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Abstract. A mixture of sago flour and fish flour (Zlisha elongata) can be
used as a composite flour source of raw material for food processing
production of functional value. The research aimed to determine the
characteristics of composite flour from sago and bang fish flour
with concentration. The experimental research method processed
composite flour from sago flour and fish flour with varying additions of fish
flour 1%, 5%, and 10% of the total sago flour. The composite flour was
subjected to a gelatinization process, a cooking method that involves
heating the flour in water to form a gel to obtain its characteristics. The
result showed that the processing of composite flour with fish flour affects
the moisture content, protein, fat, ash, carbohydrates, mineral content, and
profile of the number of essential and non-essential amino acids of
composite flour. The best concentration of composite flour was 10%, with
a high protein of 6.39 and calcium of 2869 mg/kg. Methionine and
glutamate Methionine and glutamate are the highest amino acids, and the
degree of gelatinization is 93.95%. Composite flour, with a concentration
of 10%, has much potential for applied frozen food products (nuggets and
fish balls).

1 Introduction

Indonesia is an archipelagic country that has enormous potential for marine biodiversity. Riau
Province has great potential for marine fisheries, especially in capture fisheries, based on
2019 data reaching 119.274 tons [1]. In the Riau Province area, there is the Meranti Islands
Regency, which is a coastal area with a relatively large potential for capturing fisheries
resources; based on 2017-2019 data, there was an increase (2017 by 1545 tons; 2018 by 1986
tons; 2019 reaching 2696 tons) [1]. Other potentials in the Meranti Islands Regency have
very large sago potential in Riau Province and nationally [2].

Meranti Islands Regency had a sago potential in 2019 of 243.71 thousand tons [2] and
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high marine fisheries potential, one of which is big fish. Biang fish has the potential to be
developed into value-added products. Innovation is needed to obtain products with added
value based on the potential of sago and biang fish because processing into fishmeal has high
nutrition with a protein content of 68%, a calcium content of 364 mg, and phosphorus of 258
mg. This is very important or good for growth [3]. Biang fish flour has the benefit of healthy
digestion and cell growth. In addition, Sago flour has the advantage of controlling cholesterol,
healthy digestion, maintaining bone and joint health, and increasing body fitness.

Fish Ilisha elongata is very popular in Riau Province. Moreover, according to [4], Biang
fish has a high protein content. However, the problem faced at this time is that fish
commodity fishery products are still limited to fresh consumption as a side dish. The
processed product is only salted fish; even though the production of prickly fish is relatively
high, the prickly fish has a lot of spines, so the consumption level is relatively small even
though this fish has a delicious taste and is tasty and is rich in calcium and phosphorus. The
potential for fisheries and sago has not been maximally developed into competitive superior
products in the era of food product globalization. Some research results related to sago flour
include its use in products that require good stickiness. This is because sago has a sticky
texture. After all, it is dominated by amylopectin. Sago flour has a high carbohydrate and
low glycemic content but does not contain additional nutrients such as protein, ash, and fat.
Therefore, blending with the source fish flour requires adding ingredients from other flours
with good protein content. Thus, flour products from sago and biang fish must be developed.
Fish flour in Indonesia is still imported, but the food industry needs it. In addition [5,6], it is
easier to diversify with other additives with flour products.

According to [7], The problem with sago is that some products, such as sago noodles,
have a very low protein value (0.7%), and sago crackers, 0.3% protein; therefore, fish protein
needs to be added for noodle products, crackers, and biscuits. In general, it is necessary to
increase the added value of fish and sago products, which can be done by processing
composite flour to become food products with functional value. This study aims to determine
the characteristics of composite flour (sago and fish) by adding different formulations of fish
flour.

2 Method

2.1 Materials and Equipment

Research materials included 50 kg of fresh Biang fish (/. elongata) weighing between 77 and
95 g, ice cubes, sago flour from a small group processing sago meranti, and consumables
(tissue, soap, hand sanitizer) that were obtained from fishermen in the Selatpanjang Waters,
Meranti Islands Regency, Riau Province. The equipment used in the form of a styrofoam
cork container, ruler, paperboard, freezer capacity of 200 L (Sharp), pressure cooker,
grinding machine, drying oven, flouring machine, 100 mesh sieve, transparent glass bottle
packaging, and tools that support in analysis (ash, moisture, fat, protein, carbohydrates,
mineral content, and amino acid analysis).

