7.56 + 0.13% 44.13 + 1.05%
20UM3 0.41 + 0.03% 6.26 + 0.04* 3.67 + 0.44% 73.94 + 0.95¢ 7.61 + 0.20° 44.51 + 0.91%
Effect
Pretreatment (p) NS *kk Hoiek
Particle size (pz) NS NS
P x pz NS NS . .

Values are mean + standard deviation. Means that sharing the same letters in columns is not significantly different from each other (Tukey’s HSD test,
p < 0.05). *** Significant effect at p < 0.05, NS, Not significant at p < 0.05. CON1, control flour, particle size is < 75 pm; CON, control flour, particle
size is 75-100 pm; CON2, control flour, particle size is 100-150 pm; CON3, control flour, particle size is 150-250 pm; 20UM1, pretreated flour,
particle size is < 75 pm; 20UM, pretreated flour, particle size is 75-100 pm and; 20UM2, pretreated flour, particle size is 100-150 pm; 20UM3,
pretreated flour, particle size is 150-250 pm; TSS, total soluble solid; L*, whiteness; a*, redness; b*, yellowness.
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flour features, such as pasting, thermal, and structural characteristics, were analyzed with the aim of using the flour for functional
foods.

3. Result and discussion
3.1. Physical properties

The physical properties of all flours are presented in Table 1. Even though water activity values increased with the increasing
particle size of the flour, it was found to be not significant (P < 0.05) except for 20UM1 (0.31 + 0.00) and CON3 (0.41 + 0.04) flour
samples. When it comes to extended storage of food products, manufacturers and formulators commonly use aw values to forecast
moisture migration and assess how it might impact the product’s properties [31].

The water activity of flour can decrease with reducing particle size because of increase in surface area-to-volume ratio of the flour
particles. When the particle size of flour is reduced, the surface area of the flour particles increases, while the volume decreases. This
higher surface area can lead to more water molecules being adsorbed onto the surface of the flour particles, which can result in a lower
water activity [32].

The pH, which classifies the samples as acidic or slightly acidic flours, and total soluble solids (TSS) values were slightly increased
with decreasing size of the flour but not significant at P < 0.05. While CON1 showed higher pH and TSS of 6.59 + 0.32 and 4.28 + 0.13
but 20UM3 flour showed lower in both pH (6.26 + 0.04) and TSS (3.67 + 0.44). The higher TSS in fine particle size could be because of
the surface area to volume ratio increases. More contact with the solvent is made possible by the bigger surface area, increasing
solubility.

Color is an important quality that affects consumer choice of foods [33]. The data indicate that the hunter color is significantly
different due to pretreatment, particle size, and interaction between both. While color lightness (L) varied from 83.35 to 77.13, a x and
b x values ranged from 7.61 to 4.55 and 44.51 to 37.27, respectively. The lightness increases with particle size reduction and decreases
with pre-drying treatment, but b x values were in the opposite direction. According to the information presented in Table 1, the
lightness of untreated flour is higher than that of pretreated flours milled to the same particle size, and also they showed significant
differences between groups (p < 0.05). The lowest L* value was recorded for the 20UM3 (73.94 + 0.95) flour, while the highest was
obtained for CON1 (83.35 + 0.56) flour. As particle size decreases, a x and b x values of pretreated and untreated flour decrease, with
the highest value noted for 20UM3 flour and the lowest for the CON1 flour sample. The increased lightness of the sample may be due to
a combination of factors, including a lower protein content in finer particle size [34] and higher surface area of the particles, which
increases the reflection of light [35,36]. In another way, while pre-drying treatment preserves the loss of color pigment, the exposure of
internal materials during fine milling could contribute to brightness improvement [37,38]. Thus implied that the degree of yellowness
was lowered in untreated flour as compared to pretreated sample, which could be due to loss of pigmentation during the drying
process, while further decreases of a x and b x values for both pretreated and untreated samples could be possibly due to effects of
grinding and sieving. Ahmed, Al-attar and Arfat [35] and Ahmed et al. [27] reported a similar case in L*, a*, and b x values for water
chestnut flour, lentil flour, and rice flour milled to different particle sizes. On contrary to this study, the lightness (L*) and yellowness
(b*) of mango peel powder increased with particle size but greenness (a*) decreased [39].

