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Abstract 

Dried noodles are widely consumed staple foods; however, conventional formulations are 

often nutritionally limited due to their heavy reliance on refined wheat flour. This study 

developed dried noodles with improved nutritional quality through the use of composite 

flour systems composed of wheat flour, modified cassava flour (mocaf), and pumpkin 

across five formulation levels. Increasing the mocaf and pumpkin content intensified the 

color, improved hydration behavior, and maintained desirable cooking performance while 

moderating textural firmness. Substitution also enhanced the bioactive profile, and the 

40:30:30 formulation showed the most balanced overall properties in terms of nutritional 

attributes, functional performance, and sensory acceptance. Structural characterization 

supported these outcomes: FTIR indicated strengthened hydroxyl-associated interactions, 

while SEM revealed a shift from a compact gluten network toward a more porous, 

polysaccharide-rich matrix. Collectively, these findings showed that integrating mocaf and 

pumpkin can effectively reorganize the noodle matrix to improve both nutritional quality 

and consumer-oriented characteristics. The wheat–mocaf–pumpkin composite system, 

therefore, offers a practical approach for developing locally derived dried noodles with 

functional potential and promising commercial application. 

1. Introduction 

Functional foods have gained substantial attention in 

recent food innovation efforts, particularly those 

enriched with natural bioactive compounds that offer 

physiological benefits beyond basic nutrition (Vignesh et 

al., 2024). Growing consumer demand for antioxidant-

rich foods has driven interest in ingredients containing β-

carotene and phenolic compounds, which contribute to 

enhanced oxidative stability and health-promoting 

properties (Gavril et al., 2024; Tufail et al., 2024). 

Reformulating wheat-based products with locally 

sourced, non-gluten ingredients, such as modified 

cassava flour (mocaf) and pumpkin (Cucurbita 

moschata), presents a viable strategy for enhancing 

nutritional value while supporting food diversification 

efforts (Soedirga and Kitesvara, 2025). 

Dried noodles are commonly consumed due to their 

practicality, extended storage stability, and high energy 

content (Bhatt and Gupta, 2023; Shahabinejad et al., 

2024). However, their functional value remains limited, 

and their production depends heavily on imported wheat 

(Mir et al., 2024). Studies have demonstrated that the 

incorporation of mocaf improves processing behavior 

and supports carbohydrate diversification in composite 

wheat–mocaf systems used for dried noodles (Li et al., 

2023). Pumpkin is a rich source of β-carotene and 

phenolic compounds and has been shown to enhance 

antioxidant activity and sensory preference in several 

food applications (Gallardo et al., 2025; Slamet et al., 

2025). The combined use of mocaf and pumpkin, 

therefore, presents an opportunity to develop 

nutritionally enhanced dried noodles with improved 

bioactivity (Oladeji et al., 2025). 

Although previous studies have examined mocaf and 

pumpkin individually, evidence on their synergistic 

effects in dried noodle matrices remains scarce, 

particularly regarding their influence on 

physicochemical, microstructural, and sensory properties 
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(Farzana et al., 2023; Li et al., 2023). Furthermore, 

limited research has integrated microstructural 

observations (SEM) with FTIR-based analysis of 

functional group interactions to explain textural or 

cooking changes in mocaf-based composites, as existing 

studies often focus on other systems or rely on a single 

characterization method (Zhang and Chen, 2024). This 

limitation highlights the need for a more comprehensive 

assessment of the structural, nutritional, and functional 

modifications that occur when mocaf and pumpkin are 

used simultaneously (Li et al., 2023). 

To address these limitations, this study incorporated 

mocaf and pumpkin slurry into wheat flour at five 

substitution levels (100:0:0, 80:10:10, 60:20:20, 

40:30:30, 20:40:40) to develop nutritionally enriched 

dried noodles. Pumpkin slurry was selected to facilitate 

the incorporation of pumpkin-derived constituents into 

the dough matrix and promote a more uniform 

distribution of these constituents. The analysis 

encompassed color characteristics, cooking and textural 

performance, proximate composition, key bioactive 

indices (β-carotene, total phenolics, and antioxidant 

activity), structural characteristics (FTIR and SEM), and 

sensory acceptance (Soedirga and Kitesvara, 2025). 

Accordingly, this study is aimed to elucidate how the 

combined substitution of mocaf and pumpkin affects the 

physical, chemical, microstructural, and sensory 

characteristics of dried noodles. Scientifically, it clarifies 

the role of these local ingredients in modifying starch–

protein matrices and enhancing bioactive components, 

thereby providing a foundation for formulating dried 

noodles with functional food potential. 

 

2. Materials and methods 

2.1 Materials 

The primary raw materials used in this study were 

medium-protein wheat flour and modified cassava flour 

(Mocaf). Wheat flour was sourced from a local market in 

Godean, Sleman, Yogyakarta, Indonesia. Modified 

cassava flour (mocaf) was obtained from a local food 

production unit in Gunungkidul Regency. Fresh pumpkin 

(Cucurbita moschata) was obtained from the traditional 

market in Beringharjo, Yogyakarta, Indonesia. The 

pumpkins used in this study had the following 

specifications: orange skin, a weight between 4 and 5 kg, 

no defects, and a fresh condition. Additional ingredients 

used were sodium tripolyphosphate, table salt, and 

distilled water. 

All chemicals and reagents used in this study were of 

analytical grade. Unless otherwise stated, they were 

obtained from Merck (Germany) and Sigma-Aldrich 

(Germany) and used without further purification. 

