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ABSTRACT

Noodles are widely consumed globally. However, conventional wheat-based noodles are limited in dietary fiber and
functional compounds. Modified cassava flour (mocaf) and latoh (Caulerpa lentillifera) offer potential as natural
ingredients to improve the nutritional value and sensory quality of noodles, and Latoh also serves as an alternative
to conventional binders such as carboxymethyl cellulose (CMC) and carrageenan. This study aimed to evaluate the
sensory characteristics and consumer acceptance of mocaf-based noodles formulated with three different binders:
Latoh (MNL), carboxymethyl cellulose (MNCM), and carrageenan (MNCR). The noodles were prepared using a flour
blend of 63% mocaf, 36% wheat flour, and 1% binder. Sensory analysis was conducted using a 9-point hedonic scale
(taste, aroma, texture, appearance, and overall acceptability) and descriptive analysis. MNCM achieved the highest
overall liking score (7.30), with superior ratings in appearance (7.50), taste (6.90), and aftertaste (6.80), indicating
better consumer preference due to firmer texture and improved structure. MNCR showed the highest crispness (6.60)
but lower fragility (5.00, p<0.05), reflecting brittleness. MNL demonstrated favorable values for fragility (6.80) and
mouthfeel (6.10) but received slightly lower taste (5.80) and aftertaste (5.50), likely due to distinct seaweed flavor
notes. Principal Component Analysis (PCA) confirmed strong associations of MNCM with elasticity, taste, and overall
acceptability, while MNCR aligned with crispness. MNL, although less aligned with hedonic preferences, showed
functional potential. In conclusion, CMC was the most effective binder for sensory appeal, while Latoh represents a
promising natural alternative that requires further optimization to balance functional benefits with consumer
acceptance.
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1. INTRODUCTION

Noodles are among the most widely consumed staple foods worldwide, valued for their convenience,
affordability, and versatility [1]. However, conventional wheat-based noodles are generally low in dietary
fiber and bioactive compounds, thereby limiting their functional health benefits. To improve their
nutritional quality and reduce dependence on imported wheat, the use of local raw materials and functional
ingredients has been widely explored [2], [3]. Modified cassava flour (mocaf) is considered a promising
wheat substitute, as it not only adds value to cassava-producing regions but also exhibits favorable
functional properties such as neutral taste and swelling capacity. Mocaf-based products are rich in dietary
fiber and resistant starch, which play an essential role in maintaining glycemic balance. These components
reduce postprandial glycemic response, delay carbohydrate digestion, and improve insulin sensitivity [4],
[5], [6]. In this context, modified cassava flour (mocaf) has emerged as a promising wheat substitute due to
its naturally low glycemic index, gluten-free nature, and suitability for individuals managing blood glucose
levels [5], [6]. Produced through microbial fermentation of cassava, mocaf undergoes enhanced nutritional
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and functional properties, making it highly applicable in food products, including noodles [7], [8]. The
health-promoting potential of mocaf-based noodles has been demonstrated in animal studies. Mocaf-based
noodles significantly reduced fasting blood glucose levels in diabetic rats, from >250 mg/dL to
approximately 105 mg/dL. The treatment also decreased malondialdehyde (MDA) levels by 45% and
increased serum insulin levels by 30%, indicating improved pancreatic B-cell function and a reduction in
oxidative stress [9]. Despite these benefits, partial substitution with mocaf often alters the texture and
sensory quality of noodles, highlighting the importance of suitable binders to maintain desirable product
characteristics.

Binders play a crucial role in noodle production by improving elasticity, cohesiveness, and cooking
quality. Carboxymethyl cellulose (CMC), a synthetic hydrocolloid, is frequently incorporated into noodle
formulations to increase water retention, enhance firmness, and reduce cooking loss [10]. Carrageenan, a
polysaccharide derived from red seaweed, functions as a stabilizer and gelling agent, contributing to
viscosity, chewiness, and water absorption in noodles [11]. Although both are effective, their application
requires refined processing, which may increase production costs and contribute to consumer concerns
regarding naturalness and sustainability.

