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Abstract
Indonesia is one of the countries with the largest consumption of instant noodles. The demand for 

wheat imports has increased along with the increased consumption of noodles made from wheat flour. Sago 
flour is recommended for use as a raw material for noodles. The nutritional content of fish can increase the 
nutritional value of noodle products. This study aimed to determine the optimal concentration of skipjack 
tuna flour for sago flour-based dry noodles based on their lightness value and consumer preferences. The 
study included five treatments for sago-based dry noodles: control, skipjack tuna flour 2, 4, 6, and 8%. 
Dry noodles were then analyzed for lightness value and organoleptic. The best treatment then analyzed 
chemical composition (protein and ash content) and microstructure. The addition of skipjack tuna flour 
had a significant effect (p<0.05) on the lightness, aroma, and overall parameters. The lightness, aroma, and 
overall value of the 8% skipjack tuna flour were better than the control and other treatment noodles. Dry 
noodles with the addition of 8% skipjack tuna flour had a fragrant aroma, slightly less clear color, a delicious 
noodle taste, and a texture close to chewy; therefore, it was still acceptable to panelists. The noodle treatment 
with the incorporation of 8% skipjack tuna flour produced a high protein content of 5.56% (dry weight) and 
ash content of 1.12% (dry weight). Noodles with skipjack tuna flour (8%) have slightly truncated elliptical 
granules, and wheat noodles have elliptical granules. 
Keywords: ash content, fish-based protein, fortification, lightness value, microstructure

Karakteristik Mi Kering Berbasis Tepung Sagu yang Diperkaya 
Tepung Ikan Cakalang (Katsuwonus pelamis) 

Abstract
Indonesia merupakan salah satu negara dengan konsumsi mi instan terbesar. Permintaan impor 

gandum meningkat seiring dengan meningkatnya konsumsi mi berbahan tepung terigu. Tepung sagu 
direkomendasikan untuk digunakan sebagai bahan baku mi. Kandungan gizi ikan dapat meningkatkan nilai 
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INTRODUCTION
Indonesia is one of the countries 

with the largest consumption of instant 
noodles worldwide, where in 2020 a total 
consumption of 12,640 million servings 
occurred (World Instant  Noodle Association, 
2021). The growing consumption of noodles 
in Indonesia suggests that noodle products 
are highly favored by consumers. Indonesians 
have a preference for consuming a variety of 
noodles. According to Okoye et al. (2008), 
the preparation of noodles involves a dough 
without yeast, followed by the stretching, 
extrusion, and cutting of noodle strands 
into diverse shapes. Noodles are generally 
prepared from semolina, wheat flour, and 
water. In addition, there are raw materials, 
such as mocaf flour, tapioca flour, and corn 
flour  (Lena et al., 2022; Rahmawati et al., 
2024). In addition, noodles are a popular 
product because of their long shelf life and low 
cost (Fradique et al., 2013).

The demand for wheat imports 
has increased along with the increased 
consumption of noodles made from wheat 
flour. This could potentially reduce the 
country’s foreign exchange reserves due to the 
increased demand for noodles, which in turn 
leads to an increase in the volume of wheat 
imports and the consumption of gluten-
containing wheat flour. Gluten is a cohesive 
mass consisting of gliadin and glutenin, which 
influences chewy cooking properties and 
elasticity so that the dough does not break 
easily (Wrigley et al., 2006). Sago is a food 
commodity that generates significant amounts 
of carbohydrates within stable and sustainable 
ecosystem dynamics (Bantacut, 2011). 

According to Mawaddah et al. (2021), sago 
starch has a high swelling capacity of 97%. 
The nutritional composition of sago starch is 
moisture content 40.21%, protein <0.10%, fat 
0.15%, ash 0.20%, and carbohydrate 80.45% 
(Mustafa et al., 2019). Researchers recommend 
using sago flour as a raw material for noodles 
(Litaay et al., 2023) and suggest its potential 
as a main food ingredient substitute for wheat 
flour (Suparmi et al., 2021; Pari et al., 2024).

