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Abstract. The investigation of alternative raw materials for gelatin production from fishery industry 

by-products has gained attention due to the increasing demand for gelatin and the importance for 

sustainable practices. This study aims to determine the optimal concentration of hydrochloric acid 

(HCl) for mineral removal during pretreatment, assess hydroxyproline content at various 

processing stages, and characterize the resultant gelatin. The methodology involved pretreatment 

the materials with 0.1 M sodium hydroxide (NaOH) to remove non-collagen proteins, followed by 

mineral extraction using varying HCl concentrations (0.25, 0.5, 0.75, and 1 M). The process 

included swelling in 0.2% citric acid for 12 hours and gelatin extraction at 65°C for 7 hours. The 

results indicated that 0.25 M HCl was most effective for mineral removal. The hydroxyproline 

analysis showed an insignificant increase (0.088-0.103 mg/ml) from the pre-treatment stage to 

the final gelatin product. The physicochemical properties of the liquid gelatin, including yield (6.5 

± 0.39%), pH (6.55 ± 0.11), and gel bloom strength (174 ± 8.54 blooms) conformed to Gelatin 

Manufacturers Institute of America (GMIA). Functional groups confirmed the presence of gelatin-

specific, such as amides A, B, I, II, and III. The molecular profile comparable to commercial 

gelatin, with α1 chains at 130 kDa, α2 chains at 115 kDa, and β chains at 235 kDa. The gelatin 

derived from the scaly skin of purple-spotted bigeye exhibits promising attributes, aligning with 

commercial standards, and highlights the potential of fishery by-products as a sustainable and 

halal source of gelatin.  
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INTRODUCTION  

 

Protein is an important biopolymer that can be obtained from animals, serving as an abundant 

source of nutrients necessary for body growth and development (Rehman et al. 2019). Fish 

stands out as one of the most abundant and diverse sources of animal protein. This abundance 

supports the development of the fish processing industry. Around 70% of the industry is 

processed, with the main focus on fish meat, such as the fish fillet, ground fish meat and surimi 

industries (Ghaly et al. 2013). The processing industry produces by-products in the form of skin, 

scales, bones and fins, which have the potential to be processed into value-added products. 

Numerous studies have reported that these fish processing by-products can be utilized to produce 

derivative products with biofunctional substances (Ortizo et al. 2023; Baco et al. 2022), serve as 

sources of fat (Kandyliari et al. 2020), minerals (Flammini et al. 2016), and protein (Osiriphun et 

al. 2022; Rachman et al. 2023). Such utilization enhances the added value of these by-products. 

Fish skin contains type I collagen in the form of fibrillar fibers which provide strength and 

elasticity to the skin (Coppola et al. 2020). Fish scales are also a unique biomaterial consisting of 

type I collagen and hydroxyapatite (Qin et al. 2022). These materials have the potential to be 

used as raw materials for collagen products. Collagen molecules contain high amounts of three 

amino acids: Glycine (Gly), proline (Pro), and hydroxyproline (Hyp). The hydroxyproline content 

is very important for assessing collagen quality, because it plays an important role in structural 

stability and gel strength. Collagen through the hydrolysis process will produce gelatin products. 

However, the presence of minerals in fish skin and scales can inhibit the hydrolysis process of 

collagen into gelatin.  Therefore, it is essential to implement a pretreatment process to dissolve 

the minerals.  Pretreatment  with hydrochloric acid (HCl) is a widely utilized method, as it 

effectively dissolves minerals without leaving harmful residues. However, it is crucial to carefully 

control the concentration and duration of the  pretreatment process to prevent damage to 

hydroxyproline and to preserve the quality of the gelatin (Lueyot et al. 2021). In addition, the 

gelatin extraction process must be carried out under optimal conditions, such as maintaining a 

temperature between 50-100°C, to prevent protein degradation and maintain gel strength and 

gelatin viscosity (Nurilmala et al. 2022).  

The unique physicochemical properties of gelatin have led to its wide application in various 

fields, serving as a stabilizer, thickener, and emulsifier in food, pharmaceuticals, and cosmetics 

(Azilawati et al. 2015). Gelatin products currently in circulation generally use raw materials 

sourced from pigs, cowhide, beef bones, and fish, contributing 41%, 28.5%, 29.5%, and 1% of 

the total world production, respectively (Ali et al. 2016; Milovanovic & Hayes 2018). The high 

production of collagen and gelatin from pigs and cows raises concerns among adherents of 

certain religions. It is forbidden for Muslims to consume pork, and some animals with slaughter 

processes that do not adhere to Shari'a guidelines. Similarly, it is prohibited for Jews and Hindus 

to consume cows (Rakhmanova et al. 2018). Additionally, raw materials from bovine animals are 

associated with bovine spongiform encephalopathy (BSE), commonly known as mad cow disease 

disease (Forooghi et al. 2023).  

Fish gelatin, as a raw material, still shows minimal production while being classified as the 

safest raw material. It does not pose problems related to halal guidelines or specific diseases, 

and the availability of abundant and varied raw materials continues to be explored. Recent 

studies, such as those by (Widiyanto et al. 2022) have highlighted the high hydroxyproline content 
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found in the scaly skin of demersal fish, particularly the purple-spotted bigeye fish (Priacanthus 

tayenus). Research related to this topic has predominantly focused on using fish skin for collagen 

extraction (Oslan et al. 2022) and gelatin characterization (Sukkwai et al. 2011). However, studies 

specifically used of purple-spotted bigeye fish scaly skin (PSSS) is still limited, so this research is 

essential to evaluate the optimal conditions for mineral removal during pretreatment, analyse 

hydroxyproline content at various stages of processing, and characterize the gelatin product. 

 

MATERIALS AND METHODS 

 

Purple-Spotted Scaly Skin (PSSS) Preparation 

 

Purple-spotted bigeye scaly skin (PSSS) obtained from the fish fillet industry at Tegalsari Beach 

Fishing Harbour, Tegal City, Indonesia, was meticulously cleaned and washed to remove any 

residual meat, fat, and bones. The fish used in this process had 20-23 cm length, with an average 

weight of 181.8 grams. The skin and scales comprised ±8.49% of the total fish weight. The 

cleaned PSSS was then cut into small pieces (±1 cm²) and placed in polyethylene plastic bags. 

The prepared samples were subsequently stored at -20°C until they were required for further 

processing. 

