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Abstract. This study used the electrospinning method to process and 
characterize gelatin from red snapper skin for use as a raw material in 
biomedical membrane preparations. The research design used treatments 
involving different "ratios of fish gelatin to pullulan": 50% bovine gelatin: 
50% pullulan (p0/control), 25% fish gelatin: 75% pullulan (p1), 50% fish 
gelatin: 50% pullulan (p2), and 75% fish gelatin: 25% pullulan (p3). The 
profile of gelatin from red snapper skin includes yield (12.27±3.37%), pH 
(5.05±0.06), moisture (3.45±0.20%), ash (1.46±0.44%), protein 
(53.40±3.15%), viscosity (9.24cP), and gel strength (99.37 bloom). Based 
on light microscopy observations, the percentage of nanofiber membrane 
threads formed (from the largest size/highest quality to the smallest 
size/lowest quality) was produced by treatments p0, p1, p2, and p3. SEM 
observations revealed that the size and shape of the threads in treatments 
p1 and p0 were relatively similar (<1 µm). FTIR analysis indicated that p0 
and p1 have the same four functional groups (aliphatic phosphate, aliphatic 
secondary amine, monosubstituted alkyl, and aliphatic hydrocarbons). The 
p0 sample was superior because it also had one additional group detected: 
phenol. In the solubility test, p1 dissolved more slowly, taking 9.33±3.21 
seconds, whereas p0 dissolved in 4.67±0.58 seconds. 

1 Introduction  
Red snapper is an economically important fishery commodity with an increasing trend of 
world market demand in the last 10 years (2013 - 2022). The total national production of 
red snapper in 2022 reached 324,803.69 tons with a production value of 11,890.80 billion 
rupiah [1]. Snappers are marketed in various products according to market demand, 
especially in the form of filets [2]. The production of fish filets produces a large amount of 
waste (by-products) in the form of skin, bones, heads, viscera, scales, and fins but have not 
been optimally utilized for commercial derivative product processing [3]. According to 
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Sumariono [4], the skin produced in the fish filet processing industry reaches 30-35% of the 
total by-products. Fish skin has a protein content of 29.72% and has potential as a raw 
material for gelatin in the processing of various food and health products [5].  

Fish skin can be processed into gelatin through partial hydrolysis of collagen [6]. 
Gelatin has purer components than collagen so it has the potential to be developed in the 
food, medical (health, pharmaceutical, beauty), photography and other fields. In the medical 
field, gelatin can be used as a drug delivery, body tissue builder, bone scaffold, capsule, 
biomaterial development, wound healing, and anticancer [7]. Gelatin is used in the form of 
nanofiber membranes, skin-like sheets, and hydrogels [8]. Gelatin membranes are materials 
that have bioactive properties and can be applied in biomedical tissue engineering [9]. 
Membranes in the form of nanofibers have advantages in water vapor transmission and high 
hydrostatic pressure with optimal mechanical properties [10]. Nanofiber membranes 
produced by electrospinning method are used as bone scaffolds and wound healers.  

Gelatin from red snapper skin has a moisture content of 10%, minerals/ash 0.40%, 
protein 88.88% and pH 5.45 [11]. The production of biomedical membranes from fish 
gelatin added with pullulan has potential as a tissue scaffold that can compete with 
membranes from other basic materials [12]. Membranes from red snapper skin gelatin are 
expected to have the same and or better quality compared to commercial membranes based 
on nonfish skin gelatin so that they can be widely marketed to consumers. Gelatin can also 
be used as drug delivery for several types of diseases, such as tuberculosis and has potential 
as a carrier for anticancer substances and biomaterial development [7].  

Pullulan has a white profile that is stable, water-soluble, tasteless, and odorless [13]. 
Pullulan can be utilized in various fields such as food and medical fields. Pullulan can be 
used in the food sector as a thickening agent, coating agent, and binding agent. Pullulan can 
be used in the medical field as connective tissue in several parts of the body such as in bones 
and muscles, drug delivery, and gene and wound healing [14]. Pullulan has biodegradable, 
noncarcinogenic, nonimmunogenic, nontoxic, hydrophilic, and hemocompatible properties 
so that its utilization is wide [15]. This study aims to analyze gelatin profiles as well as 
biomedical membranes from red snapper skin compared to pullulan-based commercial 
membranes.  

2 Research methods   
2.1 Tools and materials   

The tools used in this study were knives, plastic packaging, pH meter, centrifuge, beaker, 
filter cloth, desiccator, analytical balance, muffle furnace, porcelain chair, electric stove, 
baking sheet, silicone pan, oven, electrospinning, magnetic stirrer, vortex, measuring cup, 
stove, porcelain cup, watch glass, ruler, centrifugation, and digestion unit buchi. The 
materials used in this study were red snapper skin obtained from CV Bee Jay Seafood Tbk, 
NaOH, CH3COOH, NaCl, distilled water, HNO3, pullulan, bovine, kjeldahl tablet, boric 
acid, BCGMR, HCl, and simulated body fluid, obtained from the Integrated Research and 
Testing Laboratory, Gadjah Mada University Yogyakarta, 2024.  

2.2 Raw material preparation  

Raw materials for snapper skin were obtained from PT Beejay Seafood located in 
Probolinggo, East Java. The skin was packaged, frozen and shipped frozen. The snapper 

skin was then cleaned of the remaining meat and cut into small pieces of approximately 2 
cm. Fish skin was packaged and stored in a freezer until use.  

2.3 Gelatin extraction [16] 

Gelatin extraction was performed using the method of [16], [11], and the modified method 
of Islami [17]. The fish skin was cut, washed with running water repeatedly until it was 
clean and the initial weight of the skin was measured. The fish skin was soaked in acetic 
acid (CH3 COOH) solution of 1% concentration (0.13 M) in a ratio of 1:4 (b/v) for 12 hours. 
The fish skin was washed with running water until it reached neutral pH (6-7), extracted 
with distilled water solution in a ratio of 1:3 (b/v) in a waterbath shaker at 80⁰C for 3 hours. 
The filtrate from the skin bath was filtered using and dried in an oven at 55o C for 48 hours. 
The dried gelatin sheets were pulverised with a blender.  

2.4 Yield calculation [18] 

The yield is the ratio between the extract obtained and the initial simplisia, with the aim of 
determining how much extract is obtained from the fresh simplisia used. The calculation of 
material yield uses the following formula.  

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑤𝑤𝑤𝑤𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑤𝑤𝑤𝑤ℎ𝐺𝐺𝐺𝐺 (𝑤𝑤𝑤𝑤) 
𝑌𝑌𝑌𝑌𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑌𝑌𝑌𝑌 (%) =  𝑥𝑥𝑥𝑥100               (1)  

𝑅𝑅𝑅𝑅𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑚𝑚𝑚𝑚𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑤𝑤𝑤𝑤𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑤𝑤𝑤𝑤ℎ𝐺𝐺𝐺𝐺 (𝑤𝑤𝑤𝑤) 

2.5 pH analysis [19] 

A gram gelatin sample was dissolved in distilled water to a volume of 10 ml. The mixture 
was heated on a magnetic stirrer at 45oC and while stirring at 200 rpm. The gelatin solution 
was cooled to a temperature of 25oC and measured with a calibrated pH meter.  

2.6 Moisture content analysis [20] 

The water content test uses a moisture analyzer, which is based on the tool's manual book. 
The test steps are the tool turned on and opened the top. The aluminium pan is placed on 
the tool and confirmed to be in the correct position. The tool were closed and the tare button 
is pressed, the top of the tool is opened again and a gelatin sample was inserted with a weight 
of ±500 mg until the instrument indicator shows green color. The top of the device is closed 
and left until the sample heating process ends and the results are recorded.  

2.7 Ash [18] 

The ash content test was carried out with a porcelain chair that was fired in a muffle furnace. 
The porcelain chair was placed in an oven at 105oC until the temperature decreased. The 
porcelain was put into a desiccator for ± 30 minutes until the temperature is the same as 
room temperature. The porcelain chair was weighed, 2 g of sample was put into the 
porcelain chair, HNO3 was added as much as 1 mL, the sample was nestled with an electric 
stove. Porcelain cursor is put into a muffle furnace with the lid of the porcelain cursor 
opened slightly to accelerate the ignition process at a temperature of 600oC for ± 3.5 hours. 
The porcelain was placed in an oven at 105oC until the temperature decreased and placed in 
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stove, porcelain cup, watch glass, ruler, centrifugation, and digestion unit buchi. The 
materials used in this study were red snapper skin obtained from CV Bee Jay Seafood Tbk, 
NaOH, CH3COOH, NaCl, distilled water, HNO3, pullulan, bovine, kjeldahl tablet, boric 
acid, BCGMR, HCl, and simulated body fluid, obtained from the Integrated Research and 
Testing Laboratory, Gadjah Mada University Yogyakarta, 2024.  

2.2 Raw material preparation  

Raw materials for snapper skin were obtained from PT Beejay Seafood located in 
Probolinggo, East Java. The skin was packaged, frozen and shipped frozen. The snapper 

skin was then cleaned of the remaining meat and cut into small pieces of approximately 2 
cm. Fish skin was packaged and stored in a freezer until use.  

2.3 Gelatin extraction [16] 

Gelatin extraction was performed using the method of [16], [11], and the modified method 
of Islami [17]. The fish skin was cut, washed with running water repeatedly until it was 
clean and the initial weight of the skin was measured. The fish skin was soaked in acetic 
acid (CH3 COOH) solution of 1% concentration (0.13 M) in a ratio of 1:4 (b/v) for 12 hours. 
The fish skin was washed with running water until it reached neutral pH (6-7), extracted 
with distilled water solution in a ratio of 1:3 (b/v) in a waterbath shaker at 80⁰C for 3 hours. 
The filtrate from the skin bath was filtered using and dried in an oven at 55o C for 48 hours. 
The dried gelatin sheets were pulverised with a blender.  

2.4 Yield calculation [18] 

The yield is the ratio between the extract obtained and the initial simplisia, with the aim of 
determining how much extract is obtained from the fresh simplisia used. The calculation of 
material yield uses the following formula.  

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑤𝑤𝑤𝑤𝑤𝐺𝐺𝐺𝐺 (𝑤𝑤𝑤𝑤) 
𝑌𝑌𝑌𝑌𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌=  𝑥𝑥𝑥𝑥100               (1)  

𝑅𝑅𝑅𝑅𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑚𝑚𝑚𝑚𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑤𝑤𝑤𝑤𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑤𝑤𝑤𝑤𝑤𝐺𝐺𝐺𝐺 (𝑤𝑤𝑤𝑤) 

2.5 pH analysis [19] 

A gram gelatin sample was dissolved in distilled water to a volume of 10 ml. The mixture 
was heated on a magnetic stirrer at 45oC and while stirring at 200 rpm. The gelatin solution 
was cooled to a temperature of 25oC and measured with a calibrated pH meter.  