2.2 Dry noodles preparation 

The dried noodles were prepared following a 

modified method from Zhao et al. (2025). The 

formulations consisted of five ratios of wheat flour, 

mocaf, and pumpkin (100:0:0, 80:10:10, 60:20:20, 

40:30:30, and 20:40:40). 

Fresh pumpkin was peeled, cut into cubes, and 

steamed for 15 min until soft. The cooked pumpkin was 

then homogenized with distilled water at a 1:1 (w/w) 

ratio to obtain a smooth slurry with a solid content of 

approximately 20%. This slurry served as the pumpkin 

component in the dough formulation. 

Each formulation was supplemented with 0.1% 

sodium tripolyphosphate (STPP) and 1% salt, 

corresponding to 1% of the total flour weight. The dry 

ingredients (wheat flour and mocaf) were first blended 

until uniform. The pumpkin slurry was then added 

gradually while mixing, and the dough’s moisture 

content was monitored using a digital moisture analyzer 

until it reached approximately 30%. This controlled 

adjustment ensured reproducibility of dough consistency 

across formulations. 

The dough was kneaded using a dough mixer at a 

constant speed for 10 min, until a smooth and 

homogeneous texture was achieved. The dough was then 

sheeted and cut into noodle strands using a standardized 

noodle cutter. 

2.3 Characterization of dry noodles 

2.3.1 Color testing 

The color of the dried noodles was measured using a 

Chromameter (Minolta CR-400, Japan) equipped with 

the L*, a*, and b* color system. L* represents 

brightness, a* indicates red–green intensity, and b* 

indicates yellow–blue gradation. Each sample was 

measured at three different points, and the total color 

difference (ΔE) was calculated according to the standard 

CIELAB equation.  

2.3.2 Cooking yield and cooking Loss 

A quantity of 25 g of dried noodles was cooked in 

300 mL of distilled water for 7 min, as determined 

through preliminary trials to establish the optimal 

cooking duration. Texture doneness was determined 

instrumentally by ensuring the strands could be cut 

cleanly with minimal resistance rather than by 

organoleptic means. 

The cooking yield was calculated as the proportion 

of cooked noodle weight to the corresponding dry 

weight. Cooking loss was calculated by collecting, 

drying, and weighing the solid residues remaining in the 
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cooking water after evaporating the liquid at 105°C for 

24 h, following the method of Arise et al. (2022). 

2.3.3 Texture testing 

The texture of the dried noodles was evaluated using 

a Universal Testing Machine (UTM) from Japan. The 

measurement was performed at a force of 0.02 N and a 

test speed of 50 mm/min. A flat probe was used to 

compress each noodle strand by 10 mm until it reached 

40% deformation. Texture values were expressed in 

Newtons (N), consistent with standard practices in 

texture analysis. Each formulation was tested in 

triplicate. 

2.4 Chemical analysis and testing 

2.4.1 Proximate analysis  

The moisture content of the dry noodles samples was 

measured using porcelain dishes in compliance with 

AOAC Official Method 925.10, as described by AOAC 

INTERNATIONAL (2005).  

The protein content in the dry noodle samples was 

determined using the procedures described in AOAC 

Official Method 979.09. 

The ash content of dry noodles products was 

analyzed using the AOAC Official Method 923.03 

(AOAC INTERNATIONAL, 2005).  

The total fat content in dry noodles products was 

determined using the AOAC Official Method 920.39 

(AOAC INTERNATIONAL, 2005). The carbohydrate 

content by difference is expressed as the difference 

between 100 and the total amount of all other 

components. The calculation formula is as follows:  

 Carbohydrates by difference = 100% - (moisture + 

protein + fat + ash)% 

2.4.2 Determination of beta-carotene levels 

The β-carotene content was determined following 

the method of Mohammed et al. (2022) with 

modifications. A total of 5 g of dried noodle sample was 

extracted using 25 mL of an n-hexane:acetone: ethanol 

mixture (2:1:1, v/v/v). The mixture was vortexed for 2 

min and then centrifuged at 4000 rpm for 10 min. The 

supernatant was collected and passed through Whatman 

No. 1 filter paper to obtain a clear extract for analysis. 

The absorbance of the filtrate was measured at 450 

nm using a UV–Vis spectrophotometer (Shimadzu UV-

1800, Japan). The β-carotene concentration was 

calculated using a calibration curve prepared from 

analytical-grade β-carotene standards and expressed as 

micrograms per gram of dry matter. 

2.4.3 Determination of antioxidant activity 

The antioxidant activity (DPPH) was determined 

using the DPPH radical scavenging method described by 

Brand-Williams et al. (1995). Approximately 1 mL of 

the sample extract (1 mg/mL, obtained using the same 

extraction procedure described above) was mixed with 3 

mL of 0.1 mM DPPH solution in methanol. The mixture 

was incubated for 30 min at room temperature in the 

dark, after which the absorbance was measured at 517 

nm. A reagent blank (3 mL DPPH + 1 mL methanol) 

was used for calibration. The percentage of radical 

scavenging activity was calculated as 

Radical Scavenging Activity (%) = [1-(AT/Ao)] × 100% 

2.4.4 Total phenolic content 

The total phenolic content (TPC) of the dried noodle 

samples was determined using the Folin–Ciocalteu 

method, as described by Singleton et al. (1999). The 

extract (0.5 mL) was reacted with 2.5 mL of a 10% Folin

–Ciocalteu reagent, followed by the addition of 2 mL of 

7.5% sodium carbonate (Na₂CO₃). The reaction mixture 

was allowed to stand for 30 min at room temperature, 

after which the absorbance was recorded at 765 nm. 