3.2. Proximate

As shown in Table 2, moisture, fat, and crude fibre content increase with a reduction in particle size, but ash, protein, and car-
bohydrate content decrease. Nutritional content was enhanced due to pretreatment except for moisture and carbohydrate content. The

Table 2

Effects of interaction between particle size and pretreatment on proximate composition of pumpkin flour.
Sample code Moisture Ash Crude Fat Crude protein Crude fibre Carbohydrate
CON1 10.61 + 0.55° 5.22 + 0.33% 1.59 + 0.26° 6.99 + 0.85¢ 12.79 + 1.08%° 62.79 + 1.29%
CON 10.18 + 0.35% 5.34 + 0.49° 1.47 + 0.21° 7.30 + 0.81%4 12.36 + 1.08°° 63.35 + 2.38%
CON2 9.22 + 0.99%¢ 5.45 + 0.48° 1.33 + 0.70° 7.88 + 0.91Pd 12.00 + 0.94° 64.12 + 1.36°
CON3 8.82 + 0.79% 5.68 + 0.41% 1.18 + 0.32° 8.20 + 0.49"d 11.03 + 0.29° 65.10 + 0.88%
20UM1 9.82 + 0.31% 5.44 + 0.58% 1.93 + 0.19° 9.05 + 0.44%¢ 14.39 + 0.40° 59.37 + 1.06°
20UM 9.25 + 0.56%¢ 5.57 + 0.54% 1.78 + 0.24° 9.56 + 0.49% 13.12 + 0.24°° 60.72 + 1.15™
20UM2 8.57 + 0.49% 5.88 + 0.43% 1.74 + 0.18° 10.31 + 0.46° 12.80 + 0.65°° 60.70 + 1.53%
20UM3 7.86 + 0.44° 6.00 + 0.25% 1.71 + 0.19° 10.66 + 0.64° 12.54 + 0.73% 61.23 + 1.16°
Effect
Pretreatment (p) NS ok
Particle size (pz) NS NS
P x pz . Ns NS ook ook oo

Values are mean + standard deviation. This means sharing the same letters in columns is not significantly different from each other (Tukey’s HSD test,
p < 0.05). *** Significant effect at p < 0.05, NS, Not significant at p < 0.05. CON1, control flour, particle size is < 75 pm; CON, control flour, particle
size is 75-100 pm; CON2, control flour, particle size is 100-150 pm; CON3, control flour, particle size is 150-250 pm; 20UM1, pretreated flour,
particle size is < 75 pm; 20UM, pretreated flour, particle size is75-100 pm and; 20UM2, pretreated flour, particle size is 100-150 pm; 20UM3,
pretreated flour, particle size is 150-250 pm.
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lowest moisture content was found in the bigger, pretreated particle size 20UM3 (7.86 + 0.44 %), whereas the highest value was found
in the smaller, untreated particle size CON1 (10.61 + 0.55). The possible reason is due to ultrasound pre-drying treatment increases the
water permeability due to the formation of microchannels as a result of expansion and contraction in the food matrix [40]. Also, Onal
et al. [41] reported that microwave heating penetrates the foodstuff quickly and increases the product temperature and, consequently,
rapid water evaporation.

In addition, smaller particle sizes absorb more moisture from the atmosphere due to higher surface area than larger particle sizes,
thus increasing moisture content. The top three flour samples in carbohydrate and protein content were CON3 (65.10 + 0.88), CON2
(64.12 + 1.36 %), CON1 (63.35 + 2.38), and 20UM3 (10.66 + 0.64), 20UM2 (10.31 + 0.46), and 20UM (9.56 + 0.49), respectively.
Also, as depicted in Table 2, there is no significant difference between flour samples (p < 0.05) in ash and fat content due to the
interaction between pretreatment and particle size. Pretreated pumpkin slice with a particle size of <75 pm had a crude fiber content
that was only significantly (p < 0.05) greater than other flours, whereas untreated pumpkin slice with a particle size of 150-250 pm
had a lower value (11.03 + 0.29 %). This value was higher than that of Farombi and Oyekanmi [42] and Adelerin, Ifesan and Awolu
[43] findings for pumpkin pulp and boiled pumpkin pulp flour, 11.46 + 0.10 % and 13.22 + 0.03, respectively. The increase in crude
fiber content with pretreatment may be due to the breakdown of cell walls and the release of fiber during the drying process [44].
When the size of flour particles is reduced, the surface area of the particles increases and this can result in a greater exposure of the
fiber-containing cell walls. As a result, the crude fiber content of the flour increases [45]. Protein content increases with pre-drying
treatment and the possible reason could be due to increasing the penetration of solvent into cellular material [46]. Pre-drying also
enhance the removal of moisture from the fruit before it is ground into flour, which can lead to a concentration of protein in the
resulting flour. Also, the smaller the size of a particle, the lower the protein content of that flour. The reason for the decrease in protein
content during particle size reduction might be that the mechanical forces and heat produced during this process can cause the protein
to undergo denaturation and aggregation, resulting in a loss of protein content [45]. Similar findings were reported by Ahmed et al.
[27] and Ahmed, Al-attar and Arfat [35] in lentil flour and water chestnut flour, respectively.

