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ABSTRACT

In order to reduce dependence on wheat flour, it was necessary to use alternative options, such as lesser 
yam flour. The production of lesser yam flour consisted of soaking yam tubers in NaCl solutions of different 
concentrations (20% and 25%). This soaking process was necessary for enhancing the physical characteristics of 
the flour, resulting in reduced mucus and a whiter appearance. The diverse NaCl concentrations during soaking 
significantly affected chemical composition of lesser yam flour, impacting parameters, including moisture, ash, fat, 
total protein, reducing sugar, total sugar, glucomannan content, and calories. However, no discernible effect was 
observed on the crude fiber and carbohydrate content. In comparison to the 25% NaCl, the 20% NaCl had lesser 
yam flour with lower moisture, ash, protein, total sugar, and reducing sugar content, but higher fat, glucomannan, 
and calories. The 25% NaCl soaked lesser yam flour was selected for the production of gluten-free dry noodles. 
Dry noodles were prepared with various proportions of lesser yam flour and mocaf flour, including 0:100 (TG0), 
50:50 (TG1), 50:40 (TG2), 70:30 (TG3), 80:20 (TG4), and 90:10 (TG5). An increase in the proportions of lesser 
yam flour resulted in increased hardness and chewiness, along with decreased springiness and cohesiveness. 
Therefore, lesser yam could be processed into flour by soaking in NaCl solutions to produce better flour, with the 
optimal flour composition being 80% lesser yam flour and 20% mocaf flour for gluten-free noodles production. 
This suggested the potential for further development of lesser yam flour as a raw material for the production of 
gluten-free noodles.
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INTRODUCTION

Flour derived from lesser yam is used in various 
food products, particularly dry noodles, but processing 
the tubers into flour poses a challenge due to their high 
mucilage content. Several reviews have reported that 
soaking in NaCl solutions improve the physical quality 
of flour and affect chemical composition of tubers 
such as Indian three-leaved yam (Dioscorea hispida 

Densst) (Rastiyati et al. 2016), cocoyam (Xanthosoma 
sagittifolium) (Suharti et al. 2019), Amorphophallus 
variabilis Bi (Ulfa and Nafi’ah 2018).

Noodles are widely popular, particularly in Asian 
regions, where they serve as a staple food. This shows 
there is a wide range of noodles varieties based on 
types, characteristics, processing conditions, and 
ingredients (Wangtueai et al. 2020). In Indonesia, the 
staple food is typically made from wheat flour, which is 
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predominantly imported due to the necessity of forming 
a gluten network during the production. However, 
gluten consumption can potentially trigger genetic 
celiac disease, an autoimmune disorder affecting 0.5-
1% of the general population (Caio et al. 2019). The 
partial digestion of gluten can lead to the formation 
of mixed peptides, which can trigger host responses, 
including increased intestinal permeability and adaptive 
immune responses (Lebwohl and Rubio-Tapia 2021). 
Therefore, it is necessary to explore and develop 
alternative solutions to reduce Indonesian reliance on 
wheat flour.

Lesser yam (Dioscorea esculenta) is a local tuber 
readily available in markets or growing wild in yards, 
typically consumed in traditional dishes prepared 
by boiling or steaming. The Dioscorea group offers 
bioactive compounds such as Dioscorin and Diosgenin, 
along with water-soluble polysaccharides, particularly 
glucomannan, which can generate mucus when mixed 
with water (Prabowo et al. 2014). Despite having high 
carbohydrate content, the use of lesser yam is limited 
due to insufficient information on its complete chemical 
composition. 

Gluten-free noodles, where gluten is completely 
removed and replaced with high-carbohydrate 
ingredients, pose a significant challenge as they 
lack the gluten network found in wheat noodles, 
resulting in different characteristics (Sabbatini 2014). 
Achieving high-quality gluten-free noodles from 
alternative flour requires a well-balanced formulation 
and appropriate technology selection due to changes 
in rheological properties caused by the absence of 
gluten. Alternative ingredients, including corn, rice, 
and tuber flour or starch, supplemented with protein, 
gum, and emulsifiers, are expected to replace wheat 
flour (Padalino et al. 2016). 

