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ABSTRACT:

Fishbone is one of industrial waste that can be used as a calcium source. This study aims to physicochemical and

sensory evaluation of dried noodles, and the contribution of calcium-enriched dried noodles to the Indonesian Recommended Dietary
Allowance (RDA) of calcium. The physicochemical properties (moisture, ash, protein, fat, carbohydrate, calcium, phosphor, water
absorption, cooking loss, and extensibility) and sensory evaluation of dried noodles enriched with catfish bone flour in several variations
(0%, 2%,4%, 6%, 8%, and 10%) were investigated. Catfish bone flour significantly increased protein, fat, calcium, and phosphor content
yet significantly decreased the moisture content, cooking loss, extensibility, and consumer acceptance (appearance and taste) of dried
noodles. Dried noodles enriched with catfish bone flour had a calcium-phosphoros ratio of 1:2 to 2:1. Dried noodles with the catfish bone
flour level 0f 2% seemed to be the most efficient formulation with the Indonesian RDA contribution 0f45.8% in a serving size of 70g.
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INTRODUCTION

Calcium is one of the micronutrients that is substantial in
bone formation. Calcium deficiency can lead to the decrease
of bone density or is widely known as osteoporosis so that the
weakness of bone structure occurred (Heaney, 2006).
Calcium consumption in Indonesia can be categorized as a
low number (254mg/day).

Catfish (Clarias sp.) is one of the fishery commodities that
has a high production level in Indonesia. According to data
from Kementerian Kelautan dan Perikanan (2020), its
production is up to 5.96 million tons. Fisheries industrial
products such as abon and other catfish products produce fish
bones as by-products that have the highest proportion of fish
weight with the number of 32.4% (Firawati, 2018). Catfish
bones can be processed into fishbone flour with calcium
levels up to 17.46% and phosphor content of 5.40%
(Ratnawati et al., 2018). The previous study has verified that
tuna bone flour could be used as an alternative source of
calcium for humans in the form of supplements and
fortificants (Nemati et al., 2017). Another study has shown
that the bioavailability of calcium from tilapia bone flour is as
good as commercial calcium supplements (Hemung &
Sample, 2013). Fishbones that have been processed into flour
can also be applied to a product to meet calcium needs. The
application of fishbone flour into biscuits, pastries, and
cookies has a good level of consumer acceptance (Ferazuma
et al., 2011; Darmawangsyah et al., 2018; Pangestika et al.,
2021). However, the quality of fishbone flour applied in the
products must be in concern. Fishbone flour with high
whiteness value is the desire characteristic to be applied in
products. The method used in the process greatly affects the
quality of the fishbone flour. Previous studies suggested that
protein hydrolysis method with bases was used to obtain
fishbone flour with higher calcium content and whiteness
value (Cucikodana et al., 2010; Putranto et al., 2016;
Ratnawatietal.,2018; Lekahenaetal.,2014).

Noodles are the most favorable products that are widely
known. Dried noodles are wet noodles that have gone

through a drying process so that they have a longer shelf life
(Rosmeri, 2013). In general, the basic ingredient of noodles is
wheat flour. However, in order to minimize wheat
consumption, several studies have developed substitution of
wheat flour with mocaf because mocaf has properties that
seemed to be similar to wheat so that it will produce noodles
with the same characteristics (Rosmeri, 2013; Lala et al.,
2013).

The enrichment of noodles using fishbone flour has been
carried out by Susanti et al. (2011) and Maruka et al. (2016),
however, the contribution of dried noodles enriched with
fishbone flour to the Indonesian Recommended Dietary
Allowance (%RDA) is still rarely discussed. It is expected
that the addition of catfish bone flour to dried noodles can
fulfill the calcium needs. This study aims to determine the use
of catfish bone as a calcium source in dried noodles, its effect
on the physicochemical properties and sensory evaluation of
dried noodles, and the contribution of calcium-enriched dried
noodles to the Indonesian Recommended Dietary Allowance
(RDA) of calcium.