Carbohydrates increase with an increase in particle size but decrease with pre-drying treatment. Since carbohydrate was calculated
by the difference method, their lower value might be due to the higher value of other parameters. The result is also in line with the
value observed for water chestnut flour with an increase in particle size [35]. This study reveals that particle size did not influence the
fat content, which is similar to that observed by Ahmed et al. [27] for Indian and Turkish lentil flour, but contrary to that observed in
water chestnut flour [35]. As stated by Luthria, Noel and Vinjamoori [47], the decrease in crude fat extraction in larger particle-size
flours could be easily attributed to the lower surface area, which decreases the extraction efficiency. Both pre-drying treatment and
milling did not influence the ash content.

3.3. Phytochemicals

As shown in Table 3, flour total phenol, total flavonoid, and total carotenoid concentrations showed slightly significant differences
(p < 0.05) due to the interaction between pre-drying treatment and particle size reduction.

However, there is a noticeable difference between untreated and pretreated flour at the same particle size, high in content with pre-
drying treatment, and smaller particle size. Total phenol and carotenoid contents were not significantly different between the pre-
treated pumpkin slice milled to different particle sizes.

According to Tekin and Baslar [48], the strong shear force generated by the cavitation effect of ultrasound treatment damaged the
cell walls and promoted the release of active ingredients in the material. Regarding total phenol, flavonoids, and carotenoids, 20UM1
flour sample had the highest amount (6.52 mgGAE/g, 1.92 mgCE/g, and 139.79 mg/g), whereas CON3 flour had the lowest (3.43
mgGAE/g, 0.99 mgCE/g, and 57.90 mg/g), respectively. The result agreed with the investigation of Zhao et al. [49] for red grape

Table 3

Effects of interaction between particle size and pretreatment on phytochemical properties of pumpkin flour.
Sample code Total Phenol (mgGAE/g) Total Flavonoids (mgCE/g) Total carotenoid (pg/g)
CON1 3.79 +0.15° 1.28 4+ 0.66° 77.93 £8.35b
CON 3.59 + 0.59" 1.15 + 0.52% 69.85 + 2.00BCE
CON2 3.47 + 0.68° 1.04 + 0.23¢ 63.43 + 4.03BCE
CON3 3.43 + 0.32° 0.99 + 0.79¢ 57.90 + 7.42c
20UM1 6.52 + 0.59% 1.92 4+ 0.85% 139.74 £+ 0.96a
20UM 6.39 + 0.67° 1.85 + 0.95% 133.37 £+ 2.39a
20UM2 6.37 + 0.49% 1.74 + 0.59%° 132.84 + 1.83a
20UM3 6.34 + 0.88% 1.72 + 0.43" 132.03 £ 8.38a
Effect

Pretreatment (p)
Particle size (pz)
P x pz

Values are mean + standard deviation. Means that sharing the same letters in columns is not significantly different from each other (Tukey’s HSD test,
p < 0.05). *** Significant effect at p < 0.05, NS, Not significant at p < 0.05. CON1, control flour, particle size is < 75 pm; CON, control flour, particle
size is 75-100 pm; CON2, control flour, particle size is 100-150 pm; CON3, control flour, particle size is 150-250 pm; 20UM1, pretreated flour,
particle size is < 75 pm; 20UM, pretreated flour, particle size is 75-100 pm and; 20UM2, pretreated flour, particle size is 100-150 pm; 20UM3,
pretreated flour, particle size is 150-250 pm.
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pomace powders. The particle size reduction can alter or destroy the macromolecule matrix, thus resulting in some phenolic com-
pounds being released or exposed, which was in agreement with this study [13]. Also, it has been noted that particle size reduction
increases extraction yield because smaller particles decrease the solvent’s path and speed up the process of extracting the sample’s
functional elements to their fullest extent [31].

Overall, contents and release rates of carotenoids in samples showed increasing trends with the decrease in particle size. This was
suggested that particle size reduction of a matrix by crushing treatment could cause cell wall rupture, promoting carotenoids release
into food products [50]. Additionally, the increased surface area of the flour particles can expose more of the outer layers of plant cells
that contain carotenoids to the processing environment. Moreover, Speroni et al. [51] demonstrated that the use of micronization
processing techniques increased the polyphenol content and antioxidant capacity of olive pomace. Zhang et al. [52] determined that
fine grinding improved the accessibility of functional compounds in milled Lycium ruthenicum Murray, which increased their anti-
oxidant abilities.

DPPH radical scavenging activity among pretreated and untreated pumpkin flours milled to different sizes was compared (Fig. 1).
With the pretreatment and particle size reduction, the DPPH scavenging activities of flours rose. The 20UM1 flour showed the highest
DPPH scavenging activity, followed by 20UM and 20UM2, while CON3 was the lowest compared to ascorbic acid scavenging activities.
It was suggested that DPPH radical scavenging activity was highly related to the amount of total phenols, flavonoids, and carotenoids,
which was supported by an investigation of Bai and Li [53]. The increase of antioxidant availability in the pretreated flours with
smaller particle sizes (such as <75 and 100-75 pm) might be attributed to the fact that finer particles would be beneficial for the
dissolution of free-form antioxidant compounds. Besides, particle size reduction broke the protein and fiber matrix structure and thus
increased the availability of bound-form antioxidant compounds linked or embedded in the matrix [38].

