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Abstract. Gelatin is a protein biopolymer obtained by partially denaturing collagen. Gelatin research on 

fish has been carried out, especially on economically important fish, but only a few studies have referred 

to non-economical fish. One of the non-economical fish with a high population and considered a pest by 

fishermen in Tempe Lake of South Sulawesi, Indonesia, is the Amazon sailfin catfish (Pterygoplichthys 

pardalis). This study aimed to characterize the gelatin extracted from the skin of the Amazon sailfin 

catfish. The experiment employed a completely randomized factorial  design with two factors namely 

extraction temperature and duration of extraction. Each factor consisted of three levels with extraction 

temperatures of 70, 80 and 90oC, and duration of extraction of 2, 4 and 6 hours. The results showed 

that the extraction temperature and time affected the gelatin yield, and that the highest yield (3.99%) 

was obtained at 80oC and 6 hours extraction treatments. The gelatin contained 8.84% water, 81.08% 

protein, 9.07% ash, 0.73% fat, 0.2% crude fiber, 200.68 bloom gel strength, 4.33 cP viscosity, and pH 

of 4.25. FTIR test of the gelatin showed the wavenumber of 1635.64 cm-1 (Amide I), 1552.70 cm-1 

(Amide II), 1242.16 cm-1 (Amide III), 3496.94 cm-1 (Amide A), and 2926.01 cm-1 (Amide B). The main 

amino acid constituents of the gelatin were proline 12.40% and glycine 21.48%. The heavy metal content 

of Amazon sailfin catfish skin gelatin was below the threshold value of the Indonesian National Standard 

(SNI), namely 0.0000 mg/kg (Cd); 0.0000 mg/kg (Hg); and 0.00122 mg/kg (Pb). The characteristics of 

the gelatin in this study were comparable with those of the commercial gelatin standards, and therefore 

the skin gelatin of the Amazon sailfin catfish is as a potential alternative source of fish gelatin. 
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Introduction. Gelatin is a soluble polypeptide derived from collagen, which is the main 

constituent of animal skins, bones, and connective tissues. Gelatin is obtained by partial 

hydrolysis of collagen by acid or alkaline and thermal treatments. The fibrous structure of 

collagen is broken down irreversibly to produce gelatin (Zhou & Regenstein 2004). In 

Indonesia, gelatin is usually an imported product, mostly from Europe, America, and China. 

Gelatin has been widely used in the food industry as a stabilizer, thickener, emulsifier, jelly 

forming binder, and food wrapping (edible coating). In the pharmaceutical industry, gelatin 

is used as an ingredient for capsules, cosmetics, and films (Hashim et al 2010). 

According to Abdullah et al (2016), in the last few years due to health problems and 

religious issues, increasing demands are made on the exploration of new alternative 

sources for gelatin raw materials. Health problems that arise, according to 

Kittiphattanabawon et al (2010), refer to Foot and Mouth Disease (FMD) and spiritual issues 

are related to Muslims who are not allowed to consume gelatin from skin and bones derived 

from pork.  

 On the other hand, processing of fish produces waste or byproduct that reaches 20-

60% of the raw materials. Waste in the form of skin and fish bones accounts for 30% of 

the trash with high collagen content (Gomez-Guillen et al 2002). This waste is a potential 

raw material to produce fish-based industrial products, such as fish gelatin. One of the 

potential sources for gelatin production is the skin of the Amazon sailfin catfish 

(Pterygoplichthys pardalis). This fish is an invasive species in Tempe Lake of South 



AACL Bioflux, 2021, Volume 14, Issue 4. 

http://www.bioflux.com.ro/aacl 2072 

Sulawesi, Indonesia, and can survive in highly polluted environments. The Amazon sailfin 

catfish is an omnivorous fish that can eat about everything (Cook-Hildreth et al 2016). 

