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Abstract 

Cobia fish or often called sea cork fish, is a fish that has thick meat which is nutritionally 

equivalent to salmon meat. Cobia fish is usually sold in the form of fish fillets and the 

bones becomes solid waste, which has the potential to be a raw material for fish gelatin. 

Gelatin is a bone and skin collagen hydrolysis product that can be used for food and non-

food industries. The quality of fish gelatin is influenced by the extraction process, such as 

acid concentration, temperature, and extraction time. This study aims to determine the 

effect of hydrochloric acid concentration, temperature, extraction time, and the optimal 

process of making cobia fish bone gelatin using the response surface methodology with 

the Box Behnken model. The data was processed using Design Expert 11 software. The 

model suggested by the software was the cubic model. The optimum extraction conditions 

obtained were using a concentration of 5.53% hydrochloric acid, a temperature of 90℃, 

and a stirring time of 6.42 mins would produce a yield of 12.38% and gel strength of 

229.14 bloom. The verification results by extracting cobia fish gelatin with optimum 

conditions obtained a yield of 11.22% and gel strength of 227.60 bloom. The proximate 

analysis of cobia fish gelatin extracted under optimum conditions was found to contain 

6.43% water content, 8.27% ash content, 4.65% fat content, 68.47% protein content, and 

12.18% carbohydrate by different. Cobia fish gelatin microstructure is in the form of thick 

strands with a soft sponge. 

1. Introduction 

Cobia fish (Rachycentron canadum) is a marine fish 

belonging to large carnivores in tropical and subtropical 

waters worldwide except in the East Pacific. Cobia fish 

are usually found in shallow waters on the coast and bay 

waters. Most eggs and larvae are found offshore 

(Zulhusni et al., 2017). The growth of cobia fish is fast, 

efficient, and has high product quality, so it is easy to 

cultivate (Trushenski et al., 2011). In Indonesia, cobia 

fish have started to be cultivated. The Ministry of Marine 

Affairs and the Fisheries Republic of Indonesia hope 

cobia fish can become a new Indonesian aquaculture 

commodity (Yustiati et al., 2021). The growth of cobia 

fish can reach six to eight kilograms in one year, making 

it suitable to meet market needs. All parts of the cobia 

fish body can be utilized to have high economic value 

(Wu et al., 2020).  

One part of the cobia fish body that can be used is 

the bone. Fish bones are one of the waste products from 

the fishing industry that have not been used correctly. 

Waste in the form of fish bones ranges from 9-15%, 

depending on the type of fish. This fishbone waste has 

not been utilized optimally (Coppola et al., 2021). Fish 

bones contain minerals that can be utilized, including 

calcium, magnesium, sodium, and potassium (Kandyliari 

et al., 2020). These minerals, especially calcium, are 

utilized by the body as a substitute for calcium from milk 

or other supplements (Rosidi et al., 2021). Another use 

of fish bones is made into gelatin. Gelatin can be 

obtained from the partial hydrolysis of collagen by 

extraction in hot water combined with acid or alkaline 

treatment (Alipal et al., 2021). 

Optimization of cobia fish (Rachycentron canadum) gelatin extraction with 

response surface methodology 
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Many kinds of research on gelatin extraction have 

been carried out. Nuryanto et al. (2018) extracted gelatin 

from catfish bones using a combination of acid and base 

at 70℃ for 5 hrs, resulting in a gelatin yield of 7%. 

Arshad et al. (2021) produced the best sardine bone 

gelatin extracted using hydrochloric acid at 67℃ for 14 

hrs. While Atma and Ramdhani (2017) extracted catfish 

bone gelatin, the best extraction temperature was 75℃ 

for 5 hrs resulting in a yield of 6.12%. Based on the 

research that has been done, we need an optimization 

method for extracting fishbone gelatin so that optimum 

results are obtained.  