3.4. Functional properties

The functional properties of pretreated and untreated pumpkin flour milled to different particle sizes are presented in Table 4 And it
can be observed that pretreatment and particle size reduction improve the functional properties of flour. Flour sample 20UM1 had the
highest values for WAC (11.45 + 0.58 g/g), WSI (28.53 + 0.75 %), SC (6.72 £+ 0.10 g/g), and OAC (2.23 + 0.20 g/g), while CON3 had
the lowest values for these functional properties (7.55 + 0.57 g/g, 20.30 + 0.67 %, 5.05 + 0.95 g/g, and 1.62 + 0.15 g/g), respec-
tively. According to Shevkani et al. [54] the significant differences in functional properties are probable due to the variation in protein
content, which reveals the ability of flour to absorb water. The highest WAC observed in the smallest particle size might be due to the
higher fiber content in this sample and its larger surface area, which increases the binding site for water [55].

The differences may have also been caused by hydrophilic groups in the cellulose and hemicelluloses of the flour, which resulted in
easy integration with water; finally, the value of WAC increased. The increased WSI with decreasing particle size may be attributed to
the greater specific surface area, resulting in higher leaching of soluble starch-derived molecules dissolved in water during the WAC
assay [25].

The OAC values ranged from 2.23 + 0.10 to 1.62 £+ 0.15 g/g. The oil absorption capacity of flour increased with pre-drying
treatment and particle size reduction, similar to the findings of (Ahmed et al. [27] in lentil flour and Benitez et al. [56] in onion
fiber concentrate. According to Hitayezu and Kang [31], OAC is linked with the presence of hydrophobic protein, which is helpful in

AS

_ 20UM1
20UM
20UM2
20UM3
CON1

~———_CON
—— CON2
CON3

% Inhibition

0.04 0.08 0.12 0.16 0.20 0.24
Concentration (mg/mL)

Fig. 1. Free radical scavenging activities of methanolic extract of pumpkin flour and ascorbic acid

AS, Ascorbic acid, as control; CON1, control flour, particle size is < 75 pm; CON, control flour, particle size is 75-100 pum; CON2, control flour,
particle size is 100-150 pm; CON3, control flour, particle size is 150-250 pm; 20UM1, pretreated flour, particle size is < 75 pm; 20UM, pretreated
flour, particle size is 75-100 pm and; 20UM2, pretreated flour, particle size is 100-150 pm; 20UM3, pretreated flour, particle size is 150-250 pm.
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Table 4

Effects of interaction between particle size and pretreatment on functional properties of pumpkin flour.
Sample code WAC(g/g) WSI % SC (g/8) OAC (g/8)
CON1 9.34 + 0.60 24.71 + 0.79° 5.90 + 0.53% 2.07 + 0.20%
CON 8.56 + 0.45°4 23.18 + 0.48% 5.63 + 0.15% 1.95 + 0.14%
CON2 7.93 + 0.324¢ 21.85 + 1.43" 5.62 + 0.23% 1.74 + 0.17%
CON3 7.55 + 0.57° 20.30 + 0.67° 5.05 + 0.95" 1.62 + 0.15°
20UM1 11.45 + 0.58° 28.53 + 0.75% 6.72 + 0.10° 2.23 + 0.20°
20UM 10.89 + 0.51%° 27.30 + 5.73% 6.13 + 0.42% 2.18 + 0.33%
20UM2 10.34 + 0.72%° 25.89 + 0.60°™ 5.97 + 0.64% 2.12 + 0.19%
20UM3 9.85 + 0.714%> 23.77 + 0.97% 5.88 + 0.67°° 2.05 + 0.09%
Effect
Pretreatment (P) Sededk Sededk dedesk dedesk
Particle size (pz) fahahd fahakd ok hd
P x pz oex ook NS

Values are mean =+ standard deviation. Means sharing the same letters in columns are not significantly different from each other (Tukey’s HSD test, p
< 0.05). *** Significant effect at p < 0.05, NS, Not significant at p < 0.05. CON1, control flour, particle size is < 75 pm; CON, control flour, particle
size is 75-100 pm; CON2, control flour, particle size is 100-150 pm; CON3, control flour, particle size is 150-250 pm; 20UM1, pretreated flour,
particle size is < 75 pm; 20UM, pretreated flour, particle size is 75-100 pm and; 20UM2, pretreated flour, particle size is 100-150 pm; 20UM3,
pretreated flour, particle size is 150-250 pm; WAC, water absorption capacity; WSI, water solubility index; SC, swelling Capacity; OAC, oil absorption
capacity.

the binding of lipids. Swelling capacity is an important parameter that reflects the hydration ability. The increased surface area, polar
groups, and other water-binding sites were exposed to the surrounding water medium, and the increased swelling capacities of 20UM1
and 20UM were potentially related to the flour particle size decreases [57]. This should be because the active sites in starch granules
increased due to the structural destruction of flour under intense grinding treatment [58].

