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Catfish is a type of aquaculture product that can be used to make meatballs. Catfish meat 

is white and has a savory taste. It is also nutritious. Using oyster mushrooms to make 

meatballs can increase their hardness because they contain pectin, which forms a 

colloidal dispersion in hot water and a chewy gel when cooled. Carrageenan is a gelling 

agent that increases the tenderness of catfish meatballs. This study aims to determine the 

effect of the Proportion of catfish and oyster mushrooms on the nutritional value of 

catfish meatballs. The research employed a completely randomized design (CRD) 

factorial pattern, with factor I representing the proportion of catfish and oyster 

mushrooms (90:10, 80:20, and 70:30) and factor II representing the percentage of 

carrageenan added (1%, 2%, and 3%). The results of the study indicate that the optimal 

treatment involves a proportion of 80% catfish and 20% oyster mushrooms, along with 

the addition of 3% carrageenan, yielding a moisture content of 68.54%, ash content of 

1.33%, protein content of 14.79%, fat content of 4.36%, carbohydrate content of 10.98%, 

and sensory value with appearance 8.08 (very like), aroma 7.96 (like), texture 7.79 (like), 

taste 8.04 (very like). 

Contribution to Sustainable Development Goals (SDGs): 

SDG 2: Zero Hunger 

SDG 3: Good Health and Well-being 

SDG 12: Responsible Consumption and Production 

SDG 14: Life Below Water 
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1. INTRODUCTION 

 
1.1. Research Background 

 Meatballs are a popular processed meat product with a good taste 

and chewy texture. They are usually made from beef or chicken. 

Beef contains saturated fatty acids. Saturated fat increases 

cholesterol. Beef meatballs contain 74 mg/100 g of cholesterol, 

while chicken meatballs contain 82 mg/100 g [1]. Consuming 

foods high in cholesterol can harm health; if cholesterol levels in 

the body are excessive, they can trigger diseases such as 

hypertension, heart disease, and stroke [2]. 

Fish meatballs are a fishery diversification product with high 

economic value and better nutritional content than beef and 

chicken meatballs. Catfish (Pangasius sp.) is one aquaculture 

product that can be used to make meatballs. Catfish contains 

nutrients that are beneficial to the body, including protein and 

omega-3 fatty acids. Catfish have a relatively high unsaturated fat 

content, at a ratio of 75:25 [3]. According to [4], the chemical 

composition of catfish is as follows: protein 16.08%, fat 5.75%, 

carbohydrates 1.5%, ash 0.97%, and water 75.7%. 

        Oyster mushrooms were chosen as raw materials fortifying 

in making meatballs because oyster mushrooms have many 

benefits, including oyster mushrooms also have properties as 

gelling, binders, and stabilizers. Substitution of oyster 

mushrooms in the production of meatballs can increase the 

hardness of meatball products because they contain pectin. 

mushroom glutamic acid content of 17.7g/100g protein gives a 

savory taste and enhances umami flavor. In addition, the high 

fiber content in oyster mushrooms of 11.5%/100g [5] can be used 

as a source of dietary fiber. 
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Chewing agents are usually added to improve the texture of 

meatballs. Carrageenan can be used to reduce chewy ingredients 

derived from synthetic materials [6]. Using carrageenan can 

improve the chewiness of meatballs by helping to form a gel and 

binding well with protein and water. This gives the meatballs the 

strength to withstand external pressure, resulting in a compact and 

chewy texture [8]. Further research is needed on the nutritional 

and sensory characteristics of oyster mushroom catfish meatballs 

containing carrageenan. 

1.2. Research Objective 

The objectives of this study were to determine the effect of the 

proportion of catfish and oyster mushrooms with the addition of 

carrageenan on the nutritional and sensory of meatballs and to 

determine the best combination of treatments from the Proportion 

of catfish and oyster mushrooms with the addition of carrageenan 

to produce fish meatballs with good characteristics and 

consumers like. 

 

2. MATERIALS AND METHODS 

 
2.1. Materials and Tools 

         The raw materials used in this study were catfish and oyster 

mushrooms obtained from the Sidoarjo Larangan Market. 