Sago offers several advantages, 
including being gluten-free, having a high-
resistance starch content, a low glycemic 
index, providing high nutrition (calcium, 
phosphorus, iron, and high carbohydrate 
content), and serving as a viable replacement 
for wheat flour (10–20%). Sago’s high 
carbohydrate content contrasts with its low 
protein content, necessitating the addition of 
protein sources, such as fish, to enhance the 
protein content of noodles (Litaay et al., 2022b). 
Gluten-free noodles or pasta incorporate 
several proteins, including rice protein, casein, 
and egg white powder (Park & Kim, 2023). 
The incorporation of animal proteins, such 
as fish, is useful for increasing the nutritional 
content of sago-based products (Novitasari, 
2020; Litaay et al., 2022b). The nutritional 
content of fish can increase the nutritional 
value of noodle products. According to Brito 
et al. (2019), fish are nutritionally beneficial 
to health. Low fish consumption can affect 
stunting, health, and food security  (Litaay et 
al., 2021).

Functional foods are being 
increasingly developed in line with the 
increasing demand for fish protein ingredients 
(Thorkelsson et al., 2009). A lot of different 

gizi produk mi. Penelitian ini bertujuan untuk menentukan konsentrasi tepung ikan cakalang yang optimal 
untuk mi kering berbahan tepung sagu berdasarkan karakteristik kecerahan dan kesukaan konsumen. Mi 
kering berbahan dasar sagu terdiri dari lima perlakuan, yaitu kontrol, tepung ikan cakalang 2, 4, 6, dan 8%. 
Parameter yang dianalisis meliputi lightness dan organoleptik. Perlakuan terbaik kemudian dianalisis kadar 
protein, abu, dan mikrostruktur. Penambahan tepung ikan cakalang memberikan pengaruh yang nyata 
(p<0,05) terhadap parameter lightness, aroma, dan keseluruhan. Lightness, aroma, dan nilai keseluruhan mi 
tepung ikan cakalang 8% lebih baik dibandingkan dengan kontrol dan perlakuan lainnya. Mi kering dengan 
penambahan tepung ikan cakalang 8% memiliki aroma harum, warna agak kurang bening, rasa mi enak, 
dan tekstur mendekati kenyal sehingga masih dapat diterima panelis. Perlakuan mi dengan penambahan 
tepung ikan cakalang 8% menghasilkan kadar protein tinggi, yaitu 5,56% (bk) dan kadar abu 1,12% (bk). 
Mi dengan penambahan tepung ikan cakalang 8% memiliki butiran elips agak terpotong, sedangkan mi 
gandum memiliki butiran elips. 
Kata kunci: fortifikasi, kadar abu, mikrostruktur, nilai kecerahan, protein berbasis ikan
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researchers have used fish in food products, 
such as catfish flour in dry noodles (Hastuti 
et al., 2023), tilapia fish and snakehead fish 
(Fitriani, 2018), seaweed flour (Murniyati 
et al., 2010), skipjack flour added to instant 
taro porridge (Yulianti, 2018), eel flour flakes 
(Mayasti et al., 2022), lemuru biscuits (Asare 
et al., 2018), crackers (Junianto et al., 2019), 
wet noodles made from long-jawed mackerel, 
mackerel tuna, and pangas catfish flour 
(Amalia et al., 2024), and noodles made with 
anchovy meal, mackerel, and tuna.

Skipjack tuna is one of Indonesia’s 
leading commodities, with its total export 
valuation in early 2023 reaching US$330,050, 
or the equivalent of IDR 5.1 billion.   The 
export target for skipjack tuna reaches around 
3,500 tons. The catch of skipjack tuna in 2023 
was 29,488.5 tons (Budiman, 2024). The 
protein content of skipjack tuna is 25.29% (db) 
(Nurjanah et al., 2015), and after processing 
into flour, it increases to 82.86% (db) (Litaay, 
2012; Litaay & Santoso, 2013). Skipjack tuna 
has a chemical composition of 20.15% protein, 
1.94% ash, 73.03% moisture, 3.39% fat, and 
2.35% carbohydrate (Intarasirisawat et al., 
2011). The protein in skipjack tuna consists 
of 9 essential amino acids (tyrosine, histidine, 
valine, threonine, isoleucine, methionine, 
lysine, phenylalanine, leucine) and 6 non-
essential amino acids (glutamic acid, glycine, 
alanine, aspartic acid, serine, arginine) (Yusida 
et al., 2014; Putri, 2018). Skipjack tuna has the 
potential to diversify local food, for instance, 
by processing it into flour and incorporating it 
into various food matrices. Skipjack tuna flour 
had protein and fat content of 82.86±0.42% 
and 1.10±0.00%, respectively, on a dry basis 
(Litaay, 2012; Litaay & Santoso, 2013). The 
high nutritional content of skipjack tuna 
remains underutilized. According to Lahagu 
et al. (2023), the potential for developing the 
nutritional value and benefits of skipjack tuna 
remains limited due to its limited utilization. 
The use of Skipjack’s fish meal can enrich the 
protein content of noodles. This study aimed 
to determine the optimal concentration of 
skipjack tuna flour for sago flour-based dry 
noodles based on their physicochemical 
characteristics and consumer preferences.