MATERIALS AND METHODS

Material

The catfish bones were obtained from Balibu Food Industry
Yogyakarta. Ingredients of dried noodles (high protein wheat
flour, mocaf flour, water, and salt) were obtained from the
market. The chemicals used in this study are analytical. Water
bath shaker (MRC WBT-200), OXONE manual noodle maker
(PASTA ROLLER 355AM), drying oven (JISICO J-NDS1),
vacuum oven (EYELA WFO-601 SD), muffle furnace
(Barnstead Thermolyne 1400), BUCHI Digestion Unit K424,
BUCHI Distillation Unit K350, BUCHI Soxhlet Unit (B-811),
Atomic absorption spectroscopy (AAS) Perkin Elmer 3110,
and UV-Vis Spectrophotometer (BIO-EQUIP UV-6100) were
used as analytical equipment.
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Fishbone flour preparation

Fishbone flour preparation was carried out based on the
method of Ratnawati et al. (2018) using alkaline hydrolysis
with slight modifications. The catfish bones were washed
thoroughly with water to remove the remaining blood and
dirt and cut into small sizes. The bones were then boiled in
boiling water for 15 minutes with a water-fishbone ratio of
2:1 and the remaining skin and meat were removed. The
catfish bones were soaked for 60 minutes at 60°C using 10%
NaOH solution and stirred slowly in a water bath shaker. The
catfish bones were then washed using distilled water until the
pH was neutral and the remaining NaOH was removed.
Drying was then carried out at 60°C for 24 hours. The dried
fish bones were grounded and sieved through a 100 mesh
sieve. The catfish bone flour was then put into a plastic clip
and stored in a jar for further analysis as well as for the dried
noodles processing. The yield of CBF was investigated as
well as chemical properties such as moisture and protein
content according to SNI 01-2354-2006 (Badan
Standardisasi Nasional, 2006), calcium using Atomic
Absorption Spectroscopy (AAS), and phosphor using
spectrophotometer according to the method of AOAC
(1995). Calcium-phosphorous ratio was calculated from
calcium and phosphorous content obtained by analysis.

Dried noodles preparation

The method of dried noodles preparation was adapted
according to —Rosmeri (2013) with a slight modification.
The ingredients consisting of wheat flour, mocaf flour, salt,
and fishbone flour with several concentrations of 0% (P0),
2% (P1), 4% (P2), 6% (P3), 8% (P4), and 10% (P5) was
mixed. The concentration of fishbone flour was based on the
total solid ingredients. Water was then added to the mixture
little by little and stirred until the dough is smooth and
homogeneous. The dough was incubated for approximately
45 minutes then pressed and molded using a manual noodle
maker. The noodles were then dried at 80°C for two hours.
Dried noodles are packaged and stored for further analysis.
The chemical (proximate, calcium, phosphor) and physical
properties (water absorption, cooking loss, extensibility),
sensory evaluation, and the contribution of dried noodles to
the Indonesian Recommended Dietary Allowance (RDA)
were investigated. Chemical properties analysis was carried
out using the method of SNI 01-2354-2006 (Badan
Standardisasi Nasional, 2006) for proximate analysis,
AOAC (1995) for calcium and phosphor using Atomic
Absorption Spectroscopy (AAS) and spectrophotometer
respectively. Appearance (for uncooked noodles), texture,
flavor, and taste (for cooked noodles) with five levels of
preference scale: extremely like (5), like (4), quite like (3),
dislike (2), and extremely dislike (1) were used for sensory
evaluation

Water absorption and cooking loss

Water absorption and cooking loss analysis were carried out
based on the method described by Lu et al. (2009). Noodles
(5g; Scm each) were weighed (W1) and cooked in 50ml of
water for 4 minutes. The cooked noodles were drained for 1
min and weighed (W2). The cooking water that was obtained
was dried at 105°C for 16 hours. The glass filled with residue
was weighed and the residue could be determined as the
difference between glass filled with residue and the empty
glass. Water absorption and cooking loss can be calculated as
follows:

Water Absorption (%) = (%) x100%

Residue

Cooking Loss (%)= :
Uncooked Dried Noodles

x 100%

Extensibility

Extensibility analysis was carried out using the method
described by Qosim et al. (2018). Noodles were cooked for 4
minutes. The cooked noodles were then stretched on the ruler
until the noodles were broken off. Extensibility can be
described as the percentage of the extension to the length of
noodles before being extended.