Additional ingredients include carrageenan brand “KRI-02”, sago 

flour brand “Hunkwe Bakso Cap Kancil,” egg white, garlic, 

shallots, salt, pepper, and ice cubes. Chemicals used in this study 

include distilled water, hexane solvent, K2SO4, HgO brand 

“Merck,” H2SO4 brand “Merck,” NaOH brand ‘Merck’, HCL, 

H3BO3 brand “Merck,” phosphate buffer, and filter paper. 

         The tools used in the meatball-making process are basin, 

spoon, knife, chopper, and pot. Tools used in the analysis include 

cup, oven, desiccator, electric stove, furnace, digital scales, filter 

paper, soxhlet extraction apparatus, condenser, fat flask, 

measuring cup, distillation apparatus, kjeldahl flask, test tube, and 

Erlenmeyer. 

2.2 Methodology 

        This research used a completely randomized design (CRD) 

factorial pattern with two factors and two replications. Factor I is 

the Proportion of catfish meat and oyster mushroom consisting of 

90:10, 80:20, 70:30. Factor II is the concentration of carragenan 

1%, 2%, 3%. If there is a significant difference, it will be 

continued with the DMRT 5% further test. The samples in this 

study from treating the proportion of catfish and oyster 

mushrooms with the addition of carrageenan obtained 9 samples 

from the combination of the two treatments. 

Description: 

A1B1 = Proportion of catfish meat 90: oyster mushroom 10 

with the addition of carrageenan 1% 

A1B2 = Proportion of catfish meat 90: oyster mushroom 10 

with the addition of carrageenan 2% 

A1B3 = Proportion of catfish meat 90: oyster mushroom 10 

with the addition of carrageenan 3% 

A2B1 = Proportion of catfish meat 80: oyster mushroom 20 

with the addition of carrageenan 1% 

A2B2 = Proportion of catfish meat 80: oyster mushroom 20 

with the addition of carrageenan 2% 

A2B3 = Proportion of catfish meat 80: oyster mushroom 20 

with the addition of carrageenan 3% 

A3B1 = Proportion of catfish meat 70: oyster mushroom 30 

with the addition of carrageenan 1% 

A3B2 = Proportion of catfish meat 70: oyster mushroom 30 

with the addition of carrageenan 2% 

A3B3 = Proportion of catfish meat 70: oyster mushroom 30 

with the addition of carrageenan 3% 

The data obtained were processed using Analysis of Variance 

(ANOVA) and continued with Duncan's Multiple Range Test 

(DMRT) to determine the differences between treatments. The 

results of all tests were analyzed using the De Garmo method to 

determine the product with the best treatment results. 

2.2. Making of Oyster Mushroom Puree 

        White oyster mushrooms are sorted to remove unwanted 

parts, and then oyster mushrooms are washed thoroughly with 

running water; the mushrooms are then continued with the steam 

blanching process at a temperature of ± 80 C for 5 minutes. 

Blanching aims to activate enzymes, remove impurities, and 

reduce the number of microorganisms found in mushrooms. 

Oyster mushrooms are mashed with a food processor for 1 

minute, producing oyster mushroom puree [9]. 

2.3. Making of Meatballs 

        Prepare 200 grams of fish meat and oyster mushrooms that 

have been weighed. Grind the meat chopper for 1 minute until 

evenly smooth; mix (add carrageenan, sago flour, garlic, shallots, 

egg whites, salt, pepper, and ice cubes). Then mash again until 

evenly distributed with a chopper for 1 minute. Mold the meatball 

dough into a round shape. Then, the finished meatball dough is 

boiled in 85-100˚C water for 15 minutes until the meatballs float. 

Meatballs that have been boiled are cooked and drained to cool. 

2.4. Research Analysis 

2.4.1. Nutritional Evaluation of Meatballs 

The parameters analyzed include water, ash, protein, fat, and 

carbohydrate content. 

2.4.2. Sensory Evaluation of Meatballs 

Sensory characteristics selected to evaluate the quality of catfish 

meatballs include appearance, aroma, texture, flavor. A total of 

25 panelists were assigned to rate the acceptability of the product 

using a 9-point scale ranging from “very like” to “very dislike.” 

Data analysis included the use of the Friedman test. 

