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ARTICLE INFO  ABSTRACT 
 
 

Non-gluten food-based noodle products are an alternative to replace imported wheat flour. The application of 
extrusion and pregelatinization technology in the processing of noodles enriched with fish meal plays an 
important role in determining the quality of noodles. This study aims to determine the physical characteristics 
of noodles made from sago and cassava enriched with anchovy meal on cooking time, rehydration power, 
elongation, and color. This study used a simple complete random design with three treatments (M1, M2, and 
M3). Data were analyzed statistically using analysis of variance (ANOVA). The results showed that dry 
noodles made from sago and cassava enriched with anchovy meal affected the physical characteristics of 
noodles. Cooking time ranged from 6.30-8.20 minutes, rehydration power ranged from 103.20-117.80%, 
elongation ranged from 114.20%-135.53%, and color ranged from 61.10%-67.77%. The use of an extruder is 
more efficient and practical compared to conventional methods. Gluten-free noodles have better physical 
characteristics using the extrusion method compared to the conventional method. 
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INTRODUCTION 
 
Indonesia is the second largest instant noodle consuming country 
after China. Food diversification efforts are needed by using local 
foods as alternative foods to replace wheat. Noodles are usually made 
from wheat flour and contain gluten (Sabbatini et al., 2014). One of 
the materials that can substitute wheat flour is sago flour produced 
from sago palms. Sago (Metroxylon sp.) is one of the palm plants that 
produces starch and has potential as a source of carbohydrates in the 
manufacture of food products. Sago trees can thrive in acidic soils and 
are highly resistant to adverse conditions such as drought and floods. 
Therefore, sago trees play a significant role in maintaining food 
security (Zhu, 2019). Sago starch has been utilized by locals in 
Eastern Indonesia to make traditional foods such as papeda. This 
further indicates that sago plants have the potential to be used as 
alternative foods and developed into various types of foods that are 
popular, easy to process, and preferred by the public, for example, 
noodles (Heryani & Silitonga, 2018). However, despite the 
knowledge of the potential of sago plants as alternative foodstuffs, 
public interest in sago consumption is low. Data on sago flour 
consumption in Indonesia, which decreased from 0.366 kg/capita/year 
in 2018 to 0.335 kg/capita/year in 2022. In this regard, developing 
processed sago products must be increasingly encouraged. 
Nonetheless, the contents of protein, fat, minerals, and other nutrients 
in sago noodles are very low.  

 
Hence, the sago noodles should be fortified with other foods, such as 
fish and seaweed to enhance the nutritional value (Litaay et al., 
2022b). Fish is one source of animal protein that is widely consumed 
by the public because of its relatively ready availability and 
affordable price. It is important to note that fish has economic value 
and can be processed into higher-value food, which will later help the 
economy of countries with large fishery resources, such as Indonesia 
(Buchari, 2014). Anchovies (Stolephorus sp.) are a type of fish rich in 
calcium and can be eaten from head to tail. In addition, they are even 
reported to be one of the least-cost nutritious fish that have the 
prevalence to be one of the solutions in preventing children stunting. 
This implies that low-income population in Indonesia can afford 
anchovies more easily than milk formula. Despite all of those, 
anchovies are still underutilized. One of the efforts that can be made is 
employing anchovies as fortification agents. The fortification of 
noodles with anchovies will increase protein levels in the sago-flour-
based noodles (Robinson et al., 2022). In addition to fish, this study 
also incorporates seaweed into the noodles as a continuation study 
from Litaay et al. (2023). Seaweed has a high potential in the food 
processing industry because of the nutrients it contains. Macroalgae 
or seaweed is a natural commodity rich in antioxidants, polyphenols, 
proteins, minerals, and vitamins (Kumar et al., 2021). The macroalgae 
that will be utilized in this study is Turbinaria ornata. Turbinaria 
ornata is a brown alga that can be used as a source of iodine and 
alginate in the process of making human food. Like sago and 
anchovies, the utilization of macroalgae in Indonesia remains low 
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despite its high potential, availability, and diversity. Sago is a gluten-
free food, so the noodle process requires extrusion technology. An 
extruder machine was applied in the extrusion process of gluten-free 
noodles making. The use of an extruder is more efficient and practical 
compared to conventional methods. Additionally, the physical 
characteristics of gluten-free noodles made by extrusion are better 
than those made conventionally (Engelen et al., 2017). This study 
was conducted to determine the physical properties of dry noodles 
enriched with anchovy protein through the extrusion method. 
 