2.6 Moisture content analysis [20] 

The water content test uses a moisture analyzer, which is based on the tool's manual book. 
The test steps are the tool turned on and opened the top. The aluminium pan is placed on 
the tool and confirmed to be in the correct position. The tool were closed and the tare button 
is pressed, the top of the tool is opened again and a gelatin sample was inserted with a weight 
of ±500 mg until the instrument indicator shows green color. The top of the device is closed 
and left until the sample heating process ends and the results are recorded.  

2.7 Ash [18] 

The ash content test was carried out with a porcelain chair that was fired in a muffle furnace. 
The porcelain chair was placed in an oven at 105oC until the temperature decreased. The 
porcelain was put into a desiccator for ± 30 minutes until the temperature is the same as 
room temperature. The porcelain chair was weighed, 2 g of sample was put into the 
porcelain chair, HNO3 was added as much as 1 mL, the sample was nestled with an electric 
stove. Porcelain cursor is put into a muffle furnace with the lid of the porcelain cursor 
opened slightly to accelerate the ignition process at a temperature of 600oC for ± 3.5 hours. 
The porcelain was placed in an oven at 105oC until the temperature decreased and placed in 
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a desiccator for 30 minutes. The porcelain cursor was weighed and the ash content was 
calculated using the following formula.  
 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴ℎ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =  𝑥𝑥𝑥𝑥𝑥100%               (2)  

𝑆𝑆𝑆𝑆𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 

  
2.8 Protein [18] 

The stages of the protein content test are weighing the sample as much as 0.15 - 0.2 g 
according to the estimated protein of the type of material to be tested. The sample is put into 
the deconstruction tube, added H2SO4 concentrated 2 mL and 1 g kjeldahl tablet. In the 
blank sample, 2 mL of concentrated H2SO4 and 1 g of kjeldahl tablet were added without 
adding the sample. The deconstruction tube is placed on the shelf in the buchi digestion unit. 
The tool is set at a temperature of 420oC and the deconstruction process is carried out until 
the solution is clear green. The rack was removed and left until the temperature of the 
deconstruction tube was low and the smoke from the combustion disappeared. The test tube 
was mounted on the previously heated buchi distillation unit. Erlenmeyer tubes containing 
5 mL boric acid and 3 - 4 drops of BCG-MR were prepared and attached to the sample 
receiver. The distillation device was turned on and waited for the process to end. Erlenmeyer 
was taken and continued with titration using 0.02 N HCl until the liquid contained in the 
erlenmeyer turned pink. The blank was titrated with the same solution. Protein content was 
calculated by the formula.  

  
(𝑉𝑉𝑉𝑉𝐴𝐴𝐴𝐴 − 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉) 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐹𝐹𝐹𝐹 𝑥𝑥𝑥𝑥𝑥14.007 𝑥𝑥𝑥𝑥𝑥𝑥𝑥25 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹% =  𝑥𝑥𝑥𝑥𝑥100%               (3)  
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊1000 

  
Description:  
VA    = ml HCl titration sample  
VB    = ml HCl titration blank  
N HCl   = Normality of HCl used  
14,007   = Atomic weight nitrogen  
6,25   = Fish protein conversion factor  
W     = Sample weight  

2.9 Viscosity [18] 

6.67 g of gelatin was put in a beaker, the added distilled water to 100 ml. The gelatin solution 
was heated and stirred with a magnetic stirrer at 60°C until the gelatin was completely 
dissolved. The gelatin solution was cooled to a temperature of 25°C, then the viscosity was 
measured using a Brookfield Metek DV-1 Viscometer at a speed of 100 rpm. The viscosity 
value is expressed in centipoise (cP). 

𝐺𝐺𝐺𝐺𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃ℎ (𝑏𝑏𝑏𝑏𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) = 𝑀𝑀𝑀𝑀𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑀𝑀𝑀𝑀𝑆𝑆𝑆𝑆 𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ( 𝑤𝑤𝑤𝑤
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆2)  𝑥𝑥𝑥𝑥𝑥𝑆𝑆𝑆𝑆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐴𝐴𝐴𝐴𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤  

Where: plunger serface area = 126,612 mm2 

2.10 Gel Strength [21] 

Put 6.67 grams of gelatin into a beaker and add distilled water to 100 ml. The gelatin solution 
was heated and stirred with a magnetic stirrer at 60°C until the gelatin was completely 
dissolved. The gelatin solution is cooled to a temperature of 25°C then put into a cup and 
stored in the refrigerator at a temperature of 4°C for approximately 18 hours. Gel strength 
was measured using a Universal Testing Machine (UTM). The gel strength value can be 
calculated using the following formula. 

2.11 Membrane manufacturing [12]  

The gelatin membrane was prepared by a modified electrospinning [12]. Gelatin was 
dissolved in PA distilled water and then stirred using a stirrer until well mixed. The 
concentration of the resulting solution was 25% (b/vH2O). The gelatin solution was added to 
the film solution made from pullulan with a concentration of 25% (b/vH2O) in the ratio of 
20/80, 30/70, 40/60 and 50/50. The solution was electrospinning at room temperature. 
Electrospinning was performed using a syringe connected to a steel plate, then connected to 
a power source with DC current with a current strength range of 0-50 kV. The pumping 
speed was set at 0.5 mL/hour with an electric voltage of 20 kV. The resulting membrane 
yarn was collected on the prepared plate.  

2.12 Quality analysis of gelatin membrane [12]  

A gram gelatin sample was dissolved with distilled water to a volume of 10 ml. The mixture 
was heated on a magnetic stirrer at 45oC and while stirring at 200 rpm. The gelatin solution 
was cooled to a temperature of 25oC and measured with a calibrated pH meter.  

2.12.1 Scanning electron microscopy (SEM) test [21]  

The SEM test was conducted based on [21] with modifications. The membrane sample was 
made in the form of a coating using gold at high pressure. The sample was observed with a 
distance between the sensor and the sample of about 10 mm. The sensor is directed at the 
point to be tested to see the threads formed. The magnifications used for this observation 
are 500; 1,000; 5,000; and 10,000.  

2.12.2 Fourier transform infrared (FTIR) test [21] 

The membrane was analyzed by Fourier Transform Infrared Spectroscopy (FTIR) observed 
in the 4000-400 cm-1 spectrum for 64 scans at a spectral resolution of 4 cm-1.  

2.10.3 Simulated body fluid test [22] 

The test is carried out by inserting the gelatin membrane into the prepared simulated body 
fluid, recording the solubility time.  

2.13 Experimental design  

This study used the treatment of the ratio of gelatin to pullulan solution, which consisted of 
4 (four) treatments (including control) with three replications. Observation data were 

a desiccator for 30 minutes. The porcelain cursor was weighed and the ash content was 
calculated using the following formula.  
 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑡𝑡−𝐼𝐼𝐼𝐼𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑡𝑡 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴ℎ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =  𝑥𝑥𝑥𝑥 100%               (2)  

𝑆𝑆𝑆𝑆𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑡𝑡 

  
2.8 Protein [18] 

The stages of the protein content test are weighing the sample as much as 0.15 - 0.2 g 
according to the estimated protein of the type of material to be tested. The sample is put into 
the deconstruction tube, added H2SO4 concentrated 2 mL and 1 g kjeldahl tablet. In the 
blank sample, 2 mL of concentrated H2SO4 and 1 g of kjeldahl tablet were added without 
adding the sample. The deconstruction tube is placed on the shelf in the buchi digestion unit. 
The tool is set at a temperature of 420oC and the deconstruction process is carried out until 
the solution is clear green. The rack was removed and left until the temperature of the 
deconstruction tube was low and the smoke from the combustion disappeared. The test tube 
was mounted on the previously heated buchi distillation unit. Erlenmeyer tubes containing 
5 mL boric acid and 3 - 4 drops of BCG-MR were prepared and attached to the sample 
receiver. The distillation device was turned on and waited for the process to end. Erlenmeyer 
was taken and continued with titration using 0.02 N HCl until the liquid contained in the 
erlenmeyer turned pink. The blank was titrated with the same solution. Protein content was 
calculated by the formula.  

  
(𝑉𝑉𝑉𝑉𝐴𝐴𝐴𝐴 − 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉) 𝑥𝑥𝑥𝑥 𝑁𝑁𝑁𝑁 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐹𝐹𝐹𝐹 𝑥𝑥𝑥𝑥 14.007 𝑥𝑥𝑥𝑥 6.25 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹% =  𝑥𝑥𝑥𝑥 100%               (3)  
𝑊𝑊𝑊𝑊 𝑥𝑥𝑥𝑥 1000 

  
Description:  
VA    = ml HCl titration sample  
VB    = ml HCl titration blank  
N HCl   = Normality of HCl used  
14,007   = Atomic weight nitrogen  
6,25   = Fish protein conversion factor  
W     = Sample weight  

2.9 Viscosity [18] 

6.67 g of gelatin was put in a beaker, the added distilled water to 100 ml. The gelatin solution 
was heated and stirred with a magnetic stirrer at 60°C until the gelatin was completely 
dissolved. The gelatin solution was cooled to a temperature of 25°C, then the viscosity was 
measured using a Brookfield Metek DV-1 Viscometer at a speed of 100 rpm. The viscosity 
value is expressed in centipoise (cP). 

𝐺𝐺𝐺𝐺𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴ℎ (𝑏𝑏𝑏𝑏𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹) = 𝑀𝑀𝑀𝑀𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑀𝑀𝑀𝑀𝑆𝑆𝑆𝑆 𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ( 𝑤𝑤𝑤𝑤
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆2)  𝑥𝑥𝑥𝑥 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹  

Where: plunger serface area = 126,612 mm2 

2.10 Gel Strength [21] 

Put 6.67 grams of gelatin into a beaker and add distilled water to 100 ml. The gelatin solution 
was heated and stirred with a magnetic stirrer at 60°C until the gelatin was completely 
dissolved. The gelatin solution is cooled to a temperature of 25°C then put into a cup and 
stored in the refrigerator at a temperature of 4°C for approximately 18 hours. Gel strength 
was measured using a Universal Testing Machine (UTM). The gel strength value can be 
calculated using the following formula. 

2.11 Membrane manufacturing [12]  

The gelatin membrane was prepared by a modified electrospinning [12]. Gelatin was 
dissolved in PA distilled water and then stirred using a stirrer until well mixed. The 
concentration of the resulting solution was 25% (b/vH2O). The gelatin solution was added to 
the film solution made from pullulan with a concentration of 25% (b/vH2O) in the ratio of 
20/80, 30/70, 40/60 and 50/50. The solution was electrospinning at room temperature. 
Electrospinning was performed using a syringe connected to a steel plate, then connected to 
a power source with DC current with a current strength range of 0-50 kV. The pumping 
speed was set at 0.5 mL/hour with an electric voltage of 20 kV. The resulting membrane 
yarn was collected on the prepared plate.  