Dry noodles made from lesser yam flour have 
previously used wheat flour as a substitute (Winarti et 
al. 2017). An alternative to wheat flour is mocaf flour 
(Modified Cassava Flour), which has found extensive 
application in various food products, comprising dry 
noodles, wet noodles, analog rice, and bread (Philia 
et al. 2020). However, noodles produced from mocaf 
flour often lack texture due to the absence of gluten. 
Combining mocaf with lesser yam flour, which contains 
hydrocolloids, is expected to improve texture. To date, 
there have been no reviews examining the use of 
lesser yam flour alongside mocaf flour as a composite 
flour for gluten-free noodles production and assessing 
their characteristics. Therefore, this research aims 
to determine the effect of soaking lesser yam in NaCl 
solution on chemical composition of flour and evaluate 
how its composition affects the production of gluten-
free noodles. 

METHODS 

Materials

Fresh lesser yam tubers sourced from farmers 
in the Banyumas area, along with soaking solutions, 
such as Na2S2O5 and NaCl, were needed in the flouring 
process. The ingredients needed for making gluten-
free dry noodles included mocaf flour, tapioca, eggs, 
water, salt, CMC, glycerol, and chemical composition. 
The required tools included a blender, filter cloth, 
cabinet dryer, noodles maker, analytical balance, 
aluminum cup, burette, oven (Memmert), desiccator, 
furnace, beaker glass, erlenmeyer, volumetric flask, 
test tube, Kjeldahl flask, Soxhlet flask, measuring cup, 
water bath (Shibata), spectrophotometer (Spectronic), 
and Texture Analyzer (TAXT-Plus, Stable Micro System, 
Surrey, UK).

Preparation of Lesser Yam Flour

Fresh lesser yam tubers were weighed and 
washed in running water to remove dirt before being 
subjected to blanching at 80°C for 2 minutes to 
inactivate enzymes, prevent browning, and facilitate 
peeling. Following blanching, the tubers were peeled 
and cut into smaller pieces, which were then soaked 
in a solution comprising 0.6% Na2S2O5 and NaCl with 
varying concentrations of 20% and 25% for 2 hours 
before being rinsed and dried in an oven at 70°C for 
24 hours. The selection of NaCl concentration during 
soaking was attributed to its ability to produce flour 
with good physical characteristics, including reduced 
mucilage content and a whiter color compared to 
other concentrations. Flour was then analyzed for 
physicochemical parameters comprising proximate 
(water, ash, protein, fat, carbohydrate by difference), 
crude fiber, total sugar, and reducing sugar (AOAC, 
2005), calories (Seftiono et al. 2019), and glucomannan 
(Ulfa and Nafi’ah 2018).

Preparation of Gluten-Free Dry Noodles (Violalita 
et al. 2020 with Modifications)

The production of gluten-free dry noodles 
comprised a combination of lesser yam flour and mocaf 
flour. Initially, the ingredients were weighed according 
to predetermined proportions, including lesser yam 
flour and mocaf flour in ratios ranging from 0:100 
(TG0) to 90:10 (TG5), alongside other components. All 
ingredients were thoroughly mixed and kneaded into a 
homogeneous dough, which was then passed through 
noodles maker to form strands with a thickness of 2 
mm. These noodles strands were subjected to steaming 
for 5 minutes and were subsequently dried in an oven 
at 60 °C for 8 hours.
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Analysis of Texture Characteristics of Gluten-
Free Dry Noodles

Dry noodles were assessed for moisture content 
and texture profile, including hardness, springiness, 
cohesiveness, and chewiness, using a Texture Profile 
Analyzer based on the Stable Micro System guidelines 
(Afifah and Ratnawati 2017). Several strands of boiled 

noodles were positioned on a metal plate beneath the 
probe. The analysis was conducted using a P/36R cylinder 
with specific parameters, comprising trigger type, auto 
0.5g, pre-test speed 2 mm/s, test speed 2 mm/s, post-test 
10 mm/s, and 60% strain. Each treatment was analyzed 
five times, with a minimum strand length of 10 cm, and 
the research flow chart was presented in Figure 1.

Figure 1. Research flowchart
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Fresh lesser yam tubers 

Blanching 80 °C, 2 minutes 

Peeled skin, thinly sliced 

Immersion in 0.6% Na2S2O5 
and 20% NaCl, 2 hours 

Immersion in 0.6% Na2S2O5 
and 25% NaCl, 2 hours 

Dried in a 70°C drying oven 
for 24 hours 

Pureed with a blender 

Sifted with 60 mesh sieve 

Dried in a 70°C drying oven 
for 24 hours 

Pureed with a blender 

Sifted with 60 mesh sieve 

Fresh lesser yam flour A Fresh lesser yam flour B 

Proximate analysis, crude fiber, total sugar, and reducing sugar, 
calories, and glucomannan 

Selected lesser yam flour 

Preparation of dry noodles with lesser yam flour: mocaf flour proportions of 0:100 (TG0), 
50:50 (TG1), 50:40 (TG2), 70:30 (TG3), 80:20 (TG4), and 90:10 (TG5) using noodles 

maker followed by steaming and drying. 