 

Pretreatment  

 

The  first step of pretreatment was carried out following the method of Kittiphattanabawon et al. 

(2010) with a modification. The sample was immersed in 0.1 M NaOH with a ratio of 1:10 (w/v) 

for 16 hours at room temperature (25-28°C). Subsequently, the samples were washed with 

running water until the skin reached a neutral pH. 

The next step involved mineral removal using HCl solutions at concentrations of 0.25, 0.5, 

0.75, and 1 M, at a ratio of 1:10 (w/v) for 1 hour with continuous stirring at 25-28°C. After 

treatment, the samples were rinsed with running water until neutral pH was reached. Samples 

treated with 0.25 M HCl were selected for subsequent processes due to their optimal results in 

mineral removal. 

 

Swelling 

 

The selected samples treated with 0.25 M HCl were then subjected to the swelling process based 

on a modified method from (Nurilmala et al. 2021). These samples were immersed in a 0.2% citric 

acid solution for 12 hours, with a sample-to-solution ratio of 1:4. The purpose of the citric acid 

immersion was to facilitate the development of collagen material in the sample matrix. After 

immersion, the samples were thoroughly rinsed until a neutral pH was achieved. The swelling 

degree (%) was calculated using the following formula 

 

Swelling degree (%) =
Weight of swollen polymer− Weight of polymer

Weight of polymer
𝑥 100%  

 

Extraction of Gelatin 
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Samples that had undergone the swelling stage were extracted using a water bath shaker at 65°C 

for 7 hours, with a PSSS and distilled water ratio of 1:1 (w/v). The mixture was then filtered using 

calico cloth, and the liquid gelatin obtained was dried using an oven at 50°C for 24 hours. The 

resulting dried gelatin was used for yield calculation. The calculation of the gelatin yield referred 

to AOAC (1995), which is the ratio of the dry weight of gelatin to the specific gravity of fresh skin 

(a type of skin that has been cleaned of meat, fat, and other impurities). The yield value can be 

calculated using the following formula: 

 

Gelatin yield (%)=
Gelatin weight

Fresh skin weight
 𝑥 100%  

 

Analysis of Hydroxyproline Content 

 

The measurement of hydroxyproline content followed the procedure outlined by Sigma-Aldrich 

(2021). The samples analyzed for hydroxyproline included the fish skin that had undergone 

pretreatment, swelling, and the liquid gelatin. The analytical procedure began with weighing a 10 

mg sample into a heat-resistant container (sample tube), followed by homogenization using a 

tissue grinder pestle. The sample was then dissolved in 100 μL of dH2O, and 100 μL of 

concentrated HCl (~12N) was added. The sample tube was tightly closed and covered with 

aluminum foil. Subsequently, it was hydrolyzed at 120 °C for 3 hours, centrifuged using a vortex 

at 10,000x g for 3 minutes, and 10 μL of supernatant was transferred to a well plate. In determining 

the hydroxyproline content, a standard series was first prepared. Ten microliters (10 μL) of 

standard hydroxyproline solution was dissolved with 90 μL of dH2O to make a 0.1 mg/mL standard 

solution. This solution was then moved in varying amounts (0 (blanco), 2, 4, 6, 8, and 10 μL) into 

the well plate, producing Hydroxyproline Standard (Sigma-Aldrich, St. Louis, MO, USA) at 

concentrations of 0, 0.2, 0.4, 0.6, 0.8, and 1 µg/well standards. 

The assay involved a mixture of chloramine T/oxidation buffer and 4-dimethylamino 

benzaldehyde (DMAB) reagent. A 100 µL mixture of chloramine T/oxidation buffer assay was 

prepared by combining 6 µL of chloramine T and 94 µL of oxidation buffer into each well 

containing the sample and standard hydroxyproline. The mixture was incubated at room 

temperature for 5 minutes. Subsequently, a 100 μL DMAB reagent assay was prepared by mixing 

50 μL of DMAB concentrate and 50 μL of perchloric acid/isopropanol solution into each well 

containing the chloramine T/oxidation buffer assay, sample, and standard hydroxyproline. The 

mixture was then incubated using a dryer, baked for 90 minutes at 60°C, and the absorbance at 

560 nm was read on a microplate reader or ELISA reader (Thermo Fisher Scientific, MS, USA). 

Measurements were repeated twice (Duplo). The formula for calculating the concentration of 

hydroxyproline is as follows: 

 

 Concentration of hydroxyproline =
Total hydroxyproline from standard curve (μg)

Sample volume added to reaction well (μL)
 

 

 

 

Viscosity Analysis 
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The viscosity of the gelatin solution was measured according to Mohtar et al. (2010), with a slight 

modification. A total of 6.67 g of gelatin powder was weighed and dissolved in 100 mL of distilled 

water in an Erlenmeyer flask, resulting in a solution of 6.67% w/v, at room temperature for 30 

minutes. The solution was then incubated in a water bath at 60°C until completely dissolved. The 

viscosity of the dissolved gelatin was measured at 60°C in a beaker using a viscometer (RDT-

CPS, AMETEK Brookfield, Berwyn, PA, USA) at 50 rpm (Nurilmala et al. 2020). 

 

Gel Strength Analysis 

 

Gelatin powder, weighing 7.5 g, was dissolved in 150 mL of distilled water to form a gelatin 

solution (6.67%, w/v). This solution was then placed in a bloom bottle, covered with aluminum 

foil, and incubated in a water bath at 50°C for 4 hours or until homogeneous. Subsequently, the 

gelatin solution was left at room temperature until its temperature approached room temperature, 

followed by cooling at 10°C for 3 hours until the gelatin solution solidified. Bloom or gel strength 

was measured using a GCA geometer (Precision Scientific Group, Chicago, IL, USA). The unit 

indicating the strength of the gel resulting from a certain concentration is called the degree of 

bloom. 

 

pH Measurement of Gelatin 

 

The pH measurement followed the method outlined by Schrieber & Gareis (2007) with 

modifications by Nurilmala et al. (2017). In this process, 0.75 g of gelatin powder was dissolved 

in 50 mL of distilled water in a glass beaker, heated in a water bath at 50°C until homogeneous. 