Contribution of dried noodles to Indonesian Recommended
Dietary Allowance

The contribution of dried noodles to the Indonesian RDA is

calculated as a percentage of calcium content at a certain

serving size to the Indonesian RDA for calcium based on the

"Nutrition Label Reference" according to the regulation from

BPOM (2016). Microsoft Excel software was used for

calculation with the following steps:

1. Calcium per gram was calculated from (calcium content
obtained from analysis (%) x 1000)/100

2. Calcium at a certain serving size was calculated as calcium
per gramx serving size

3. The contribution of calcium-enriched dried noodles to
Indonesian RDA was described as the percentage of
calcium at a certain serving size to Indonesian RDA for
calcium

Statistical analysis

The design used was a completely randomized design (CRD)
with one factor and six variations. The physicochemical
properties of dried noodles were analyzed using One-Way
ANOVA with Duncan's Multiple Range Test (DMRT) for
further analysis at a 95% confidence level. The sensory
evaluation was analyzed using Kruskal-Wallis test with the
Mann-Whitney for further analysis at a 95% confidence level.
Data analysis was performed using IBM Statistics SPSS
version 22.

RESULT AND DISCUSSION

Characteristic of catfish bone flour (CBF)

The yield and chemical composition of CBF compared to
previous studies can be seen in Table 1. The yield of fishbone
flour in this study was still below 50%. This can be related to
the large amounts of content that were removed when washing
with distilled water after soaking in NaOH solution and the
amount of water lost due to the drying process (Cucikodana et
al., 2010; Trilaksani et al., 2006). The protein content of the
CBF in this study was lower than ' Ferazuma et al. (2011) and
slightly higher than Ratnawati et al. (2018). The protein
hydrolysis method using a strong base like NaOH can cause
the cleavage of the peptide chains in the protein resulting in a
decline of protein content (Ratnawati et al., 2018). However,
not all proteins in fishbones can be hydrolyzed due to the
presence of stromal proteins which are insoluble in acids and
bases (Hemung & Sample, 2013). This can be related to the
higher protein content of CBF in this study than Ratnawati et
al. (2018). In addition, the difference of protein content among
fishbone sources lead to the slightly higher protein content of
CBF.
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The calcium and phosphorus content of CBF was higher than
Ferazumaetal. (2011) and lower thanRatnawati et al. (2018).
CBF in this study and Ratnawati et al. (2018) was processed
by protein hydrolysis using strong bases so that the calcium
extraction from the bone was more effective. Calcium in
bones is attached to protein which mostly consists of collagen
and is difficult to digest by pepsin and pancreatin. Collagen
can cause the formation of water-soluble gelatin when the
heating process is carried out. Hydrolysis with a strong base
accompanied by heating will cause the cleavage of peptide

chains so that the protein will be released from the bones and
no longer attached to calcium(Trilaksani et al., 2006). Amitha
et al. (2019) also suggested that boiling fishbones in NaOH
solution was able to increase the ash content of fishbone flour
with lower protein content than boiling treatment with water.
CBF in this study had a good calcium-phosphorus ratio for
calcium absorption. The calcium will be better to absorb when
the calcium-phosphorus ratio (Ca/P) is 1:1 to 3:1 (Agustini et
al.,2011).