MATERIALS AND METHODS
Production of Skipjack Tuna Flour

Skipjack tuna (Katsuwonus pelamis) 
was obtained from a local market in Tulehu, 
Salahutu Village, Central Maluku Regency, 
Indonesia. Skipjack tuna fish flour was 
prepared according to the method described 
by BSN (2013) with modification. The process 
of preparing fish meal involves washing the 
fish with clean water to remove dirt, followed 
by removing the head, gills, stomach contents, 
tail, and scales. The next process is filleting 
(separating from the skin and bones) the 
fish meat, which will be immersed in 0.8% 
sodium bicarbonate immersion for 6 hr. The 
next stage is boiling for 10 min at 80°C, then 
pressing (Press-Tokyo Jepang) for 10 min, 
drying (Heraeus) at 50°C for 5 hr, and sifting 
(60 mesh sieve).

Production of Dry Noodles
The preparation of dry noodles was 

referred to BSN (2015) with modification. 
Sago flour was obtained from a local market 
in Ambon City (Maluku, Indonesia), which is 
produced by a home industry. The sago flour 
(Metroxylon sp.) had a carbohydrate content of 
83.35% on a dry basis before the experiment. 
Table 1 presents the formulation for making 
dry noodles. The dry noodle formulation is 
made based on the percentage of sago flour, 
namely 2, 4, 6, and 8%. All dry ingredients 
(sago flour and skipjack tuna flour) were 
mixed in a mixer (Philips HR 1559/10, China) 
at a speed of 1 for 15 min, and then water and 
salt were added slowly. The dough is mixed 
in a mixer for 15 min, and then the starch 
is pregelatinized for 30 min by steaming the 
dough (60°C). Next, the noodle strands were 
formed at an extruder and then tempered 
at room temperature (27°C)  for 48 hr. Dry 
noodles were then analyzed for lightness value 
and organoleptic. The best treatment then 
analyzed chemical composition (protein and 
ash content) and microstructure.

Lightness Analysis (Gaurav, 2003)
Color lightness testing was identified 

using the Minolta Chroma Meter (type CR 
200, Japan). The instrument uses white as the 
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standard color to calibrate the chromameter. 
Place the sample for use in a flat container. The 
analysis of color lightness was carried out by 
reading the color scale on a color reader with 
the parameter lightness (L).

 
Organoleptic Analysis (Soekarto 
& Hubeis, 2000)

A scoring test was used to determine 
organoleptic/sensory quality characteristics. 
The test was performed using dry sago 
noodles, which were boiled according to the 
cooking time provided in wet form and coded 
according to the treatment. The panelists 
were asked to perform the assessment. The 
assessment was carried out by 20 untrained 
panelists (11 women and 9 men), including 
texture, odor, taste, and color, using the 
organoleptic test assessment criteria. Table 
2 presents the organoleptic test assessment 
criteria.