 

3. RESULT AND DISCUSSION 

 
3.1. Nutritional Analysis of Meatballs 

3.1.1. Water Content 

       Based on the analysis of variance, it can be seen that there is 

a significant interaction (p≤ 0.05) between the Proportion of 

catfish and oyster mushrooms with the addition of carrageenan on 

the water content of meatball products. The average water content 

of meatball products ranged from 67.65% - 70.28%. Not all 

treatments of catfish meatballs in this study have met the 

requirements of SNI 7266: 2017 concerning fish meatballs with a 

maximum value of 70% moisture content [10]. The treatment of 
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the Proportion of 90% catfish and 10% oyster mushrooms with 

the addition of 1% carrageenan produced the lowest water content 

value of 67.65%, while the treatment of the Proportion of 70% 

catfish and 30% oyster mushrooms with the addition of 3% 

carrageenan produced the highest water content value of 70.28%. 

Based on the research data, the lower the Proportion of catfish 

and the higher the Proportion of oyster mushrooms and the higher 

the addition of carrageenan causes the water content in meatball 

products to increase significantly, this is because the water 

content of oyster mushrooms is higher than the water content of 

catfish, oyster mushrooms have hydrophilic fibers that can bind 

water in large quantities and carrageenan can form bonds between 

proteins and carrageenan which will increase the area in the 

product to absorb water to the maximum.

Table 1. Nutritional Characteristics of Meatballs 
 

 

Samples 

 

Water (%) 

 

Ash (%) 

 

Protein (%) 

 

Lipid (%) 

 

Carbohydrate (%) 

A1B1 67.65 ± 0.07a 1.15±0.028 15.19±0.01 5.82 ± 0.07h 10.19 ± 0.04a 

A1B2 67.79 ± 0.04b 1.18±0.028 15.15±0.01 5.67 ± 0.03g 10.21 ± 0.03 a 

A1B3 68.22 ± 0.04c 1.21±0.028 15.06±0.04 5.24 ± 0.03f 10.27 ± 0.03 a 

A2B1 68.24 ± 0.03c 1.23±0.014 14.94±0.01 5.13 ± 0.03e 10.46 ± 0.03b 

A2B2 68.32 ± 0.01c 1.27±0.014 14.89±0.03 4.85 ± 0.01d 10.67 ± 0.01c 

A2B3 68.54 ± 0.03d 1.33±0.028 14.79±0.03 4.36 ± 0.01c 10.98 ± 0.01d 

A3B1 69.72 ± 0.04e 1.36±0.014 14.58±0.04 3.14 ± 0.04b 11.20 ± 0.03e 

A3B2 69.84 ± 0.03f 1.39±0.042 14.55±0.03 2.98 ± 0.04a 11.24 ± 0.03e 

A3B3 70.28 ± 0.04g 1.42±0.014 14.51±0.04 2.15 ± 0.04a 11.64 ± 0.03f 

 

The analysis results of the oyster mushroom starting 

material contain a % water content of 88.65%, while catfish 

contains 76.18%. According to Ref. [11], the more oyster 

mushrooms are used, the more the meatballs' water content 

increases. High-fiber oyster mushrooms have many polar free 

hydroxyl groups, and the matrix structure that multiplies provides 

an opportunity to bind more polar compounds, such as water [7]. 

The addition of carrageenan can increase water content due to the 

ability of carrageenan as a gelling agent, where there is cross- 

linking of polymer chains to form a three-dimensional network 

that will bind water and cause polar and non-polar compounds to 

form a gel [12]. Ref. [13] added that carrageenan functions as a 

reasonable water retainer to increase the water binding capacity 

of the resulting product. 

3.1.2. Ash Content 

       Based on the results of the analysis of variance, it can be seen 

that there is no significant interaction (p ≥ 0.05) between the 

treatment of the Proportion of catfish and oyster mushrooms with 

the treatment of adding of carrageenan to the ash content of 

meatballs. Table 1. shows that the average value of ash content 

ranged from 1.15-1.42%. The treatment of the Proportion of 90% 

catfish and 10% oyster mushrooms with the addition of 1% 

carrageenan produced the lowest ash content value of 1,15%, 

while the treatment of the Proportion of 70% catfish and 30% 

oyster mushrooms with the addition of 3% carrageenan produced 

the highest ash value of 1,42%. The ash content values obtained 

for all treatments of the proportion of catfish and oyster 

mushrooms are in accordance with SNI 7266: 2017 concerning 

fish meatballs with a maximum value of 2.5% [10]. 