Total phenolic content was quantified using a gallic acid 

standard curve and expressed as mg of gallic acid 

equivalents per g of dry matter (mg GAE/g). 

2.5 Surface morphology analysis 

The microstructure of the dried noodles was 

examined using a Scanning Electron Microscope (SEM, 

Hitachi SU-3500, Japan) at an accelerating voltage of 4.0 

kV. The dried noodle samples were subjected to freeze-

drying, affixed to aluminum stubs with carbon tape, and 

sputter-coated with an approximately 10 nm gold layer to 

improve conductivity. SEM images were recorded at 

1000× and 5000× magnification. A minimum of three 

micrographs per sample was collected to ensure 

representative visualization. Observations focused on the 

integrity of the starch–protein matrix, porosity, and the 

distribution of polysaccharide granules within the noodle 

structure. The surface morphology of the dried noodles 

was examined using scanning electron microscopy 

(SEM; Hitachi SU-3500, Japan), operated at an 

accelerating voltage of 4.0 kV and a magnification of 

10,000×.  

2.6 Fourier transform infrared analysis 

A Fourier transform infrared (FTIR) spectrometer 

(Model 8201 PC, Shimadzu, Japan) was employed to 

acquire the infrared spectra. Dried noodle samples were 

ground to pass a 60-mesh sieve, then analyzed using the 

attenuated total reflectance (ATR) mode to minimize 
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moisture interference. 

Spectral data were recorded over the wavenumber 

range of 4000–500 cm⁻¹ with a resolution of 4 cm⁻¹, 

using an average of 32 scans for each sample. 

Background spectra were recorded before each run and 

automatically subtracted from sample spectra. All 

spectra were normalized prior to interpretation, allowing 

for the comparison of functional group intensities across 

treatments. 

2.7 Preference test 

The evaluation was conducted by 25 semi-

professionally trained panelists (14 women, 11 men), 

students from the Department of Agricultural Product 

Processing, Faculty of Agroindustry, Universitas Mercu 

Buana Yogyakarta, Yogyakarta, Indonesia, aged 19–23 

years, with no known allergies to wheat, mocaf, or 

pumpkin. The panelists had prior experience in sensory 

evaluation obtained through coursework and laboratory-

based practical training, including familiarization with 

hedonic testing procedures. 

Dried noodles from each formulation were boiled in 

boiling water (100°C) for a fixed cooking time of 10 

min, then drained and served to the panelists in portions 

of 15 g per bowl. The cooking time was standardized for 

all samples to ensure objectivity and reproducibility of 

the sensory evaluation. Each sample was labeled with a 

randomly generated three-digit code and presented in a 

randomized sequence to reduce potential order effects.  

The testing was conducted in a controlled testing 

room (22±2°C; neutral white lighting) with individual 

booths. Panelists rated color, aroma, taste, texture, and 

overall liking using a 1–5 hedonic scale (1 = strongly 

dislike, 2 = dislike, 3 = neutral, 4 = like, 5 = strongly 

like), as described in Arise et al. (2022) with slight 

modifications. Between evaluations, panelists rinsed 

their mouths with room-temperature, non-carbonated 

drinking water (approximately 250 mL per panelist) to 

minimize carryover effects. Hedonic scores were treated 

as ordinal data and analyzed using appropriate non-

parametric statistical methods. This sensory study 

obtained ethical approval from the Ethics Committee of 

Universitas Alma-Ata, Yogyakarta, Indonesia (Reference 

Number: KE/AA/XIII/10112011/Ec/2025). 

2.8 Repetition and statistical analysis 

For each formulation, samples were produced in 

three independent production batches. Each batch was 

analyzed in three replicates. The experimental data were 

evaluated using a completely randomized design (CRD) 

involving a single treatment factor, namely the ratio of 

wheat flour, mocaf, and pumpkin. Statistical analyses 

were performed using IBM SPSS Statistics (version 25). 

Differences among treatment means were evaluated 

using Duncan’s Multiple Range Test (DMRT) at a 

significance level of p < 0.05, and the results are 

reported as mean ± standard deviation (SD).  

 

3. Results and discussion 

3.1 Color of dry noodles 

The color of dry noodles produced by partially 

substituting wheat flour with mocaf and pumpkin is 

shown in Table 1.  

The color parameters (L*, a*, and b*) of the dried 

noodles are presented in Table 1 and Figure 1. These 

parameters exhibited clear and progressive changes with 

increasing levels of mocaf and pumpkin substitution. A 

significant decrease in L* values (p < 0.05) was observed 

across formulations, from 77.72 in the control (100% 

wheat flour) to 70.94 in the 20:40:40 formulation. This 

reduction in brightness is associated with the natural 

orange pigmentation of pumpkins, which is rich in β-

carotene, and with possible non-enzymatic browning 

reactions that occur during drying (Rasdi et al., 2024). 

In addition, the lower gluten content in mocaf-

containing formulations contributes to a less compact 

surface microstructure, which scatters light irregularly 

and results in a darker appearance (Masamba and 

Jinazali, 2014). This structural explanation aligns with 

established theories that gluten forms a continuous, light-

reflective protein matrix, whereas its dilution leads to 

reduced surface uniformity and, consequently, lower L* 

values (Purwandari et al., 2023). 