The gelatin solution was then cooled to room temperature and measured using a pH meter 

(Metrohm, Switzerland) that had been calibrated with pH 4 and pH 7 buffers, at 35°C. The 

electrode was immersed into the gelatin solution for a few moments until a stable reading was 

recorded on the pH meter monitor. 

 

Functional Group Analysis by Fourier transform infrared (FTIR) Spectrometry 

 

Analysis was conducted to determine the functional groups in the resulting gelatin, following the 

method outlined by (Muyonga et al. 2004a). A gelatin sample weighing 2 mg was ground with KBr 

(Sigma-Aldrich, St. Louis, MO, USA) in a mortar until homogeneous. The resulting mixture was 

placed into a pellet mold, compacted, and vacuumed using a pellet molding machine. The pellet 

was then inserted into the cell and positioned in the cell placement chamber. Subsequently, it was 

irradiated with IR light from the IR-408 infrared spectrophotometer, which had been turned on 

under stable conditions. 

 

Molecular Weight Analysis 

 

Analysis of the protein profile of the scaly skin gelatin of the Purple-spotted fish was carried out 

using Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE), following the 

method by Laemmli (1970) modified by Nurilmala et al. (2017). The analytical procedure began 

with sample preparation by dissolving it in SDS, an ammonia detergent, with a ratio of 1:1 (v/v). 
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The sample was homogenized using a mortar and stamper, then heated for 1 hour using a dry 

block thermostat at 85°C. 

The gel used consisted of a 12.5% separating gel and a 3% stacking gel. The mixture of 

the separating gel and stacking gel is referred to as the polyacrylamide gel. The analysis 

procedure initiated with the insertion of 5 μL of the prepared sample and the protein marker into 

the polyacrylamide gel. Electrophoresis was conducted constantly at 10 mA current and 125 V 

electric voltage for 3 hours. SDS-PAGE detection was performed by removing the electrophoretic 

gel from the mold, followed by staining the gel in a staining solution with a composition of 10% 

glacial acetic acid, 50% methanol, 0.055% CBB, and 40% distilled water. Immersion in the 

staining solution for 1 hour was carried out by stirring using a shaker. 

The next stage involved destaining to wash or remove color from the gel. The destaining 

solution was prepared with a composition of 10% glacial acetic acid, 50% methanol, and 40% 

distilled water. The destaining process continued until the protein bands were clearly visible, and 

the molecular weight was analyzed using Photocapt software. 

 

Statistical Analysis 

 

The research design for the pretreatment step mainly to mineral removal stage and the stage of 

determining the effect of hydroxyproline content on the gelatin extraction process used a 

Completely Randomized Design (CRD) and was analyzed by the analysis of variance (ANOVA) 

method, utilizing SPSS 22 software. 

 

RESULTS 

 

Skin Weight After Pretreatment 

 

The pretreatment process involved soaking PSSS in NaOH to remove minerals and soften the 

tissue by immersing it in HCl at various concentrations. This step was intended to eliminate 

calcium and other inorganic substances, resulting in a softer ossein structure to facilitate 

extraction. Fig. 1. presented the ANOVA results, showing that varying HCl concentrations did not 

significantly impact the weight of the PSSS (p > 0.05). Therefore, the sample treated with 0.25 M 

HCl, identified as the most cost-effective concentration for demineralization, was selected for 

further analysis to ensure the process's effectiveness without compromising the quality. 
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Figure 1. Skin weight after pretreatment using HCl immersion with different concentrations. 

Different superscripts indicate significant differences (p < 0.05). 

 

Swelling Degree 

 

The use of citric acid in hydrolysis was intended to modify the collagen's fibrous structure, causing 

it to swell, thus facilitating the extraction process. The swelling degree of the scaly skin in the citric 

acid solution was measured at 156 ± 4%, indicating a significant increase in volume due to the 

hydrolysis process. 

 

Hydroxyproline Content 

 

The hydroxyproline concentration at various stages of gelatin production, including pretreatment, 

swelling, and the final liquid gelatin, is presented in Fig. 2. The results show concentrations of 

pretreatment (88.0 µg/ml), swelling (92.0 µg/ml) and liquid gelatin (103.0 µg/ml). Although there 

are slight variations, the ANOVA results indicate that there are no significant differences (p > 

0.05). This suggests that the hydroxyproline content remains relatively stable throughout the 

processing stages, thereby maintaining consistent gelatin quality. 
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Figure 2. Hydroxyproline content in the stages of production the gelatin PSSS. Different 

superscripts indicate significant differences (p < 0.05).  

 

Function Group of Gelatin 

 

The Fourier transform infrared spectroscopy (FTIR) spectrum of PSSS gelatin shown in Fig. 3 

displays characteristic peaks associated with various functional groups present in gelatin, such 

as Amide A, B, I, II, and III, which are related to the triple-helix structure of collagen or gelatin. 

This spectrum confirms that the produced gelatin contains the main structures and components 

that are consistent with the typical characteristics of gelatin. 

 
 

Figure 3. Spectrum FTIR of gelatin PSSS  
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Properties of Gelatin 

 

The physicochemical properties of the gelatin, including yield, pH, viscosity, and gel strength, 

were measured and compared to the international standards set by the GMIA. These parameters 

are crucial for determining the quality and suitability of gelatin for various applications (Table 1). 

 

Table 1. Physicochemical parameters of Purple-spotted Scaly Skin (PSSS) gelatin. 

Parameters  Purple-spotted Scaly Skin (PSSS) gelatin GMIA standards (2019) 

Yield 6.5 ± 0.39% - 

pH 6.55 ± 0.11* 4.5-6.5 

Viscosity 15.57 ± 1.35 cP 1.5-7.5 cP 

Gel Strength 174 ± 8.54 bloom* 150-300 bloom 

Note: Data are presented as means ± SD (n = 3). The marker (*) indicates value according to GMIA standard (2019) 

 

Gelatin Molecular Weight (MW) 

 

The molecular weight (MW) distribution analysis of gelatin extracted from PSSS is presented in 

Fig. 4. The visible bands in the PSSS gelatin indicate the presence of α1 chains at 130 kDa, α2 

chains at 115 kDa, and β chains at 235 kDa. These bands are characteristic of gelatin, reflecting 

the partial hydrolysis of collagen into individual polypeptide chains. This distribution is crucial for 

understanding the functional properties of the resulting gelatin. 