3.5. Pasting properties

The pasting properties of the flours obtained from pretreated and untreated pumpkin milled to different particle sizes are shown in
Table 5; the viscosity increased with both pre-drying treatment and particle size reduction. As reported by Harasym, Satta and Kaim
[59], ultrasound treatment partially disrupts starch granules and facilitates the formation of smaller and more numerous amylose and
amylopectin molecules to increase viscosity during the heating process. Further, during microwave pre-drying treatment, the viscosity
profile is modified due to the solubilization of the cell wall, causing disorganization and rupture of cellulose, fibre, and pectin, thus
forming a firmer gel due to the higher content of linear chains that are responsible for gelatinization [60].

The peak viscosity indicates the starch’s ability to swell before breakdown freely. The lowest peak and trough viscosity were
recorded for the CON (660.04 + 9.49cp, 637.92 + 23.58 cp) flour sample, while the highest results were observed for the 20UM1
(780.40 + 36.32, 687.76 + 20.64 cp) flour sample, respectively. This could be attributed to the high crude fibre content (14.39 %) in
20UM1 flour, which is similar to the case reported by Fila, Itam and Johnson [61] and Adebowale, Adeyemi and Oshodi [62] for
watermelon and six mucuna species, respectively. Higher peak viscosity for a 20UM1 (pretreated finer particle) indicates a faster rate
of water absorption, which leads to starch granule swelling [63]. The lower peak viscosity of the CON (untreated coarser particle)

Table 5
Effects of interaction between particle size and pretreatment on pasting properties of pumpkin flour.
Parameters
Flour Sample Peak viscosity Trough (cp) Breakdown Final viscosity Setback (cp) Peak time Pasting Temp
(cp) (cp) (cp) (Min) (9]
CON 660.4 + 9.49° 629.4 + 19.21° 31.0 + 26.07% 780.08 + 10.32¢ 150.68 + 6.77 £ 0.06" 00.00*
26.93°
CON1 684.44 + 3.56" 637.92 + 46.52 + 27.09% 817.56 + 12.73¢ 179.64 + 6.02 +0.11° 00.00%
23.58% 36.18"
20UM 721.32 + 39.62%° 653.52 + 67.80 & 63.29% 856.00 + 8.53" 202.48 &+ 5.64 £ 0.03¢ 00.00%
23.88° 31.23°
20UM1 780.40 + 36.32% 687.76 + 92.64 + 16.32% 917.32 + 16.78% 229.56 + 5.17 + 0.02¢ 00.00%
20.64% 36.65%
Effect
Pretreatment (p) ok ok NS i ok ok NS
Particle size (pz) ok ok NS ek ok NS
Interaction (p x ok ok NS el NS ok NS
pz)

Values are mean =+ SD. Means that sharing the same superscript letters in columns is not significantly different from each other (Tukey’s HSD test, p <
0.05). *** Significant effect at p < 0.05, NS, Not significant. CON, control flour, particle size is 75-100 pm; CON1, control flour, particle size is < 75
pm; 20UM, pretreated flour, particle size is 75-100 pm, and 20UM1, pretreated flour, particle size is < 75 pm; cp, centipoise.
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sample could be due to lesser WAC [64]. Variation in peak viscosity between flours might be attributed to variation in amylose content,
which would bring about variation in functional properties like starch crystallinity, amylose leaching, granule swelling, and also
structural differences like branch chain length of amylopectin [65,66]. The peak viscosity values are significantly lower than that
reported by (Promsakha na Sakon Nakhon et al. [67] and Ahmed et al. [27] for pumpkin flour (340-368 BU) and Indian lentil flour
(544-714 BU), which increases with decreasing particle size, respectively.

The breakdown viscosity values of 20UM1, 20UM, CON1, and CON flour samples were 92.64 + 16.32, 67.80 + 63.29, 46.52 +
27.09, and 31.00 + 26.07 cp, respectively. The results showed that the breakdown viscosity value for the pretreated fine flour was
higher than the other flours, indicating that it was less resistant to breakdown. On the other hand, the coarser flours exhibited good
paste stability and strong shearing resistance, as indicated by their lower breakdown viscosity values [27].