Protein Content Analysis (AOAC, 
2005)

A sample of 0.1-0.5 g of noodles was 
placed in a 100 mL Kjeldahl flask (Pyrex, 
China), and K2SO4 (1.9 mg), HgO (40 mg), 
and H2SO4 (2 mL) were added. Next, the 
heating process was performed for 1-1.5 hours 
until the solution was clear. The solution was 
then added to distilled water (1-2 mL) and 40% 
NaOH (20 mL) and then distilled. The results 
were put into a Pyrex 125 mL Erlenmeyer flask 
along with 5 mL of H₃BO₀ and 2–4 drops of 
indicator. Next, 8–10 mL of NaOH-Na₂S₂O₃ 
was added. Distillation was stopped when the 
volume was 15 mL, dilution was carried out 
to 50 mL, and titration was performed with 
HCl (0.02 N) until the color was pink. We 
calculated the total nitrogen content using 
Formulas 1 and 2.

Table 1 Dry noodle formulation with different concentrations of skipjack tuna flour

Ingredients
Skipjack tuna flour addition to dry 

noodles (%)
0 2 4 6 8

Sago flour (g) 78.74 77.52 76.34 75.19 74.07
Skipjack tuna flour (g) 0.00 1.55 3.05 4.51 5.93
Salt (g) 1.57 1.55 1.53 1.50 1.48
Water (mL) 19.69 19.38 19.08 18.80 18.52

Tabel 1 Formulasi mi kering dengan perbedaan konsentrasi tepung ikan cakalang

Table 2 Organoleptic test assessment criteria

Scale Aroma Color Taste Texture
1 Very less fragrant Very less bright Very less delicious Very less chewy
2 Less fragrant Less bright Less delicious Less chewy
3 Slightly less fragrant A slightly less bright 

yellow/brownish
A bit less delicious A slightly less 

chewy
4 Fragrant Bright yellow Delicious Chewy
5 Slightly more 

fragrant
A bit brighter A bit more delicious Slightly chewier

6 More fragrant Brighter More delicious Chewier
7 Very more fragrant Very brighter Very more delicious Very chewier

Tabel 2 Kriteria penilaian organoleptik

N (%) =                                          × 100(A-B)×NHCl×14 
sample (mg)

Protein (%) = N × conversion factor (6.25)
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one treatment, namely the concentration of 
skipjack tuna flour (Steel & Torrie, 1993). Data 
on protein and ash that were significant (p<0,05) 
were further analyzed using the Duncan test. 
Organoleptic results were analyzed using 
the Kruskal-Wallis nonparametric statistical 
test (Mattjik & Sumertajaya, 2006). Data 
on aroma, color, taste, and texture that were 
significant (p<0,05) were further analyzed 
using the multiple comparison test. Data 
were analyzed in three replications. Data were 
processed using IBM SPSS Statistics 20 (IBM 
Corp., USA).

RESULTS AND DISCUSSION
Organoleptic and Lightness 
Characteristics

The addition of skipjack tuna flour had 
a significant effect (p<0.05) on the lightness 
of noodles. The control treatment was not 
significantly different from the 2, 4, and 6% 
skipjack tuna flour treatments, but it was 
significantly different from the 8% treatment. 
The addition of 8% skipjack tuna flour yielded 
the highest lightness value (48.34), suggesting 
that the noodles tended to be bright or white 
in color. The more skipjack tuna flour added 
to sago starch, the more significant was the 
effect of skipjack tuna flour on increasing the 
lightness value. Table 3 presents the lightness 
values.

Irsalina et al. (2016) showed that 
noodles supplemented with 20% motan fish 
flour (Thynnichthys thynnoides) decreased 
the lightness value. Supplementation with 
bean by-products significantly decreases the 
lightness value of dry noodles (Sofi et al., 
2019). Meanwhile, noodles in the treatment 
without skipjack tuna flour had the lowest 
color lightness value of 42.49. This result is in 
line with the research of Hidayat & Rosidah 
(2022), where the lightness value of corn 
tortillas without the addition of snakehead fish 
bone flour was 55.58 and increased to 63.08 
with the addition of 6% snakehead fish bone 
flour. The difference in color lightness occurs 
due to differences in the concentration of 
skipjack tuna flour and the reaction between 
the proteins and reducing sugars. The lightness 
value rose as the concentration of skipjack 
tuna flour in the noodle dough increased. 