Because of the invasive nature and underutilized or unutilized status, its population density 

in the Tempe Lake is high. Unfortunately, neither scientific nor official data report on the 

population density of the Amazon sailfin catfish in Tempe Lake has existed. On the other 

hand, fishermen in the whole area of Tempe Lake claim that 70% of their daily catch is 

made up by the Amazon sailfin catfish.   
Gelatin can be extracted using various types of extraction methods such as thermal, 

acid, alkaline, and enzymatic extraction. However, the most preferred method is the 

combination of acid and alkaline solvents. It can provide a better quality of gelatin than 

direct thermal treatment which produces low-quality gel (Herpandi et al 2011). Pre-

treatment with a combination of acid and alkaline solvents is the best method for extracting 

gelatin from fish skin. Sinthusamran et al (2014) and Hashim et al (2017) reported that 

extracting gelatin using a combination of acid and alkaline not only removes non-collagen 

protein but also can improve the physicochemical quality of gelatin from the skin of 

barramundi (Lates calcarifer), cobia (Rachycentron canadum), kawakawa (Euthynnus 

affinis) and Japanese scad (Decapterus maruadsi). This paper describes the 

physicochemical characteristics of gelatin extracted from the skin of the Amazon sailfin 

catfish (P. pardalis) pretreated with acid and alkaline solvents prior to extraction with 

distilled water at various extraction temperatures and times. This gelatin could be a 

religiously accepted (halal) food ingredient. 

 

Material and Method 

 

Materials and chemicals. The Amazon sailfin catfish (P. pardalis) specimens were 

obtained from fishermen at Tempe Lake, South Sulawesi, Indonesia, from March to May 

2020. As many as 200 specimens were studied, with the total length of the specimens 

ranging from 15 cm to 30 cm and with weights ranging from 158 g to 574 g. The fish skin 

was separated, cleaned from remaining meat, washed under running tap water, placed into 

a polyethylene plastic bag, and stored in a freezer at -20OC until used. Other materials 

used were sodium hydroxide (NaOH), phosphoric acid (H3PO4), potassium bromide (KBr), 

hydrochloric acid (HCl), ammonium bicarbonate (NH4HCO3), sulfuric acid (H2SO4), sodium 

thiosulfate (Na2S2O3), boric acid (H3BO3), trypsin, hexane, distilled water, Kjeldahl tablets, 

bromocresol green and methyl red indicators, filter paper, filter cloth, syringe filter, 

standard solution of cadmium (Cd), mercury (Hg) and lead (Pb), nitric acid (HNO3), 

vanadium pentaoide (V2O5), hydrogen peroxide (H2O2), deionized distilled water, anti-

bumping granules.  

 

Pre-treatment. The fish skin was first separated from the sticky meat and then cleaned 

under running tap water. The skin was drained using a perforated plastic container until no 

water dripped. The skin was weighed to the nearest 100 g per sample and soaked in water 

with a temperature of 55-60OC for 2-3 min. The skin was then drained over a filter cloth to 

remove grease and dirt. Further, the skin was soaked in 0.05M NaOH (1:3, w/v) for 12 

hours and then washed with running tap water until the pH of the skin reached a neutral 

value. The skin then was soaked in 4% H3PO4 (1:3, w/v) for 16 hours. Finally, the skin was 

washed again with running tap water until the pH of the skin reached a neutral value, then 

it was stored in the refrigerator (Modena VM-1350) for 24 hours. 

 

Extraction of gelatin. The gelatin was extracted using distilled water with a ratio of skin 

to solvent of 1:4 (w/v). The extraction process was started by first setting the water bath 

(Shaking Water Bath YNC-SWB-50L) temperature according to the predetermined 

extraction temperature and time. The extraction temperature and time used were 70, 80 

and 90ᵒC, and 2, 4 and 6 h, respectively. For each predetermined treatment, three 

replicates of an approximately 100g each (total of 18 samples) of the skin samples were 

transferred into 500 ml beaker glasses and placed into the water bath with a continuous 

shake until the predetermined extraction time ended. After extraction, the gelatin was then 

subjected to a two-step filtration, first using a filter cloth and second with a Whatman No.1 
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filter paper. The separated gelatin was then dried in an oven (Memmert Oven Laboratory 

UN 55 53L) a temperature of 55OC for 48 hours. 