MATERIALS AND METHODS 
 
Materials 
 
The materials that were used in the making of anchovy flour, 
macroalgae flour, and noodles included anchovies, Turbinaria ornata 
macroalgae, sago flour, sodium bicarbonate, water, and salt. 
Meanwhile, the materials that were used in proximate analysis 
consisted of noodle samples, nitrogen free tin foil, oxygen gas (O2), 
and carbon dioxide gas (CO2). The materials for physical tests were 
noodle samples, water, and distilled water. 
 
Research Design: The research procedure involved the noodles made 
included a control (100% sago flour) and three treatments. Treatment 
M1 (75% sago flour, 20% anchovy flour, 5% macroalgae flour). 
Treatment M2 (75% sago flour, 15% anchovy flour, 10% macroalgae 
flour). Treatment M3 (75% sago flour, 10% anchovy flour, 15% 
macroalgae flour). 
 
Cooking time: The water of 200 ml is heated until it boils, then 5 
grams of noodles that have been cut into 3 cm long, are put into the 
boiling water. Every 30 seconds the noodle sheet is placed between 
the two watch glasses and then pressed. The optimum time is 
obtained when the entire noodle section absorbs water perfectly or 
when no white dots are formed when the noodles are pressed with the 
watch glass. The time is recorded from the boiling of the noodles to 
the cooking (Collado et al., 2001). 
 
Rehydration capacity: Measurements were made by weighing 5 
grams of raw noodles as a gram, then the noodles were boiled in 150 
ml of water until perfectly gelatinized (7 minutes). After cooking, 
they were drained and weighed as b grams (Kang et al., 2017). 
 
Elongation: The noodles that had been cooked during the cooking 
time of each sample were drained for 2 minutes at room temperature. 
The samples were wrapped around the probe with a distance between 
the probes of 2 cm and a probe speed of 0.3 cm/s. Elongation was 
measured using a TAXT2 texture analyzer at a speed of 3 mm/s and a 
force of 100 g (Chen et al, 2002). 
 
Color: Color testing is done using a chromameter. The chromameter 
is first calibrated with the white color standard found on the device. 
Several samples are placed on a flat container. Color measurement is 
based on the whiteness index (Gaurav, 2003). 
 
Statistical Analyses 
 
This study used a simple complete random design with three 
treatments (M1, M2, and M3). Data were analyzed statistically using 
analysis of variance (ANOVA). Analyses the physical characteristics 
dry noodles made from sago and cassava enriched with anchovy meal 
on cooking time, Rehydration power, elongation, and color used RAL. 
The advanced test of BNT performed when ANOVA on treatment 
had significant effect  (p<0.05). 
 

RESULTS AND DISCUSSION 
 

Cooking time: The results of the analysis showed that dry noodles 
made from sago and Turbinaria ornata macroalgae enriched with 
anchovy meal had a significant influence (P<0.05) on cooking time. 
Cooking time ranges from 3.40-7.26 minutes (Table 1). 

Table 1. Physical Properties of Dried Sago Noodles 
 

Treatment Cooking 
Time (min) 

Rehydration 
Capacity (%) 

Elongation (%) Color (W %) 

Control 7.26 ± 0.22a 78.93 ± 1.62a 230.84 ± 2.44a 64.32 ± 0.11a 
M1 3.40 ± 0.40b 65.18 ± 0.54b 73.29 ± 8.69b 54.79 ± 2.79b 
M2 3.50 ± 0.40ab 44.73 ± 0.35c 91.52 ± 0.47ab 49.02 ± 3.42bc 
M3 4.50 ± 0.40ab 31.94 ± 1.24d 134.87 ± 25.28ab 45.46 ± 3.63c 

 
The control sample which consisted of sago flour only had the longest 
average cooking time of 7.26 min. The shortest average cooking time 
(3.40 min) was achieved by sample M1 which was incorporated by 
the highest amount of anchovy flour (20%) and the lowest amount of 
macroalgae flour (5%) (Table 8). It implies that higher concentration 
of anchovy flour in the sago noodles led to shorter cooking time. The 
results of the study are in line with the study of sago noodles fortified 
with skipjack tuna flour, namely the cooking time of the control 
noodles (12.5 minutes) decreased at a concentration of 8% skipjack 
tuna flour (8.0 minutes) (Litaay et al., 2022a). This shows that the 
addition of anchovy flour has a shorter cooking time compared to 
noodles from a mixture of dry sago and a binding agent which is 8-11 
minutes (Thao & Noomhorm 2011). Sago noodles (control) have a 
longer cooking time due to their high starch content. 
 