The b* values increased consistently with pumpkin 

substitution, reflecting the strengthening of yellow–

orange hues attributed to carotenoid enrichment. 

Similarly, the a* values increased from 2.15 to 5.70, 

corresponding to the stronger absorption of carotenoid 

pigments in the red–orange wavelength region, 

consistent with earlier findings on carotenoid-enhanced 

products (Fuenmayor et al., 2021).  

Importantly, the sensory evaluation supported these 

Flour: mocaf: 

pumpkin 
L* a* b* 

100:0:0 77.72±2.39e 2.15±0.01a 13.90±0.04a 

80:10:10 76.53±3.09d 3.24±0.03b 19.43±0.29b 

60:20:20 74.44±4.29c 4.18±0.01c 23.13±0.15d 

40:30:30 71.32±3.16b 4.95±0.04d 22.04±0.08c 

20:40:40 70.94±2.33a 5.70±0.02e 23.89±0.17d 

Table 1. Colors of dry noodles. 

Values are presented as mean±SD. Vaues with different 

superscripts in the same column are statistically significantly 

different (p < 0.05). 
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instrumental results. Panelists expressed greater 

preference for formulations with moderate pumpkin 

levels, particularly the 40:30:30 formulation, which they 

described as having a natural and appealing color. This 

suggests that although higher pumpkin levels intensify 

pigmentation, excessive darkening may reduce visual 

acceptability, indicating the importance of achieving a 

balanced hue in functional noodle products. Overall, the 

integration of instrumental color changes with sensory 

responses confirms that the mocaf–pumpkin combination 

not only alters the chemical pigmentation profile but also 

influences consumer perception, reinforcing the 

relevance of selecting an optimal substitution ratio. 

3.2 Visual appearance of dried noodles 

The physical appearance of dried noodles prepared 

with different ratios of wheat flour, mocaf, and pumpkin 

is presented in Figure 1. 

Figure 1 illustrates a gradual color transition in dried 

noodles from the wheat-only formulation (100:0:0) to 

formulations with higher levels of mocaf and pumpkin 

substitution (up to 20:40:40). This shift is associated 

with a decrease in L values and increases in a and b* 

values, reflecting the accumulation of β-carotene. The 

more β-carotene in the dry noodles, the yellower the 

resulting product will be (Aljahani, 2022). 

Rohmatningsih et al. (2025) reported that the cookies 

turned more yellow as more pumpkin was added. 

 

3.3 Texture and physical properties of dry noodles 

Substitution changes in wheat flour, mocaf, and 

pumpkin had a significant effect on hardness, water 

absorption capacity, cooking yield, and cooking loss of 

dry noodles (Table 2). 

The hardness of the dried noodles decreased 

markedly from 4.26 N in the control formulation (100% 

wheat flour) to 2.02 N in the 20:40:40 formulation. This 

reduction is primarily attributed to the weakening of the 

gluten network as mocaf replaces part of the wheat flour, 

resulting in a less cohesive and less elastic protein–starch 

matrix (Li et al., 2024; Soedirga and Andria, 2023). 

Gluten contributes to the compactness and tensile 

strength; therefore, a lower gluten content results in a 

more brittle and less resistant structure during 

compression. 

Additionally, the incorporation of pumpkin slurry 

introduces higher moisture and soluble solids, which 

increase dough hydration and disrupt matrix continuity, 

further contributing to the softening of the noodle 

texture. Pumpkin’s high water-binding capacity and 

soluble components produce a more open microstructure, 

which aligns with the SEM observations and explains the 

reduced hardness. Additionally, the inclusion of 

pumpkin, which is high in water and fiber content, 

causes the dough structure to become softer and more 

open, thereby weakening the strength of the starch and 

protein matrix (Alija et al., 2025). 

Overall, the combined effects of gluten dilution and 

increased hydration capacity result in a softer noodle 

structure, confirming that texture changes arise not only 

from compositional adjustments but also from structural 

modifications within the dough matrix. 

Water absorption capacity values of the dried 

noodles were within the range of 92.81–95.51%. Higher 

mocaf and pumpkin levels were associated with 

increased moisture content, reflecting improved water 

uptake during cooking. Mocaf has a greater hydration 

capacity than wheat flour due to its modified starch 

content and hydroxyl groups, which easily bind water (Li 

et al., 2023). Additionally, the dietary fiber and 

polysaccharide components in pumpkin contribute to 

A B C 

D E 

Figure 1. Photo of dried noodles. A = 100:0:0, B = 80:10:10, 

C = 60:20:20, D = 40:30:30, E = 20:40:40 

Flour: mocaf: pumpkin Texture (N) Water absorption capacity (%) Cooking yield (%) Cooking loss (%) 
100:0:0 425.89±5.76d 93.03±0.03b 5.01±0.30c 0.17±0.04ab 
80:10:10 328.16±3.39c 93.26±0.02c 4.60±0.11b 0.24±0.01c 
60:20:20 301.56±5.87b 92.81±0.08a 4.11±0.14a 0.15±0.01ab 

40:30:30 298.15±4.4b 94.26±0.05c 5.03±0.10c 0.13±0.03a 
20:40:40 201.85±3.90a 95.51±0.27d 5.46±0.20d 0.18±0.02b 

Table 2. Water absorption capacity, cooking yield, and cooking loss of dry noodles. 

Values are presented as mean±SD. Vaues with different superscripts in the same column are statistically significantly different (p 

< 0.05). 
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increased water absorption capacity through moisture 

retention mechanisms (Lerdluksamee et al., 2025). 