2.2 Research method

This research conducted an experimental design by processing composite flour (sago and fish
flour) by adding different fish flours: 0% (control), 1%, 5%, and 10%. Observation and
analysis of composite flour included ash, moisture, fat, protein, and carbohydrate content, the
mineral content of calcium (Ca), Phosphorus (P), Magnesium (Mg), Iodine (I), Magnesium,
Zn, and Fe, as well as total amino acid.
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The research procedure was carried out in stages, namely:

a) Processing of fish flour (/. elongata) is carried out by the wedding and flouring process
of prickly fish by separating the meat and spines/bones from fish waste (head, gills,
entrails, and scales) [4]. The fish was cooked in a pressure cooker system for 60 minutes
and ground until smooth. The crushed meat is dried in an oven at a temperature of 40-
45°C for 36 hours; then, the fish meat is ground to a fine powder with a size of 100 mesh.
The process of making Biang fish flour can be seen in Figure 1.
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Biang fish are cooked with a
presto system for 60 minutes

Y
Grinding meet

v
Lumatted fish meat is placed in a plastic container, then dried
in a drying oven (lamp bulit oven) at 44 °C for 48 hours
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4
Sifting with 100 mesh

V

Biang fish flour

Fig. 1. Flow chart making Biang fish flour

b) The sago composite flour with /. elongata fish flour is processed through gelatinization.
The gelatinization process of sago flour and the fish flour was done by wetting the flour
until moist, then heating and drying (roasted) for 5 minutes. The sago and fish composite
flour were sifted again (100 mesh) [3].
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Fig. 2. Making Composite Flour

2.2 Parameters Analysis

Parameter analysis of sago and fish composite flour processing used the moisture content,
protein, fat, ash, carbohydrate, and mineral and amino acid profile (HPLC).

2.3.1 Proximate [7]

Proximate analysis includes moisture, ash, protein, fat, and carbohydrate content.
2.3.2 Minerals [7]

The minerals analyzed are calcium, phosphorus, iodine, magnesium, zinc, and Fe minerals.
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The principle of total mineral testing is to determine the metal absorption value using the
Atomic Absorption Spectrophotometer (AAS) method, or it can be said to dissolve the
minerals in the sample into an acidic solvent, which is then calculated the mineral content
contained. The sample was weighed in a porcelain cup as much as 2 g, then kiln for 4 hours
at a temperature of 5500C, then 10 mL of concentrated HNO3 solvent was added, then heated
on a hotplate until boiling for 10 minutes, then 50 mL of distilled water was added in a
measuring flask, then filtered using Whatman filter paper which was collected in a 50 mL
measuring flask. Each mineral's standard stock solution is diluted with distilled water until
the concentration is within the desired metal concentration range. The standard solution,
blank, and sample are flowed into the Pectin Elmer Analyst 3110 Atomic Absorption
Spectrophotometer (SSA) with the wavelength of each type of mineral. The absorption or
peak height of the standard, blank, and sample is measured using the appropriate wavelength
and parameters for each mineral.

2.3.3 Amino acids [7]

Using the HPLC brand Varian 940-LC, the amino acid analysis is carried out in four stages:
the protein hydrolyzate stage, the drying phase, the derivatization phase, and the injection
phase (amino acid analysis). The first stage involved homogenizing a sample (0.1 g), adding
5 mL of 6N HCI, heating the mixture to 1000 C for 24 hours, and filtering the result to form
a protein hydrolyzate. The samples that had been filtered and thirty milliliters of a solution
containing methanol, sodium acetate, and triethylamine (2:2:1) were dried in the second
phase until the solvent had evaporated entirely. Phase three involved derivatization. After
combining methanol, Picoltiocianat (PITC), and triethylamine (TEA) in a 3:3:1 ratio, 10 mL
of 1 M sodium acetate buffer plus was added, and the mixture was let to settle for 20 minutes
to create a 30 mL derivatization solution. The derivatization procedure was completed to
identify the compounds in the sample for the detector.