 

 
Figure 4.  MW of Marker (M), gelatin of PSSS (G). 
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DISCUSSION 

 

The HCl solution can remove organic matter on fish scaly skin by dissolving calcium phosphate 

into phosphoric acid. The acid concentration can vary depending on the nature of the material, 

temperature, and time of demineralization, including the ratio of material to solution (Feng et al. 

2015). Chuaychan et al. (2016) stated that fish scales contain hydroxyapatite and calcium 

carbonate (CaCO3), the surface layer of fish scales is a layer of bone consisting of collagen fibrils 

in mineral form. 

The optimal treatment for mineral removal in PSSS scaly skin was identified with a HCl 

concentration of 0.25 M. Following the demineralization stage, a significant portion of calcium 

(Ca) and phosphorus (P) was effectively eliminated, leading to an increase in the organic matter 

content, including carbon (C), nitrogen (N), and oxygen (O) in the sample. This specific treatment 

not only ensured the efficient removal of mineral components but also optimally prepared the 

material for subsequent processing. The chosen concentration was deemed ideal for facilitating 

the following steps in gelatin extraction, ensuring the scales were sufficiently demineralized and 

ready for further conversion into gelatin (Chuaychan et al. 2016).  

According to Rýglová et al. (2021) the acid or alkaline agents destroy the hydrogen bond 

and cleave a number of covalent bonds which then destabilise the triple helix, thus resulting in 

undesirable conversion and an increase in the proportion of gelatine. Furthermore, during the 

immersion process in citric acid, collagen fibrils undergo a swelling process resulting in a 

decrease in the internal cohesion of the collagen fibbers. During swelling, the triple-helix structure 

of the collagen molecule becomes exposed. Protons that enter the skin structure either lose 

minerals, or there is a space found in tropocollagen, which serves as the entry point for H⁺ ions 

from acids. H⁺ ions interact with carboxyl groups to change the inter- and intermolecular 

tropocollagen bonds (Karlina & Atmaja 2018). Citric acid acts as a catalyst between bonds, 

allowing water to enter the collagen fibril spaces, leading to the swelling of the PSSS that has 

undergone immersion. This interaction is indicated by an increase in the weight of the PSSS after 

immersion for a certain period. 

The hydroxyproline content of the raw material for PSSS was 145 ± 0.00 µg/mL Widiyanto 

et al. (2022), and after pretreatment, it was 88.0 µg/mL. After immersion in citric acid, the content 

was 92.0 ± 0.02 μg/mL, and in the liquid gelatin, it was 103.0 ± 0.02 μg/mL. The results of this 

study were higher than the concentration of hydroxyproline from tilapia skin collagen 

(Oreochromis niloticus), extracted using acetic acid, which was 23 μg/mL (Reátegui-Pinedo et al. 

2022). The analysis results of the hydroxyproline content showed that there was no significant 

increase the content due to the acid pre-treatment, swelling and gelatin extraction. Swelling 

treatment on collagen can strengthen the hydrogen bonds that stabilize the triple helix structure 

of the collagen molecule, thereby increasing the hydroxyproline content in gelatin. This swelling 

process helps to open the helical structure, which allows the release of more hydroxyproline, 

which is important for the quality and stability of gelatin (Rýglová et al., 2021). Research by 

(Samatra et al. 2024) reported that during the swelling process of buffalo bone gelatin using 0.05 

M citric acid, a decrease in hydroxyproline concentration was observed, attributed to collagen 

degradation. Therefore, careful control of pretreatment conditions is essential to produce high-

quality gelatin with optimal hydroxyproline concentration. In addition, the gelatin extraction 
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process has a significant impact on hydroxyproline retention. According to Atma et al. (2018), 

gelatin extraction requires optimal temperature conditions (60-65°C) to maintain hydroxyproline. 

This temperature range is sufficient to break down collagen bonds without reducing the 

hydroxyproline content. 

The yield of gelatin varies for each type of fish skin and scales because they contain 

different amounts of collagen. The higher the collagen content in the raw material, the more gelatin 

can be extracted. The yield of PSSS gelatin is 6.5 ± 0.39%. This result is higher than the yield of 

gelatin from milkfish scales, which was 3.0% (Samosir et al. 2018), while the yield of gelatin from 

cartilaginous fish (elasmobranch), a ray-like fish living in demersal waters, was 8.16 ± 0.75% from 

the skin (Agustini et al. 2020). These results align with those reported by Widiyanto et al. (2022), 

where the chemical composition of the skin and scaly skin has a higher protein content than 

scales, mainly due to a higher ash content that affects the resulting gelatin yield. Another factor 

influencing gelatin yield is the concentration of the HCl solution used in the mineral removal stage. 

The higher the concentration, the more acidic the solution, leading to increased hydrolysis of 

collagen from the triple helix chain into a single chain by many H+ ions. A higher solution 

concentration is believed to decrease the yield value of the resulting gelatin. The elevated HCl 

concentration also affects the ossein in the scaly skin of the purple-spotted fish produced. The 

greater the mass of ossein obtained, the higher the percentage of gelatin yield, as more mass of 

ossein leads to more collagen breaking down into gelatin (Fernianti et al. 2020). 

The pH value of gelatin depends on the process used. Acidic processes tend to produce 

low pH values, and alkaline processes tend to yield high pH values. The acid-immersion process 

causes the collagen fibrils in the skin to swell, reducing the internal cohesion properties of the 

skin fibers. Swelling results in the opening of the amino acid bond structure in the collagen 

molecule, trapping acid in the collagen fibril network. This trapped acid does not dissolve during 

the neutralization process and is carried away during the extraction process, impacting the acidity 

level of the gelatin. Research by Zhou and Regenstein (2005) suggests that a combination of 

alkaline pre-treatment followed by acid pretreatment in gelatin manufacturing produces a pH close 

to neutral for extraction. Gelatin with a neutral pH is generally preferred, making the neutralization 

process crucial in neutralizing the remaining acid after immersion (Oktaviani et al. 2022). Based 

on the research results, the pH of PSSS gelatin obtained was 6.55 ± 0.11, a value in accordance 

with the standard of the Gelatin Manufacturers Institute of America (GMIA 2019). 