The results showed that the lower the proportion of catfish and 

the higher the proportion of oyster mushrooms, the more 

significantly the ash content of meatballs increased. The increase 

in ash content was due to the ash content of oyster mushrooms in 

this study, which was 1.47% and the catfish used in this study had 

an ash content of 0.86%, so the largest contributor to ash content 

was oyster mushrooms. The more oyster mushrooms added, the 

higher the ash content. [11] stated that adding oyster mushrooms 

will increase the ash content of the resulting product. This is 

related to the mineral content in oyster mushrooms, which can 

increase ash content when the mushrooms are added to a material 

or process. According to Ref. [14], oyster mushrooms are rich in 

minerals, such as iron 4mg, sodium 837mg, calcium 3.14 mg, 

potassium 3.793 mg, and phosphorus 7.17 mg. 

The results showed that ash content increased as the 

concentration of carrageenan increased. this can be caused by 

carrageenan derived from seaweed, which contains many salts 

and minerals such as K, Mg, Ca, Na, and ammonium galactose. 

This is following Ref. [15] which states that carrageenan itself 

has a high mineral salt content of 18.60% Added by Ref. [16] that 

the increase in ash content in products with the addition of 

carrageenan is due to carrageenan containing mineral salts, thus 

increasing the ash content of the product. 

3.1.3. Protein Content 

        Based on the results of the analysis of variance, it can be 

concluded that there is no significant interaction (p ≥ 0.05) 

between the treatment of the Proportion of catfish and oyster 

mushroom and the treatment of the addition of the carrageenan on 

the protein content of the meatball. The average protein content 

of the meatballs was between 14.51% and 15.19%. The protein 

content obtained for all treatments is consistent with SNI 

7266:2017 for fish balls, which requires a minimum value of 7% 

[10] The treatment of the Proportion of 90% catfish and 10% 

oyster mushrooms with the addition of 1% carrageenan produced 

the highest protein content value of 15,19%, while the treatment 

of the Proportion of 70% catfish and 30% oyster mushrooms with 

the addition of 3% carrageenan produced the lowest protein value 

of 14,51%. 
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The results of the study show that the lower the proportion of 

catfish and the higher the proportion of oyster mushrooms, the 

lower the meatballs protein content. This is because a lower 

proportion of catfish can cause a decrease in the protein content 

of the fish balls. The decrease in protein content is because the 

catfish is the primary source of protein in catfish balls. According 

to the research data on the raw materials, the protein content of 

the catfish meat is 16.26%, and the protein content of the oyster 

mushroom is 4.78%. Therefore, the catfish meat is the primary 

source of protein. This is consistent with the statement of [17]. 

They state that a product's protein content is influenced by the 

quantity and type of meat used as the main ingredient and the 

protein content of the additional ingredients used. 

The treatment of the addition of carrageenan concentration 

did not give a significant effect on the protein content produced, 

this is thought to be because the protein content in carrageenan is 

low. This is supported by the statement [15], which states that 

carrageenan does not affect the protein content of meatballs 

because the protein content in carrageenan is low at 2.80% so that 

its addition does not affect increasing the protein content of 

meatballs. Based on the research data, it shows that the higher the 

addition of carrageenan causes the protein content to decrease, this 

can occur because the water content value of meatball products 

can influence the protein content in meatballs. This is following 

[16] which states that carrageenan can bind to proteins so as to 

increase the surface area that can absorb or bind water, the higher 

the water content value results in decreased protein levels. 

3.1.4. Fat Content 

        Based on the analysis of variance, there is a significant 

interaction (p ≤ 0.05) between the proportion of catfish and oyster 

mushrooms with the addition of the percentage of carrageenan to 

the fat content of the meatballs. According to Table 1. the average 

fat content of the meatballs is between 2.15% and 5.82%. The 

treatment of 70% catfish and 30% oyster mushrooms, along with 

the addition of 3% carrageenan, produced the lowest fat content, 

at 2.15%. In contrast, treating 90% catfish and 10% oyster 

mushrooms and adding 1% carrageenan produced the highest fat 

content, at 5.82%. 