However, no significant difference was observed in the breakdown viscosities between all flour samples. In line with this study
Ghafoor et al. [68] also reported an increase in breakdown viscosity (625 %) for sonicated navy bean flour. According to (Harasym,
Satta and Kaim [59], the degree of breakdown viscosity might also depend on other viscosity contributors such as proteins and fibres.
The highest value of setback viscosity was recorded for the 20UM1 (229.56 + 36.65 cp) flour sample, while the lowest was for CON
(150.68 + 26.93 cp) flour sample. As revealed in Table 5, setback viscosity increases with both pre-drying treatment and particle size
reduction. Similar patterns were recorded by Ghafoor et al. [68] and Zhu and Li [69] in the sonicated navy bean flour and quinoa flour,
respectively. The results indicated that smaller particle size flour had a higher setback viscosity, which suggested a greater tendency for
retrogradation. This can be attributed to the larger surface area and exposure of starch granules to moisture during processing, which
resulted in a higher degree of swelling and more rigid structure during cooling. These findings are consistent with previous studies
bySandhu and Singh [70] on shallot flour and Khushbu et al. [64] on corn starch. The lower final viscosity value is obtained for the
CON flour sample; comparatively did not easily form a viscous paste. An increase in the final viscosity of the 20UM1 sample might be
due to a greater aggregation of amylose molecules in samples, which forms paste after heating and cooling [64]. There are significant
differences (p < 0.05) in the peak time between both pretreated and control samples, with pretreated fine milled flour, which took a
shorter time (5.17 min) to gelatinize, meaning that the control sample was slower and required more heating to form a paste. No
pasting temperature was observed in both pretreated and untreated flours, similar to (Adelerin, Ifesan and Awolu [43] finding for
pumpkin flour. It may be due to the starch granules begin to absorb water and swell gradually over a range of temperatures, rather than
at a specific temperature. This was attributed to the presence of fibres and other non-starch components in the flour, which can affect
the pasting properties and mask the pasting temperature [71].

3.6. Thermal properties

Table 6 presents the thermal properties of pumpkin flour; both temperature and enthalpy are affected by pre-drying treatment and
particle size reduction. The findings indicated that applying a pre-drying treatment caused decreases in both temperature and
enthalpy. On the other hand, reducing the particle size resulted in a temperature decrease (Table 6). While the CON flour sample
showed the highest onset gelatinization temperature (69.70 + 0.54 °C), peak gelatinization temperature (73.74 + 0.85 °C), and
conclusion gelatinization temperature (77.89 + 0.71 °C), but 20UM1 (untreated flour with fine particle) showed the lowest tem-
peratures, 62.92 + 0.42, 66.55 + 0.73 and 70.31 + 0.80 °C, respectively. According to Chen et al. [72] ultrasound treatment can cause
the breakdown of starch granules into smaller particles, which increases the surface area of the starch and lowers the gelatinization
temperature, requiring less energy to reach the gelatinization point. Furthermore, their research suggests that ultrasound pre-drying
treatment can lead to a decrease in the enthalpy value of the starch, which is attributed to the disruption of the starch granule structure
caused by the ultrasound treatment. This disruption leads to a decrease in the amount of ordered crystalline regions within the starch
granules. In addition, due to the waves’ absorption by the starch granules, the mechanical impacts of ultrasonic waves cause heat to be
produced. Because of this, the temperature of the starch may rise, accelerating the gelatinization process and further disorganizing the
starch granules. The microwave radiation can generate heat and boost the temperature by rapidly vibrating the water molecules in the
starch. This could result in the starch granules swelling and gelatinizing, which would disrupt the granule structure [60].

Table 6
Effects of interaction between particle size and pretreatment on thermal properties of pumpkin flour.
Parameters
Flour Sample o o o R
To (°C) Tp (°C) Tc (°C) DHWUg ")
CON 69.70 £ .535° 73.74 £ 0.85% 77.89 £ 0.71% 4.53 + 0.05"
CON1 67.12 + 0.52° 71.00 + 0.80° 75.00 + 1.00° 5.23 £ 0.25%
20UM 65.34 + 0.52¢ 69.12 + 0.85" 73.03 + 1.02° 1.85 + 0.33¢
20UM1 62.92 + 0.424 66.55 =+ 0.73° 70.31 & 0.80° 2.85 £ 0.15¢

Effect

Pretreatment (p)
Particle size (pz)
Interaction (p x pz) ek bl bl ok

Values are mean + SD. Means that sharing the same superscript letters in columns are not significantly different from each other (Tukey’s HSD test, p
< 0.05). *** Significant effect at p < 0.05, NS, Not significant. CON, control flour, particle size is 75-100 pm; CON1, control flour, particle size is < 75
pm; 20UM, pretreated flour, particle size is 75-100 pm, and 20UM1, pretreated flour, particle size is < 75 pm. To, onset temperature; Tp, peak
temperature; Tc, conclusion temperature; DH, gelatinization enthalpy.
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The decrease in temperature was attributed to an increase in the surface area of the starch granules, which led to a greater degree of
swelling and more rapid gelatinization. Smaller flour particle sizes provide a larger surface area for starch granules to interact with
water during gelatinization. This results in quicker and more thorough gelatinization of starch, which in turn leads to a greater amount
of energy being released during the process. Therefore, smaller flour particle sizes may need less energy input to reach gelatinization,
which can result in a greater overall enthalpy [73].