Gluten-free dry noodles 

Moisture content analysis (AOAC, 2005) and 
texture profile using Texture Profile Analyzer. 
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Statistical Analysis

The obtained data were statistically analyzed using 
a T-test for flour samples and an F-test for dry noodles 
samples. Significant differences were assessed through 
one-way ANOVA followed by Duncan’s post-hoc test at a 
95% significance level (P<0.05), and statistical analysis 
was performed using SPPS 16 software.

RESULTS AND DISCUSSION

Lesser Yam Flour Chemical Parameters

Lesser yam was cut and soaked in 0.6% Na2S2O5 
and NaCl solutions with varying concentrations of 20 
and 25% for 2 hours before being rinsed and dried. 
Preliminary research showed that soaking in NaCl 
solutions below 20% resulted in tuber pieces containing 
excessive mucus, making flour production challenging. 
Soaking at different NaCl concentrations, specifically 
20% and 25%, significantly affected all chemical 
parameters tested, except crude fiber and carbohydrate 
content. Chemical composition of lesser yam flour was 
presented in Table 1, and mocaf flour was reported to 
contain 11.9% water, 1.3% ash, 1.2% protein, 0.6% 
fat, 85% carbohydrate, and 6% dietary fiber (Rahman 
et al. 2021), rendering noodles a low-fat and relatively 
high-fiber food product. 

Moisture Content

The moisture content of lesser yam flour soaked 
in 20% and 25% NaCl solutions was 6.54 ± 0.02 and 
7.33 ± 0.01%, respectively, lower than the results 
reported by (Saskiawan and Nafi 2014, Retnowati et al. 

2019). Meanwhile, moisture content was regarded as 
an important factor in determining the quality of flour. 
According to SNI standards, wheat flour should not 
exceed a maximum moisture content of 14.5%, and ash 
content showed the mineral composition of a material. 
In lesser yam flour soaked in 20% and 25% NaCl 
solutions, the ash content was 1.21 ± 0.03 and 2.25 ± 
0.01%, respectively, higher than the results reported by 
(Saskiawan and Nafi 2014). The increase in ash content 
was related to higher NaCl concentrations, which 
contributed to the mineral content of flour. Therefore, 
the greater NaCl concentrations used for soaking, the 
higher the ash content.

Fat Content

The fat content of the two flour treatments showed 
a significant difference, with higher NaCl concentrations 
correlating to lower fat content. This phenomenon was 
attributed to fat oxidation, which was triggered by the 
presence of increased water content. An increase in 
water content led to higher concentrations of radicals 
necessary for the initiation stage (Sainnoin et al. 2019).

Protein Content

Regarding protein content, both flour treatments 
showed increased total protein levels with higher NaCl 
concentrations during soaking. This increase was likely 
due to microbial activity, which produced protease 
enzymes during soaking (Zarnila, 2021). The total 
protein content in this research fell within a similar range 
as reported by (Retnowati et al. 2019), approximately ± 
3%. Specifically, the protein content in lesser yam tubers 
flour surpassed that of edible canna (Canna edulis) and 

Table 1. Chemical content of lesser yam flour in soaking treatment with different NaCl concentrations

Chemical parameters	 Lesser yam flour A	 Lesser yam flour B

Moisture (%) 6.54± 0.02a 7.33± 0.01b

Ash (% w.b.) 1.21± 0.03a 2.25± 0.01b

Fat (% w.b.) 0.18± 0.02b 0.10± 0.01a

Total protein (% w.b.) 3.18± 0.02a 3.83± 0.01b

Fiber (% w.b.) 1.25± 0.03a 1.42± 0.01a

Carbohydrate by difference (% w.b.) 88.89± 0.03a 86.49± 0.00a

Calorie (cal) 344.84± 0.01b 336.43± 4.86a

Reduced sugar (% w.b.) 10.00± 0.03a 10.73± 0.03b

Total sugar (% w.b.) 11.83± 0.03a 12.59± 0.02b

Glucomannan (% db) 12.5± 0.11b 8.61± 0.08a

*Values are expressed as mean ± standard deviation; numbers followed by the same letter in a row show no 
difference at the 95% significance level (p<0.05) using a t-test.
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taro (Colocassia esculenta) flour, reported at 1.665 and 
2.375%, respectively (Herawati and Kamsiati 2021).