2.12 Quality analysis of gelatin membrane [12]  

A gram gelatin sample was dissolved with distilled water to a volume of 10 ml. The mixture 
was heated on a magnetic stirrer at 45oC and while stirring at 200 rpm. The gelatin solution 
was cooled to a temperature of 25oC and measured with a calibrated pH meter.  

2.12.1 Scanning electron microscopy (SEM) test [21]  

The SEM test was conducted based on [21] with modifications. The membrane sample was 
made in the form of a coating using gold at high pressure. The sample was observed with a 
distance between the sensor and the sample of about 10 mm. The sensor is directed at the 
point to be tested to see the threads formed. The magnifications used for this observation 
are 500; 1,000; 5,000; and 10,000.  

2.12.2 Fourier transform infrared (FTIR) test [21] 

The membrane was analyzed by Fourier Transform Infrared Spectroscopy (FTIR) observed 
in the 4000-400 cm-1 spectrum for 64 scans at a spectral resolution of 4 cm-1.  

2.10.3 Simulated body fluid test [22] 

The test is carried out by inserting the gelatin membrane into the prepared simulated body 
fluid, recording the solubility time.  

2.13 Experimental design  

This study used the treatment of the ratio of gelatin to pullulan solution, which consisted of 
4 (four) treatments (including control) with three replications. Observation data were 
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a desiccator for 30 minutes. The porcelain cursor was weighed and the ash content was 
calculated using the following formula.  
 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴ℎ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =  𝑥𝑥𝑥𝑥𝑥100%               (2)  

𝑆𝑆𝑆𝑆𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 

  
2.8 Protein [18] 

The stages of the protein content test are weighing the sample as much as 0.15 - 0.2 g 
according to the estimated protein of the type of material to be tested. The sample is put into 
the deconstruction tube, added H2SO4 concentrated 2 mL and 1 g kjeldahl tablet. In the 
blank sample, 2 mL of concentrated H2SO4 and 1 g of kjeldahl tablet were added without 
adding the sample. The deconstruction tube is placed on the shelf in the buchi digestion unit. 
The tool is set at a temperature of 420oC and the deconstruction process is carried out until 
the solution is clear green. The rack was removed and left until the temperature of the 
deconstruction tube was low and the smoke from the combustion disappeared. The test tube 
was mounted on the previously heated buchi distillation unit. Erlenmeyer tubes containing 
5 mL boric acid and 3 - 4 drops of BCG-MR were prepared and attached to the sample 
receiver. The distillation device was turned on and waited for the process to end. Erlenmeyer 
was taken and continued with titration using 0.02 N HCl until the liquid contained in the 
erlenmeyer turned pink. The blank was titrated with the same solution. Protein content was 
calculated by the formula.  

  
(𝑉𝑉𝑉𝑉𝐴𝐴𝐴𝐴 − 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉) 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐹𝐹𝐹𝐹 𝑥𝑥𝑥𝑥𝑥14.007 𝑥𝑥𝑥𝑥𝑥𝑥𝑥25 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹% =  𝑥𝑥𝑥𝑥𝑥100%               (3)  
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊1000 

  
Description:  
VA    = ml HCl titration sample  
VB    = ml HCl titration blank  
N HCl   = Normality of HCl used  
14,007   = Atomic weight nitrogen  
6,25   = Fish protein conversion factor  
W     = Sample weight  

2.9 Viscosity [18] 

6.67 g of gelatin was put in a beaker, the added distilled water to 100 ml. The gelatin solution 
was heated and stirred with a magnetic stirrer at 60°C until the gelatin was completely 
dissolved. The gelatin solution was cooled to a temperature of 25°C, then the viscosity was 
measured using a Brookfield Metek DV-1 Viscometer at a speed of 100 rpm. The viscosity 
value is expressed in centipoise (cP). 

𝐺𝐺𝐺𝐺𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃ℎ (𝑏𝑏𝑏𝑏𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) = 𝑀𝑀𝑀𝑀𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑀𝑀𝑀𝑀𝑆𝑆𝑆𝑆 𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ( 𝑤𝑤𝑤𝑤
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆2)  𝑥𝑥𝑥𝑥𝑥𝑆𝑆𝑆𝑆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐴𝐴𝐴𝐴𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤  

Where: plunger serface area = 126,612 mm2 

2.10 Gel Strength [21] 

Put 6.67 grams of gelatin into a beaker and add distilled water to 100 ml. The gelatin solution 
was heated and stirred with a magnetic stirrer at 60°C until the gelatin was completely 
dissolved. The gelatin solution is cooled to a temperature of 25°C then put into a cup and 
stored in the refrigerator at a temperature of 4°C for approximately 18 hours. Gel strength 
was measured using a Universal Testing Machine (UTM). The gel strength value can be 
calculated using the following formula. 

2.11 Membrane manufacturing [12]  

The gelatin membrane was prepared by a modified electrospinning [12]. Gelatin was 
dissolved in PA distilled water and then stirred using a stirrer until well mixed. The 
concentration of the resulting solution was 25% (b/vH2O). The gelatin solution was added to 
the film solution made from pullulan with a concentration of 25% (b/vH2O) in the ratio of 
20/80, 30/70, 40/60 and 50/50. The solution was electrospinning at room temperature. 
Electrospinning was performed using a syringe connected to a steel plate, then connected to 
a power source with DC current with a current strength range of 0-50 kV. The pumping 
speed was set at 0.5 mL/hour with an electric voltage of 20 kV. The resulting membrane 
yarn was collected on the prepared plate.  

2.12 Quality analysis of gelatin membrane [12]  

A gram gelatin sample was dissolved with distilled water to a volume of 10 ml. The mixture 
was heated on a magnetic stirrer at 45oC and while stirring at 200 rpm. The gelatin solution 
was cooled to a temperature of 25oC and measured with a calibrated pH meter.  

2.12.1 Scanning electron microscopy (SEM) test [21]  

The SEM test was conducted based on [21] with modifications. The membrane sample was 
made in the form of a coating using gold at high pressure. The sample was observed with a 
distance between the sensor and the sample of about 10 mm. The sensor is directed at the 
point to be tested to see the threads formed. The magnifications used for this observation 
are 500; 1,000; 5,000; and 10,000.  

2.12.2 Fourier transform infrared (FTIR) test [21] 

The membrane was analyzed by Fourier Transform Infrared Spectroscopy (FTIR) observed 
in the 4000-400 cm-1 spectrum for 64 scans at a spectral resolution of 4 cm-1.  

2.10.3 Simulated body fluid test [22] 

The test is carried out by inserting the gelatin membrane into the prepared simulated body 
fluid, recording the solubility time.  

2.13 Experimental design  

This study used the treatment of the ratio of gelatin to pullulan solution, which consisted of 
4 (four) treatments (including control) with three replications. Observation data were 

a desiccator for 30 minutes. The porcelain cursor was weighed and the ash content was 
calculated using the following formula.  
 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑡𝑡−𝐼𝐼𝐼𝐼𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑡𝑡 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴ℎ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =  𝑥𝑥𝑥𝑥 100%               (2)  

𝑆𝑆𝑆𝑆𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑡𝑡 

  
2.8 Protein [18] 

The stages of the protein content test are weighing the sample as much as 0.15 - 0.2 g 
according to the estimated protein of the type of material to be tested. The sample is put into 
the deconstruction tube, added H2SO4 concentrated 2 mL and 1 g kjeldahl tablet. In the 
blank sample, 2 mL of concentrated H2SO4 and 1 g of kjeldahl tablet were added without 
adding the sample. The deconstruction tube is placed on the shelf in the buchi digestion unit. 
The tool is set at a temperature of 420oC and the deconstruction process is carried out until 
the solution is clear green. The rack was removed and left until the temperature of the 
deconstruction tube was low and the smoke from the combustion disappeared. The test tube 
was mounted on the previously heated buchi distillation unit. Erlenmeyer tubes containing 
5 mL boric acid and 3 - 4 drops of BCG-MR were prepared and attached to the sample 
receiver. The distillation device was turned on and waited for the process to end. Erlenmeyer 
was taken and continued with titration using 0.02 N HCl until the liquid contained in the 
erlenmeyer turned pink. The blank was titrated with the same solution. Protein content was 
calculated by the formula.  

  
(𝑉𝑉𝑉𝑉𝐴𝐴𝐴𝐴 − 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉) 𝑥𝑥𝑥𝑥 𝑁𝑁𝑁𝑁 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐹𝐹𝐹𝐹 𝑥𝑥𝑥𝑥 14.007 𝑥𝑥𝑥𝑥 6.25 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹% =  𝑥𝑥𝑥𝑥 100%               (3)  
𝑊𝑊𝑊𝑊 𝑥𝑥𝑥𝑥 1000 

  
Description:  
VA    = ml HCl titration sample  
VB    = ml HCl titration blank  
N HCl   = Normality of HCl used  
14,007   = Atomic weight nitrogen  
6,25   = Fish protein conversion factor  
W     = Sample weight  

2.9 Viscosity [18] 

6.67 g of gelatin was put in a beaker, the added distilled water to 100 ml. The gelatin solution 
was heated and stirred with a magnetic stirrer at 60°C until the gelatin was completely 
dissolved. The gelatin solution was cooled to a temperature of 25°C, then the viscosity was 
measured using a Brookfield Metek DV-1 Viscometer at a speed of 100 rpm. The viscosity 
value is expressed in centipoise (cP). 

𝐺𝐺𝐺𝐺𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴ℎ (𝑏𝑏𝑏𝑏𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹) = 𝑀𝑀𝑀𝑀𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑀𝑀𝑀𝑀𝑆𝑆𝑆𝑆 𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ( 𝑤𝑤𝑤𝑤
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆2)  𝑥𝑥𝑥𝑥 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹  

Where: plunger serface area = 126,612 mm2 

2.10 Gel Strength [21] 

Put 6.67 grams of gelatin into a beaker and add distilled water to 100 ml. The gelatin solution 
was heated and stirred with a magnetic stirrer at 60°C until the gelatin was completely 
dissolved. The gelatin solution is cooled to a temperature of 25°C then put into a cup and 
stored in the refrigerator at a temperature of 4°C for approximately 18 hours. Gel strength 
was measured using a Universal Testing Machine (UTM). The gel strength value can be 
calculated using the following formula. 

2.11 Membrane manufacturing [12]  

The gelatin membrane was prepared by a modified electrospinning [12]. Gelatin was 
dissolved in PA distilled water and then stirred using a stirrer until well mixed. The 
concentration of the resulting solution was 25% (b/vH2O). The gelatin solution was added to 
the film solution made from pullulan with a concentration of 25% (b/vH2O) in the ratio of 
20/80, 30/70, 40/60 and 50/50. The solution was electrospinning at room temperature. 
Electrospinning was performed using a syringe connected to a steel plate, then connected to 
a power source with DC current with a current strength range of 0-50 kV. The pumping 
speed was set at 0.5 mL/hour with an electric voltage of 20 kV. The resulting membrane 
yarn was collected on the prepared plate.  