This is comparable to the results of Majid, Dar and Nanda [28] and Raza et al. [74] for unsprouted onion powder and extruded
chickpea powder, respectively. According to Khushbu et al. [64], it is clear from the results that the 20UM1 sample can be used in the
food industry for its application as a thickener, with a low energy requirement for creating a bond in an aqueous solution upon heating.

3.7. Structural characteristics

FTIR: FTIR was used as a monitoring quality control because it rapidly screened and quantified chemical components in samples
[75]. Fig. 2 shows the FTIR spectra peaks of the pretreated and untreated pumpkin flours with different particle sizes at around 3299,
2896, 1607, 1377, and 1025 cm ™. The findings reveal that the flour’s general spectral profile was similar, and no new chemical group
bands were created as a result of pre-drying treatment and particle size reduction, demonstrating that the flour’s primary structural
characteristics were preserved. Interestingly, while the intensity of bands decreased with pretreatment, it was usually increased with
the flour particle size reduction. The intensity of the FTIR bands decreased due to the disruption of the granule structure caused by both
the heating of the starch granules from the microwave radiation, which led to their swelling and gelatinization [76], and the me-
chanical force generated by the ultrasonic vibrations, which caused the granules to break apart, contract, and the granule structure to
become chaotic [77].

Because of the increased surface area of the flour particles, FTIR band intensity may rise with reduction in flour particle size. This
enhanced contact between the flour particles and FTIR radiation due to the larger surface area may increase the radiation’s absorption
and, in turn, the strength of the FTIR bands [78]. The intensity of bands of fine milled untreated flour with a particle size of <75 pm
(CON1) was higher than the other three (20UM1, 20UM, and CON) flours intensity. The bands at 3299 cm~! can be attributed to ~OH
stretching vibrations from carbohydrates or other compounds such as carboxyl acid and ketone [75]. The frequency at 2896 cm ™! is
related to CH and CHj stretching vibrations [75]. The absorption bands at 1610 cm ™! are due to bound water [79], while that at 1377
cm™! originates from CH symmetric bending. The bands at 1025 cm-1 were assigned to esters of lipids [75].

XRD: X-ray diffraction patterns of pumpkin flour obtained after pre-drying treatment and size reduction are shown in Fig. 3. The
CON, CON1, 20UM, and 20UM1 flour samples showed a characteristic peak at diffraction angles 26 of 21.8°, 21.7°, 21.1°, and 21.1°,
respectively, with no significantly different at P < 0.05 (Table 7), suggesting that the peak position of the flour after pre-drying
treatment and ball milling were not changed significantly. This could indicate that the crystallinity structure was not significantly
modified by the interaction effect of pre-drying treatments and particle size. The main difference was a slight reduction in the
diffraction intensities, especially in the case of pretreated flour (20UM and 20UM1). The result was in agreement with the conclusion of
FTIR.

The results were compared based on pretreatment and particle sizes of flour, and it was implied that while the CON1 (untreated fine
milled <75 pm) flour had the highest crystallinity index (61.57 %), 20UM (pretreated coarse milled 75-100 pm) flour sample had
lowest crystallinity index (45.21 %), which is similar to Zhao et al. [80] finding for superfine grinding of cellulose fiber structure. In
line with this, while the peak intensity significantly decreases with pretreatment but it increases with particle size reduction (Fig. 3).
The starch granules break apart and became disordered as a result of the combined mechanical force and heat impacts produced by the
ultrasonic and microwave treatments [81]. The average distance between particles size for CON, CON1, 20UM, and 20UM1were 23.2,
23.31, 24.00, and 24.00 nm, respectively with no significant difference (P < 0.05) between them. The decrease of crystallinity peaks of
pretreated flours is due to disorganization in the structure of starch caused by the effect of ultrasound waves and microwave
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Fig. 2. Comparison of FTIR spectra of pumpkin flour
CON, control flour, particle size is 75-100 pm; CON1, control flour, particle size is < 75 pm; 20UM, pretreated flour, particle size is 75-100 pm and
20UM1, pretreated flour, particle size is < 75 pm.
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Fig. 3. XRD patterns of pumpkin flours
CON, control flour, particle size is 75-100 pm; CON1, control flour, particle size is < 75 pm; 20UM, pretreated flour, particle size is 75-100 pm; and
20UM1, pretreated flour, particle size is < 75 pm.