Injecting the stock solution into the HPLC of the standard solution and combining it with
the standard solution and borate buffer (1:1) constituted the last step. In less than 30 minutes,
5 mL of the solution was put into the HPLC. The identical procedures were performed on a
sample by combining the stock solutions and borate buffer 1:1.To find every amino acid, the
mixture was put into the HPLC. Calculating the material's amino acid content involves
dividing the broad and weight standard sample area by the sample's area multiplied by 100%
and the molecular weight of each amino acid, dilution factor, and concentration of standard
amino acids (mg/mL). The P1 Cotag column was utilized in HPLC, with acetonitrile and
phosphate buffers employed in the motion phase. The wavelength was 272 nm, and the flow
rate was 0.5 mL/min.

2.3.4 Degree gelatinization (modification [8])

A modified approach was utilized to analyze the degree of gelatinization. Fifty milliliters of
KOH 0.15 M were used to dissolve 0.04 grams of material, then mixed for 15 minutes. Next,
the Whatman 42 filter paper was used to filter the mixture. 9 mL of 0.017 M HCl is used to
neutralize 1 mL of the filter. Following that, 0.1 mL of iodine solution (1 g iodine and 4 g KI
in 100 mL of water) was added to the solution to neutralize it and create a colored complex
with 2.3.4 degree gelatinization (modification [8]). A modified version was used to analyze
the level of gelatinization. Fifty milliliters of KOH 0.15 M were used to dissolve 0.04 grams
of material, then mixed for 15 minutes. Next, the Whatman 42 filter paper was used to filter
the mixture. 9 mL of 0.017 M HCl is used to neutralize 1 mL of the filter. Subsequently, 0.1
mL of iodine solution (1 g iodine and 4 g KI in 100 mL of water) was added to the solution
to neutralize it and create a colorful complex.
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2.4 Data Analysis

SPSS was used for Windows software version 17, and a one-way analysis of variance
(ANOVA) was used to analyze the data (SPSS Inc, Chicago, IL, 2008). The impact of the
composite flour content was the therapy that was applied. At a 95% significance level
(P<0.05), the difference between the treatments was ascertained using the Least Significant
Difference test.

3 Result and Discussion

3.1 Proximate composition

Table 1 displays the detailed research findings on the proximate nutritional makeup of sago
flour, fish flour, and composite flour (a blend of sago and fish). Table 1 displays the variations
and changes in the nutritional makeup of sago flour, fish flour, and composite flour (a blend
of sago and fish after gelatinization). 9.62% moisture, 0.25% protein, 0.21% fat, 0.27% ash,
and 89.65% carbs are found in sago flour (by difference). Table 1 shows that the fish flour
has 7.88% moisture, 71.87% protein, 5.96% fat, 12.97% ash, and 1.33% carbs. Figure 3
shows the look of sago flour, composite flour, and biang fish flour.

Table 1. Proximate composition content of sago, fish, and composite flour

Composite flour (sago dan 1 elongata)

Parameter (%) Sago flour Fish flour 1% 5% 10%
Moisture 9.62+0.2 7.88+0.50 9.57+0.4¢ 9.62+0.1° 9.20+0.22
Protein 0.25+0.1 71.87+0.7 3.58+0.1* 5.07+0.3% 6.39+0.3¢
Fat 0.41+0.3 5.96+0.40 0.24+0.22 0.32+0.4° 0.42+0.4°
Ash 0.27+0.3 12.97+0.3 0.34+0.4* 0.48+0.3° 0.76+0.1¢
Carbohydrate 89.45+0.4 1.33+0.3 86.27+0.1° 84.51+0.3° | 83.23+0.2¢

The same letter in the table row shows no significant difference (P<0.05)

Fig. 3. Appearance a) sago flour, b) Biang fish flour, ¢) Composite flour
The moisture level of the composite flour, which is a blend of fish and sago, changed
during the manufacturing process. A more significant proportion denotes decreased moisture
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and carbohydrate contents, according to the findings of manufacturing composite flour with
lead fish flour added [9]. The more significant percentage of fish flour in composite flour
raises the nutrient content of the ash, lipid, and protein components [10].