2.12 Quality analysis of gelatin membrane [12]  

A gram gelatin sample was dissolved with distilled water to a volume of 10 ml. The mixture 
was heated on a magnetic stirrer at 45oC and while stirring at 200 rpm. The gelatin solution 
was cooled to a temperature of 25oC and measured with a calibrated pH meter.  

2.12.1 Scanning electron microscopy (SEM) test [21]  

The SEM test was conducted based on [21] with modifications. The membrane sample was 
made in the form of a coating using gold at high pressure. The sample was observed with a 
distance between the sensor and the sample of about 10 mm. The sensor is directed at the 
point to be tested to see the threads formed. The magnifications used for this observation 
are 500; 1,000; 5,000; and 10,000.  

2.12.2 Fourier transform infrared (FTIR) test [21] 

The membrane was analyzed by Fourier Transform Infrared Spectroscopy (FTIR) observed 
in the 4000-400 cm-1 spectrum for 64 scans at a spectral resolution of 4 cm-1.  

2.10.3 Simulated body fluid test [22] 

The test is carried out by inserting the gelatin membrane into the prepared simulated body 
fluid, recording the solubility time.  

2.13 Experimental design  

This study used the treatment of the ratio of gelatin to pullulan solution, which consisted of 
4 (four) treatments (including control) with three replications. Observation data were 
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analyzed using a completely randomized design, with the following treatment types: p0 = 
ratio of bovine and pullulan (50% : 50%, control treatment); p1 = ratio of red snapper gelatin 
and pullulan (25% : 75%); p2 = ratio of red snapper gelatin and pullulan (50% : 50%); and 
p3 = ratio of red snapper gelatin and pullulan (75% : 25%).  

2.14 Data analysis  

Data were analyzed with SPSS and Microsoft Excel 2016. Observation data were tested for 
normality, and for parametric data, one-way ANOVA test was conducted to determine its 
significance. If the data showed significant results (p<0.05), DMRT further test was 
conducted. Parameters that are nonparametric, will be tested with the Kruskal-Wallis 
method, followed by the Mann Whitney test. FTIR analysis results using OMNIC-IR 
software at LPPT UGM.  

3 Results and discussion  
3.1 Characteristics of gelatin  

The characteristic analysis (yield, pH, moisture content, protein content, ash content) of red 
snapper skin gelatin is described below with the observed data as shown in Table 1.   

3.1.1 Yield  

The mean gelatin yield value of red snapper skin was 12.27 ± 3.37%. Previous research 
results shown varying yield values depending on the type of material and method used. The 
research results of [23-25], produced high yields because they used materials with low 
nongelatin content. [23] used gelatin from red tilapia skin by acid method, [24] extracted 
gelatin from a mixture of chicken feet and heads by the acid method, and [25] utilized gelatin 
from camel skin by the acid-base method. The results of these studies showed higher yield 
values than the study of [17] at 5.51% and lower than the research of [26] of 31.11 ± 0.15%. 
[27] reported that the difference in the research results was caused by differences in the 
chemical profile of the gelatin produced. The chemical profile of the gelatin produced is 
influenced by pH, extraction time, and soaking the skin with acid. The optimal condition 
for gelatin extraction is with 5% CH3 COOH, carried out at a temperature of 60oC for 7 
hours [26] Research by [29-31] has produced lower yields because the materials used had 
lower protein levels. According to Chua, gelatin is extracted from black soldier fly larvae 
by the acid method. [30] used chicken skin by the acid-base method [29] and [31] utilized 
peking duck feet by the acid method.  

3.1.2 Acidity level (pH)  

The mean pH value of gelatin from red snapper skin was 5.05 ±0.06, meeting SNI 8622:2018 
and GMIA standards (3.8 - 7.5). The resulting pH value is relatively higher than the research 
results of [24, 29, 23], but lower than those of [30, 31], resulting in a higher gelatin pH than 
the results obtained by the researchers. The research of [30-31] which used the acid-base 
method to produce a pH close to neutral. The results of this study showed a lower pH value 
compared to previous research using red snapper skin raw materials. Research by [32] 
produced a pH of 6.10, and [33] amounted to 6.3. The lower the concentration of acid used, 
the higher the pH of the gelatin produced [34]. According to [35], post-acid immersion 

washing, which is less than optimal, causes acid residue to remain on the gelatin, so that the 
pH of the gelatin is even lower. 

3.1.3 Moisture 

The average moisture content of red snapper skin gelatin was 3.45 ± 0.20%, in accordance 
with the SNI 8622:2018 standard (<12%). The results of this research are lower than the 
results of [23-25, 29-31, 36] with a moisture content of 9.63±1.99%. Research by [37], who 
extracted gelatin from red snapper skin, showed lower moisture content (2.57%). The low 
moisture content indicates that the drying process was optimised. According to [26], gelatin 
moisture content is influenced by several factors, namely the type of fish skin, length of 
drying time, and the type and water content of raw materials. 

3.1.4 Ash  

The mean ash of gelatin from red snapper skin was 1.46 ± 0.44%, in accordance with SNI 
8622:2018 (<3%) and GMIA 2019 (0.3 - 2%) standards. The result shows that ash was 
relatively higher than the research results of [23, 31] but lower than the results of [24-25, 29-
30]. A lower ash content indicates that the demineralisation process is more optimal. The ash 
obtained by the researchers was also compared to the red snapper skin gelatin from the 
research of [38] which is 3.0%, and [39] which is 2.14%. The relatively high ash content 
indicates that the demineralisation process is not optimal owing to the use of a low acid 
concentration [36].  

3.1.5 Protein  

The average protein content of gelatin from red snapper skin was 53.40 ± 3.15%, lower than 
the research results [33], with an average gelatin protein between 84 and 86%, as well as [23-
25, 29-31]. The protein content, results of this research are also lower than that of red snapper 
skin studied [27], which amounted to 87.063 ± 0.62%. The use of too high a temperature 
during the extraction process causes the protein contained in gelatin to denature. An increase 
in extraction temperature can trigger denaturation of proteins so that they can turn into non-
protein compounds [17].  

3.1.6 Viscocity  

The viscosity value of red snapper skin gelatin is 9.24 cP, lower/not meeting SNI 8622:2018 
standards (>15 cP) and GMIA 2019 standards (15 – 75 cP); and [11] namely 17.4 cP; [17] 
and [39] are 26.00 cP respectively, but higher than [26] which is 7.30±0.36 cP. Gelatin 
viscosity is strongly influenced by protein content, gelatin molecular weight, and extraction 
temperature. Low viscosity indicates low protein content. The quality of nanofibre 
membranes is greatly influenced by gel strength and gelatin viscosity. Low viscosity is 
directly proportional to gel strength. Low viscosity and gel strength indicate that the amino 
acid content in gelatin is low, especially proline and hydroxyproline which are responsible 
for making the gel.  Low viscosity causes the membrane structure to become more fragile, 
so that the tensile strength and elongation of the membrane become low. 
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normality, and for parametric data, one-way ANOVA test was conducted to determine its 
significance. If the data showed significant results (p<0.05), DMRT further test was 
conducted. Parameters that are nonparametric, will be tested with the Kruskal-Wallis 
method, followed by the Mann Whitney test. FTIR analysis results using OMNIC-IR 
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research results of [23-25], produced high yields because they used materials with low 
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[27] reported that the difference in the research results was caused by differences in the 
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hours [26] Research by [29-31] has produced lower yields because the materials used had 
lower protein levels. According to Chua, gelatin is extracted from black soldier fly larvae 
by the acid method. [30] used chicken skin by the acid-base method [29] and [31] utilized 
peking duck feet by the acid method.  
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produced a pH of 6.10, and [33] amounted to 6.3. The lower the concentration of acid used, 
the higher the pH of the gelatin produced [34]. According to [35], post-acid immersion 

washing, which is less than optimal, causes acid residue to remain on the gelatin, so that the 
pH of the gelatin is even lower. 

3.1.3 Moisture 

The average moisture content of red snapper skin gelatin was 3.45 ± 0.20%, in accordance 
with the SNI 8622:2018 standard (<12%). The results of this research are lower than the 
results of [23-25, 29-31, 36] with a moisture content of 9.63±1.99%. Research by [37], who 
extracted gelatin from red snapper skin, showed lower moisture content (2.57%). The low 
moisture content indicates that the drying process was optimised. According to [26], gelatin 
moisture content is influenced by several factors, namely the type of fish skin, length of 
drying time, and the type and water content of raw materials. 

3.1.4 Ash  

The mean ash of gelatin from red snapper skin was 1.46 ± 0.44%, in accordance with SNI 
8622:2018 (<3%) and GMIA 2019 (0.3 - 2%) standards. The result shows that ash was 
relatively higher than the research results of [23, 31] but lower than the results of [24-25, 29-
30]. A lower ash content indicates that the demineralisation process is more optimal. The ash 
obtained by the researchers was also compared to the red snapper skin gelatin from the 
research of [38] which is 3.0%, and [39] which is 2.14%. The relatively high ash content 
indicates that the demineralisation process is not optimal owing to the use of a low acid 
concentration [36].  

3.1.5 Protein  

The average protein content of gelatin from red snapper skin was 53.40 ± 3.15%, lower than 
the research results [33], with an average gelatin protein between 84 and 86%, as well as [23-
25, 29-31]. The protein content, results of this research are also lower than that of red snapper 
skin studied [27], which amounted to 87.063 ± 0.62%. The use of too high a temperature 
during the extraction process causes the protein contained in gelatin to denature. An increase 
in extraction temperature can trigger denaturation of proteins so that they can turn into non-
protein compounds [17].  

3.1.6 Viscocity  

The viscosity value of red snapper skin gelatin is 9.24 cP, lower/not meeting SNI 8622:2018 
standards (>15 cP) and GMIA 2019 standards (15 – 75 cP); and [11] namely 17.4 cP; [17] 
and [39] are 26.00 cP respectively, but higher than [26] which is 7.30±0.36 cP. Gelatin 
viscosity is strongly influenced by protein content, gelatin molecular weight, and extraction 
temperature. Low viscosity indicates low protein content. The quality of nanofibre 
membranes is greatly influenced by gel strength and gelatin viscosity. Low viscosity is 
directly proportional to gel strength. Low viscosity and gel strength indicate that the amino 
acid content in gelatin is low, especially proline and hydroxyproline which are responsible 
for making the gel.  Low viscosity causes the membrane structure to become more fragile, 
so that the tensile strength and elongation of the membrane become low. 
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method to produce a pH close to neutral. The results of this study showed a lower pH value 
compared to previous research using red snapper skin raw materials. Research by [32] 
produced a pH of 6.10, and [33] amounted to 6.3. The lower the concentration of acid used, 
the higher the pH of the gelatin produced [34]. According to [35], post-acid immersion 

washing, which is less than optimal, causes acid residue to remain on the gelatin, so that the 
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extracted gelatin from red snapper skin, showed lower moisture content (2.57%). The low 
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relatively higher than the research results of [23, 31] but lower than the results of [24-25, 29-
30]. A lower ash content indicates that the demineralisation process is more optimal. The ash 
obtained by the researchers was also compared to the red snapper skin gelatin from the 
research of [38] which is 3.0%, and [39] which is 2.14%. The relatively high ash content 
indicates that the demineralisation process is not optimal owing to the use of a low acid 
concentration [36].  