Table 1. The yield and chemical compositionof CBF compared to previous studies

Castooncfoues o srmaeah @0  Ratawatizial20IR)
this study

Yield (%) 35.96=0.001 . 64.89+0.78
Moisture (%) 4.64+0.05 8.72 6.15+0.01
Protein (%) 15.09+0.017 51.15 12.35+0,03
Calcium (%) 8.37+0.05 5.68 17.46001
Phosphor (%) 2.28+0.002 378 5 40+0.03

Ca:Pratio 3.5:1 1.5:1 321

Values areshownas anaverage+ SD.

Chemical characteristics of dried noodles

The chemical characteristics of dried noodles can be
represented as proximate composition and calcium and
phosphorous content. The proximate composition of dried
noodles is shown in Table 2 and the calcium and phosphorus
content of dried noodles can be seen in Figure 1. The
moisture and carbohydrate content of dried noodles
decreased as the levels of CBF added increased (p<0.05).
This is due to the addition of solids causing the moisture
content of the product to decrease. In addition, calcium in
CBF reacts with water particles by binding to hydroxide

anions (OH) from water particles and leads to the decrease of
the water in the mixture (Darmawangsyah et al., 2018). The
decrease of the carbohydrate can be related to the increase of
other chemical compositions because the carbohydrate was
calculated by difference. Dried noodles enriched with CBF
had higher ash, protein, and fat content than control (P0)
(p<0.05). The ash, protein, and fat content of dried noodles
increased as the levels of CBF increased. It can be related to
the contribution of the nutritional content of CBF.

3.50
O Calcium mPhosphorous CaiP=1.68:1
265
3.00
2.24¢
2.50
_ I
B
o 200 1.78¢
3 E2 1,58
8 1.50 1.40¢
1.20¢
0.09¢
1.00 0.72b 0.75
520 0.132
0.052
000 L=l
PO P1 P2 P3 P4 P5

Figure 1. Calcium and phosphorous content of dried noodles. Values are shown as an average = SD. Values followed by

different superscript letters are significantly different (p<0,05).

Dried noodles enriched with CBF had greater calcium and
phosphorus content than control (P0) (p<0.05). The calcium
and phosphorus content of dried noodles increased as the
levels of CBF increased. It can be indicated that CBF has a
contribution to the increase of calcium and phosphorus
content of dried noodles. The best calcium absorption is
when the calcium-phosphorus ratio ranges from 1:1 to 3:1
(Agustinietal.,2011). —Loughrill etal., 2017) also reported
that the appropriate range of calcium-phosphorus ratios for

food products is from 1:1 to 2:1. The absorption of calcium
and phosphorus in the intestine is regulated by 1,25-dihydroxy
vitamin D. The absorption will be disrupted when the amount
of calcium and phosphorus intake is not balanced —(Goff,
2018). In addition, calcium phosphate complexes will be
formed in the intestine. A higher amount of phosphorus intake
will impair the calcium absorption so that free calcium levels
in the blood decline inducing an increase of parathyroid
hormone and osteocalcin which can lead to a lower bone
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density. In contrast, greater calcium intake will also result
in poor absorption of both calcium and phosphorus
(Koshihara et al., 2004; Lamberg-Allardt & Kemi, 2017,
Sax, 2001; Takeda et al., 2014). In conclusion, the calcium-
phosphorus ratio of dried noodles with the CBF levels of2%-

Table 2. Proximate composition ofdried noodles

10% (P1-P5) was still in the range. Based on the chemical
characteristics of dried noodles, P5 gave the highest
contribution to the calcium level. However, there are still
some factors that should be in concern to decide the best
formulation of dried noodles.

NEES?es Moisture (%) Ash (%) Protein (%) Fat(%)  Carbohydrate (%)
PO 1177£023° 12720 11°  9462004°  0472005° 8441019
Pl 1105£0.15°  274%026"  10.07+0.10° 0.55+0.15* 83414067
P2 1056£020°  461+005°  10.60£008  0.88+0,12°  80.98+0.15
P3 10 69+0.13¢ 6.13+0.11¢ 10 85+0.01¢ 1.09+0.07¢ 79.39+0,15
P4 9.320.18¢ 741£005¢  1086+006%  108+003° 7856017
P5 8.620.14¢ 863+009° 11012012 134012  77.18+0.14'

Values are shownas anaverage+ SD. Values followed by different superscript letters in the same columnare

significantly different (p<0.05).