Ash Content Analysis (AOAC, 
2005)

Ash content was measured by a dry 
ashing method. The cup was dried in an oven 
(Heraeus, Spain) at 100-105°C for 30 min and 
cooled for ±30 min, then weighed. A total of 
5 g of sample was put into a cup, then burned 
at a temperature of 400°C, then 550°C, for 12-
24 hours until the weight was constant. The 
cup was cooled for 30 min in a desiccator (scn 
simax, UK) and weighed. Calculation of ash 
content based on:

Microstructure Analysis (Toya et 
al., 1986)

The microscopic structure of sago 
noodles with the incorporation of fish protein 
was observed using SEM S-4800 (Hitachi, 
Madrid, Spain). The sample is sprinkled 
on the specimen holder, which is covered 
with double sticky tape, then coated with 
a gold-platinum thickness of 400 Ǻ (JFC-
1100) in an ion sputter machine. The sample 
that has been coated with palladium gold 
is then inserted into the SEM machine for 
shooting at 150× magnification for granule 
differences and 500× magnification for the 
inner section structure. The results show a 
three-dimensional image of the surface of the 
granules and the inside cross-section of the 
sago noodles incorporating fish protein. The 
observed samples included noodles without 
fish protein (control), noodles with 8% fish 
protein, commercial sago noodles, and wheat 
noodles.

Statistical Analysis
Data were analyzed using the one-way 

ANOVA method. The study design used a 
completely randomized design (CRD) with 

Note: 
A = sample titration (mL)
B = titration blank (mL)
N = nitrogen (%) 

Ash (%)  =            × 100(A-B)
C

Note: 
A = final weight (g)
B = weight of empty cup (g)
C = sample weight (g)
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Table 3 Hedonic and lightness value of noodles based on sago flour and skipjack tuna flour

Skipjack tuna 
flour (%) Lightness Aroma Color Taste Texture Overall

0 42.49±0.37ba 2.65±0.75ba 4.15±1.42a 3.25±0.79a 4.35±1.46a 3.60±0.79b

2 42.64±0.01ba 4.10±0.64aa 3.45±0.83a 3.75±0.64a 4.10±1.02a 3.85±0.27a

4 42.58±0.06ba 3.35±0.67ab 3.50±0.83a 3.70±0.80a 4.05±1.10a 3.65±0.26b

6 43.41±0.28ab 3.55±0.69ab 3.55±0.94a 4.00±0.92a 3.85±0.75a 3.74±0.19a

8 48.34±0.25aa 4.00±1.30aa 3.75±1.02a 4.05±1.10a 3.80±1.01a 3.90±0.13a

Tabel 3 Penilaian hedonik dan kecerahan mi berbasis tepung sagu dan tepung cakalang

The percentage of skipjack tuna flour in the 
noodles influenced their lightness value. The 
increase in the lightness value of the noodles 
was because the deproteinization process 
occurred perfectly. According to Hidayat and 
Rosidah (2022), an imperfect deproteinization 
process can result in a Maillard reaction.

Aroma
Aroma is also an important factor in 

determining the level of consumer acceptance 
of a product because before eating, consumers 
usually first smell the product to judge whether 
the product is appropriate to be eaten, and the 
difference in the concentration of skipjack 
tuna flour significantly affected the assessment 
of noodle aroma (p<0.05). The control 
treatment was not significantly different from 
the 4% and 6% skipjack tuna flour treatments 
but was significantly different from the 2% 
and 8% treatments (Table 3). The results 
showed that the 2% and 8% treatments had 
a preference value of 4.10 and 4.00 (fragrant 
aroma), and the control treatment had a value 
of 2.65 (less fragrant aroma). The addition of 
skipjack tuna flour to sago noodle products 
demonstrated its ability to influence the 
aroma, owing to the distinct aroma of skipjack 
fish. Zuhri et al. (2014) stated that the higher 
the concentration of catfish flour, the lower 
the panelists’ preferred level of aroma noodles. 
The study’s results revealed that the panelists 
preferred the distinctive aroma of skipjack 
tuna, which enhanced the aroma value of dry 
noodles containing skipjack tuna flour over 
control noodles. Fish protein and nitrogen 
components, namely guanidine and aroma, 
contribute to the distinctive odor of fish. The 
addition of skipjack tuna flour to noodles 

resulted in a higher aroma value compared to 
the control, likely due to the unique aroma of 
skipjack tuna. Setiawan et al. (2013) stated that 
the addition of snakehead fish meat residues 
affects the aroma of snakehead fish crackers.