Although a high water absorption capacity can promote 

faster rehydration, it may adversely affect the 

cohesiveness of the gluten network. This effect is 

consistent with the observed reduction in hardness values 

in formulations with higher substitution levels (Mostafa 

et al., 2025). 

The cooking yield parameter showed relatively small 

fluctuations, ranging from 4.11% to 5.46%, but generally 

increased with increasing proportions of pumpkin. This 

phenomenon is related to the ability of soluble fiber and 

pectin components in pumpkin to absorb and retain water 

during the cooking process, resulting in a higher final 

weight of cooked noodles (Tian et al., 2025). The 

combination of mocaf and pumpkin provides a starch 

and protein matrix system that can hold more water, 

although its strength is lower than that of noodles made 

from pure wheat flour (Li et al., 2023). 

The cooking loss of dry noodles produced was in the 

range of 0.13–0.24%. This cooking loss is considered 

low. This indicates that all formulations still produce 

noodles with good thermal stability. Generally, 

substituting non-gluten flour results in increased solid 

loss. 

This occurs as a result of the weakening of the gluten 

network and the reduced capacity of the matrix to retain 

gelatinized starch (Pinel et al., 2025). Polysaccharides, 

especially soluble fiber, can strengthen the starch film 

through hydrogen interactions during gelatinization and 

reduce cooking loss at optimal substitution levels 

(Iztayev et al., 2024). The 40:30:30 formulation 

exhibited the lowest cooking loss value (0.13%), 

indicating an optimal balance between matrix 

compactness, hydration, and water retention during 

cooking. 

3.4 Chemical composition of dry noodles 

The chemical composition of dried noodles showed 

significant changes due to the substitution of part of the 

wheat flour with mocaf and pumpkin (Table 3).  

The moisture content of dry noodles increased from 

6.71% in the control (100% wheat flour) to 10.61% in 

the 20:40:40 formulation. This increase in moisture 

content was due to the high water-binding capacity of 

mocaf and pumpkin fiber components. Both ingredients 

contain hydroxyl groups and pectin, which are 

hydrophilic and therefore able to retain water during the 

drying process (Frosi et al., 2024). This increase is 

consistent with the higher water-binding capacity of 

wheat and mocaf composites, as cassava substitution 

increases the swelling power of starch granules 

compared to pure wheat (Li et al., 2023). However, the 

overall moisture content is still below the maximum limit 

of 12% recommended for dry noodles, so the product 

remains stable against microbial growth during storage. 

Slamet et al. (2020) reported that water content affects 

the water activity and shelf life of the product. 

 The ash content of dry noodles increased from 

2.17% to 3.70% as the proportion of mocaf and pumpkin 

increased. This increase suggests a contribution from 

natural minerals, particularly potassium, magnesium, and 

calcium, from both ingredients (Mir et al., 2024). 

Pumpkins are known to be rich in essential minerals and 

carotenoids (Caballero-Gutiérrez et al., 2025). 

Meanwhile, mocaf retains some of the minerals from the 

cassava base after fermentation and modification. This 

increase in ash content is a positive indicator of the 

product's nutritional value, especially in terms of 

micronutrient content. 

The fat content of dried noodles increased slightly, 

from 0.66% to 1.14%, at a ratio of 60:20:20, and then 

remained relatively stable at higher ratios. This change is 

mainly due to the presence of natural lipids in pumpkin, 

which contain polyunsaturated fatty acids such as 

linoleic and oleic acids. Although the increase is small, 

the presence of these lipids has the potential to affect the 

color and aroma stability of the final product (Kinsman 

et al., 2024). The low overall fat content indicates that 

the dried noodles produced are a low-fat food, in line 

with the trend for low-calorie health products 

(Ayustaningwarno et al., 2025). 

The protein content of dry noodles decreased 

significantly from 22.60% to 18.61% as the proportion of 

Flour: mocaf: pumpkin Moisture (%) Ash (%) Fat (%) Protein (%) Carbohydrates by 

100:0:0 6.71±0.18a 2.17±0.05a 0.66±0.01a 22.60±1.37b 67.86±1.09d 
80:10:10 7.03±0.11b 2.35±0.05b 0.72±0.02a 23.44±1.34c 66.46±2.54c 

60:20:20 9.13±0.80d 2.86±0.11c 1.14±0.04b 23.31±0.69c 63.56±1.30a 

40:30:30 8.61±0.19c 3.05±0.07d 1.04±0.00b 22.38±0.74b 64.92±2.91b 
20:40:40 10.61±0.07e 3.70±0.07e 1.02±0.05b 18.61±1.57a 66.06±1.74c 

Table 3. Chemical composition of dry noodles. 

Values are presented as mean±SD. Vaues with different superscripts in the same column are statistically significantly different (p 

< 0.05). 
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mocaf and pumpkin increased. This decrease is related to 

the low protein content of both substitute ingredients 

compared to wheat flour, as well as reduced gluten 

formation (Kinsman et al., 2024). However, the protein 

from pumpkin still contributes to the nutritional value 

and can interact with polysaccharides, forming a network 

that affects the texture of the noodles. The decrease in 

protein content affects the texture of dry noodles, 

causing them to deteriorate (Ayustaningwarno et al., 

2025). 