Rehydration capacity: The results of the analysis showed that dry 
noodles made from sago and Turbinaria ornata macroalgae enriched 
with anchovy meal had a significant influence (P<0.05) on the 
rehydration capacity of noodles. Rehydration capacity ranges from 
31.94-78.93% (Table 1). The obtained results showed that the control 
sample had the highest rehydration capacity of 78.93%, then M1 of 
65.18%. The decrement in the rehydration capacity was observed 
when the noodles were incorporated with anchovy and macroalgae 
flours. These findings are in line with Tuhumury et al. (2020) study in 
which noodles without fish flour addition had a higher rehydration 
capacity (64.09%) compared to the rehydration capacity of noodles 
added with fish flour (49.54%). Litaay et al. (2022b) study also had 
the same outcome where noodles incorporated with 7% anchovy flour 
had a lower rehydration capacity at 34% when compared to the 
control at 52%. In addition to that, Hasanah et al. (2021) study 
findings are also similar. Noodles made with an increasing seaweed 
flour led to a decreasing rehydration capacity. Additionally, according 
to Valentina et al. (2021), rehydration capacity is inversely 
proportional to moisture content. rehydration capacity is influenced 
by both protein and fibers available in the anchovy and seaweed flour 
that bind with water molecules through hydrogen bonding. 
 
Elongation: The results of the analysis showed that dry noodles made 
from sago and Turbinaria ornata macroalgae enriched with anchovy 
meal had a significant influence (P<0.05) on the elongation of 
noodles. The elongation ranges from 73.29 %-134.87 % (Table 1). 
The obtained results showed that M3 sample had the highest 
rehydration capacity of 134.87%. These results are in accordance with 
Saloko et al. (2024) study in which dried noodles were made of 
mocaf-sorghum fortified with moringa leaves (Moringa oleifera) and 
seaweed (Eucheuma cottonii). This is also in line with Ersyah et al. 
(2022) study where increased elongation values were observed in 
noodles incorporated Spirulina at a higher concentration. Seaweed 
has a good water absorption ability which absorbs and retains water 
that contributes to producing elastic noodle dough because that 
indicates the ability of protein and starch to form a continuous 
network with water that attribute to dough elasticity (Yang et al., 
2019). According to Litaay et al. (2022b) the quality and elongation 
of sago noodles are also affected by the extrusion and 
pregelatinization processes. 
 
Color: The results of the analysis showed that dry noodles made from 
sago and Turbinaria ornata macroalgae enriched with anchovy meal 
had a significant influence (P<0.05) on the color of noodles. The 
color ranges from 45.46 %-54.79 % (Table 1). The highest white 
degree value was obtained in the M1 treatment. In addition to the 
brown pigment of Turbinaria ornata, anchovy flour also plays a role 
in giving color. Wood (2009) reported that the color dried spaghetti 
generally became significantly (P < 0.05) less bright. Fish has six 
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chromatophores, pigment-containing cells that are light reflective. 
They include melanophores, xanthophores, erythrophores, 
iridophores, leucophores, and cyanophores (Luo et al., 2021). 
According to Hata et al. (2021), the main chromatophore found in 
anchovies are melanophores, thus giving brown and black colors, 
contributing to the brown color of the sago noodles. 
 

CONCLUSION 
 
Dry noodles made from sago and cassava enriched with anchovy 
meal affect the noodle’s characteristics. Cooking time ranges from 
6.30-8.20 minutes, rehydration power ranges from 103.20-117.80%, 
the elongation ranges from 114.20%-135.53%, and the color ranges 
from 61.10%-67.77%. The use of an extruder is more efficient and 
practical compared to conventional methods. Gluten-free noodles 
have better physical characteristics using the extrusion method 
compared to the conventional method. 
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