Color
Color is an important component 

in determining the quality or degree of 
acceptance of a food product, as an attractive 
color can determine the degree of acceptance 
or fondness. If the color gives the impression 
that the food is not attractive or has deviated 
from the color that the consumer feels it 
should have, the consumer will tend to reject 
it. The assessment of noodle color was not 
significantly affected by the difference in the 
concentration of skipjack tuna flour (p>0.05) 
(Table 3). The results of the panelists’ test on 
the color of dry noodles ranged from 3.45 
to 4.15, with a slightly less bright yellow/
brownish to bright yellow scale. The addition 
of 20% tuna flour to cooked dry noodles 
did not affect panelists’ preference for color 
attributes (Canti et al., 2020). Fish flour 
addition and pigment degradation during 
the pre-gelatinization process lead to color 
change. Noodles with different concentrations 
of skipjack tuna flour did not affect the color 
results. Skipjack tuna has a myoglobin content 
that causes the meat to turn reddish-brown. 
Chaijan & Panpipat (2009) stated that high 
myoglobin content can cause meat to turn 
reddish-brown. Color indicates a chemical 
change in the food, such as reddish-brown, 
yellow, white, or reddish-yellow to the color of 
sago noodles. Color change occurs because of 
enzymes that encounter air during the drying 
process (Julianti et al., 2011). 
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Taste
Taste is an important factor in 

determining consumers’ decisions to accept 
or reject food. If the taste is poor, consumers 
will reject the product even if the other 
parameters are good. We recognize four basic 
types of flavors: sweet, salty, sour, and bitter, 
while other tastes are a combination of these 
basic tastes (Fellows, 2001). The assessment of 
noodle taste was not significantly affected by 
the difference in the concentration of skipjack 
tuna flour (p>0.05) (Table 3). The panelists 
tested the taste of dry noodles and found 
that 6% and 8% were delicious, while 0, 2, 
and 4% were slightly less delicious. The taste 
of noodles with the addition of skipjack tuna 
flour was acceptable to the panelists and was 
not significantly different from that of noodles 
without the addition of skipjack tuna flour. 
Noodles without skipjack tuna flour had a 
low taste value because they tasted bland. The 
addition of skipjack tuna flour to sago noodles 
resulted in a distinctive taste, according to the 
panelists’ preferences. Dry noodles with 20% 
tuna fish meal did not affect the taste value 
(Canti et al., 2020). The taste of dry noodles 
with a concentration of 5% catfish protein 
added had the highest score, and the taste 
of the noodle product was the most liked by 
panelists (Zuhri et al., 2014).

Texture
Texture is also a parameter that 

determines the product selection. The 
assessment of noodle texture was not 
significantly affected by differences in the 
concentration of skipjack tuna flour (p>0.05), 
as shown in Table 3. The panelists’ test for the 
texture of dry noodles ranged from 3.80 to 
4.35, with a slightly less chewy to chewy scale. 
The greater the amount of skipjack tuna flour, 
the less chewy the noodles are. This result 
aligns with Marsaoly & Mahmud’s (2020) 
assertion that adding a higher concentration 
of fishbone mel lowers the panelists’ preference 
level. The addition of fish flour at high 
concentrations reduces texture acceptance 
(Iman, 2017). Lawless & Heymann (1998) 
stated that the addition of proteins reduces the 
level of elasticity of the product. The presence 
of protein in raw materials leads to a decrease 

in product development, and this reduction 
varies depending on the type and amount 
of protein present in the raw material. The 
difference in skipjack tuna flour concentration 
did not significantly affect the texture of the 
noodles due to the influence of amylose and 
amylopectin content. The noodles were made 
from sago flour containing 73% amylopectin 
and 27% amylose. Low amylose content can 
cause a weaker gel structure (Sandhu et al., 
2010).