Latoh (Caulerpa lentillifera), a green seaweed traditionally consumed in Southeast Asia, offers a
natural alternative to conventional binders. It is highly nutritious, containing approximately 32—33% total
dietary fiber (dry weight), including soluble fiber, polyphenols, and sulfated polysaccharides [12],
[13]. These bioactive compounds possess antioxidant and anti-inflammatory activities, and have been
shown to inhibit a-glucosidase and DPP-IV activity in vitro, enhance insulin secretion from pancreatic -
cells, and promote glucose uptake via GLUT4 upregulation in adipocytes [14], [15]. In addition to its
metabolic health benefits, the natural polysaccharides in latoh may improve noodle cohesiveness and
texture in a manner comparable to CMC and carrageenan. Unlike carrageenan, which requires extraction
and refinement, /atoh can be used in a minimally processed form, potentially reducing costs and appealing
to consumers seeking natural and sustainable ingredients. Nevertheless, while the applications of CMC and
carrageenan in noodle production are well established, research on the incorporation of C.
lentillifera remains limited.

Since consumer acceptance of noodles is strongly influenced by sensory qualities such as color,
texture, taste, and overall acceptability, a comparative evaluation of different binders is essential. Previous
studies have reported that noodles formulated with CMC exhibit greater elasticity and a firmer texture,
while carrageenan produces a more brittle consistency [16], [17]. In contrast, noodles formulated with
1% C. lentillifera demonstrated good sensory acceptability, comparable or superior to noodles containing
conventional hydrocolloids, while also offering additional nutritional benefits [18]. These findings
highlight the importance of evaluating the sensory properties and consumer acceptance of latoh-enriched
mocaf noodles in comparison with conventional additives such as CMC and carrageenan, as part of the
broader effort to develop functional noodle products with enhanced health benefits and marketability.
Therefore, this study aims to investigate the sensory characteristics of noodles partially substituted with
mocaf and enriched with latoh, and to compare them with noodles formulated using CMC and carrageenan.
The findings are expected to provide new insights into the utilization of marine resources as natural binders
in functional noodle development, while supporting sustainable and innovative approaches to food
diversification.

2. MATERIALS AND METHODS
2.1. Materials

The primary materials used in this study were modified cassava flour, Caulerpa lentillifera, CMC,
and carrageenan. Mocaf was produced from locally sourced cassava in Grobogan, Central Java, Indonesia,
through a fermentation process using a mocaf starter derived from tapioca waste, a by-product of rural agro-
industrial activities. Fresh /atoh (approximately one month old) was obtained from seaweed farmers in
Jepara, Central Java, Indonesia. Food-grade CMC and carrageenan were purchased from MKR Chemical,
Semarang, Indonesia, and used as hydrocolloid additives in the noodle formulation.
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2.2. Noodles Preparation

A flour blend was prepared using 63% mocaf, 36% wheat flour, and 1% binding agent
(either Caulerpa lentillifera, CMC, or carrageenan). The dry ingredients were mixed with water at a ratio
of 1:0.3 (w/v) until a homogeneous dough was formed. The dough was then steamed for 15 minutes,
followed by extrusion to produce moist noodles. The noodles were subsequently dried at 50 °C for 12 hours
to obtain the final dried noodle product [9].

2.3. Sensory Analysis

Sensory evaluation of the cooked noodle samples was performed to assess both consumer
acceptability using a hedonic test and detailed product characteristics through quantitative descriptive
analysis (QDA) [2]. The study received ethical approval from the Health Research Ethics Commission of
Dr. Moewardi General Hospital (Ref. No. 2.907/XII/HREC/2024). Sensory evaluation was conducted with
an initial group of 50 male and female panelists aged 21-25 years. Panelists underwent screening and
training in accordance with the Indonesian National Standard (SNI 2346:2015). The screening process
included basic taste and aroma recognition, color perception, and sensitivity assessments using triangle
discrimination, ranking, and scoring tests. A total of 15 trained panelists who successfully passed the
screening were selected to perform both hedonic and QDA tests. Noodles were prepared by boiling for 7
minutes prior to evaluation. In the hedonic test, panelists evaluated appearance, texture, mouthfeel, taste,
aftertaste, and overall acceptability using a 9-point hedonic scale (1 = dislike very much, 9 = like very
much).