Determination of the quality of gelatin is based on the analysis of its viscosity value, in 

addition to the gel strength analysis. Viscosity measurements are conducted to assess the level 

of gelatin viscosity in solution form at a specific concentration, temperature, and rotation speed, 

then converted to millipoise (GMIA 2019). From the analysis results, the viscosity value of the 

resulting PSSS gelatin is 15.57 ± 1.35 cP. This value is higher than the GMIA standard (2019) of 

1.5-7.5 cP. It is believed that the immersion time in the mineral removal process, which was not 

too long (1 hour of HCl solution immersion), contributed to this high viscosity value. A longer 

immersion time tends to result in a lower viscosity value due to the breakdown of amino acid 

chains in the gelatin, causing the chains to become shorter (Febriana et al. 2021). 

The hydroxyproline content in gelatin is critically important for determining its gel strength, 

a key physicochemical parameter that defines the functionality of gelatin, particularly as an 

emulsifier and gelling agent (Lueyot et al. 2021). Gel strength measures gelatin's ability to 

transition between gel and sol phases, a property advantageous due to its reversibility, allowing 
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for versatile applications in both food and non-food products. Recent analysis has shown that the 

gel strength of gelatin derived from PSSS is ± 8.54 blooms, closely aligning with the GMIA 

standard for food-grade gelatin, which requires a minimum of 175 blooms (GMIA 2019). Several 

factors influence gel strength, including raw materials, pretreatment and extraction conditions, 

amino acid chain length, pH, molecular weight, and temperature during gelation (Febriana et al. 

2021; Zhou & Regenstein 2021). Notably, longer amino acid chains contribute to greater gel 

strength by allowing more extensive cross-linking within the gelatin matrix, resulting in a stronger 

gel (Badii & Howell 2006). Optimizing these factors, particularly hydroxyproline content, could 

further enhance gelatin's gel strength, making it more suitable for a wider range of applications ( 

Gómez-Guillén et al. 2002).  

FTIR analysis was carried out to ensure that the resulting compound was gelatin by 

comparing the results of the sample spectra (Maryam et al. 2019). According to Rohman et al. 

(2011), FTIR analysis only requires easy preparation with the use of solvents and chemical 

reagents that can produce fast and low-impact analysis. It is a quick analysis technique that does 

not cause damage or failure. The results of the FTIR spectrum show four peaks in the wave 

number region, namely wave numbers 3595-2879; 2156; 1696-1668; 1373-1343; 1297-1244 

cm−1, representing the amide A, amide B, amide I, amide II, and amide III regions, respectively, 

as stated by Shahvalizadeh et al. (2021). The analysis of functional groups in gelatin from PSSS 

revealed the absorption peak of amide A identified in a broad wave between 3595-2879 cm−1, 

indicating the presence of the OH group of hydroxyproline. The broad peak shape is evidence of 

the OH group of hydroxyproline. The N-H group of a peptide involved in hydrogen bonding might 

overlap with the O-H group in that area, causing an absorption with a broad peak. 

The amide B portion, with absorption at 2156 cm−1, suggests that the N-H group in the 

amide tends to bond with the CH2 strain when the carboxylic group is in a stable state. This 

indicates that the samples analyzed by FTIR have OH groups, NH strains, and CH2 strains. The 

amide I region, with absorption at 1696-1668 cm−1, indicates the presence of the C=O strain and 

the OH group paired with the carboxyl group. The PSSS gelatin shows an absorption region at 

1696-1668 cm−1, indicating a random coil structure, which is a typical gelatin group. Amide II, with 

absorption at 1373-1343 cm−1, is caused by the deformation of NH bonds in proteins and C=N 

stretching vibrations. It is associated with the deformation of tropocollagen into α-helix chains, 

resulting from the denaturation process using heat. The amide III region, with low intensity and 

almost invisible due to the loss of the collagen triple helix structure during denaturation into gelatin, 

was detected in the absorption region at 1297-1244 cm−1. This indicates the transformation from 

the triple helix structure to the random coil structure during the extraction process, a result of 

collagen denaturation into gelatin. 

Gelatin generally consists of α chains and β chains as the main proteins. The molecular 

weight (MW) profile of the gelatin protein from PSSS revealed bands of α1 chains at 130 kDa, α2 

at 115 kDa, and β chains at 235 kDa. Gelatin typically has a high molecular weight, ranging 

between 80 and 250 kDa. It generally comprises a single α chain, two covalently cross-linked α 

chains referred to as β chains, and three covalently connected α chains known as γ chains (Haug 

et al. 2004). The α chain's reported MW falls between 80-125 kDa, the β chain between 160-250 

kDa, and the γ chain between 240-375 kDa (Gudipati 2013). In the SDS-PAGE profile of PSSS 

gelatin, a band above 250 kDa is suspected to be a γ chain, suggesting covalent connections of 

three α chains and the visibility of the β chain. This indicates the presence of cross-links in the 
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molecule, formed by covalently linked α chain dimers. Some factors contributing to differences in 

MW of gelatin include species variations; for instance, warm-water fish exhibit higher MW 

components than cold-water fish (Gómez-Guillén et al. 2002). The extended storage of raw 

materials in a frozen state can also impact the MW of gelatin due to protein denaturation, as 

observed by Silva et al. (2014), with the MW profile of cobia (R. canadum) and croaker (M. furnieri) 

gelatin α1 chain at 166 kDa. Factors such as acid pretreatment and extraction temperature 

influence the protein structure of gelatin (Zuraida & Pamungkas 2020), potentially causing more 

severe damage to the collagen structure. It is suspected that citric acid breaks peptide bonds, 

resulting in reduced MW (Niu et al. 2013), although citric acid is effective in removing 

phospholipids and plays a crucial role in binding amino acid residues to collagen (Benjakul et al. 

2009). The MW distribution component of seawater fish is higher than that of freshwater fish, 

possibly because seawater fish have more collagen components than freshwater fish. 

 

CONCLUSIONS 

 

The pretreatment involving HCl immersion with a concentration of 0.25 M demonstrated the 

highest weight. PSSS, a by-product of the fisheries industry, can be utilized as an ingredient in 

gelatin production due to its hydroxyproline content, which serves as an indicator of collagen in 

the gelatin-making material. The hydroxyproline analysis showed an insignificant increase (0.088-

0.103 mg/ml) from the pre-treatment stage to the final gelatin product.The obtained liquid gelatin 

product exhibited yield, pH, and gel strength in accordance with GMIA standards. It displayed a 

molecular weight band with an α1 chain at 130 kDa, α2 at 115 kDa, and β chain at 235 kDa. The 

functional groups identified included amides A, B, I, II, and III, indicating the presence of gelatin 

products and their derivatives. 