Table 7
Effects of interaction between particle size and pretreatment on XRD parameters of pumpkin flour.
Parameters
Flour Sample . R . o . . .
Crystallinity index (%) Peak diffraction (°) Peak intensity D-spacing (nm)
CON 54.99 + 0.92° 21.80 + 0.42° 319.00 + 3.00° 23.23 + 0.40°
CON1 61.58 + 1.02% 21.70 £ 0.55% 360.00 + 2.75% 23.34 + 0.25%
20UM 45.22 + 0.724 21.10 + 0.50° 282.00 + 3.12¢ 24.00 + 0.05%
20UM1 50.31 + 1.12¢ 21.10 + 0.207 310.00 + 3.05¢ 24.00 + 0.45%
Effect
Pretreatment (p) NS e Sk
Particle size (pz) NS NS
Interaction (p x pz) el NS NS

Values are mean =+ SD. Means that sharing the same superscript letters in columns is not significantly different from each other (Tukey’s HSD test, p <

0.05). *** Significant effect at p < 0.05, NS, Not significant. CON, control flour, particle size is 75-100 pm; CON1, control flour, particle size is < 75
pm; 20UM, pretreated flour, particle size is 75-100 pm; and 20UM1, pretreated flour, particle size is < 75 pm.

temperature. According to Trancoso-Reyes et al. [60], microwave heating generates greater movement of water molecules within the
flour, producing major disorganization in the starch granules. Bashir and Aggarwal [82] found similar results, observing decreases in
relative crystallinity linked to decreases in FTIR band intensities of irradiation chickpea starches. The lower H value indicates greater
crystalline starch structure disorganization [83].

SEM: The surface morphology of pumpkin flour was observed using SEM at a magnification of 2000*, and the surface structure was
changed with pre-drying treatment but not with particle size reduction (Fig. 4(a—d)). More swollen starch granules were observed for
pretreated (20UM and 20UM1) flours, but agglomeration was observed on the untreated (CON and CON1) flours, which is in line with
Trancoso-Reyes et al. [60] finding for 6min microwave pretreated sweet potato starch granules. Pre-drying treatments caused gela-
tinization and swelling of the starch granules, creating a more uniform and stable structure that prevented agglomeration. Contrarily,
because intact starch granules were present in untreated fruit powders, they displayed microscale agglomeration [84]. There are also
spaces between starch granules of pretreated flour (Fig. 4(a-d)). Untreated flour’s agglomerated appearance may be due to its
increased moisture content, which caused water to adsorb to the surface or become associated with fibre or other components [28].
The changed morphology can affect the physicochemical properties of the flour.

4. Conclusion

In conclusion, it has been shown that pre-drying treatment and particle size influence pumpkin flour’s physical, chemical, func-
tional, pasting, thermal, and structural properties. Pretreated (20UM1 and 20UM) and untreated (20UM1 and CON) pumpkin flour
with various particle sizes had protein and crude fibre contents that ranging from 9.05 to 10.31 %, 6.99-8.00 %, and 12.4-14.39 %,
11.03-12.79 %, respectively. Size reduction increases particles’ surface area and consequently improves the water and oil holding
capacity and lightness of pumpkin flours. The study found that the pre-drying treatment and particle size reduction of the flours
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Fig. 4. SEM of pumpkin flours
a, CON, control flour, particle size is 75-100 pm; b, CON1, control flour, particle size is < 75 pm; ¢, 20UM, pretreated flour, particle size is 75-100
pm, and d, 20UM1, pretreated flour, particle size is < 75 pm.

increased the extraction of active compounds, potentially resulting in an improvement in the efficacy for scavenging DPPH radicals.
Both pre-drying treatment and particle size reduction resulted in increasing pasting properties. Thermal temperature (To, Tp, and Tc)
and change of enthalpy (AH) values decreased with pre-drying treatment and increase in particle size. The results of FTIR analysis
showed that there was no change in the composition of the functional groups at the macromolecular level. X-ray analysis showed that
the crystallinity index and intensity of prominent crystal peaks of fine milled untreated flour were the highest. Based on the exami-
nation of SEM images of pumpkin flour particles, the flour from the pre-drying treatment contained a swollen starch fragment. It can be
concluded that sample 20UM1 is a superior component to increase the important ingredients in a variety of food formulations due to its
better composition, thermal, functional, and structural characteristics when compared to others.
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Abbreviations

20UM  20min ultrasound followed by 6min microwaved pretreated flour with particle size 75-100 pm
20UM1 20min ultrasound followed by 6min microwaved pretreated flour with particle size <75 pm
20UM2 20min ultrasound followed by 6min microwaved pretreated flour with particle size <100-150 pm
20UM3  20min ultrasound followed by 6min microwaved pretreated flour with particle size 150-250 pm
CON untreated pumpkin flour (control flour) with particle size 75-100 pm

CON1 untreated pumpkin flour (control flour) with particle size <75 pm

CON2  untreated pumpkin flour (control flour) with particle size 100-150 pm

CON3  untreated pumpkin flour (control flour) with particle size 150-250 pm
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