For the QDA, panelists assessed descriptive sensory attributes including color (light—dark),
appearance (noodles separate—clump), elasticity (low—high), fragility (low—high), lift in mouth (low—high),
and overall similarity to conventional instant noodles. In addition, specific flavor and aroma attributes were
evaluated, namely seaweed aroma, umami aroma, seaweed taste, umami taste, umami aftertaste, sweet taste,
floury taste, and bitter aftertaste. Panelists were trained to identify and rate each attribute using a structured
9-point intensity scale, and samples were presented in randomized order to minimize bias. Intensity scores
were collected and analyzed statistically to compare the sensory profiles of noodles with different binders.

2.4. Data Analysis

The data were first analyzed using one-way analysis of variance (ANOVA) to determine statistically
significant differences among noodle formulations. When significant effects were detected (p<0.05),
Duncan’s Multiple Range Test (DMRT) was applied as a post hoc analysis to identify specific differences
between sample means. Both ANOVA and DMRT were performed using SPSS version 25.0 (IBM Corp.,
USA). To further explore the relationships between products and sensory attributes, Principal Component
Analysis (PCA) was conducted using MATLAB (MathWorks, USA) by integrating hedonic and
descriptive data into a single matrix. Biplot visualizations were generated to illustrate the distribution of
samples and sensory descriptors, enabling the identification of key attributes contributing to product
variation. This multivariate approach supports the identification of sensory drivers of liking and informs
strategic product optimization.

3.  RESULTS AND DISCUSSION
3.1. Hedonic Test
The hedonic evaluation of mocaf-substituted noodles formulated with different types of binders,
CMC (MNCM), carrageenan (MNCR), and Latoh (MNL), was conducted to assess consumer preference.
Table 1 presents the mean scores across several sensory attributes, including appearance, crispness,
fragility, lift in mouth, taste, aftertaste, and overall liking. A 9-point hedonic scale (1 = disliked extremely;
9 = liked extremely) was used, providing insight into the overall acceptability of the noodle formulations.
The sensory evaluation results showed that most attributes, appearance, crispness, lift in mouth, taste,
aftertaste, and overall acceptability, did not differ significantly among the three noodle formulations
(»>0.05). This indicates that the use of different hydrocolloids (CMC, carrageenan, and Latoh) at the tested
levels did not substantially alter the panelists’ perception of these sensory characteristics. Such non-
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significant differences may be due to the similar texture-modifying functions of these hydrocolloids, which
improve mouthfeel, moisture retention, and visual appearance without drastically changing flavor or texture
profiles [19], [20]. However, a significant difference (p<0.05) was observed in the fragility attribute, where
MNCR (carrageenan-based noodles) had a significantly lower score compared to MNCM and MNL. This
suggests that carrageenan produced a more fragile noodle texture, possibly due to its weaker gel-forming
ability compared to CMC and seaweed-derived binders like Latoh [21], [22]. CMC is known for forming
stronger films and enhancing structural integrity, while Latoh, rich in dietary fiber and polysaccharides,
also contributes to gel strength [23], [24].

Table 1. Hedonic score of noodles with different binder.
Sample Appearance Crispness Fragility  Lift in mouth  Taste Aftertaste Overall
MNCM 7.50*+1.58 5.90°+1.97 6.70°£1.77 6.60*°+£1.96 6.90°+1.45 6.80°+1.23 7.30*°+0.82
MNCR 6.20°+ 1.87 6.60°+1.58 5.00°+1.56 5.20°+1.87 6.20°+1.87 6.10°+1.60 6.10°+ 1.60
MNL 6.00°+1.89 5.50°+1.96 6.80*+1.75 6.10*+1.91 5.80°+1.40 5.50°+1.58 6.50*+ 1.65

Note: Values are presented as mean + standard deviation. Different superscript letters within the same column indicate significant
differences between samples, p<0.05.