Fish flour composite flour with a percentage of 1%, 5%, and 10% has 9.20-9.57%
moisture, 3.58—6.39% protein, 0.24-0.42% fat, 0.34-0 0.76% ash, and 83.23—-86.27 percent
carbs. Because sago flour is hygroscopic, using more fish flour during the composite flour
manufacturing process lowers the finished product's moisture content. According to [11], the
use of sago flour, which is hygroscopic, will cause the water absorption capacity to be high
because of the amylose content in sago flour. So, the addition of fish flour will result in a
decrease in the moisture content of the sago composite flour product [12]. The content of
protein, fat, ash, and carbohydrates in the composite flour had a significant effect (p<0.05)
from the addition of lead fish flour to sago flour [13]. According to [14] and [15], bonefish
flour can add high protein content.

3.2 Minerals

The mineral composition of calcium ranges from 1901-2869 mg/kg, phosphorus 60-160
mg/kg, iodine 182.14-285.67 mg/kg, magnesium 28,42063.05 mg/kg, zinc 3.83-18.36 mg
/kg, and iron minerals 7.26-9.58 mg/kg (Table 2).

Table 2. The composition of minerals from sago, fish, and composite (fish and sago) flour

. Composite flour (sago dan fish)
Mineral
content Sago flour Fish flour 1% 5% 10%
(mg/kg)
Ca 1131£0.1 8398+0.1 1901+0.3¢ 2460+0.5% 2869+0.4%
P 111,14+0.2 169+0.3 60+0.4° 98+0.3° 160+0.2°
Todine 118+0.12 189.44+0.2 182.14+0.2¢ 165.52+0.4° 285.67+0.3*
Mg 20,4+0.15 141.32+0.45 28.42+¢ 44.18+0.21° 63.05+*
Zn 154+0.4 152.07+0.1 3.83£0.14° 4.51+0.12% 18.36+0.22
Fe 29+0.2 15.76+0.1 7.26+0.25° 6.65+0.09° 9.58+0.17%

Letter: Different letters in the same column indicate significant (P<0.05)

Table 2 illustrates the variations and alterations in the mineral content of fish flour,

composite flour (a combination), and roasted sago flour (the product of the gelatinization
process). Minerals found in roasted sago flour include low iron (Fe) of 29 mg/kg and high
calcium (Ca). In addition, Fish flour contains minerals high in calcium (Ca) and low in iron
(Fe). The results of mineral measurements of sago flour and fish decreased in Zn and Fe
values compared to composite flour. However, the higher the composite concentration, the
higher the Zn and Fe values. This also occurs in other mineral components. According to
[16-17]. The biang fish flour composite with sago flour can increase the mineral content.
The mineral content in fish is more than calcium. Likewise, sago flour is also high in
calcium, so using composite flour increases the calcium content [18].
The mineral composition of composite flour, which is a blend of fish and sago, changed
during the manufacturing process. The higher the proportion in each treatment of the final
composite flour that arises from the manufacturing process when lead fish flour is added,
the higher the mineral content overall [19-21]. Moreover, according to [22-23], fish can be
added to high macro and micro minerals values. This is due to the relatively high mineral
content of /. elongata fish flour, thus affecting the processing of the resulting composite
flour [23-24].

3.3 Amino Acids
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The study results showed that the number of amino acids in the Biang fish reaches 91.93%
of the 15 types of amino acids identified using the HPLC method [24] (Table 3). The content
of essential amino acids in prickly fish flour reaches 45.89%, and non-essential amino acids
at 46.04%. The manufacture of composite flour (sago and fish starter) with variations in the
concentration of fish flour that was carried out (1%, 5%, and 10%) gave changes to the amino
acid composition of the composite flour, significantly an increase in the pattern of the number
of essential amino acids in the composite flour is from 1.06% to 4.80% essential amino acids
[25-26].