Crude Fiber Content

Crude fiber represented the part of dietary fiber 
resistant to acid or base hydrolysis, primarily consisting 
of cellulose (60-80%) and lignin (4-6%), alongside 
some mineral content. This type of fiber was associated 
with various health benefits, including the prevention 
of constipation, diverticulosis, coronary heart disease, 
and certain cancers (Madhu et al. 2017). Although 
the crude fiber content was lower than the content 
reported by Omohimi et al. (2018), ranging from 1.3-
2%, no significant difference was observed between 
the two treatments. Similar results were observed in the 
carbohydrate content calculated by difference.

Carbohydrate Content (by difference), Reduced 
Sugar, Total Sugar, and Glucomannan

In this research, the carbohydrate content was 
higher compared to the results by (Omohimi et al. 
2018). Specifically, reducing sugar and total sugar levels 
significantly increased with higher NaCl concentrations 
during soaking. The analyzed lesser yam flour had 
glucomannan levels ranging from 8.61 ± 0.08 to 12.5 
± 0.11%. However, the levels were lower than those 
found in porang tubers (Amorphophalus muelleri), 
which were reported to reach about 57% (Witoyo et 
al. 2020). Glucomannan, a natural heteropolysaccharide 
macromolecule extracted from tubers comprised 
D-glucose and D-mannose molecules linked by α-1,4-
glycosidic bonds. It had good textural properties 
such as water binding, thickening, film forming, and 
gelling (Zhang et al. 2020). Interestingly, higher 
NaCl concentrations during soaking resulted in lower 
glucomannan content. Given the need for hydrocolloids 
in gluten-free noodles to maintain a compact texture, 
good consistency, and better mouthfeel (Padalino et 
al. 2016), flour treated with 20% NaCl immersion was 
selected for noodles production.

Effect of Lesser Yam Flour Proportion Treatment 
on Texture Parameters of Dry Noodles

Hardness

In the preparation of dry noodles, lesser yam flour 
and mocaf flour were combined in a certain proportion 
and analyzed for texture profile. The hardness 
parameter, which described the peak force during 
the first bite, was evaluated (El-Sohaimy et al. 2020). 
The results showed that increasing the proportion of 
lesser yam flour led to increased noodles hardness. As 
shown in Table 3, noodles with 40% and 30% lesser 

yam flour had softer characteristics compared to those 
with 100% mocaf flour. The results were in line with 
previous reviews (Winarti et al. 2017), suggesting that 
adding lesser yam flour enhanced noodles hardness. 
The hardness of noodles was affected by the starch 
development ability of flour used. Flour or starch that 
lacked development would result in harder and more 
elastic noodles. Additionally, texture characteristics, 
such as noodles hardness, could be affected by cooking 
losses and the starch gelatinization process during the 
preparation of the staple food. The moisture content of 
dry noodles for each treatment was presented in Table 
2. The addition of lesser yam flour led to an increase 
in the moisture content of dry noodles produced. 
Moreover, higher proportions of lesser yam flour (up to 
80%) corresponded to increased moisture levels. This 
phenomenon was attributed to the higher glucomannan 
content, which enhanced water-binding capacity. 
Therefore, an increased water content in the production 
of dry noodles contributed to their reduced hardness. 

Springiness

The springiness or elasticity parameter (cm) 
measured the recovery time between the end of the 
first bite and the beginning of the second bite. It was 
calculated as the ratio of T2 to T1, where T1 represented 
the distance between the beginning and the highest 
point of the first bite, and T2 represented the distance 
between the beginning and the highest point of the 
second bite (El-Sohaimy et al. 2020). The texture 
parameter springiness showed an increasing trend 
in noodles elasticity as the percentage of lesser yam 
flour added increased from 0.65 to 0.88, significantly 

Table 2. Moisture content of dry noodles in each 
treatment

Treatment Moisture content (%)