Response surface methodology (RSM) is an 

optimization method with an experimental design that 

uses several variables that affect a system (Suliman, 

2017). Optimization of gelatin extraction using RSM has 

been carried out by Arpi et al. (2016), who extracted 

gelatin from Triggerfish skin with optimum extraction 

conditions, there is an acid concentration of 0.95 N, the 

base concentration of 0.55 N, and an extraction 

temperature of 90℃. Jakhar et al. (2014) optimized the 

extraction of black-spotted croaker skin gelatin with 

optimum conditions of 0.2% NaOH concentration, 46.68 

mins of immersion time, 56.23℃ of temperature, and 

15.21 hrs of extraction. In contrast, Mardiyah et al. 

(2019) extracted gelatin from pink perch fish heads with 

an optimum extraction temperature of 74.40℃ for 5.42 

hrs. Until now, there has been no optimization of the 

extraction conditions for gelatin from cobia fish bones, 

so this is the first time this research has been carried out. 

This study aimed to determine the optimum extraction 

conditions for cobia fish bone gelatin using the response 

surface methodology.  

  

2. Materials and methods 

2.1 Materials 

The main ingredient in this study was Cobia fish 

bone obtained from Pasar Gang Baru, Semarang City. 

Chemicals such as HCl from (Merck, Germany).  

2.2 Cobia fish bone gelatin extraction 

The extraction method was performed according to 

Mardiyah et al. (2019), with modifications. Fish bones 

are washed with running water, then boiled in boiling 

water (degreasing) to remove fat, dirt, and remaining 

meat that is still attached to the bones. Degreasing was 

carried out at 80℃ for 30 mins. The bone is dried, then 

cut into pieces with a size of 1.5-2 cm. The bones were 

then immersed in HCl solution at a concentration of 2%, 

4% and 6%, with a ratio of fish bone and HCl solution 

(1:4) for 48 hrs to form ossein. The bones were washed 

with running water to remove the HCl solution attached 

to the ossein. Ossein was extracted in a water bath using 

distilled water with the ratio between ossein and distilled 

water (1:3) at 70℃, 80℃ and 90℃ for 5, 6 and 7 hrs. 

The gelatin solution formed is filtered to remove other 

substances that can reduce the purity of the gelatin. After 

filtering, the gelatin solution was placed in an aluminum 

pan, then dried in an oven at 55℃ for 48 hrs to form 

gelatin sheets. The gelatin sheets were crushed using a 

blender to obtain gelatin powder. 

2.3 Yield 

The yield of cobia fish gelatin was calculated based 

on Ratnasari et al. (2013) by dividing the weight of the 

gelatin obtained by the weight of the extracted cobia fish 

bones multiplied by 100%. 

2.4 Gel strength 

Gel strength analysis was carried out based on Zhang 

et al. (2021) using texture testing using a Texture 

analyzer (TA TX Analyzer) (Brookfield, USA) by 

preparing a gelatin solution in 6.7% (w/v) distilled water 

and stored at 10℃ for 18 hrs and then analyzed.  

2.5 Proximate analysis 

Proximate analysis was carried out based on the 

AOAC (2005). The moisture content was measured by 

the thermogravimetric method, the ash content by the dry 

method, the fat content by the Soxhlet method, the 

protein content by the Kjeldahl method, and the 

carbohydrate content based on the difference of 100 

minus the amount of water, ash, fat content, and protein 

(by different). 

2.6 Amino acid profile 

Amino acid analysis was carried out based on 

Rahayu et al. (2017) using the LCMS MassLynx V4.1 

SCN940 (The Waters Xevo TDQ, Gen Tech Scientific, 

USA). The analysis was done by dissolving 1 g of 

gelatin into 20 mL of 6 N HCl and then hydrolyzing it in 

an autoclave at 110℃ for 12 hrs. The solution was then 

neutralized with 6N NaOH to a volume of 100 mL. The 

solution was diluted with distilled water as much as ten 

times the dilution. The solution was then filtered through 

a 0.22 µM filter. The 5 µM solution was then injected 

into LCMSMS using AcquityUPLC column C18, 1.7µm, 

2.1×50mm with mobile phase A: 0.1% 

Pentadecafluorooctanoic Acid (PDFOA) 99.5%: 0.5% 

Water/CH3CN with 0, 1% Formic acid and B: 0.1% 

PDFOA, 10%: 90% Water/CH3CN with 0.1% Formic 

acid with flow 0.6 mL/min.  