3.1.5 Protein  

The average protein content of gelatin from red snapper skin was 53.40 ± 3.15%, lower than 
the research results [33], with an average gelatin protein between 84 and 86%, as well as [23-
25, 29-31]. The protein content, results of this research are also lower than that of red snapper 
skin studied [27], which amounted to 87.063 ± 0.62%. The use of too high a temperature 
during the extraction process causes the protein contained in gelatin to denature. An increase 
in extraction temperature can trigger denaturation of proteins so that they can turn into non-
protein compounds [17].  

3.1.6 Viscocity  

The viscosity value of red snapper skin gelatin is 9.24 cP, lower/not meeting SNI 8622:2018 
standards (>15 cP) and GMIA 2019 standards (15 – 75 cP); and [11] namely 17.4 cP; [17] 
and [39] are 26.00 cP respectively, but higher than [26] which is 7.30±0.36 cP. Gelatin 
viscosity is strongly influenced by protein content, gelatin molecular weight, and extraction 
temperature. Low viscosity indicates low protein content. The quality of nanofibre 
membranes is greatly influenced by gel strength and gelatin viscosity. Low viscosity is 
directly proportional to gel strength. Low viscosity and gel strength indicate that the amino 
acid content in gelatin is low, especially proline and hydroxyproline which are responsible 
for making the gel.  Low viscosity causes the membrane structure to become more fragile, 
so that the tensile strength and elongation of the membrane become low. 
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software at LPPT UGM.  

3 Results and discussion  
3.1 Characteristics of gelatin  

The characteristic analysis (yield, pH, moisture content, protein content, ash content) of red 
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research results of [23-25], produced high yields because they used materials with low 
nongelatin content. [23] used gelatin from red tilapia skin by acid method, [24] extracted 
gelatin from a mixture of chicken feet and heads by the acid method, and [25] utilized gelatin 
from camel skin by the acid-base method. The results of these studies showed higher yield 
values than the study of [17] at 5.51% and lower than the research of [26] of 31.11 ± 0.15%. 
[27] reported that the difference in the research results was caused by differences in the 
chemical profile of the gelatin produced. The chemical profile of the gelatin produced is 
influenced by pH, extraction time, and soaking the skin with acid. The optimal condition 
for gelatin extraction is with 5% CH3 COOH, carried out at a temperature of 60oC for 7 
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by the acid method. [30] used chicken skin by the acid-base method [29] and [31] utilized 
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the higher the pH of the gelatin produced [34]. According to [35], post-acid immersion 

washing, which is less than optimal, causes acid residue to remain on the gelatin, so that the 
pH of the gelatin is even lower. 

3.1.3 Moisture 

The average moisture content of red snapper skin gelatin was 3.45 ± 0.20%, in accordance 
with the SNI 8622:2018 standard (<12%). The results of this research are lower than the 
results of [23-25, 29-31, 36] with a moisture content of 9.63±1.99%. Research by [37], who 
extracted gelatin from red snapper skin, showed lower moisture content (2.57%). The low 
moisture content indicates that the drying process was optimised. According to [26], gelatin 
moisture content is influenced by several factors, namely the type of fish skin, length of 
drying time, and the type and water content of raw materials. 

3.1.4 Ash  

The mean ash of gelatin from red snapper skin was 1.46 ± 0.44%, in accordance with SNI 
8622:2018 (<3%) and GMIA 2019 (0.3 - 2%) standards. The result shows that ash was 
relatively higher than the research results of [23, 31] but lower than the results of [24-25, 29-
30]. A lower ash content indicates that the demineralisation process is more optimal. The ash 
obtained by the researchers was also compared to the red snapper skin gelatin from the 
research of [38] which is 3.0%, and [39] which is 2.14%. The relatively high ash content 
indicates that the demineralisation process is not optimal owing to the use of a low acid 
concentration [36].  

3.1.5 Protein  

The average protein content of gelatin from red snapper skin was 53.40 ± 3.15%, lower than 
the research results [33], with an average gelatin protein between 84 and 86%, as well as [23-
25, 29-31]. The protein content, results of this research are also lower than that of red snapper 
skin studied [27], which amounted to 87.063 ± 0.62%. The use of too high a temperature 
during the extraction process causes the protein contained in gelatin to denature. An increase 
in extraction temperature can trigger denaturation of proteins so that they can turn into non-
protein compounds [17].  

3.1.6 Viscocity  

The viscosity value of red snapper skin gelatin is 9.24 cP, lower/not meeting SNI 8622:2018 
standards (>15 cP) and GMIA 2019 standards (15 – 75 cP); and [11] namely 17.4 cP; [17] 
and [39] are 26.00 cP respectively, but higher than [26] which is 7.30±0.36 cP. Gelatin 
viscosity is strongly influenced by protein content, gelatin molecular weight, and extraction 
temperature. Low viscosity indicates low protein content. The quality of nanofibre 
membranes is greatly influenced by gel strength and gelatin viscosity. Low viscosity is 
directly proportional to gel strength. Low viscosity and gel strength indicate that the amino 
acid content in gelatin is low, especially proline and hydroxyproline which are responsible 
for making the gel.  Low viscosity causes the membrane structure to become more fragile, 
so that the tensile strength and elongation of the membrane become low. 
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3.1.7 Gel Strength 

The gel strength of the gelatin produced by the researchers was 99.37 bloom. The results 
obtained by the researchers met the SNI 8622:2018 standard (>75 bloom) and the 2019 
GMIA standard, namely between 50 and 300 bloom. The results obtained by the researchers 
were the lowest compared to research conducted by [11], namely 211.90 ± 5.26 bloom, [26] 
namely 312.5 bloom. Gel strength is greatly influenced by gelatin protein/amino acid content, 
especially the presence of the amino acids proline and hydroxyproline. A low gel strength 
indicates that the levels of proline and hydroxyproline in gelatin are low; therefore, the gel 
formation process is hampered. The protein in gelatin can be assumed to be the basis for 
determining gel strength because it is greatly influenced by the presence of amino acids in 
gelatin.  A low gel strength results in membranes with low porosity and water resistance. 
Low gel strength also reduces the physical stability and macromolecular structure of the 
membrane. 

3.2 Membrane profile testing  

Observations of the profile (size of fibrin threads) forming the membrane were analyzed in 
stages, starting with observations with a light microscope to detect the appearance of fibrin 
threads, followed by detailed observations using electron microscopy, functional group 
analysis and membrane solubility tests (see Figures 1, 2, 3).  

Table 1. Characteristics of red snapper skin gelatin  

Materials of  
Fish 

Extraction 
Method 

Yield 
(%) pH Moisture 

(%) Ash (%) Protein 
(%) 

Viscosity 
(cP) 

Gell 
Strength 
(bloom) 

 Red Tilapia  

Skin [17]  

Acid 

extraction  
5.51 - 3.87 0.61 90.32 26.00 - 

 Red Tilapia  

Skin [26]  

Acid 

extraction  
31.11 5.69 8.96 - 87.54 7.30 211.90 

 Red snapper 

fish bones [39] 

Acid 

extraction 
15.03 - 4.64 2.14 90.67 - 200.33 

 Red Tilapia  

Skin [11]  

Acid 

extraction  
5.32 5.45 10.19 0.40 88.88 17.40 312.50 

 Red snapper 

skin*  

Acid 

extraction  
12.27 5.05 3.45 1.46 53.40 9.24 99.37  

Note * = Researcher's results  

3.2.1 Microscopic observation  

The results of observation of membrane-forming fibril threads with a light microscope from 
each treatment are shown in Figure 1. Many fibrin threads were observed in the control 
sample (p0) and p1. The number of fibrin threads observed indicates that the membrane 
formation process with electrospinning is very good. In sample p2, fibrin yarns were almost 
invisible. In sample p3, no fibrin yarn formation was observed. Factors that affect 
electrospinning with organic polymers are the polymer content, solvents used, and 

environmental conditions during the process. The success factor of electrospinning is 
determined by the bond between the materials used to make the electrospinning solution. 
Samples p2 and p3 showed that the materials used were not perfectly homogenised, so that 
the fibrin threads formed were very few and almost not observed. The results of the 
observation of fibril threads obtained are that sample p1 is the sample with the best results, 
where the nanofibre threads formed are close to the condition of the p0 treatment, so only 
sample p1 will be tested further. 

3.2.2 Scanning electron microscope (SEM) test  

The SEM test used an electric current of 10 kV with a distance between the sample and the 
sensor of 10 mm. The test was conducted with magnification of the electron microscope 
scale (500, 1,000, 5,000 and 10,000). SEM test results can be seen in Figure 2. Control/p0 
treatment samples with 500 magnification (A1), 1,000 magnification (A2), 5,000 
magnification (A3), and 10,000 magnification (A4). Treatment sample p1 (ratio of red 
snapper skin collagen and pullulan, 25%:75%) with 500 magnification (B1), 1,000 
magnification (B2), 5,000 magnification (B3), and 10,000 magnifications (B4).  

SEM observation results showed that the nanofiber formed in the control treatment (p0) 
looked uniform. The membrane formed has a size smaller than 1 µm. Observation with a 
magnification of 500 shows that the membrane surface is quite tight and there are few craters 
formed due to splashing during the electrospinning process. Observation with a 
magnification of 1,000 there are white spots on the membrane. According to [40], white 
spots on the membrane are the remaining membrane/gelatin that is not dissolved completely. 
Observations at a magnification of 5,000 and 10,000 showed a uniform membrane with the 
distribution of several white dots.  

Observation of sample 25/75 (p1) at 500 magnification, there are many black spots, 
which are cavities in the membrane caused by the presence of sparks during the 
electrospinning process [40]. Observation at a magnification of 1,000, white spots were 
observed because of an inhomogeneous mixture of gelatin and pullulan. Observations at a 
magnification of 5,000 showed that the nanofiber on the membrane had a high density, white 
spots were also visible on the membrane surface. Observations at a magnification of 10,000 
showed that the nanofiber threads formed had a uniform size (<1 µm). According to [41], 
the small size of nanofiber is suitable for application in the medical field. The resulting 
membranes have the potential to be used in drug securement, diagnostic imaging, and tissue 
engineering.  