 

ACKNOWLEDGEMENTS 

 

This research was funded by Ministry of Maritime Affairs and Fisheries, RISPRO LPDP Invitation 

Number PRJ-76/LPDP/2019 which has provided support in education. 

 

AUTHOR’S CONTRIBUTIONS 

 

Widiyanto: Developed conceptual ideas, prepared, executed, and supervised the research 

process, collected and analyzed data, and drafted the manuscript.  

Uju: Contributed to developing conceptual ideas, monitoring, and supervising the research 

process, as well as critically revising the manuscript.  

Sitti Hardiyanti Rachman: Drafted the manuscript and finalizing the article for publication 

Mala Nurilmala: Provided funding for the research, contributed to developing conceptual ideas, 

monitoring, and supervising the research process, as well as critically revising the manuscript.  

 

All authors discussed the results and contributed to the final version of the manuscript.  

 

REFERENCES 

 



15 
 

Agustini T W, Widayat W, Suzery M, Darmanto Y and Mubarak I. (2020). Pengaruh jenis ikan 

terhadap rendemen pembuatan gelatin dari ikan dan karakteristik gelatinnya. Indones J 

Halal. 2(2):46–52. https://ejournal2.undip.ac.id/index.php/ijh/article/view/7342  

Ali E, Sultana S, Hamid S B A, Hossain M, Yehya W A, Kader A and  Bhargava S K. (2016). 

Gelatin controversies in food, pharmaceuticals, and personal care products: 

Authentication methods, current status, and future challenges. Crit Rev Food Sci Nutr. 

58(9):1495–1511. https://doi.org/10.1080/10408398.2016.1264361.  

AOAC. (1995). Association of Analytical Chemist Publisher. Official methods of analysis of the 

association of official analysis chemist. Arlington Virginia (US): The Association of Official 

Analytical Chemist, Inc. https://www.aoac.org/official-methods-of-analysis/  

Atma Y, Seftiono H, Lioe H N and Taufik M. (2018). The hydroxyproline content of fish bone 

gelatin from Indonesian Pangasius catfish by enzymatic hydrolysis for producing the 

bioactive peptide. Biofarmasi J Nat Prod Biochem. 16(2): 64–68. 

https://doi.org/10.13057/biofar/f160202. 

Azilawati M I, Hashim D M, Jamilah B and Amin I. (2015). RP-HPLC method using 6-

aminoquinolyl-N-hydroxysuccinimidyl carbamate incorporated with normalization 

technique in principal component analysis to differentiate the bovine, porcine and fish 

gelatins. Food Chem. 172: 368–376. https://doi.org/10.1016/j.foodchem.2014.09.093 

Baco N, Oslan S N H, Shapawi R, Mohhtar R A M, Noordin W N M and Huda N. (2022). 

Antibacterial activity of functional bioactive peptides derived from fish protein hydrolysate. 

IOP Conf Ser Earth Environ Sci. 967(1). https://doi.org/10.1088/1755-1315/967/1/012019. 

Badii F and Howell N K. (2006). Fish gelatin : Structure , gelling properties and interaction with 

egg albumen proteins. Food Hydrocolloids 20: 630–640. 

https://doi.org/10.1016/j.foodhyd.2005.06.006 

Benjakul S, Oungbho K, Visessanguan W, Thiansilakul Y and Roytrakul S. (2009). Characteristics 

of gelatin from the skins of bigeye snapper, Priacanthus tayenus and Priacanthus 

macracanthus. Food Chem. 116(2): 445–451. 

https://doi.org/10.1016/j.foodchem.2009.02.063.  

Chuaychan S, Benjakul S and Nuthong P. (2016). Element distribution and morphology of spotted 

golden goatfish fish scales as affected by demineralisation. Food Chem. 197: 814–820. 

https://doi.org/10.1016/j.foodchem.2015.11.044. 

Coppola D, Oliviero M, Vitale G A, Lauritano C, D’Ambra I, Iannace S and de Pascale D. (2020). 

Marine collagen from alternative and sustainable sources: Extraction, processing and 

applications. Mar Drugs 18(4). https://doi.org/10.3390/md18040214 

Derkach S R, Kuchina Y A, Baryshnikov A V, Kolotova D S and Voron’ko N G. (2019). Tailoring 

cod gelatin structure and physical properties with acid and alkaline extraction. Polymers 

(Basel) 11(10): 1–17. https://doi.org/10.3390/polym11101724 

Febriana L G, Stannia N A S , Fitriani A N and Putriana N A. (2021). Potensi gelatin dari tulang 

ikan sebagai alternatif cangkang kapsul berbahan halal: Karakteristik dan pra formulasi. 

Maj Farmasetika 6(3): 223. https://doi.org/10.24198/mfarmasetika.v6i3.33183 

Feng X, Wenxue Z, Yuanyuan Q and Huaibin K. (2015). Optimization of demineralization on 

Cyprinus carpio haematopterus scale by response surface methodology. J Food Sci 

Technol 52(3):1684–1690. https://doi.org/10.1007/s13197-013-1164-y 

Fernianti D, Juniar H and Dwiayu Adinda N. (2020). Pengaruh massa ossein dan waktu ekstraksi 



16 
 

gelatin dari tulang ikan tenggiri dengan perendaman asam sitrat belimbing wuluh. J 

Distilasi. 5(2): 1. https://doi.org/10.32502/jd.v5i2.3027 

Flammini L, Martuzzi F, Vivo V, Ghirri A, Salomi E, Bignetti E and Barocelli E. (2016). Hake fish 

bone as a calcium source for efficient bone mineralization. Int J Food Sci Nutr. 67(3): 265–

273. https://doi.org/10.3109/09637486.2016.1150434. 

Forooghi E, Zade S V, Sahebi H, Abdollahi H, Sadeghi N and Jannat B. (2023). Authentication 

and discrimination of tissue orifin of bovin gelatin using combined supervised pattern 

recognition strategies.  Microchem J. 187(3): 740–741. 

https://doi.org/10.1093/jaoac/41.3.740b.  