2.7 Scanning electron microscopy 

Morphological analysis was carried out based on 

Subara and Jaswir (2021) using scanning electron 
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microscopy (JSM-6510LA, Jeol Ltd, Japan) with a 

voltage of 20 kV and a gold coating. 

2.8 Statistical analysis 

This research was carried out in triplicate. 

Optimization of cobia fish bone gelatin extraction using 

response surface methodology (RSM) with Box–

Behnken design using three variables; HCl 

concentration, extraction temperature, and extraction 

time. Also, its effect on yield and gel strength with 

treatment combinations is presented in Table 1. Data 

were analyzed using Design Expert 11.1.2.0. 

 

3. Results and discussion 

3.1 Yield 

The model selection is based on Table 2, the 

summary statistics of RSM suggest a quadratic model 

with a standard deviation value of 0.99, which is a 

smaller value than the other models. The quadratic 

model has an Adjusted R2 value of 0.92 and a predicted 

R2 of 0.71. This data shows that the variable HCl 

concentration, temperature, and time affect the gelatin 

yield response by 92%, and the remaining 8% is caused 

by other factors that are not used as variables studied. 

Chen et al. (2009) stated that a good model has an R2 

value of more than 0.80. Model selection is also focused 

on the highest PRESS value, which is 52.00, so this 

quadratic model is suggested in the summary analysis of 

the model.  

Table 3 shows the ANOVA test used to determine 

the response to variables in the gelatin-making process. 

The F-value in the model is 20.26, and the P-value is 

0.0020; it is said that the model is significant because it 

has a p-value of less than 0.05. In the lack of fit, the p-

value is 1.03 while the p-value is 0.52, indicating that the 

value is insignificant. Nasir et al. (2016), an insignificant 

lack of fit is a requirement for a good model because it 

shows the suitability of the response data with the model. 

The mathematical model for the yield response is Yield 

= 4.19 + 3.76*A + 1.68*B + 0.77*C + 0.28*AB + 

0.40*AC + 0.63*BC + 0 ,59*A2 +1.90*B2 + 2.62*C2, 

where A is the concentration of HCl, B is temperature 

and C is time.  

Figure 1 is a two-dimensional graph of the yield 

response. This graph analyzes the interaction between 

temperature, HCl concentration and stirring time of 

fishbone gelatin extraction on the yield response. While 

in Figure 2 is a three-dimensional graph of a quadratic 

model in the form of a parabola (curved). The blue color 

in the graph is the minimum response value, while the 

orange color indicates the maximum response value. It 

proves that the higher the concentration of HCl, the 

temperature, and the time used at the extraction time, the 

more yield will be produced. The three-dimensional 

Table 1. Box-Behnken design three variables on yield and gel strength result. 

Run HCL concentration (%) Extraction temperature (℃) Extraction time (hrs) Yield (%) Gel strength (bloom) 

1 2 70 6 1.15 100.56 

2 6 70 6 9.17 217.42 

3 2 90 6 3.47 111.34 

4 6 90 6 12.63 225.60 

5 2 80 5 3.88 83.35 

6 6 80 5 9.50 129.20 

7 2 80 7 4.33 120.60 

8 6 80 7 11.57 151.77 

9 4 70 5 6.47 105.65 

10 4 90 5 9.02 140.55 

11 4 70 7 7.14 127.60 

12 4 90 7 12.22 195.98 

13 4 80 6 5.33 251.17 

14 4 80 6 3.69 291.20 

15 4 80 6 3.57 280.61 

Table 2. Model summary statistics. 