TG0 9.15a

TG1 11.13c

TG2 12.44e

TG3 12.08d

TG4 12.23de

TG5 10.58b

*Numbers followed by the same letter in one column show no 
difference at the 95% significance level (p<0.05).
Notes:
TG0 (lesser yam flour:mocaf flour = 0:100), TG1 (lesser yam 
flour:mocaf flour = 50:50), TG2 (lesser yam flour:mocaf flour = 
60:40), TG3 (leser yam flour:mocaf flour = 70:30), TG4 (lesser 
yam flour:mocaf flour = 80:20), TG5 (lesser yam flour:mocaf flour 
= 90:10).
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surpassing noodles made from 100% mocaf flour. 
Previous research by (Winarti et al. 2017) also reported 
a reduction in the elasticity level of the staple food 
with the use of lesser yam flour. The optimal treatment 
was observed with noodles containing 15% lesser yam 
flour. The elasticity of the staple food was affected by 
the starch and glucomannan content present in lesser 
yam flour. In this case, low amylose starch content 
contributed to a chewier and more elastic texture. 
Mocaf flour, which had a lower protein content, resulted 
in noodles with a less elastic texture. Therefore, the 
addition of starch and glucomannan content from lesser 
yam flour improved the elasticity of noodles, and the 
springiness value was presented in Table 3.

Cohesiveness

Cohesiveness was measured as the ratio of the area 
under the pressure peak during the second compression 
divided by the area under pressure during the first 
compression (El-Sohaimy et al. 2020).  Additionally, it 
could be measured as the degree to which the material 
was mechanically crushed. The results showed that the 
addition of lesser yam flour significantly reduced the 
cohesiveness of noodles, decreasing the score from 
0.77 to 0.58, and detailed cohesiveness values were 
presented in Table 3.

Chewiness

Chewiness, which was the most challenging texture 
parameter measurement, stimulated the oral chewing 
process covering multiple simultaneous actions such 
as compressing, shearing, piercing, grinding, tearing, 
and cutting, facilitated by saliva lubrication at body 
temperature (Indiarto, R. et al. 2012). The results showed 
that increasing the amount of lesser yam flour raised 

the chewiness of noodles, though it decreased when 
surpassing 80% lesser yam flour content. The chewiness 
value of dry noodles was presented in Figure 4. 

Dry noodles made from wheat flour had a hardness 
value of 8840±2.7, springiness of 0.73±0.07, and 
chewiness of 4444.52±1766.14 (Agusman et al. 2020). 
In contrast, gluten-free noodles had a lower hardness 
value, similar springiness, and reduced chewiness 
compared to their wheat counterparts. Therefore, 
gluten-free noodles showed limitations, being more 
prone to crumbling and less chewy than wheat 
noodles. The optimal treatment identified through the 
effectiveness index method (Afifah and Ratnawati 2017) 
was treatment TG4, featuring a ratio of 80:20 for lesser 
yam flour to mocaf flour. This treatment had superior 
values for hardness, springiness, chewiness, and 
cohesiveness, indicating its higher productivity relative 
to other treatments.

CONCLUSION

In conclusion, soaking in different NaCl solutions 
(20 and 25%) significantly affected chemical 
composition of lesser yam flour, including moisture, 
ash, fat, total protein, reducing sugar, total sugar, 
glucomannan, and caloric value. However, there was 
no significant impact on crude fiber and carbohydrate 
content. Noodles prepared with different ratios of lesser 
yam flour and mocaf flour had distinct characteristics 
across treatments in terms of hardness, springiness, 
cohesiveness, and chewiness. A higher proportion of 
lesser yam flour to mocaf flour resulted in increased 
hardness, springiness, and chewiness of dry noodles. 
The optimal treatment composition was found to be a 
ratio of lesser yam flour to mocaf flour of 80:20. With 

Table 3. Texture parameter values of each noodles treatment

Texture parameter Hardness (gf) Springiness Cohesiveness Chewiness

TG0 2153.33ab 0.63a 0.77c 1873.18c

TG1 1724.52a 0.65a 0.67b 605.13a

TG2 1881.07a 0.77b 0.62a 707.72ab

TG3 2217.63ab 0.87cd 0.66b 1142.28b

TG4 2672.8b 0.88d 0.59a 2059.14c

TG5 1931.41a 0.79bc 0.58a 608.17a

*Numbers followed by the same letter in one column show no difference at the 95% significance level (p<0.05).
Notes:
TG0 (lesser yam flour:mocaf flour = 0:100), TG1 (lesser yam flour:mocaf flour = 50:50), TG2 (lesser yam flour:mocaf 
flour = 60:40), TG3 (lesser yam flour:mocaf flour = 70:30), TG4 (lesser yam flour:mocaf flour = 80:20), TG5 (lesser 
yam flour:mocaf flour = 90:10).
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lesser yam flour capable of constituting up to 80% of 
gluten-free noodles, there was potential for its use in 
the production of noodles.
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