The carbohydrate content in dried noodles ranged 

from 63.56% to 67.86%. This variation is associated 

with differences in moisture, protein, ash, and fat levels 

among the formulations, as carbohydrate was calculated 

by difference. As the proportion of mocaf and pumpkin 

increased, the carbohydrate percentage tended to 

decrease slightly due to the higher moisture and ash 

contributions from these ingredients. Mocaf contains a 

greater proportion of non-protein and non-fat 

components compared to wheat flour (Borku, 2025), 

while pumpkin slurry introduces additional moisture and 

soluble solids (Sharma et al., 2021). The combined effect 

of these compositional shifts results in modest changes in 

carbohydrate values across treatments, without implying 

differences in fiber content, which was not measured in 

this study.  

3.5 Bioactive profile of dried noodles: beta-carotene, 

phenolics, and antioxidant capacity  

The β-carotene and total phenolic contents, as well 

as the antioxidant activity, of dried noodles prepared 

with different wheat–mocaf–pumpkin ratios are 

presented in Table 4. 

As presented in Table 4, β-carotene content 

increased significantly with higher levels of pumpkin 

substitution, rising from 0.21 µg/g in the control to 94.26 

µg/g in the 20:40:40 formulation. This increase 

highlights the role of pumpkin as a natural source of 

carotenoids, including β-carotene, lutein, and α-carotene, 

which contribute to the intensified yellow–orange color 

of the noodles (Ninčević Grassino et al., 2023). The 

gradual rise in β-carotene content across formulations is 

therefore consistent with the increasing proportion of 

pumpkin flour or slurry incorporated into the dough. 

This increase aligns with previous reports, which show 

that incorporating pumpkin flour or powder into wheat-

based products enhances carotenoid content and 

intensifies the yellow–orange coloration of noodles or 

pasta (Alija et al., 2025). 

The total phenolic content of dry noodles increased 

linearly from 0.14 to 5.94 mg GAE/g (Table 4). This 

increase is logical because pumpkin contributes phenolic 

compounds such as ferulic acid, p-coumaric acid, and 

chlorogenic acid. Additionally, mocaf, derived from 

fermented cassava, can retain and form specific phenolic 

compounds (Bamidele, 2025). Pérez et al (2023) stated 

that the addition of plant materials, including pumpkin, 

increased the total phenolic content in dough and pasta. 

The antioxidant activity (DPPH) of dried noodles 

increased significantly, from 1.61% (control dried 

noodles) to 39.45% in dried noodles with a ratio of 

20:40:40. The increase in antioxidant activity in dry 

noodles generally correlates with the total phenolic 

content. Although carotenoids contribute to antioxidant 

activity, many studies show that DPPH is more sensitive 

to phenolic electron donors. This is because the increase 

in total phenolic content is the main trigger for the 

increase in DPPH in this formulation (Abdo et al., 2024). 

Previous studies on pumpkin-based products have shown 

that their antioxidant activity is primarily attributed to 

phenolic compounds and carotenoids, which play a 

crucial role in scavenging free radicals (Slamet et al., 

2022). This supports the present findings, which show 

that increased antioxidant activity in dried noodles is 

correlated with higher total phenolic content.  

3.6 Fourier transform infrared spectral analysis of dried 

noodles 

The Fourier transform infrared (FTIR) spectra of 

dried noodles with different wheat–mocaf–pumpkin 

ratios are presented in Figure 2. 

The ~3290 cm⁻¹ (O–H) band exhibited progressively 

higher intensity as the formulation shifted from wheat-

only noodles (100:0:0) toward higher mocaf and 

pumpkin substitution levels (up to 20:40:40), indicating 

an increase in hydroxyl groups and hydrogen bonding. 

The bands at 2925–2850 cm⁻¹, attributed to aliphatic C–

H stretching, and at approximately 1744 cm⁻¹, 

corresponding to ester carbonyl (C = O) vibrations, were 

more pronounced in dried noodles formulated at ratios of 

40:30:30 and 20:40:40, consistent with the increased 

Flour: mocaf: 

pumpkin 
β-carotene 

(μg/g) 

Total phenolic 
content 

 (mg GAE/g) 

Antioxidant 

activity (%) 

100:0:0 0.21±0.02a 0.14±0.13a 1.61±0.04a 
80:10:10 17.81±2.41b 2.16±0.14b 12.87±1.42b 

60:20:20 35.39±3.57c 3.50±0.00c 18.92±1.57c 
40:30:30 65.87±3.80d 4.92±0.06d 27.01±1.96d 
20:40:40 94.26±5.15e 5.94±0.18e 39.45±2.74e 

Table 4. β-carotene and total phenolic contents, and 

antioxidant activity of dried noodles. 

Values are presented as mean±SD. Vaues with different 

superscripts in the same column are statistically significantly 

different (p < 0.05). 
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contribution of pumpkin-derived lipids and carotenoids 

(Al‐Kelani and Buthelezi, 2024). Conversely, the amide I 

band (~1640–1650 cm⁻¹) exhibited a higher relative 

absorbance intensity in dried noodles with a wheat-only 

formulation (100:0:0). A progressive reduction in band 

intensity was observed in formulations with increasing 

mocaf and pumpkin substitution (60:20:20, 40:30:30, 

and 20:40:40), indicating dilution effects and alterations 

in the secondary protein/gluten environment. The peak at 

1744 cm⁻¹ indicates the carbonyl group (C = O) of esters 

and carotenoids, while 1640 cm⁻¹ (amide I) decreases at 

high substitution, indicating a reduction in gluten protein 

(Jia et al., 2022). The intense band at 1200–900 cm⁻¹ 

originates from C–O and C–C stretching in starch, with 

the peak at 1040 cm⁻¹ indicating stronger C–O–C 

glycosidic bonds in the high-mocaf sample (Qi et al., 

2024).  