Parameters Source Std. Dev. R² Adjusted R² Predicted R² PRESS   

Yield Linear 1.99 0.7630 0.6983 0.6192 70.09   

  2FI 2.27 0.7770 0.6097 0.3456 120.45   

  Quadratic 0.9912 0.9733 0.9253 0.7175 52.00 Suggested 

  Cubic 0.9833 0.9895 0.9265   * Aliased 

Gel strength Linear 0.3653 0.0745 0.0351 -0.1121 0.3653   

  2FI 0.9965 0.0506 -0.3179 -0.8601 0.9965   

  Quadratic 0.0055 0.2587 0.7998 0.0339 0.0055 Suggested 

  Cubic 0.2587   0.9095   0.2587 Aliased 
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graph shows that the highest yield was obtained from 

treatment using 6% HCl concentration with a 

temperature of 90℃ and stirring time for 6 mins to 

produce a yield of 12.62%. The results of this study were 

higher than the study of Afrian and Suprayitno (2019); 

the highest yield of catfish bone gelatin was 11.06%. The 

higher the temperature and extraction time, the higher 

the yield value. The number of H+ ions that hydrolyze 

collagen is more significant, so the longer the extraction 

time causes more collagen to break down into gelatin. 

3.2 Gel strength 

The recommended model of the system is the 

quadratic model, which is in Table 2. This quadratic 

model has the slightest standard deviation than the other 

models, namely 0.0055, with an R2 value of 0.25. An 

adjusted R2 of 0.79 means a correlation, and the actual 

data for the gel strength response included in this linear 

model is 79%. The predicted R2 is 0.03. Maran et al. 

(2013) state that the model selection can be seen from 

the model with a maximum value of R2, adjusted R2, and 

predicted R2, as well as a minimum standard deviation 

and PRESS value (0.05). The quadratic model in this 

study is the most suitable model for extracting gelatin 

from cobia fish bones. The accuracy of using this model 

can also be seen from the ANOVA analysis.  

The ANOVA analysis in Table 3 shows that the 

model chosen for the gel strength response is quadratic. 

The P-value of 0.021 can be interpreted as a significant 

model with a value less than 0.05. So, it can be 

concluded that the existing variables significantly affect 

the gel strength response. The lack of fit value of 0.25 

also shows that this value is insignificant, with a p-value 

of more than 0.05. The ANOVA table also has an adeq 

precision value of 8.43, indicating good results. Behera 

et al. (2018) stated that the signal-to-noise ratio could be 

measured by the value of adequacy precision, consisting 

Parameters Source Sum of squares Df Mean square F-value P-value   

Yield Model 179.16 9 19.91 20.26 0.0020 Significant 
  A-HCl concentration 112.82 1 112.82 114.84 0.0001   
  B-Extraction temp. 22.50 1 22.50 22.90 0.0049   
  C-Extraction time 5.11 1 5.11 5.21 0.0714   
  Residual 4.91 5 0.98       
  Lack of Fit 2.98 3 0.99 1.03 0.5279 not significant 
  Pure Error 1.93 2 0.97       

Gel strength Model 61765.77 9 6862.86 7.21 0.0212 Significant 
  A-HCl concentration 11868.78 1 11868.78 12.48 0.0167   
  B-Extraction temp. 1867.83 1 1867.83 1.96 0.2200   
  C-Extraction time 2352.98 1 2352.98 2.47 0.1766   
  Residual 4756.05 5 951.21     not significant 
  Lack of Fit 3895.63 3 1298.54 3.02 0.2587   
  Pure Error 860.42 2 430.21      

Figure 1. 2D graph response of yield.  

Table 3. ANOVA results of yield and gel strength of cobia fish gelatin. 

Figure 2. 3D graph response of yield.  
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of the predicted value at the design point and the average 

prediction error. The relationship between the variables 

and the response is said to be good if it has an adeq 

precision of more than 4. The mathematical equation for 

the gel strength response is gel strength = 274.33 + 

38.52*A + 15.28*B + 17.15*C – 0.65 *AB – 3.67*AC + 

8.37*BC – 65.91*A2 – 44.69*B2 – 87.19*C2, where A 

is concentration, B is temperature and C is time. 

Two-dimensional graphs (Figure 3) and three-

dimensional (Figure 4) on the gel strength response show 

that the higher the HCl concentration, temperature, and 

stirring time at the extraction time, the greater the gel 

strength value. The highest gel strength value was treated 

with 4% HCl concentration, a temperature of 80℃ with 

a stirring time of 6 mins resulting in a gel strength of 

291.2 blooms. Based on research by Ismail and Abdullah 

(2016), the highest gel strength in tilapia skin gelatin was 

180.76 with a concentration of 0.05 M HCl. The 

difference in the HCl concentration will affect the gel's 

strength. It can happen because adding HCl will affect 

the pH value and isoelectric point. When the pH is 

adjusted closer to the isoelectric point, the gel formed 

will be firmer and more robust since the gelatin polymers 

are close to each other. These results indicate that each 

acid concentration during pre-treatment can obtain 

different gel strengths, which can be suitable for 

different applications. 