The highest amino acids in fish flour and composite flour are methionine and glutamic
acid. Methionine is very important for the body as an anti-inflammatory and prevents
poisoning [26-28]. Glutamic acid functions to give flavor to food and is also very good in
health metabolism [29]. The influence of the main fish dominated the increase in amino acids
in composite flour. The higher the concentration of compost, the higher the amino acid
concentration. The composition of biang fish flour dominates for the increase in amino acids.
According to [23], biang fish has a high amino acid content in glutamic acid, which functions
for human taste and health.

Table 3. Amino acid profile of composite flour Biang and fish flour (/lisha elongata)

Amino acids (%) 1% 5% 10% Fish flour

Material protein 1.58% 2.99% 4.39% 71.86%

content

1. Threonine* 0.07+0.12 0.20+0.45°% 0.36+0.39 3.69+0.2
2. Methione* 0.29+0.23% 0.52+0.2°¢ 1.19+0.3¢9 11.25+0.1
3. lleusine* 0.07+0.52 0.20+0.1°¢ 0.37+0.29 4.16+0.2

4.  Valine* 0.10+0.1?2 0.26+0.3°¢ 0.45+0.29 4.46+0.2

5. Leucine* 0.12+0.1?2 0.35+0.4°¢ 0.63+0.1¢ 7.36+0.3

6. Lysine* 0.18+0,1? 0.48+0.1°¢ 0.80+0.59 8.39+0.2

7. Phenylalanine* 0.5+0.32 0.14+0.3°¢ 0.42+0.2¢9 4.33+0.55
8. Histidine* 0.18+0.22 0.48+0.2°¢ 0.58+0.49 2.25+0.3

9. Aspartic acid 0.15+0.22 0.42+0.5% 0.74+0.59 8.82+0.3
10. Glutamate 0.28+0.4* 0.76+0.2°¢ 1.34+0.3¢ 15.56+0.4
11. Serine 0.06+0.32 0.17+0.3%¢ 0.30+0.29 3.07+0.13

12. Glycine 0.08+0.22 0.22+0.1°¢ 0.38+0.49 4.48+0.23

13. Alanine 0.10+£0.22 0.27+0.5°¢ 0.47+0.67 5.34+0.3

14. Tyrosine 0.02+0.3? 0.07+0.5°¢ 0.17+£0.3¢ 3.35+04
15. Arginine 0.16+0.32 0.47+0.2% 0.77£0.3° 5.41+£0.2
Total amino acids (%) 1.91+0.32 5.01+0.4°¢ 8.98+0.2¢ 91.93+0.3
Essential %/mino acids 1.06+0.22 2.63£0.3%¢ 4.80+0.1¢ 45,89+0.5

0
Non-essieo}lt;ial acids 0.85+0.32 2.38+0.25% 4.18+0.39 46,04+0.4
0

*essential amino acids
Note: Different letters in the same column indicate significant (P<0.05)

3.4 Degree of Gelatinization

When a combination of fish flour was added to sago flour, the degree of gelatinization of the
composite flour material also dropped. Once the roasted sago flour underwent gelatinization,
the gelatinization level reached 94.65%. Subsequently, the gelatinization level declined as
the lead fish flour's composition increased, ultimately reaching 93.95%. The purpose of
gelatinization on composite sago flour is to facilitate the process of further food processing
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designation. The gelatinization process of flour begins at 60°C. This research indicates that
the melting process of sago flour and composite flour begins at 93°C and above. According
to [30] and [31], gelatinization is a process when starch granules are heated with sufficient
water so that starch granules expand and produce a thick liquid to provide the desired product
quality. In addition, according to [32-34]. The study revealed that the flour higher in starch
content took the lowest temperature for gelatinization, whereas sago flour took less time for
gelatinization due to the higher content.

4 Conclusion

The processing of sago composite flour and Ilisha elongata fish flour affects the moisture
content, protein, fat, ash, carbohydrates, mineral content, and profile of the number of
essential and non-essential amino acids of composite flour. The best concentration of
composite flour was 10%, with a high protein of 6.39 and calcium of 2869 mg/kg. Methionine
and glutamate Methionine and glutamate are the highest amino acids, and the degree of
gelatinization is 93.95%. Composite flour, with a concentration of 10%, has the potential to
be used in frozen food products (nuggets and fish balls).
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