Physical characteristics of dried noodles

The physical characteristics of the dried noodles are shown
in Table 3. CBF did not have a significant effect on the water
absorption of dried noodles (p<0.05). A similar finding was
also reported by Desmukh et al. (2019) that the addition of
millet flour had no significant effect on water absorption.
However, different results are obtained from other studies in
which the addition of tilapia bone flour, banana flour, oyster
mushroom flour significantly increased water absorption
—(Anggraeni and Saputra, 2018; Arora et al., 2018;
Sirichokworrakit, 2014). The protein in the mixture
including gluten in the noodle dough will undergo
denaturation during heating and lead to a network formation
between proteins that can prevent water from entering the
noodle dough resulting in a chewy noodle texture. The
addition of solids will impair the network formation causing
the water absorption to increase(Anggraeni & Saputra,
2018; Kovacs et al., 2004). The difference in results among
several studies is due to the differences in the composition
and formulation used.

Cooking loss of dried noodles increased as the CBF levels
increased up to 4%, and decreased until the CBF level was
8%. Similar results also demonstrated the increase of
cooking loss due to the addition of tilapia bone meal, mung
bean flour, oyster mushroom flour, and banana flour
—(Anggraeni & Saputra, 2018; Arora et al., 2018;
Sirichokworrakit, 2014; Slathia et al., 2016). Cooking loss is
a solid content (mostly starch) that leached out during
heating —(Arora et al., 2018). It can be related to the
weakening of protein-starch bonds in the dough so that it is

unable to hold solid particles leaching out of the dough
—(Aroraetal.,2018; Aydin & Gocmen, 2011). The decrease of
cooking loss at a CBF level of 8% can be related to the strong
protein network due to the higher protein content in the dough.
During heating, the proteins in the dough undergo
denaturation which generates the formation of a three-
dimensional network between proteins followed by gel
formation that can strengthen the structure of the dough and

prevent cooking loss (Kovacs et al., 2004; Totosaus et al.,
2002).

The extensibility of the dried noodles decreased as the levels
of CBF increased up to 2% and rose until the CBF level of 4%.
The decrease of extensibility is similar to the study reported by
Sirichokworrakit (2014) in which the addition of tilapia bone
meal led to a decrease of extensibility. It can be related to the
disruption of the dough structure due to the addition of solids
in the dough which can impair gluten network formation
during heating (Sirichokworrakit, 2014). The increase of
protein content due to the contribution of CBF led to an
increase of extensibility at a CBF level of 4%. The protein
denaturation will occur and the three-dimensional network
was formed followed by gel formation. It causes a strong
structure formed in the dough which can lead to a chewy
texture due to the gel formation(Kovacs et al., 2004; Totosaus
et al., 2002). A similar result was reported by «(Arora et al.,
2018) in which the addition of mushroom flour to noodles led
to an increase of extensibility.
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Table 3. Physical characteristics of dried noodles

Nll:))rolstiles Water Absorption (%) CookingLoss (%) Extensibility (%)
PO 155+£7.07° 6.32+0.07% 31.58+148
P1 180+0.00* 6.11+0.13* 1895+1.48"
P2 155£7.07° 7.82+0.22¢ 2421+1.48¢
P3 165£7.07 6.77+0.18° 25.79+0.74¢
P4 150=14.14* 5.81+0.45* 25.79+0.74¢
P5 165+7.07* 583+0.02* 22.63+£223¢

Values are shownas mean +SD. Values followed by differentsuperscript letters in the same column are

significantly different (p<0.05).