Cebi N, Durak M Z, Toker OS, Sagdic O, Arici M. 2016. An evaluation of Fourier transforms 

infrared spectroscopy method for the classification and discrimination of bovine, porcine 

and fish gelatins. Food Chem. 190: 1109–1115. 

https://doi.org/10.1016/j.foodchem.2015.06.065 

Ghaly A E, Ramakrishnan V V, Brooks M S, Budge S M and Dave D. (2013). Fish processing 

wastes as a potential source of proteins, amino acids and oils: A critical review. J Microb 

Biochem Technol. 5(4): 107–129. https://doi.org/10.4172/1948-5948.1000110 

Gómez-Guillén M C, Turnay J,  FernaÂndez-DõÂaz M D, Ulmo N, Lizarbe M A and Montero P. 

(2002). Structural and physical properties of gelatin extracted from different marine 

species: a comparative study. Food Hydrocoll. 16(1): 25–34. 

https://doi.org/10.1016/s0268-005x(01)00035-2 

GMIA. (2019). Standard methods for the testing of edible gelatin. Gelatin handbook. Gelatin 

Manufacturers Institute of America  

Gudipati V. (2013). Fish gelatin: A versatile ingredient for the food and pharmaceutical industries. 

Mar Proteins Pept Biol Act Appl.: 271–295. https://doi.org/10.1002/9781118375082.ch13 

Haug T T, Mykletun A and Dahl A A. (2004). The association between anxiety, depression, and 

somatic symptoms in a large population: The HUNT-II study. Psychosom Med. 66(6): 845–

851. https://doi.org/10.1097/01.psy.0000145823.85658.0c 

Kandyliari A, Mallouchos A, Papandroulakis N, Golla J P, Lam T K T, Sakellari A, Karavoltsos S, 

Vasiliou V and Kapsokefalou M. (2020). Nutrient composition and fatty acid and protein 

profiles of selected fish by-products. Foods. 9(2): 1–14. 

https://doi.org/10.3390/foods9020190 

Karlina I R and Atmaja L. (2018). Ekstrak gelatin dari tulang rawan ikan pari (Himantura gerarrdi) 

pada variasi larutan asam untuk perendaman. Pros Kim FMIPA -ITS.(1). 

Kim K D, Jang J W, Kim K W, Lee B J, Hur S W and Han H S. (2018). Tuna by-product meal as 

a dietary protein source replacing fishmeal in juvenile Korean rockfish Sebastes schlegeli. 

Fish Aquat Sci. 21(1): 1–8. https://doi.org/10.1186/s41240-018-0107-y 

Kittiphattanabawon P, Benjakul S, Visessanguan W and Shahidi F. (2010). Comparative study on 

characteristics of gelatin from the skins of brownbanded bamboo shark and blacktip shark 

as affected by extraction conditions. Food Hydrocoll. 24(2–3): 164–171. 

https://doi.org/10.1016/j.foodhyd.2009.09.001 

Laemmli U K. (1970). Cleavage of structural proteins during the assembly of the head of 

bacteriophage T4. Nature 227(5259): 680–685. 

Lueyot A, Rungsardthong V, Vatanyoopaisarn S, Hutangura P, Wonganu B, Wongsa-Ngasri P, 

Charoenlappanit S, Roytrakul S, Thumthanaruk B. (2021). Influence of collagen and some 



17 
 

proteins on gel properties of jellyfish gelatin. PLoS One 16: 1–14. 

https://doi.org/10.1371/journal.pone.0253254 

Maryam S, Effendi N and Kasmah K. (2019). Produksi dan karakterisasi gelatin dari limbah tulang 

ayam dengan menggunakan spektrofotometer FTIR (Fourier Transform Infra Red). Maj 

Farm. 15(2): 96. https://doi.org/10.22146/farmaseutik.v15i2.47542 

Milovanovic I and Hayes M. (2018). Marine gelatine from rest raw materials. Appl Sci. 8(12): 1–

22. https://doi.org/10.3390/app8122407 

Mohtar N F, Perera C and Quek S Y. (2010). Optimisation of gelatine extraction from hoki 

(Macruronus novaezelandiae) skins and measurement of gel strength and SDS-PAGE. 

Food Chem. 122(1): 307–313. https://doi.org/10.1016/j.foodchem.2010.02.027  

Muyonga J H, Cole C G B and Duodu K G. (2004a). Fourier transform infrared (FTIR) 

spectroscopic study of acid soluble collagen and gelatin from skins and bones of young 

and adult Nile perch (Lates niloticus). Food Chem. 86(3): 325–332. 

https://doi.org/10.1016/j.foodchem.2003.09.038 

Muyonga J H, Cole C G B and  Duodu  KG. (2004b). Extraction and physico-chemical 

characterisation of Nile perch (Lates niloticus) skin and bone gelatin. Food Hydrocoll. 

18(4): 581–592. https://doi.org/10.1016/j.foodhyd.2003.08.009 

Niu L, Zhou X, Yuan C, Bai Y, Lai K, Yang F and Huang Y. (2013). Characterization of tilapia 

(Oreochromis niloticus) skin gelatin extracted with alkaline and different acid 

pretreatments. Food Hydrocoll. 33(2): 336–341. 

https://doi.org/10.1016/j.foodhyd.2013.04.014 

Nurilmala M, Jacoeb A M, Dzaky R A. (2017). Karakteristik gelatin kulit ikan tuna sirip kuning. 

Jurnal Pengolahan Hasil Perikanan Indonesia. 20(2): 339. 

https://doi.org/10.17844/jphpi.v20i2.18049 

Nurilmala M, Adinugraha S C, Jacoeb A M, Susilawati S and Ochiai Y. (2020). Evaluation of the 

properties of tuna skin gelatin as a hard capsule material. Fish Sci. 86(5): 917–924. 

https://doi.org/10.1007/s12562-020-01457-7 

Nurilmala M, Darmawan N, Putri EAW, Jacoeb AM, Irawadi TT. 2021. Pangasius fish skin and 

swim bladder as gelatin sources for hard capsule material. Int J Biomater. 2021. 

https://doi.org/10.1155/2021/6658002 

Nurilmala M, Suryamarevita H, Husein Hizbullah H, Jacoeb A M and Ochiai Y. (2022). Fish skin 

as a biomaterial for halal collagen and gelatin. Saudi J Biol Sci. 29(2): 1100–1110. 