3.3 Optimum conditions for extraction of cobia fish 

gelatin 

This optimization process aims to minimize 

operational costs by producing high-quality products. 

The optimization limits of HCl concentration, 

temperature, and time can be seen in Table 4. The HCl 

concentration variables were optimized in the range of 2-

6%, the temperature ranged from 70-90%, and the 

stirring time was 5-7 mins with importance 3. The 

concentration of HCl, temperature, and stirring time will 

affect the quality of the gelatin. The yield response and 

gel strength were chosen with the maximum target 

because the goal was to obtain the product with the 

highest yield from the various treatments tested. Based 

on the criteria from Table 4, the optimum result 

predicted by the design expert was fish bone gelatin with 

extraction treatment with an HCl concentration of 

5.53%, a temperature of 90℃, and a stirring time of 6.42 

mins would produce a yield of 12.38% and gel strength 

of 229.14 bloom with the desirability value of the 

solution of 0.82. 

3.4 Characteristics of cobia fish gelatin extracted at 

optimum conditions 

Based on the optimum conditions obtained from the 

analysis with RSM, then verification was carried out by 

extracting cobia fish gelatin. The cobia fish gelatin 

Table 5. Characteristics of cobia fish gelatin extracted at 

Name Goal Lower limit Upper limit Importance 

HCl concentration Is in range 2 6 3 

Extraction temperature Is in range 70 90 3 

Extraction time Is in range 5 7 3 

Yield maximize 1.15 12.63 3 

Gel strength maximize 83.35 291.20 3 

Figure 3. 2D graph response of gel strength. 

Figure 4. 3D graph response of gel strength. 

Table 4. Optimisation response. 
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obtained was then characterized by chemical 

composition (yield, gel strength, amino acids, and 

functional groups), morphology and particle size. The 

chemical composition of cobia fish gelatin is shown in 

Table 5. Extraction of cobia fish gelatin with optimum 

conditions obtained a yield of 11.22% and a gel strength 

of 227.60 bloom. The yield and gel strength analysis 

results are lower than the predictions of expert design 

analysis results, namely yield of 12.38% and gel strength 

of 229.14 blooms.  

The proximate analysis results of cobia fish gelatin 

extracted under optimum conditions were found to 

contain 6.43% water content, 8.27% ash content, 4.65% 

fat content, 68.47% protein content, and 12.18% 

carbohydrate by different. Based on the results of the 

proximate analysis obtained, it is known that cobia fish 

gelatin is high in protein and low in fat. The proximate 

yield of cobia fish gelatin is lower than that of red 

snapper bone gelatin and grouper fish, with a protein 

content of 78.56% and 82.36%, respectively (Atma, 

2017). The collagen content influenced these different 

results in each fishbone because gelatin was extracted 

from bone collagen (Mahmood et al., 2016). The high 

protein content in cobia fish gelatin affects the amino 

acid content. 

The amino acids of cobia fish gelatin are presented 

in Table 6. The dominant amino acids found in cobia fish 

gelatin are arginine, glycine, lysine, and tryptophan, 

while other amino acids detected are glutamic acid, 

leucine, phenylalanine, valine, serine, and methionine. 

The amino acids such as aspartic acid, isoleucine, 

histidine, threonine, proline, tyrosine, and alanine were 

also detected in small amounts. Different results were 

shown by Derkach et al. (2020), where the dominant 

amino acid content in cod fish gelatin was glycine, 

alanine, proline, and arginine. Meanwhile, Siregar and 

Suprayitno (2019) stated that grouper gelatin's dominant 

amino acid content is glycine, arginine, alanine, and 

proline.  