Sensory evaluation

The sensory evaluation of the dried noodles can be seen in
Figure 2. The addition of CBF did not have a significant
effect on the texture and aroma (p<0.05), but significantly
decreased the appearance and taste. Nevertheless, the
consumer acceptance level of the four attributes was still in
the acceptable range and P1 was the most acceptable. The
decrease of appearance can be related to the low moisture of
the dough so that it had a rough appearance on the surface.

5.0

The addition of CBF increased the number of solids in the
dough which can lead to an unbalanced water-solid ratio.
Calcium from CBF binds to the hydroxide anion (OH') from
water particles in the dough and causes the water content to
decrease (Darmawangsyah et al., 2018). The increase of ash
content can cause the color of the dough to become darker and
reduce the level of consumer acceptance. Flour and products
with higher ash content tend to have a darker color (Chambo
etal.,2018; Suas, 2009).
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Figure 2. Sensory evaluation of dried noodles on the attributes of appearance (A), texture (B), aroma (C), and taste (D). Values
are shown as an average. Values followed by different superscript letters are significantly different (p<0,05)

The decrease of taste can be linked to the taste of fish in dried
noodles which is less preferred by the panelists. The taste of
fish in dried noodles can be related to the protein and fat
content of CBF which are some of the flavor precursors. The
boiling process of noodles causes the formation of volatile
compounds from flavor precursors that can lead to a
distinctive aroma and taste (Kosowska et al., 2017; Purba,
2014).

Contribution of dried noodles to Indonesian RDA for
calcium

The contribution of dried noodles to the Indonesian RDA for
calcium was calculated based on the "Nutrition Label
Reference" regulated by BPOM RI (2016). Indonesian RDA
for calcium is 1100 mg per day. The contribution of dried
noodles to the Indonesian RDA for calcium at a serving size
of 70g compared to several commercial dried noodles are

shown in Table 4. The serving size of 70g was chosen based on
the serving size of commercial instant noodles. Dried noodles
with CBF levels of 2% to 10% had a greater contribution to
Indonesian RDA for calcium compared to the commercial
dried noodles and control (P0). It indicates that CBF can be
used as a calcium fortificant that can prevent people from
calcium deficiency. However, it is necessary to consider the
efficiency of daily calcium consumption and CBF used as
fortificant.

According to the on the regulation of "Supervision of Claims
on Labels and Advertisements of Processed Food", food
products (in solid) can be categorized as a source of
vitamins/minerals when the contribution to Indonesian RDA
of 15% at a 100g and can be categorized as high/rich in
minerals when the contribution to Indonesian RDA is two
times higher than the 15%. Dried noodles at a CBF levels of
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2% (P1) contributed to the Indonesian RDA for calcium at
the number of 65.5% in 100g servings size and could be
categorized as "High Calcium". Therefore, P1 seemed to be
the best and the most efficient formulation based on its

contribution to Indonesian RDA for calcium. In addition, P1
has physical characteristics and the sensory evaluation that
was not significantly different from the control (P0).

Tahle 4. The contnbution of d ned noodles to Indmesian RDA for caleum

Servingsee; Tl g

Dined Noodles mg{ afservingsize % RDA
] £ il
Pl 504 458
P2 Q82 w3
P3 1245 1132
P4 1567 1424
P35 1854 1685
Commercial 1 1 20
Commencial 2 17 1.5
Commenrcial 3 14 1.3

Recommended Dietary Allowance s basedon daily energy needs of 21 50kcal

CONCLUSION

The addition of CBF increased the protein, fat, calcium, and
phosphorus levels of dried noodles but significantly
decreased water content. CBF had no significant effect on the
water absorption but increased cooking loss until the CBF
level of 4% and rose again at a CBF level of 8%. The
extensibility of dried noodles decreased at a CBF level of 2%
and increased at a CBF level 0f4%. All formulation were still
in acceptable sensory range but P1 was the most acceptable.
P1 (2%) was the best and most efficient formulation because
it contributed to the Indonesian RDA for calcium at the
number of 45,8% at a serving size of 70g and could be
categorized as a "High Calcium" at a serving size of 100g.
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