Overall
Based on the overall sensory results, 

the control dry noodles were not significantly 
different from the dry noodles supplemented 
with 4% skipjack tuna flour but were 
significantly different from the dry noodles 
supplemented with 2, 6, and 8% skipjack 
tuna flour. Dry noodles with the addition of 
skipjack tuna flour provided better aroma 
and taste values than the control noodles 
(0%); therefore, they were acceptable to the 
panelists. The aroma and taste assessments of 
the dry control noodles showed low panelist 
acceptance.   Debbarma et al. (2017) found 
that panelists accepted dry noodles with 20% 
patin fish addition in terms of aroma, color, 
texture, and taste attributes. Panelists prefer 
the color, taste, aroma, and texture of dry 
noodles with 20% skipjack tuna flour (Yulianti, 
2018). Panelists prefer the addition of 20% 
catfish flour to dry mocafwheat flour noodles 
in terms of texture, aroma, color, and taste 
attributes, according to Agustia et al. (2019). 
The addition of 20% skipjack tuna flour to dry 
noodles is still acceptable to panelists because 
it produces dry noodles with a slightly fishy 
aroma, yellow color, and slightly chewy texture 
(Canti et al., 2022).

The Best Treatment
The best-treated noodles were those 

containing 8% skipjack tuna flour. This was 
based on the results of the brightness and 
organoleptic tests, where the lightness value of 
the 8% skipjack tuna flour concentration was 
better than that of the control noodles and 
other treatment noodles. In addition, as seen 
from the organoleptic results, the noodles with 
8% skipjack tuna flour were superior in terms 
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of aroma and overall parameters. Noodles 
with the addition of 8% skipjack tuna flour had 
better organoleptic qualities than the control 
treatment. Dry noodles with the addition of 
8% skipjack tuna flour had a fragrant aroma, 
slightly less clear color, a delicious noodle 
taste, and a texture close to chewy; therefore, 
it was still acceptable to panelists.

Protein and Ash Content of 
Noodles

The results of the study showed that 
the protein content of the best treatment 
of noodles with 8% skipjack tuna flour was 
significantly different from those without 
skipjack tuna flour and commercial noodles, 
while the ash content was not significantly 
different from those without skipjack tuna 
(Table 4). The noodle treatment that included 
8% skipjack tuna flour yielded a high protein 
content of 5.56%, while the ash content was 
1.12% (dw).

The protein content increases with 
the highest fish flour concentrations. This 
demonstrates that the incorporation of 
more fish-based protein leads to an increase 
in the protein content of the noodles. This 
phenomenon is consistent with several studies, 
including the physicochemical properties of 
rainbow trout (Corapci & Guneri, 2020), dry 
noodles fortified with anchovy flour (Litaay 
et al., 2021), and cod fish protein powder 
for pasta (Desai et al., 2018). When tilapia 
fish flour is added to noodles, the protein 
content increases to 13.04%, compared to 
a control of 11.32% (Kencana et al., 2018). 
Additionally, adding 5% fish flour to instant 

noodle products can increase the protein 
content by 10.47% (Agustini & Haryati, 2007). 
The protein content of spaghetti enriched with 
chickpeas (Cicer arietinum) is 30% by 17.4% 
(Wood, 2009), and the protein content of corn 
flakes with 10% anchovy flour (Stolephorus 
commersini) is 13.30% (Rahmi et al., 2018). 
Pasta products incorporating protein-rich 
semolina (Semola rimacinata) raw materials 
produce high protein (Marconi & Messia, 
2021). Therefore, the incorporation of fish-
based protein can enhance the nutritional 
value of noodles made from local non-gluten 
sago, known for its higher protein content. 
SNI 01-3551-2000 (BSN, 2000) mandates a 
minimum protein content of 4.0% for non-
wheat noodles.

In comparison, commercial sago 
noodles show a relatively low ash content 
(0.82% db) compared to 8% skipjack tuna flour 
noodles (1.12% db). Noodles with the addition 
of 8% skipjack tuna flour concentration 
have a higher protein content compared to 
noodles without skipjack tuna flour. Litaay 
et al. (2022a) stated noodles enriched with 
9% anchovy flour had the highest ash content 
compared to control noodles. Also, adding 
20% eel fish meal (Anguilla bicolor) and 14.20% 
motan fish meal (Thynnichthys thynnoides) 
made the ash content go up by 2.59% and 
14.20%, respectively (Irsalina et al., 2016). 
These findings illustrate the importance of 
the fish-based protein incorporation process, 
which significantly influences the ash content 
in enriching noodles. Based on SNI 01-3551-
2000 (BSN, 2000), noodles do not yet have ash 
content standards.