The amino acid content of fish gelatin depends on 

the fish used. In addition, the amino acid content of 

gelatin is influenced by the extraction conditions that 

affect the protein fragmentation process, where gelatin is 

a breakdown product of fibrillar protein (collagen) in 

bone or skin in the presence of an acid, base, or enzyme 

treatment. Collagen is a fibrillar protein composed of 

tropocollagen consisting of three polypeptide bonds that 

form a triple helix. These triple helical bonds will break 

during denaturation at high temperatures and produce 

gelatin. The broken peptide bonds during the high-

temperature denaturation process will form protein 

fragments that are affected by the length of heat 

treatment (Atma, 2017; Derkach et al., 2019). Cobia fish 

are fish that live in cold water (Wu et al., 2020). Gelatin 

extracted from cold water fish contains the amino acids 

glycine, serine, aspartic acid, threonine, and methionine, 

while the amino acids proline and hydroxyproline are in 

low amounts. The low proline and hydroxyproline affect 

the rheological properties. Thus, the application of 

gelatin extracted from cold water fish in food products is 

limited (Alfaro et al., 2014). Gelatin from cold-water 

fish is very suitable for edible films (Nitsuwat et al., 

2021).  

The microstructure of cobia fish gelatin is shown in 

Figure 5. Cobia fish gelatin forms thick strands with a 

Parameter Value 

Yield (%) 11.22 

Gel strength (bloom) 227.60 

Water content (%) 6.43 

Ash content (%) 8.27 

Fat content (%) 4.65 

Protein content (%) 68.47 

Carbohydrate content by different (%) 12.18 

No Amino acids Value 
Non-essential amino acids   

1 L-Alanine 0.04 

2 L-Arginine 12.01 

3 L-Proline 0.27 

4 L-Aspartic acid 0.86 

5 L-Glutamate acid 1.51 

6 L-Cysteine <0.01 

7 L-Glycine 3.93 
8 L-Tyrosine 0.10 

  Total Non-essential amino acids 18.72 

Essential amino acids   

1 L-Histidine 0.57 
2 L-Isoleucine 0.85 

3 L-Leucine 1.19 

4 L-Lysine 3.34 
5 L-Phenylalanine 1.35 
6 L-Threonine 0.64 
7 L-Tryptophan 3.80 
8 L-Valine 1.30 
9 L-Serine 1.52 

10 L-Methionine 1.28 

15.84 Total Essential amino acids 

Table 5. Characteristics of cobia fish gelatin extracted at 

optimum conditions based on RSM analysis. 

Table 6. Amino acid profile of cobia fish gelatin extracted at 

optimum conditions based on RSM analysis.  

Figure 5. Morphology of cobia fish gelatin extracted at 

optimum conditions based on RSM analysis. 
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soft sponge. The results in this study follow that shown 

by Arshad et al. (2021), where the gelatin microstructure 

of Sardinella fish bones is in the form of a sponge shape. 

The formation of microstructures is related to gel 

strength which is influenced by the combination of 

protein molecules and the presence of α, β, and γ bonds 

in the gel matrix (Ratnasari and Firlianty, 2016; Arshad 

et al., 2021).  

 

4. Conclusion 

The highest yield was obtained from treatment using 

6% HCl concentration with a temperature of 90℃ and 

stirring time for 6 mins to produce a yield of 12.62%. 

The highest gel strength value was treated with 4% HCl 

concentration, a temperature of 80℃ with a stirring time 

of 6 mins resulting in a gel strength of 291.2 blooms. 

Cobia fish gelatin extracted optimum conditions with an 

HCl concentration of 5.53%, a temperature of 90oC, and 

a stirring time of 6.42 mins would produce a yield of 

12.38% and gel strength of 229.14 bloom with a 

desirability value of the solution of 0.82. The verification 

results by extracting cobia fish gelatin with optimum 

conditions obtained a yield of 11.22% and gel strength of 

227.60 bloom. The proximate analysis of cobia fish 

gelatin extracted under optimum conditions was found to 

contain 6.43% water content, 8.27% ash content, 4.65% 

fat content, 68.47% protein content, and 12.18% 

carbohydrate by different. Cobia fish gelatin 

microstructure is in the form of thick strands with a soft 

sponge. 
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