In the wavenumber range of 1200–900 cm⁻¹, 

assigned to C–O and C–O–C stretching vibrations, band 

intensity increased with higher levels of mocaf and 

pumpkin substitution. The most pronounced absorption, 

with a clearer peak at approximately 1040 cm⁻¹, was 

observed in dried noodles formulated at ratios of 

60:20:20, 40:30:30, and 20:40:40, indicating a greater 

contribution of starch polysaccharides to the matrix. The 

relative intensity of this spectral region is commonly 

used as an indicator of short-term starch molecular order 

(Zhang et al., 2023). This shift is consistent with the 

technological data, as hydration capacity and cooking 

yield increased while hardness decreased with increasing 

pumpkin incorporation. These changes reflect 

modifications in the gluten–starch network associated 

with pumpkin-derived polysaccharides (Fan et al., 2022). 

Dry noodles 40:30:30 exhibit an optimum balance of 

polysaccharide bands, with strengthened bonds, while 

the amide I remains preserved, which aligns with the 

lowest cooking loss. The dried noodles were dominated 

by polysaccharide- and lipid-associated bands and 

exhibited a more porous structure and softer texture with 

increasing incorporation of pumpkin and mocaf. These 

effects are associated with the inclusion of non-gluten 

constituents derived from pumpkin and fermented 

cassava, which disrupt the continuity of the gluten 

network and decrease matrix compactness, consistent 

with findings reported in earlier studies (Cai et al., 

2022). 

3.7 Scanning electron microscopy observation of dried 

noodles 

The microstructural characteristics of dried noodles 

with different wheat–mocaf–pumpkin ratios were 

examined using scanning electron microscopy (SEM), 

and the results are presented in Figure 3. 

Figure 3 shows the SEM micrograph of dried 

noodles formulated with a wheat-only composition 

(100:0:0), which exhibit a compact and continuous 

protein–starch matrix. Most starch granules appear well 

embedded and encapsulated within the surrounding 

protein film, forming a uniform and cohesive structure 

with only a few small pores. This morphology indicates 

strong gluten–starch interactions, which contribute to 

greater firmness, reduced porosity, and enhanced solid 

retention during cooking (Fan et al., 2024). Dried 

noodles 80:10:10 exhibit a rougher surface with 

numerous pores and exposed starch granules due to 

gluten fragmentation by non-gluten starch from Mocaf 

and fiber or pectin from pumpkin. This porous pattern 

indicates a decrease in hardness and a tendency toward 

increased cooking loss at high substitution levels (Adiba 

A B 

C D 

E 

Figure 2. Fourier transform infrared (FTIR) spectral analysis 

of dried noodles. A = 100:0:0, B = 80:10:10, C = 60:20:20, D 

= 40:30:30, E = 20:40:40 

Figure 3. Scanning electron microscopy (SEM) observation of 

dried noodles. A = 100:0:0, B = 80:10:10, C = 60:20:20, D = 

40:30:30, E = 20:40:40 
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et al., 2024). Dried noodles with a formulation ratio of 

60:20:20 exhibited a network structure that began to 

fragment while remaining largely cohesive, accompanied 

by partial disruption of the protein film, indicating gluten 

dilution due to the incorporation of mocaf and pumpkin-

derived components. However, the texture and cooking 

behavior are still acceptable (Fan et al., 2024). Dried 

noodles with a formulation ratio of 40:30:30 exhibited 

controlled porosity due to the presence of starch–protein 

bridges between granules. This structure can effectively 

resist solid leaching and is considered an optimal 

compromise between compactness and water retention 

(An et al., 2024). In contrast, dried noodles with a 

formulation ratio of 20:40:40 exhibited a rough surface 

characterized by numerous pores and gelatinized 

aggregates detached from the protein film, indicating 

further disruption of the gluten network. This 

microstructural feature was associated with reduced 

hardness and increased solid loss during boiling 

(Ozgoren and Yapar, 2022). 

Overall, SEM images indicate that increasing mocaf 

and pumpkin content leads to a gradual degradation of 

gluten tissue and alterations in starch distribution. The 

formulation with medium substitution (40:30:30) yields 

the most balanced structure between cohesion and 

porosity, potentially providing a good texture and 

minimal solid loss during cooking. These findings 

confirm that the balance of ingredient composition is 

crucial in determining the microstructural stability and 

final quality of dried noodle products. 

3.8 Level of preference 

A test of preference for dry noodles was conducted 

to assess consumer acceptance of color, aroma, taste, 

texture, and overall rating (Table 5). The rating scale 

used a range of 1–5, where a higher value indicates a 

higher level of preference. 

Table 5 shows that the preference score for color 

increased significantly (p < 0.05) from a ratio of 100:0:0 

(control) and peaked at ratios of 40:30:30 and 20:40:40, 

with a score of 3.84. This trend is consistent with the 

instrumental color measurements, particularly the 

increase in b values and the decrease in L* values, 

indicating a more intense yellow coloration of the dried 

noodles. This reflects the accumulation of carotenoids 

from pumpkin in the dried noodle matrix. Pumpkin is a 

source of carotenoids, which are yellow pigments that 

contribute to product color (Xu et al., 2024). Slamet et 

al. (2019) reported that adding pumpkin can increase the 

visual appeal of instant porridge. 