Table 4 Protein and ash content of noodles without skipjack tuna flour, best treatment, and 

Sample Protein content (%) Ash content (%)
Without skipjack tuna flour 0.24±0.00b 0.56±0.11a

8% skipjack tuna flour 5.56±0.03a 1.12±0.09a

Commercial product 0.25±0.00b 0.82±0.21a

Dry noodles* 4.00±0.00b -

Tabel 4 Kadar protein dan abu mi tanpa tepung tuna, perlakuan terbaik, dan komersial
commercial 

*BSN (2000); The followed different letter showed statistically significant difference 
(p<0.05); Standard deviation was calculated on three replicates.
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Noodle Microstructure
The addition of skipjack tuna flour 

to sago-based noodles affected the shape 
of the resulting noodle granules (Figure 1). 
The microstructure test revealed similarities 
between the control noodle granules, without 
the addition of skipjack tuna flour, and 
commercial noodles at 150× magnification, 
with oval-shaped granules. The noodle 
granules with the addition of skipjack tuna 
flour (8%), which have slightly truncated 
elliptical granules, differ from the elliptical 
granules in wheat noodles. According to 
Suarni (2008), a smaller particle size results in 
a smoother and softer product texture.

Figure 2 shows the internal structure 
at 500x magnification; that is, control noodles 
without the addition of skipjack tuna flour 
have a compact and smooth internal structure, 
whereas commercial sago noodles are more 
compact and smoother. This contrasts with 
the internal structure of noodles that have 
been added to 8% skipjack tuna flour, which 
exhibits a compact and slightly rough internal 
structure, while the internal structure of wheat 
noodles is smoother but less compact. Wheat 
noodles, which contain gluten, contribute to 
this difference by making the surface appear 
shiny. The noodles containing anchovy meal 
(7%) had a compact and slightly coarse 

Figure 1 Microscopic structure of sago noodle granules (A) control; (B) with addition of 8% 
skipjack tuna flour; (C) commercial sago noodles; (D) wheat noodles

Gambar 1 Struktur mikroskopis butiran mi sagu (A) kontrol; (B) mi dengan tepung ikan 
cakalang 8%; (C) mi sagu komersial; (D) mi terigu

Figure 2 Internal structure of the noodles (A) control; (B) with addition of 8% skipjack tuna 
flour; (C) commercial sago noodles; (D) wheat noodles

Gambar 2 Struktur bagian dalam mi (A) kontrol; (B) mi dengan tepung ikan cakalang 8%; (C) 
cakalang 8%; (C) mi sagu komersial; (D) mi terigu
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internal structure. These results are consistent 
with those of Fitriani (2004), who found that 
wheat noodles have a shinier surface than 
corn noodles that look rough.

The interaction of free amino groups 
from amino acids or proteins and reducing 
sugars from starch (polysaccharides) shows 
covalent bonds, which play an important 
role in the structure of the product. Product 
structure depends on the strength of protein-
polysaccharide interactions (Hemar et al., 
2002). The interaction between protein and 
polysaccharides influences the structure 
of food; besides that, the pregelatinization 
process can absorb a certain amount of 
water. When fish-based protein is added 
to noodle products, it results in a compact 
and slightly rough internal structure. This is 
because fishmeal could bind water. Fishmeal 
is hygroscopic, which can bind water and 
improve the internal structure of the product, 
thereby reducing loose zones and making it 
more compact and denser (Maruddin et al., 
2018; Valentina et al., 2021).

 
CONCLUSION

The optimal concentration for dried 
noodles made from sago is achieved by adding 
8% skipjack tuna flour to the noodles. The 
lightness value of the 8% skipjack tuna flour 
concentration was better than that of the 
control noodles and other treatment noodles. 
In addition, as seen from the organoleptic 
results, the noodles with 8% skipjack tuna 
flour were better in terms of aroma, taste, 
and overall parameters. The noodle treatment 
with 8% skipjack tuna flour produced a high 
protein content of 5.56% (dw) and ash content 
of 1.12% (dw).
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