The proportion of catfish decreases, the proportion of oyster 

mushrooms increases, and the amount of carrageenan increases. 

This causes the fat content of the meatballs to decrease 

significantly. This is because the fat content of catfish is higher 

than that of oyster mushrooms and carrageenan. The initial 

analysis of the fish fillets showed that they contained 5.20% fat, 

while the mushrooms contained 0.42% fat. Adding carrageenan 

can reduce the fat content of the meatballs because protein binds 

more to carrageenan and water than to fat. [18] state that the fat 

content is closely related to the water content; the higher the water 

content, the lower the fat content. [7] state that oyster mushrooms 

are high in fiber, have many free hydroxyl groups that are polar, 

and have a multilayered matrix structure that allows them to bind 

polar substances such as water, but not non-polar substances such 

as fat. According to [19], the decrease in fat content in meatballs 

is also influenced by oyster mushrooms, which have an 

unsaturated fatty acid profile. Unsaturated fatty acids are unstable 

and react easily. The double bonds in unsaturated fatty acids 

easily react with oxygen. According to [20], The addition of 

carrageenan can reduce the fat content of bakso. This is because 

protein binds more to carrageenan and water, reducing the 

amount of fat. The higher the concentration of carrageenan added, 

the more fat that is released. This is because carrageenan 

functions more as a water binder than a fat binder. 

3.1.5. Carbohydrate Content 

       Based on the results of the analysis of variance, there is a 

significant interaction (p ≤ 0.05) between the Proportion of catfish 

and shiitake mushrooms with the addition of carrageenan on the 

carbohydrate content of the meatball product. Table 1. shows that 

the average carbohydrate content of the meatballs ranges from 

10.19% to 11.64%. The treatment of 90% catfish and 10% oyster 

mushroom with 1% carrageenan produced the lowest 

carbohydrate content, 10.19%, while the treatment of 70% catfish 

and 30% oyster mushroom with 3% carrageenan produced the 

highest carbohydrate content, 11.64%. 

3.2. Sensory Analysis of Meatballs 

Table 2. Sensory test result of Meatballs 
 

 

Samples 

 

Appearance 

 

Aroma 

 

Texture 

 

Taste 

S1T1 7.28±0.61 8.08±0.64 7.76±0.66 7.60±0.82 

S1T2 7.32±0.56 7.68±0.69 7.72±0.68 7.44±0.58 

S1T3 7.24±0.60 7.52±0.59 7.88±0.67 7.40±0.58 

S2T1 7.56±0.65 7.52±0.65 7.56±0.65 7.52±0.65 

S2T2 7.80±0.82 7.60±0.71 7.76±0.83 7.80±0.82 

S2T3 8.08±0.64 7.96±0.54 7.96±0.68 8.04±0.61 

S3T1 7.84±0.80 7.36±0.86 7.08±00.95 7.28±0.94 

S3T2 7.80±0.58 7.28±0.68 7.24±0.66 7.28±0.68 

S3T3 7.72±0.54 7.24±0.66 7.28±0.74 7.32±0.69 

 

3.2.1. Appearance 

      Based on the results of the research in Table 2. shows the 

level of panelists' preference for the appearance of meatballs, the 

results of the number of rankings range from 97-165. The 

treatment of meatballs with a proportion of 80% catfish and 20% 

oyster mushrooms with the addition of 3% carrageenan has the 

highest level of liking with a total score of 8.08 (very like). This is 

because panelists prefer the whiter color of meatballs, typically 

fish meatballs, with a smooth surface and a round shape. The 

increasing addition of oyster mushrooms will increase the color 

of the meatballs. Following [23], that the level of brightness is 

influenced by oyster mushrooms which have a white color so as 

to produce meatballs with a white color. The higher the oyster 

mushrooms added, the brighter the appearance of the meatballs. 

[21] added that the white color in oyster mushrooms comes from 

natural pigments, namely anthoxanthins. This pigment will 

change color to white when the cooking process occurs. Although 

oyster mushrooms can form color changes in meatballs, overall, 

the meatballs produced are almost the same color, namely white 

[22]. 