3.2.3 Fourier transform infrared (FTIR) test  

FTIR tests were carried out on a spectrum of 4,000 - 400 cm-1 for 64 scans with a resolution 
of 4 cm-1 (see Figure 3). Figure 3 shows the comparison of the FTIR results of treatment p0 
with p1. Figure 3b shows the FTIR results of the p0 treatment and Figure 3c shows the FTIR 
results of the p1 treatment.  

Based on the results of FTIR analysis, 5 (five) functional groups were recorded in the 
control treatment sample (p0), namely aliphatic phosphate, phenolic, aliphatic secondary 
amine, alkyl monosubstitution, and aliphatic hydrocarbon. The aliphatic phosphate group 
was detected at a spectrum of 3,423.66 cm-1 with absorption at a spectrum of 1,242 cm-1. 
According to [42], the absorption in the spectrum of 1.242 cm-1 shows that the sample has 
a double covalent functional group 2 (two) bonded with hydrogen (P = O). The spectrum of 
1,242 cm-1 is in the spectrum range of 1,250 - 1,115 cm-1, where in that vulnerability the 
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Observations of the profile (size of fibrin threads) forming the membrane were analyzed in 
stages, starting with observations with a light microscope to detect the appearance of fibrin 
threads, followed by detailed observations using electron microscopy, functional group 
analysis and membrane solubility tests (see Figures 1, 2, 3).  

Table 1. Characteristics of red snapper skin gelatin  

Materials of  
Fish 

Extraction 
Method 

Yield 
(%) pH Moisture 

(%) Ash (%) Protein 
(%) 

Viscosity 
(cP) 

Gell 
Strength 
(bloom) 

 Red Tilapia  

Skin [17]  

Acid 

extraction  
5.51 - 3.87 0.61 90.32 26.00 - 

 Red Tilapia  

Skin [26]  

Acid 

extraction  
31.11 5.69 8.96 - 87.54 7.30 211.90 

 Red snapper 

fish bones [39] 

Acid 

extraction 
15.03 - 4.64 2.14 90.67 - 200.33 

 Red Tilapia  

Skin [11]  

Acid 

extraction  
5.32 5.45 10.19 0.40 88.88 17.40 312.50 

 Red snapper 

skin*  

Acid 

extraction  
12.27 5.05 3.45 1.46 53.40 9.24 99.37  

Note * = Researcher's results  

3.2.1 Microscopic observation  

The results of observation of membrane-forming fibril threads with a light microscope from 
each treatment are shown in Figure 1. Many fibrin threads were observed in the control 
sample (p0) and p1. The number of fibrin threads observed indicates that the membrane 
formation process with electrospinning is very good. In sample p2, fibrin yarns were almost 
invisible. In sample p3, no fibrin yarn formation was observed. Factors that affect 
electrospinning with organic polymers are the polymer content, solvents used, and 

environmental conditions during the process. The success factor of electrospinning is 
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3.1.7 Gel Strength 

The gel strength of the gelatin produced by the researchers was 99.37 bloom. The results 
obtained by the researchers met the SNI 8622:2018 standard (>75 bloom) and the 2019 
GMIA standard, namely between 50 and 300 bloom. The results obtained by the researchers 
were the lowest compared to research conducted by [11], namely 211.90 ± 5.26 bloom, [26] 
namely 312.5 bloom. Gel strength is greatly influenced by gelatin protein/amino acid content, 
especially the presence of the amino acids proline and hydroxyproline. A low gel strength 
indicates that the levels of proline and hydroxyproline in gelatin are low; therefore, the gel 
formation process is hampered. The protein in gelatin can be assumed to be the basis for 
determining gel strength because it is greatly influenced by the presence of amino acids in 
gelatin.  A low gel strength results in membranes with low porosity and water resistance. 
Low gel strength also reduces the physical stability and macromolecular structure of the 
membrane. 

3.2 Membrane profile testing  

Observations of the profile (size of fibrin threads) forming the membrane were analyzed in 
stages, starting with observations with a light microscope to detect the appearance of fibrin 
threads, followed by detailed observations using electron microscopy, functional group 
analysis and membrane solubility tests (see Figures 1, 2, 3).  

Table 1. Characteristics of red snapper skin gelatin  

Materials of  
Fish 

Extraction 
Method 

Yield 
(%) pH Moisture 

(%) Ash (%) Protein 
(%) 

Viscosity 
(cP) 

Gell 
Strength 
(bloom) 

 Red Tilapia  

Skin [17]  

Acid 

extraction  
5.51 - 3.87 0.61 90.32 26.00 - 

 Red Tilapia  

Skin [26]  

Acid 

extraction  
31.11 5.69 8.96 - 87.54 7.30 211.90 

 Red snapper 

fish bones [39] 

Acid 

extraction 
15.03 - 4.64 2.14 90.67 - 200.33 

 Red Tilapia  

Skin [11]  

Acid 

extraction  
5.32 5.45 10.19 0.40 88.88 17.40 312.50 

 Red snapper 

skin*  

Acid 

extraction  
12.27 5.05 3.45 1.46 53.40 9.24 99.37  

Note * = Researcher's results  

3.2.1 Microscopic observation  

The results of observation of membrane-forming fibril threads with a light microscope from 
each treatment are shown in Figure 1. Many fibrin threads were observed in the control 
sample (p0) and p1. The number of fibrin threads observed indicates that the membrane 
formation process with electrospinning is very good. In sample p2, fibrin yarns were almost 
invisible. In sample p3, no fibrin yarn formation was observed. Factors that affect 
electrospinning with organic polymers are the polymer content, solvents used, and 

environmental conditions during the process. The success factor of electrospinning is 
determined by the bond between the materials used to make the electrospinning solution. 
Samples p2 and p3 showed that the materials used were not perfectly homogenised, so that 
the fibrin threads formed were very few and almost not observed. The results of the 
observation of fibril threads obtained are that sample p1 is the sample with the best results, 
where the nanofibre threads formed are close to the condition of the p0 treatment, so only 
sample p1 will be tested further. 

3.2.2 Scanning electron microscope (SEM) test  

The SEM test used an electric current of 10 kV with a distance between the sample and the 
sensor of 10 mm. The test was conducted with magnification of the electron microscope 
scale (500, 1,000, 5,000 and 10,000). SEM test results can be seen in Figure 2. Control/p0 
treatment samples with 500 magnification (A1), 1,000 magnification (A2), 5,000 
magnification (A3), and 10,000 magnification (A4). Treatment sample p1 (ratio of red 
snapper skin collagen and pullulan, 25%:75%) with 500 magnification (B1), 1,000 
magnification (B2), 5,000 magnification (B3), and 10,000 magnifications (B4).  

SEM observation results showed that the nanofiber formed in the control treatment (p0) 
looked uniform. The membrane formed has a size smaller than 1 µm. Observation with a 
magnification of 500 shows that the membrane surface is quite tight and there are few craters 
formed due to splashing during the electrospinning process. Observation with a 
magnification of 1,000 there are white spots on the membrane. According to [40], white 
spots on the membrane are the remaining membrane/gelatin that is not dissolved completely. 
Observations at a magnification of 5,000 and 10,000 showed a uniform membrane with the 
distribution of several white dots.  

Observation of sample 25/75 (p1) at 500 magnification, there are many black spots, 
which are cavities in the membrane caused by the presence of sparks during the 
electrospinning process [40]. Observation at a magnification of 1,000, white spots were 
observed because of an inhomogeneous mixture of gelatin and pullulan. Observations at a 
magnification of 5,000 showed that the nanofiber on the membrane had a high density, white 
spots were also visible on the membrane surface. Observations at a magnification of 10,000 
showed that the nanofiber threads formed had a uniform size (<1 µm). According to [41], 
the small size of nanofiber is suitable for application in the medical field. The resulting 
membranes have the potential to be used in drug securement, diagnostic imaging, and tissue 
engineering.  

3.2.3 Fourier transform infrared (FTIR) test  

FTIR tests were carried out on a spectrum of 4,000 - 400 cm-1 for 64 scans with a resolution 
of 4 cm-1 (see Figure 3). Figure 3 shows the comparison of the FTIR results of treatment p0 
with p1. Figure 3b shows the FTIR results of the p0 treatment and Figure 3c shows the FTIR 
results of the p1 treatment.  

Based on the results of FTIR analysis, 5 (five) functional groups were recorded in the 
control treatment sample (p0), namely aliphatic phosphate, phenolic, aliphatic secondary 
amine, alkyl monosubstitution, and aliphatic hydrocarbon. The aliphatic phosphate group 
was detected at a spectrum of 3,423.66 cm-1 with absorption at a spectrum of 1,242 cm-1. 
According to [42], the absorption in the spectrum of 1.242 cm-1 shows that the sample has 
a double covalent functional group 2 (two) bonded with hydrogen (P = O). The spectrum of 
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which are cavities in the membrane caused by the presence of sparks during the 
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observed because of an inhomogeneous mixture of gelatin and pullulan. Observations at a 
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showed that the nanofiber threads formed had a uniform size (<1 µm). According to [41], 
the small size of nanofiber is suitable for application in the medical field. The resulting 
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results of the p1 treatment.  

Based on the results of FTIR analysis, 5 (five) functional groups were recorded in the 
control treatment sample (p0), namely aliphatic phosphate, phenolic, aliphatic secondary 
amine, alkyl monosubstitution, and aliphatic hydrocarbon. The aliphatic phosphate group 
was detected at a spectrum of 3,423.66 cm-1 with absorption at a spectrum of 1,242 cm-1. 
According to [42], the absorption in the spectrum of 1.242 cm-1 shows that the sample has 
a double covalent functional group 2 (two) bonded with hydrogen (P = O). The spectrum of 
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chemical bond formed is relatively strong. The absorption in the spectrum of 3,423.66 cm-1 

shows that there is a hydrogen bond derived from the hydroxyl functional group on 
phosphate. Aliphatic phosphate groups function as therapeutic ingredients for wound 
healing, especially wounds to bones [43]. Phenolic groups were detected in the spectrum 
range of 3,600 - 3,350 cm-1. According to [42], phenolic compounds were detected at a 
spectrum of 3,670 - 3,550 cm-1. The absorption in the spectrum of 1,153.94 cm-1 proves that 
there is a phenol functional group on the membrane.  

 

 
Fig. 1. Results of membrane observations with a light microscope 

Description: p0: control treatment, membrane with a ratio of bovine gelatin & pullulan (50% : 50%) 
p1: membrane with a ratio of gelatin & pullulan (25% : 75%) p2: membrane with a ratio of gelatin & 
pullulan (50% : 50%) p3: membrane with a ratio of gelatin & pullulan (75% : 25%).  