Furthermore, the concentration of hydrocolloid used also affects noodle quality. Research has shown
that the optimal concentration of carrageenan for producing a desirable texture is around 2%. Variations in
concentration can be considered to achieve better sensory characteristics, as too low or too high levels may
compromise texture or mouthfeel [25]. These findings highlight that while different hydrocolloids may
result in similar overall sensory impressions, their specific functional roles, particularly in texture, can
significantly affect certain attributes such as fragility. Understanding these differences is important for
product development, as selecting the appropriate hydrocolloid can help optimize noodle texture according
to consumer preference, even when overall acceptability remains unaffected. Furthermore, the results align
with previous research emphasizing the role of hydrocolloids in fine-tuning specific textural characteristics
without compromising general sensory quality [21], [22].

3.2. Sensory Descriptive Test

This study evaluated the sensory characteristics of mocaf-substituted noodles formulated with three
different binders: carboxymethyl cellulose (CMC, MNCM), carrageenan (MNCR), and /atoh (MNL) using
Quantitative Descriptive Analysis (QDA). The analysis involved six attributes: color (light—dark),
appearance (noodles separate—clump), elasticity (low—high), fragility (low—high), lift in mouth (low—high),
and overall similarity to conventional instant noodles. The attributes were rated on a 9-point intensity scale
by trained panelists, with higher scores indicating greater intensity.

The radar plot visually represents the sensory characteristics of the three noodle formulations;
MNCM (CMC), MNCR (carrageenan), and MNL (/atoh) (Figure 1). MNCM demonstrates a relatively
balanced and consistent profile across all attributes, particularly showing higher values in overall
acceptability and fragility. This suggests that the use of CMC contributes positively to both structure and
overall sensory perception. CMC is known for its excellent water-binding capacity and film-forming ability,
which can improve noodle integrity and mouthfeel without compromising other sensory aspects [26], [27].
These findings align with previous research showing that CMC effectively strengthens noodle texture while
maintaining high consumer acceptability [28].

In contrast, MNCR, containing carrageenan, shows a strong score in appearance, but significantly
lower values in fragility and lift in the mouth, indicating that the noodles may have a more fragile and brittle
texture. This is consistent with carrageenan’s behavior, which forms softer gels compared to CMC unless
reinforced with specific ions such as potassium [29]. The brittleness observed in MNCR could negatively
influence consumer perception, as noodles that break easily during cooking or handling are generally less
preferred. This result is consistent with earlier studies indicating that carrageenan, while improving visual
appearance, may reduce textural resilience in noodle products [25].
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Figure 1. Radar plot of descriptive sensory attributes for mocaf noodles with different binders; MNCM
(CMC), MNCR (carrageenan), and MNL (/atoh).

MNL (with Latoh), a seaweed-based binder, exhibits a slightly higher rating in color, which is likely
due to the natural pigments and fibers present in Caulerpa lentillifera. Seaweed ingredients can enhance
color while also providing dietary fiber and functional polysaccharides that improve hydration and
mouthfeel [30]. However, the lower ratings in taste and overall suggest that while latoh may enhance visual
appeal, its flavor contribution or possible off-notes might reduce consumer acceptability [31]. Overall,
MNCM appears to offer the most balanced sensory performance, especially in terms of fragility, elasticity,
and overall acceptance, which are critical attributes in noodle quality. The use of CMC may therefore be
the most effective hydrocolloid binder among the three tested options for maintaining structure without
compromising sensory quality. Although latoh possesses excellent functional properties beneficial to
health, further formulation modifications are necessary to improve its sensory attributes to a level
comparable with MNCM. These findings suggest that selecting the appropriate type and concentration of
hydrocolloid is essential not only for maintaining noodle structure but also for optimizing consumer
acceptability, in line with previous studies on hydrocolloid-based noodle formulations [25], [32], [33].