At substitution ratios of 40:30:30, the incorporation 

of plant-based ingredients imparted a sweet and fresh 

vegetable aroma that remained compatible with the 

wheat-based profile. In contrast, at a higher substitution 

level of 20:40:40, the increased dominance of plant-

derived volatile compounds led some panelists to 

perceive an after-aroma, thereby reducing aroma 

preference. Similar sensory trends have been reported in 

plant-enriched pasta and noodle products, where 

fortification improves nutritional quality but adversely 

affects aroma acceptance when the substitution level 

exceeds the sensory threshold (Bianchi et al., 2024). 

In dried noodles, aroma acceptability increased with 

substitution up to the 40:30:30 formulation and 

subsequently decreased at the 20:40:40 ratio. The aroma 

most preferred by panelists was at a ratio of 40:30:30 

with a score of 3.56. At moderate ratios, the addition of 

plant-based ingredients tended to add a sweet/fresh 

vegetable flavor that matched the wheat profile. 

However, at high levels, the intensity of plant-based 

aroma and specific volatile compounds becomes more 

dominant, leading some panelists to perceive an after-

aroma that reduces their preference. The optimal 

response pattern at this moderate level is consistent with 

the literature on plant-enriched pasta/noodles. 

Fortification improves nutritional quality but can alter 

sensory characteristics when levels exceed the panelists' 

acceptance threshold (Bianchi et al., 2024).  

The flavor score initially increased to a ratio of 

40:30:30, then decreased to 20:40:40. At moderate 

levels, the addition of plant-based ingredients provided a 

sweet-vegetable flavor that remained in harmony with 

the wheat profile. However, at high ratios, the intensity 

of the plant-based flavor and the possibility of a phenolic 

aftertaste became dominant, resulting in a decrease in 

flavor preference. The optimal pattern at this medium 

Flour: mocaf: pumpkin Color Aroma Flavor Texture Overall 
100:0:0 2.08±0.90a 2.84±0.80a 2.80±0.95a 3.08±0.95a 2.70±0.12a 
80:10:10 3.36±0.86c 3.36±0.81c 2.80±0.95a 3.08±0.99a 3.44±0.08c 
60:20:20 2.84±0.94b 3.32±0.80c 3.20±0.15b 3.52±0.11d 3.44±0.18c 

40:30:30 3.84±0.74d 3.56±0.82d 3.44±0.96d 3.60±0.12d 3.60±0.10d 
20:40:40 3.80±0.86d 3.12±0.97b 3.24±0.10c 3.28±0.33c 3.24±0.12b 

Table 5. Dry noodle preference levels. 

Values are presented as mean±SD. Vaues with different superscripts in the same column are statistically significantly different (p 

< 0.05). 
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fortification level aligns with studies on dry egg noodles 

enriched with pumpkin. The highest level of flavor 

preference in dry noodles was achieved at moderate 

levels of pumpkin. This suggests that fortifying dry 

noodles with vegetables improves nutritional quality but 

reduces preference when the dose exceeds the sensory 

threshold (Lerdluksamee et al., 2025). 

The highest level of preference for dry noodle 

texture was at 40:30:30, followed by 60:20:20. These 

results are in agreement with instrumental texture and 

cooking quality data, which showed reduced hardness, 

improved hydration capacity, and controlled porosity at 

moderate substitution levels. This indicates controlled 

porosity and good matrix hydration at 20:40:40. The 

level of preference decreased due to gluten dilution and 

fiber interference with the continuity of the protein and 

starch network, resulting in reduced firmness/chewiness. 

This pattern is consistent with the finding that mocaf dry 

noodles tend to have a weaker structure without a 

supporting network. This is because the presence of fiber 

interferes with the gluten network, altering the texture 

response (Sempio et al., 2024). The addition of pumpkin 

to egg noodles was also reported to improve quality but 

decrease texture acceptance (Herlina et al., 2024).  

The overall preference level for dry noodles at a ratio 

of 40:30:30 had the highest overall preference score and 

was significantly different from the control (p < 0.05). 

This formulation provided the most balanced 

combination of color, aroma, taste, and texture, 

supported by both sensory evaluation and 

physicochemical characteristics. The panelists' optimal 

preference was at the medium fortification level. This 

was in line with the preference for noodles made with 

vegetable-based ingredients (Fatima et al., 2024).  

It is worth noting that the sensory evaluation was 

conducted with a relatively homogeneous group of semi-

professionally trained panelists. Therefore, the results 

reflect comparative sensory responses among 

formulations rather than broad consumer preference, and 

further studies involving diverse consumer panels are 

recommended. 

 

4. Conclusion  

Variations in the ratio of wheat flour, modified 

cassava flour (mocaf), and pumpkin significantly 

influenced the cooking quality, nutritional composition, 

and bioactive profile of dried noodles. Increased 

substitution reduced lightness (L*) while enhancing color 

intensity, hydration capacity, and cooking yield with 

minimal cooking loss. The 40:30:30 formulation 

exhibited the most balanced performance, combining 

desirable texture, structural integrity, and the highest 

sensory acceptance. Pumpkin incorporation resulted in 

marked increases in β-carotene, total phenolics, and 

antioxidant capacity, indicating the product’s functional 

potential. FTIR and SEM analyses confirmed a transition 

from a compact gluten network to a more hydrophilic 

and porous polysaccharide matrix. Overall, wheat–mocaf

–pumpkin composite dried noodles show promise as 

functional foods with improved nutritional and 

technological attributes. 
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