3.2.2. Aroma 

       Based on the research results, Table 2 shows the panelists' 

preference for the aroma of meatballs; the results of the rankings 

range from 95-166. The treatment of meatballs with a proportion 

of 90% catfish and 10% oyster mushrooms with the addition of 

carrageenan by 1% has the highest level of favorability with an 
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average score of 8.08 (very like). This is thought to be due to 

panelists who like the characteristic aroma of fish and a little 

mushroom aroma. According to the opinion of [23], the more 

oyster mushrooms are used, the less fish aroma is produced and 

the more pungent the mushroom aroma will be. According to 

[24], oyster mushrooms have a strong aroma, so if there are more 

oyster mushrooms, the strong aroma will be stronger. The smell 

comes from the volatile compound 1-octen-3-ol, getting sharper 

as the oyster mushroom added increases [25]. [16] added, the 

more carrageenan added to the product does not affect the aroma 

of the product, because hydrocolloids including carrageenan 

generally do not contain volatile ingredients that cause aroma in 

food ingredients. 

3.2.3. Texture 

Based on the research data Table 2. shows the level of panelists 

preference for meatball texture, the results of the number of 

rankings range from 90-155. The treatment of meatballs with a 

proportion of 80% catfish and 20% oyster mushrooms with the 

addition of 3% carrageenan has the highest level of liking with an 

average score of 7.96 (like). This is thought to be because 

panelists like meatballs with a chewy texture. The higher the 

Proportion of oyster mushrooms added, the more tender the 

meatballs will be. Following the statement of [24], that the greater 

the amount of oyster mushrooms added to the meatballs, the 

lower the texture score (less chewy meatball texture). This 

happens because oyster mushrooms have a high water content of 

88.56%. According to Ref. [22] High water content affects the 

high water content in the meatball dough so that the ability to bind 

water is also low and the resulting meatballs tend to be tender. 

Chewiness can also be influenced by myosin (protein) content in 

catfish meat. Myosin in fish meat plays an important role in 

clumping and gel formation, if the fish meat is cooked it will 

produce a chewy structure [11]. The research data shows that the 

higher the addition of carrageenan, the more favorable the texture 

of the meatballs. This is because carrageenan is able to form a gel 

that increases the chewiness of meatball products. [26] It states 

that carrageenan can form a gel that causes a chewier texture 

along with the addition of carrageenan, which causes the average 

liking for texture to increase at concentrations of 1%, 2%, and 

3%. 

3.2.4. Taste 

       Based on the research data Table 2. shows the level of 

panelists preference for the taste of meatballs obtained the results 

of the number of ranks ranging from 107-168. The treatment of 

meatballs with a proportion of 80% catfish and 20% oyster 

mushrooms with the addition of 3% carrageenan has the highest 

level of taste preference with an average score of 7.96 (like). This 

is thought to be due to panelists who like the characteristic taste 

of fish and the taste of oyster mushrooms, the taste of food is 

influenced by the components contained in food such as protein, 

fat and carbohydrates that compose it. Added by [27], that the 

savory taste comes from fish that contains high protein, protein 

contains glutamic acid which causes a savory taste. Oyster 

mushrooms have umami flavor because oyster mushrooms 

contain high glutamic acid. This is following the literature of [28], 

which stated that adding white oyster mushrooms improves the 

taste score because it contains glutamic acid. Glutamic acid 

content is 17.7g/100g protein, giving a savory 

taste and increasing the umami taste. Taste is also influenced by 

spices such as salt, sugar, shallots, garlic and pepper [23]. 

 

4. CONCLUSION 

 
Fish meatballs are a fishery diversification product with high 

economic value and better nutritional content than beef and 

chicken meatballs The proportion of catfish is 80%, and oyster 

mushroom 10% with the addition of 3% carrageenan is the best 

treatment with a water content of 68.54%, ash content 1.33%, 

protein content 14.79%, fat content 4.36%, carbohydrate content 

10.98%, and sensory values with appearance 8.08 (very like), 

aroma 7.96 (like), texture 7.79 (like), taste 8.04 (very like). 
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