As shown in Figure 2, the radar plot illustrates distinct differences in the flavor and aroma profiles
of the three noodle formulations. MNL consistently exhibits the highest intensities in seaweed
aroma, seaweed taste, and umami taste, followed by umami aroma and umami aftertaste. These sensory
attributes align with the characteristics of Caulerpa lentillifera, which is rich in sulfated polysaccharides,
free amino acids (particularly glutamic acid), and volatile compounds that contribute to the marine-like,
umami-rich flavor profile [34]. The high intensity of seaweed-derived notes in MNL suggests that /atoh
contributes significantly to flavor enhancement, especially in terms of natural umami and marine-like
sensory perception.

In comparison, MNCM shows moderate levels of umami aroma and taste. CMC is a neutral
hydrocolloid primarily used for texture improvement and water retention, and does not contribute to taste
or aroma [35]. Similarly, MNCR shows lower values across most flavor and aroma descriptors, including
umami-related attributes, indicating a relatively milder sensory impact. Carrageenan, although derived from
seaweed, has a low volatile compound content and lacks flavor-enhancing amino acids, thus contributing
minimally to the overall taste [36]. This aligns with earlier research showing that carrageenan improves
textural quality but has minimal influence on taste or aroma [25].
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Figure 2. Radar plot of descriptive sensory attributes related to taste and aroma of mocaf noodles with
different binders; MNCM (CMC), MNCR (carrageenan), and MNL (latoh).

Interestingly, MNL also shows slightly higher ratings in bitter aftertaste, possibly due to the presence
of certain phenolic or sulfated compounds naturally occurring in /atoh [37]. While these compounds may
offer antioxidant benefits, they can sometimes impart bitterness or astringency, which could influence
consumer preference if not balanced properly. This finding highlights the trade-off between functional
benefits and sensory acceptability, emphasizing the need for strategies such as balancing formulations,
blending with milder hydrocolloids, or using flavor-masking. Compared with other seaweed-derived
hydrocolloids, /atoh demonstrates a more pronounced contribution to flavor attributes. For instance, kelp
(Laminaria japonica) extracts or alginate-based binders typically enhance texture and water-holding
capacity but contribute less to umami and aroma, often resulting in milder and acceptable sensory changes
[38]. Latoh provides both binding functionality and distinctive marine flavor, offering a dual role as a
textural improver and flavor enhancer. However, this stronger sensory contribution can be a double-edged
sword, as excessive seaweed notes or bitterness may reduce consumer acceptance if not carefully managed.

On the other hand, MNCM and MNCR scored slightly higher in sweet and floury taste, suggesting a
cleaner and milder sensory profile that more closely resembles conventional noodles. This may be
advantageous in markets where consumers prefer familiar flavors and are less receptive to strong marine
notes. Previous studies have similarly noted that while seaweed enrichment enhances nutritional and
functional properties, excessive intensity of seaweed flavors can reduce consumer acceptance in certain
populations [39].

3.3. Principal Component Analysis

To further interpret the relationships among sensory attributes and noodle formulations, Principal
Component Analysis (PCA) was applied to both hedonic and descriptive sensory data (Figure 3). PCA is a
multivariate statistical technique that reduces data dimensionality and identifies patterns or clusters by
capturing the largest variance in the data [40]. In this context, PCA enables visualization of how each noodle
sample (MNCM, MNCR, and MNL) relates to the sensory attributes evaluated. The PCA biplot of the
hedonic test (left) reveals the distribution of consumer preferences based on sensory attributes, with
Component 1 and Component 2 explaining the major variance in the data set.

146



Azkia and Wahjuningsih Journal of Agri-Food Science and Technology (JAFoST) 6(3) 2025: 141 — 151

°
MNCR Aftertaste

MNCM

Second Component
Second Component

o MNCM
MNL .
2,0 -2,0

-2 -1 0 1 2 -4 -3 -2 -1 0 1 2 3 4
First Component First Component

Figure 3. Principal Component Analysis (PCA) biplots of sensory data. Left: Hedonic attributes, right:
Descriptive sensory attributes.