 
The presence of phenolic groups indicates that the membrane has antimicrobial 

capabilities [44]. Secondary aliphatic amine groups were detected in the spectrum of 3,320 
cm-1. The absorption in the 3,320 cm spectrum-1 indicates that the secondary amine group 
has an N-H bond [42]. The presence of secondary aliphatic amine groups is reinforced by 
the presence of absorption in the spectrum of 1,654 cm-1 and 1,546 cm-1 which means there 
are CO and NH2 bonds. The presence of secondary aliphatic amine groups indicates that the 
membrane produced has a slight antioxidant reaction.  Monosubstituted alkyl groups were 
detected at 3,320 cm-1 and 2,130 cm-1 spectra. The absorption at these wavelengths indicates 
the membrane has strong carbon bonds (H-C⫶C-H).  
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Fig. 2. Observation results with SEM 

Description: A1: SEM test of control sample (p0) with a magnification of 500; A2: SEM test of control 
sample (p0) with a magnification of 1,000; A3: SEM test of control sample (p0) with a magnification 
of 5,000; A4: SEM test of control sample (p0) with a magnification of 10,000; B1: SEM test of test 
sample (p1) with a magnification of 500; B2: SEM test of test sample (p1) with a magnification of 
1,000; B3: SEM test of test sample (p1) with a magnification of 5,000; B4: SEM test of test sample 
(p1) with a magnification of 10,000   
 

The absorption of at 2,130 cm spectrum-1 is only used as an indicator of the presence 
of monosubstituted alkyl groups. The presence of alkyl groups monosubstitution is indicated 
by the presence of absorption in the 650 cm spectrum-1. According to [42] the absorption in 
the spectrum of 680-610 cm-1, indicates that there is a C-H alkyl bond (alkyl 
monosubstitution) which functions to help synthesize drug [45]. Aliphatic hydrocarbon 
groups were detected at 2,929.78 cm-1 spectrum, indicating the presence of hydrocarbon 
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CH2 bonds. Absorption at 1,454 cm-1 and 1,335 cm-1 spectra, indicating the presence of CH2 
bonds that form a cross-link formation. The absorption in the spectrum of 720 cm-1, indicates 
the presence of a bond structure that forms a rocking structure. Aliphatic hydrocarbon 
groups have benefits in drug securement, tissue scaffolding and drug transportation because 
they have biocompatibility and adjustable degradation time [46].  

Based on the results of FTIR analysis, the p1 treatment sample has 4 (four) functional 
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cm-1, which indicating the presence of secondary N-H bonds in the sample. The presence of 
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and 1,546 cm-1, which indicates the presence of CO and NH2 bonds in the sample. The 
presence of secondary aliphatic amine groups indicates that the membrane produced has a 
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cm-1, and 650 cm-1 spectra. In the spectrum of 3,300 cm-1, there was a strong carbon bond 
(H-C⫶C-H). The spectrum of 2,100 cm-1 shows the presence of carbon C⫶C asymmetric bonds. 
Absorption at 2100 cm-1 spectrum was used as an indicator because H-C⫶C-H bonds were 
detected, indicating the presence of hydroxyl groups. The absorption at 650 cm-1 spectrum 
indicates the presence of C-H alkyl bonds which signify the presence of H-C⫶C-H bonds. 
Monosubstituted alkyl groups function to help drug synthesis [45].  Aliphatic hydrocarbon 
groups were detected at spectra of 2.930 cm-1, 1.451 cm-1, 1.242 cm-1, and 7.20 cm-1. The 
spectrum of 2930 cm-1 shows that there is a CH bond2. The spectrum of 1,451 cm-1 indicates 
the presence of a CH bond structure2 which forms a cross structure. The spectrum of 1,242 
cm-1 shows the presence of t-butyl group. The absorption in the 720 cm spectrum-1 shows 
the presence of CH2 groups that form a rocking structure. Aliphatic hydrocarbon groups 
have benefits in drug delivery, tissue scaffolding and drug transportation because they have 
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minutes for complete membrane solution. The research results obtained were compared with 
[49] with a scaffold membrane after soaking in SBF solution for 8 weeks, only experienced 
a weight loss of 11%. Based on the standards of the [50], the membrane in the form of 
capsules must dissolve in less than 5 minutes, thus the researcher's membrane (9.33 ± 3.21 
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a short time interval (seconds) is concerned that the drug delivered/released is not on target 
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4 Conclusions  

The characteristics of red snapper skin gelatin are: yield (12.27 ± 3.37%); pH (5.05 ±0.06); 
moisture (3.45 ± 0.20%); ash (1.46 ± 0.44%); protein (53.40 ± 3.15%); viscosity 9.24 cP; 
and gel strength value was 99.37 bloom.  Based on the results of observations with a light 
microscope, the percentage of membrane nanofiber yarns formed (largest to smallest) 
respectively resulted from treatment p0 > p1 > p2 > p3. SEM observation showed that the 
size and shape of the yarns in p1 and p0 treatments were relatively the same (<1 µm). FTIR 
observation showed that treatments p0 and p1 had the same 4 functional groups (aliphatic 
phosphate, aliphatic secondary amine, alkyl monosubstitution, and aliphatic hydrocarbon). 
The p0 treatment was superior because it had 1 additional functional group, namely phenol. 
In the solubility test, the sample from treatment p1 dissolved longer (9.33 ± 3.21 seconds) 
than p0 (4.67 ± 0.58 seconds). Treatment p0 & p1 were the best treatments compared to p2 
and p3.  

References  
[1] Kementerian Kelautan dan Perikanan RI (KKP). 2023. Produksi Perikanan: Kakap 

2022. https://statistik.kkp.go.id/home.php?m=prod_ikan_prov&i=2#panel-footer. 
diakses 25 September 2023.  

[2] M. A. Rifa'i, H. Kudsiah, Pemberdayaan istri kelompok pembudidaya ikan patin 
dengan pengembangan produk filet. Panrita Abdi-Jurnal Pengabdian pada 
Masyarakat. 4, 369-379 (2020).  

[3] L. Sahubawa, C.R. Atmoko, and S. Sasongko, Application of technology to increase 
enonomic value and consumer preferences of tilapia, stringray and cow leather 
products, in IOP Conference Series: Earth and Environmental Science. The 4th 
International Symposium on Marine and Fisheries Research, Gadjah Mada 
University. e-ISSN (2021) https://doi.org/10.1088/1755-1315/919/1/012032  

[4] Sumariono. Potensi kulit ikan di PT. Bee Jay Seafood Tbk. Probolinggo, Jawa Timur. 
Hasil wawancara dan pengamatan lapangan di industri pengolahan ikan PT. Bee Jay 
Seafood (2024).  

[5] L. Sahubawa, A. Pertiwiningrum, Bioconversion and bioeconomics of thorn stringray 
skin waste (Dasyatis sp) as a commercial leather products. In IOP Conference Series: 
Earth and Environmental Science. The 5th Embrio International Symposium 2021 
(EIS) Organized by EMBRIO (Enhancing Marine Biodiversity Research in 
Indonesia). (2022).   

[6] S. Endang, A. Jumiono, S. Akil, Identifikasi titik kritis kehalalan gelatin. Jurnal 
Ilmiah Pangan Halal. 2,17-22 (2020).  

[7] K. Su, C. Wang, Recent advances in the use of gelatin in biomedical research. 
Biotechnology Letters. 37, 2139-2145 (2015). 10.1007/s10529-015-1907-0  

[8] A. B. Bello, D. Kim, D. Kim, H. Park, S. H. Lee, Engineering and functionalization 
of gelatin biomaterials: From cell culture to medical applications. Tissue Engineering 
Part B: Reviews. 26, 164-180. (2020).  

[9] H. Nagahama, V. Rani, K. Shalumon, R. Jayakumar, S. Nair, S. Koiwa, T. Furuike, 
H. Tamura, Preparation, characterization, bioactive and cell attachment studies of 
alpha-chitin/gelatin composite membranes. International journal of biological 
macromolecules. 44, 333-337 (2009).  

[10] S. Shi, Y. Si, Y. Han, T. Wu, M. I. Iqbal, B. Fei, R. K. Y. Li, J. Hu, J. Qu. Recent 
Progress in Protective Membranes Fabricated via Electrospinning: Advanced 
Materials, Biomimetic Structures, and Functional Applications. Advance Material. 
34, 2107938 (2020). 

[11] W. Trilaksani, M. Nurimala, I.M. Setiawati. Ekstraksi Gelatin Kulit Ikan Kakap 
Merah (Lutjanus sp) Dengan Proses Perlakuan Asam. Jurnal Pengolahan Hasil 
Perikanan Departemen Teknologi Hasil Perairan Fakultas Perikanan dan Ilmu 
Kelautan, IPB. Bogor (2012).  

[12] Y. Wang, Z. Guo, Y. Qian, Z. Zhang, L. Lyu, Y. Wang, F. Ye, Study on the 
Electrospinning of Gelatin/Pullulan Composite Nanofibers. Polymers. 11, 1-10 
(2019).  

[13] M. B. Coltelli, S. Danti, K. De Clerck, A. Lazzeri, P. Morganti, Pullulan for advanced 
sustainable body-and skin-contact applications. Journal of Functional Biomaterials. 
11, 1-17 (2020).  

[14] M. Nasrollahzadeh, Z. Nezafat, N. Shafiei, F. Soleimani, Polysaccharides in food 
industry. Biopolymer-Based Metal Nanoparticle Chemistry for Sustainable 
Applications. Iran: Elsevier: 47-96 (2021).  

[15] M. O. Teixeira, E. Marinho, C. Silva, J. C. Antunes, H. P. Felgueiras, Pullulan 
hydrogels as drug release platforms in biomedicine. Journal of Drug Delivery Science 
and Technology. 89, 1-23 (2023).  

[16] K. Arumsari, Karakteristik gelatin kulit ikan tuna (Thunnus albacares) dan 
aplikasinya untuk nanoenkapsulasi vitamin c. Master Thesis, Universitas Gadjah 
Mada, Faculty of Agricultural Technology (2014).  

[17] A. D. Islami, Junianto, R. Rostika, Karakteristik fisik dan kimia gelatin kulit kakap 
pada hasil ekstraksi suhu yang berbeda. Jurnal Perikanan dan Kelautan Unpad. 9, 34-
40 (2018).  

[18] J. A. Arnesen, and A. Gildberg. 2002. Preparation and characterisation of gelatine 
from the skin of harp seal (Phoca groendlandica). Bio. Tech. 82(2): 191–194. 

[19] M. Pertiwi, Y. Atma, A. Z. Mustopa, R. Maisarah. (2018). Karakteristik fisik dan 
kimia gelatin dari tulang ikan patin dengan pre-treatment asam sitrat. Jurnal Aplikasi 
Teknologi Pangan. 7(2): 83 - 91. 

[20] F. Damian, M. Harati, J. Schwartzenhauer, O. Van Cauwenberghe, S. D. Wettig, 
Challenges of dissolution methods development for soft gelatin capsules. 
Pharmaceutics. 13, 1-30 (2021).  