https://doi.org/10.1016/j.sjbs.2021.09.056 

Oktaviani Rz I, Uthia R, Jannah F and Yandra A. (2022). Extraction of catfish bone waste 

(Pangasius hypophtalmus) by utilizing an organic liquid of pineapple peel waste (Ananas 

comosus) into gelatin. IOP Conf Ser Earth Environ Sci. 1041(1). 

https://doi.org/10.1088/1755-1315/1041/1/012007 

Ortizo R G G, Sharma V, Tsai M L, Wang J X, Sun P P, Nargotra P, Kuo CH, Chen C W and  

Dong C D. (2023). Extraction of novel bioactive peptides from fish protein hydrolysates by 

enzymatic reactions. Appl Sci. 13(9). https://doi.org/10.3390/app13095768 

Osiriphun S, Wangtueai S, Rachtanapun P and Jirarattanarangsri W. (2022). Preparation of a 

protein drink from fish protein hydrolysate obtained from tilapia skin waste. Food Res. 6(3): 

21–26. https://doi.org/10.26656/fr.2017.6(3).342 

Oslan S N H, Shapawi R, Mokhtar R A M, Noordin W N M and Huda N. (2022). Characterization 



18 
 

of acid- and pepsin-soluble collagen extracted from the skin of purple-spotted bigeye 

snapper. Gels. 8(10). https://doi.org/10.3390/gels8100665 

Pradarameswari K A, Zaelani K, Waluyo E and Nurdiani R. (2018). The physico-chemical 

properties of pangas catfish (Pangasius pangasius) skin gelatin. IOP Conf Ser Earth 

Environ Sci. 137(1). https://doi.org/10.1088/1755-1315/137/1/012067 

Qin D, Bi S, You X, Wang M, Cong X, Yuan C, Yu M, Cheng X and Chen X G. (2022). 

Development and application of fish scale wastes as versatile natural biomaterials. Chem 

Eng J. 428(April 2021): 131102. https://doi.org/10.1016/j.cej.2021.131102  

Rakhmanova A, Khan Z A, Sharif R and Lü X. (2018). Meeting the requirements of halal gelatin: 

A mini review. MOJ Food Process Technol. 6(6): 477–482. 

https://doi.org/10.15406/mojfpt.2018.06.00209 

Reátegui-Pinedo N, Salirrosas D, Sánchez-Tuesta L, Quiñones C, Jáuregui-Rosas SR, Barraza 

G, Cabrera A, Ayala-Jara C and Martinez R M, Baby A R. (2022). Characterization of 

collagen from three genetic lines (Gray, Red and F1) of Oreochromis niloticus (Tilapia) 

skin in young and old adults. Molecules. https://doi.org/10.3390/molecules27031123 

Rachman S H, Santoso J, Suseno S H. (2023). Antioxidant activity and potential bioactive 

peptides from skin protein hydrolysate of yellowfin tuna (Thunnus albacares). J Ilm Perikan 

dan Kelautan 15(2): 248–263. https://doi.org/10.20473/jipk.v15i2.41625 

Rehman A, Tong Q, Jafari S M, Shehzad Q, Aadil R M, Iqbal W, Rashed M M A and Mushtaq B 

S. (2019). JourlP. Adv Colloid Interface Sci.: 102048. 

https://doi.org/10.1016/j.cis.2019.102048 

Reinhard Schrieber and Gareis H. (2007). Gelatine handbook: Theory and industrial practice. 

https://doi.org/10.1002/9783527610969.fmatter. 

Rohman A, Che Man Y B, Ismail A and Puziah H. (2011). FTIR spectroscopy combined with 

multivariate calibration for analysis of cod liver oil in binary mixture with corn oil. Int Food 

Res J. 18(2): 757–761. 

Rýglová Š, Braun M, Hříbal M, Suchý T, Vöröš D. (2021). The proportion of the key components 

analysed in collagen-based isolates from fish and mammalian tissues processed by 

different protocols. J Food Compos Anal. 103. https://doi.org/10.1016/j.jfca.2021.104059 

Samatra M Y, Razali U H M, Shaarani S M, Roslan J, Ramli R A, Nor Qhairul Izzreen M N. (2024). 

Physicochemical and functional properties of buffalo (Bubalus bubalis) bone gelatin 

extracted using acid pre-treatment. Futur Foods. 10 January: 100428. 

https://doi.org/10.1016/j.fufo.2024.100428 

Samosir A S K, Idiawati N and Destiarti L. (2018). Ekstraksi gelatin dari kulit ikan toman (Channa 

micropelthes) dengan variasi konsentrasi dari asam asetat. J Kim Khatulistiwa. 7(3): 104–

108. 

Shahvalizadeh R, Ahmadi R, Davandeh I, Pezeshki A, Seyed Moslemi S A, Karimi S, Rahimi M, 

Hamishehkar H and Mohammadi M. (2021). Antimicrobial bio-nanocomposite films based 

on gelatin, tragacanth, and zinc oxide nanoparticles – Microstructural, mechanical, 

thermo-physical, and barrier properties. Food Chem. 354(July 2020): 129492. 

https://doi.org/10.1016/j.foodchem.2021.129492 

Silva T H, Moreira-Silva J, Marques A L P, Domingues A, Bayon Y and Reis R L. (2014). Marine 

origin collagens and its potential applications. Mar Drugs. 12(12): 5881–5901. 

https://doi.org/10.3390/md12125881 



19 
 

Sukkwai S, Kijroongrojana K and Benjakul S. (2011). Skin for gelatin hydrolysate production. Int 

Food Res J. 18(3): 1129–1134. 

Widiyanto W, Uju U and Nurilmala M. (2022). Karakteristik kolagen dari kulit dan sisik ikan 

coklatan, swanggi, dan kurisi sebagai bahan gelatin. J Pengolah Has Perikan Indones. 

25(3): 512–527. https://doi.org/10.17844/jphpi.v25i3.43598 

Zhou P and Regenstein J M. (2005). C : Food chemistry and toxicology effects of alkaline and 

acid pretreatments on Alaska pollock skin gelatin extraction. J Food Sci. 70(6): 392–396. 

Zuraida I and Pamungkas B F. (2020). Effects of acid pretreatment and extraction temperature 

on the properties of gelatin from striped snakehead (Channa striata) scales. AACL Bioflux. 

13(5): 2937–2945. 

 

 

 

 

 

 

 

 