In the first PCA biplot (left), based on hedonic attributes such as appearance, elasticity, fragility,
taste, aftertaste, and overall acceptance, the first two principal components (first component and second
component) explain the majority of the data variance. MNCM is located close to vectors representing
overall acceptability, taste, aftertaste, color, and appearance, indicating a strong positive association with
these desirable consumer perceptions. This supports the radar plot findings, where MNCM consistently
received higher scores in key sensory criteria, likely due to the textural enhancement and structural integrity
provided by CMC.

MNCR, positioned near the crispness vector and distanced from overall acceptability, appears to
perform well in specific textural aspects but may lack broader consumer appeal. Meanwhile, the MNL
group was distinctly separated from most of the hedonic vectors, suggesting lower overall consumer
preference compared to the other treatments. Although the MNL sample was still considered acceptable by
panelists, it received lower ratings in hedonic attributes compared to the other samples. Particularly for its
seaweed-related flavors, its distance from other key hedonic attributes implies that certain polarizing
sensory characteristics, such as bitterness or unfamiliar marine aromas, may have reduced its overall appeal
relative to the other formulations.

In the second PCA biplot (right), using descriptive sensory variables (e.g., seaweed taste, umami
aroma, bitter aftertaste), MNL clearly aligns with vectors representing umami taste, ssaweed aroma,
seaweed taste, and umami aftertaste. This confirms the radar plot data and highlights /atoh’s distinctive
sensory impact, rich in marine-like and umami qualities due to its glutamic acid and sulfate content [36].
However, it is also associated with bitter aftertaste, which can negatively influence overall acceptability
unless mitigated through formulation or flavor masking [37]. MNCM, again isolated near elasticity,
reinforces its strength in structural texture rather than strong flavor notes. MNCR, positioned near
appearance, lift in mouth, and fragility, reflects moderate performance in sensory characteristics but lacks
alignment with either strong flavor or high consumer preference, indicating a more neutral profile. These
relationships provide useful insights into how each hydrocolloid influences sensory outcomes beyond
simple mean values. PCA clarifies which attributes are most characteristic of each formulation, enabling a
more strategic selection of hydrocolloids depending on whether the goal is to enhance texture resilience
(CMC), appearance (carrageenan), or flavor complexity (latoh).

Our findings are consistent with broader applications of PCA in food quality research. PCA has been
extensively applied to establish quality evaluation models for various food products. Ma et al., 2025 [41]
employed PCA to evaluate the comprehensive sensory quality of salted duck eggs by integrating sensory-
related physicochemical indicators. Similarly, another research used PCA to assess sensory and
physicochemical attributes of pea starch noodles, identifying key quality indicators to establish a
comprehensive evaluation framework [42]. These studies highlight that PCA is not only effective in
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identifying attribute relationships but also in guiding product optimization. In our study, PCA effectively
differentiated the influence of each hydrocolloid on sensory properties, reinforcing its utility as a tool for
product development in noodle formulations.

4. CONCLUSION

This study demonstrated that the type of hydrocolloid binder influenced the sensory characteristics
and consumer acceptance of mocaf-based noodles. MNCM (CMC-based noodles) achieved the highest
overall liking score (7.30), supported by superior ratings in appearance (7.50), taste (6.90), and aftertaste
(6.80). MNCR (carrageenan-based noodles) showed the highest crispness score (6.60) but lower fragility
(5.00; p<0.05), indicating a more brittle texture. MNL (latoh-based noodles) obtained comparable scores
in fragility (6.80) and lift in mouth (6.10) but slightly lower scores in taste (5.80) and aftertaste (5.50),
reflecting the influence of strong seaweed flavor. Principal Component Analysis (PCA) confirmed that
MNCM was closely associated with elasticity, taste, and overall acceptability, MNCR with crispness, and
MNL with fragility. Overall, CMC was the most effective binder for enhancing sensory appeal, while latoh
demonstrated potential functional benefits but requires formulation refinement to improve consumer
preference.
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