[21] W. Charoenchokpanich, P. Muangrod, S. Roytrakul, V. Rungsardthong, B. Wonganu, 
S. Charoenlappanit, F. Casanova, and B. Thumthanaruk, Exploring the Model of 
Cefazolin Released from Jellyfish Gelatin-Based Hydrogels as Affected by 
Glutaraldehyde. Gels. 10(4): 1 – 18 (2024). 

[22] D. Deska, A. Fadli, Z. Zultiniar, Uji In-Vitro Hidroksiapatit berpori menggunakan 
larutan simulated body fluid (sbf) dengan variasi penambahan pati kentang. Jurnal 
Online Mahasiswa (JOM) Bidang Teknik dan Sains. 6, 1-4 (2019).  

[23] M. Nurilmala, H. Suryamarevita, H. H. Hizbullah, A. M. Jacoeb, Y. Ochiai, Fish skin 
as a biomaterial for halal collagen and gelatin. Saudi Journal of Biological Sciences. 
29, 1100-1110 (2022). https://doi.org/10.1016/j.sjbs.2021.09.056.  

[24] O. Aidat, L. Belkacemi, M. Belalia, Z.M. Khairi, H.S. Barhoum, Physicochemical, 
rheological, and textural properties of gelatin extracted from chicken by-products 
(feet-heads) blend and application. International Journal of Gastronomy and Food 
Science. 32, 1-8 (2023).  

4 Conclusions  

The characteristics of red snapper skin gelatin are: yield (12.27 ± 3.37%); pH (5.05 ±0.06); 
moisture (3.45 ± 0.20%); ash (1.46 ± 0.44%); protein (53.40 ± 3.15%); viscosity 9.24 cP; 
and gel strength value was 99.37 bloom.  Based on the results of observations with a light 
microscope, the percentage of membrane nanofiber yarns formed (largest to smallest) 
respectively resulted from treatment p0 > p1 > p2 > p3. SEM observation showed that the 
size and shape of the yarns in p1 and p0 treatments were relatively the same (<1 µm). FTIR 
observation showed that treatments p0 and p1 had the same 4 functional groups (aliphatic 
phosphate, aliphatic secondary amine, alkyl monosubstitution, and aliphatic hydrocarbon). 
The p0 treatment was superior because it had 1 additional functional group, namely phenol. 
In the solubility test, the sample from treatment p1 dissolved longer (9.33 ± 3.21 seconds) 
than p0 (4.67 ± 0.58 seconds). Treatment p0 & p1 were the best treatments compared to p2 
and p3.  

References  
[1] Kementerian Kelautan dan Perikanan RI (KKP). 2023. Produksi Perikanan: Kakap 

2022. https://statistik.kkp.go.id/home.php?m=prod_ikan_prov&i=2#panel-footer. 
diakses 25 September 2023.  

[2] M. A. Rifa'i, H. Kudsiah, Pemberdayaan istri kelompok pembudidaya ikan patin 
dengan pengembangan produk filet. Panrita Abdi-Jurnal Pengabdian pada 
Masyarakat. 4, 369-379 (2020).  

[3] L. Sahubawa, C.R. Atmoko, and S. Sasongko, Application of technology to increase 
enonomic value and consumer preferences of tilapia, stringray and cow leather 
products, in IOP Conference Series: Earth and Environmental Science. The 4th 
International Symposium on Marine and Fisheries Research, Gadjah Mada 
University. e-ISSN (2021) https://doi.org/10.1088/1755-1315/919/1/012032  

[4] Sumariono. Potensi kulit ikan di PT. Bee Jay Seafood Tbk. Probolinggo, Jawa Timur. 
Hasil wawancara dan pengamatan lapangan di industri pengolahan ikan PT. Bee Jay 
Seafood (2024).  

[5] L. Sahubawa, A. Pertiwiningrum, Bioconversion and bioeconomics of thorn stringray 
skin waste (Dasyatis sp) as a commercial leather products. In IOP Conference Series: 
Earth and Environmental Science. The 5th Embrio International Symposium 2021 
(EIS) Organized by EMBRIO (Enhancing Marine Biodiversity Research in 
Indonesia). (2022).   

[6] S. Endang, A. Jumiono, S. Akil, Identifikasi titik kritis kehalalan gelatin. Jurnal 
Ilmiah Pangan Halal. 2,17-22 (2020).  

[7] K. Su, C. Wang, Recent advances in the use of gelatin in biomedical research. 
Biotechnology Letters. 37, 2139-2145 (2015). 10.1007/s10529-015-1907-0  

[8] A. B. Bello, D. Kim, D. Kim, H. Park, S. H. Lee, Engineering and functionalization 
of gelatin biomaterials: From cell culture to medical applications. Tissue Engineering 
Part B: Reviews. 26, 164-180. (2020).  

[9] H. Nagahama, V. Rani, K. Shalumon, R. Jayakumar, S. Nair, S. Koiwa, T. Furuike, 
H. Tamura, Preparation, characterization, bioactive and cell attachment studies of 
alpha-chitin/gelatin composite membranes. International journal of biological 
macromolecules. 44, 333-337 (2009).  

[10] S. Shi, Y. Si, Y. Han, T. Wu, M. I. Iqbal, B. Fei, R. K. Y. Li, J. Hu, J. Qu. Recent 
Progress in Protective Membranes Fabricated via Electrospinning: Advanced 
Materials, Biomimetic Structures, and Functional Applications. Advance Material. 
34, 2107938 (2020). 

[11] W. Trilaksani, M. Nurimala, I.M. Setiawati. Ekstraksi Gelatin Kulit Ikan Kakap 
Merah (Lutjanus sp) Dengan Proses Perlakuan Asam. Jurnal Pengolahan Hasil 
Perikanan Departemen Teknologi Hasil Perairan Fakultas Perikanan dan Ilmu 
Kelautan, IPB. Bogor (2012).  

[12] Y. Wang, Z. Guo, Y. Qian, Z. Zhang, L. Lyu, Y. Wang, F. Ye, Study on the 
Electrospinning of Gelatin/Pullulan Composite Nanofibers. Polymers. 11, 1-10 
(2019).  

[13] M. B. Coltelli, S. Danti, K. De Clerck, A. Lazzeri, P. Morganti, Pullulan for advanced 
sustainable body-and skin-contact applications. Journal of Functional Biomaterials. 
11, 1-17 (2020).  

[14] M. Nasrollahzadeh, Z. Nezafat, N. Shafiei, F. Soleimani, Polysaccharides in food 
industry. Biopolymer-Based Metal Nanoparticle Chemistry for Sustainable 
Applications. Iran: Elsevier: 47-96 (2021).  

[15] M. O. Teixeira, E. Marinho, C. Silva, J. C. Antunes, H. P. Felgueiras, Pullulan 
hydrogels as drug release platforms in biomedicine. Journal of Drug Delivery Science 
and Technology. 89, 1-23 (2023).  

[16] K. Arumsari, Karakteristik gelatin kulit ikan tuna (Thunnus albacares) dan 
aplikasinya untuk nanoenkapsulasi vitamin c. Master Thesis, Universitas Gadjah 
Mada, Faculty of Agricultural Technology (2014).  

[17] A. D. Islami, Junianto, R. Rostika, Karakteristik fisik dan kimia gelatin kulit kakap 
pada hasil ekstraksi suhu yang berbeda. Jurnal Perikanan dan Kelautan Unpad. 9, 34-
40 (2018).  

[18] J. A. Arnesen, and A. Gildberg. 2002. Preparation and characterisation of gelatine 
from the skin of harp seal (Phoca groendlandica). Bio. Tech. 82(2): 191–194. 

[19] M. Pertiwi, Y. Atma, A. Z. Mustopa, R. Maisarah. (2018). Karakteristik fisik dan 
kimia gelatin dari tulang ikan patin dengan pre-treatment asam sitrat. Jurnal Aplikasi 
Teknologi Pangan. 7(2): 83 - 91. 

[20] F. Damian, M. Harati, J. Schwartzenhauer, O. Van Cauwenberghe, S. D. Wettig, 
Challenges of dissolution methods development for soft gelatin capsules. 
Pharmaceutics. 13, 1-30 (2021).  

[21] W. Charoenchokpanich, P. Muangrod, S. Roytrakul, V. Rungsardthong, B. Wonganu, 
S. Charoenlappanit, F. Casanova, and B. Thumthanaruk, Exploring the Model of 
Cefazolin Released from Jellyfish Gelatin-Based Hydrogels as Affected by 
Glutaraldehyde. Gels. 10(4): 1 – 18 (2024). 

[22] D. Deska, A. Fadli, Z. Zultiniar, Uji In-Vitro Hidroksiapatit berpori menggunakan 
larutan simulated body fluid (sbf) dengan variasi penambahan pati kentang. Jurnal 
Online Mahasiswa (JOM) Bidang Teknik dan Sains. 6, 1-4 (2019).  

[23] M. Nurilmala, H. Suryamarevita, H. H. Hizbullah, A. M. Jacoeb, Y. Ochiai, Fish skin 
as a biomaterial for halal collagen and gelatin. Saudi Journal of Biological Sciences. 
29, 1100-1110 (2022). https://doi.org/10.1016/j.sjbs.2021.09.056.  

[24] O. Aidat, L. Belkacemi, M. Belalia, Z.M. Khairi, H.S. Barhoum, Physicochemical, 
rheological, and textural properties of gelatin extracted from chicken by-products 
(feet-heads) blend and application. International Journal of Gastronomy and Food 
Science. 32, 1-8 (2023).  

14

BIO Web of Conferences 147, 01024 (2024)	 https://doi.org/10.1051/bioconf/202414701024
EAFTA 2024



4 Conclusions  

The characteristics of red snapper skin gelatin are: yield (12.27 ± 3.37%); pH (5.05 ±0.06); 
moisture (3.45 ± 0.20%); ash (1.46 ± 0.44%); protein (53.40 ± 3.15%); viscosity 9.24 cP; 
and gel strength value was 99.37 bloom.  Based on the results of observations with a light 
microscope, the percentage of membrane nanofiber yarns formed (largest to smallest) 
respectively resulted from treatment p0 > p1 > p2 > p3. SEM observation showed that the 
size and shape of the yarns in p1 and p0 treatments were relatively the same (<1 µm). FTIR 
observation showed that treatments p0 and p1 had the same 4 functional groups (aliphatic 
phosphate, aliphatic secondary amine, alkyl monosubstitution, and aliphatic hydrocarbon). 
The p0 treatment was superior because it had 1 additional functional group, namely phenol. 
In the solubility test, the sample from treatment p1 dissolved longer (9.33 ± 3.21 seconds) 
than p0 (4.67 ± 0.58 seconds). Treatment p0 & p1 were the best treatments compared to p2 
and p3.  
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