 

Yield of gelatin. The yield of gelatin was calculated from the ratio of the weight of dry 

gelatin obtained to the wet weight of the cleaned skin (Shyni et al 2014). 

 

Yield (%) =  x 100 

 

FTIR (Fourier Transform Infrared). FTIR analysis was used to determine the specific 

functional groups of the gelatin. Two gelatin samples (one was extracted at 80ᵒC for 6h 

and the other at 90ᵒC for 6h) were used for the FTIR analysis. A 6% (w/w) mixture of 

gelatin powder and phosphoric acid was prepared. Then 2 mg of the mixture were evenly 

mixed with 100 mg of potassium bromide (KBr) powder. This mixture was then used to 

prepare a KBr disc. Furthermore, the disc was scanned in an FTIR spectrometer in the 

range 500-4000 cm-1 wave length with a wave length resolution of 4 cm-1. The resulting 

IR (infrared) absorption of the gelatin sample was then compared to that of the commercial 

gelatin. 

 

Protein content (AOAC 2000). The protein content of two gelatin samples produced in 

experimental treatment of 80 and 90ºC for 6 h was performed in triplicates. Approximately 

0.5 g of the gelatin was weighed and transferred into Kjeldahl flasks, then three Kjeldahl 

tablets and 10 mL of H2SO4 were added. The flask containing the sample was digested in 

a heating block at a temperature of 410ºC. Then, 10 mL of water were added, and the 

heating was continued until the solution became clear. The solution was cooled, then 50 

mL of distilled water and 20 mL of 40% NaOH were added and filtered. The filtrate was 

transferred into a distillation flask and 50 mL of NaOH-Na2S2O3 solution were added. 

Distillation was carried out and the distillate was collected in a 125 mL Erlenmeyer flask 

containing 25 mL of 2% boric acid (H3BO3) containing a mixed indicator of 0.1% 

bromocresol green and 0.1% methyl red with a ratio of 2: 1. Distillation was performed 

until the volume of the distillate in the Erlenmeyer flask reached 40 mL. At this point, the 

distillate in the Erlenmeyer flask displayed a bluish-green color. The resulting distillate was 

titrated with 0.1004N HCl until the color of the solution turned pink. The volume of the 

titrant was recorded. The protein content was then calculated as follows: 

 

% N = 
𝑚𝑙 𝐻𝐶𝑙 used to titrate 𝑠𝑎𝑚𝑝𝑒𝑙 − 𝑚𝑙 𝐻𝐶𝑙 used to titrate 𝑏𝑙𝑎𝑛𝑘)

𝑆𝑎𝑚𝑝𝑒𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)𝑥 1000
 𝑥 𝑁 𝐻𝐶𝑙 𝑥 14,008 𝑥 100 

% protein = % N x protein conversion factor (5.6) (Mariotti et al 2008) 

 

Fat content (AOAC 2000). Six samples of ± 5 g each were crushed and then weighed 

(W1) and wrapped using filter paper and put into a thimble. The thimble was then fitted 

into a Soxhlet and hexane for 1½ cycles was added. Extraction was carried out for ± 6 h. 

The hexane was evaporated under vacuum using a rotary evaporator (50 rpm, temperature 

of 69°C). The hexane-free fat was then heated in an oven at 105°C for 1 h. 

 

Fat content (%) =  x 100 

W1 = sample weight (g) 

W2 = weight of empty crucible (g) 

W3 = weight of crucible + extracted fat (g) 

 

Ash content (AOAC 2000). Six samples of 3-5 g each of the gelatin powder were weighed 

into ashing crucibles and then heated in a muffle furnace at 500-600ºC until a constant 

weight was obtained. The remaining mineral were then weighed, and the ash content was 

calculated. 
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Ash Content (%) =  x 100 

 

Ash weight = weight of crucible and sample after ashing - weight of empty crucible 

Sample weight = weight of crucible and sample before ashing - weight of empty crucible 

 

Moisture content (AOAC 2000). Six samples of 3-5 g each of gelatin powder were 

weighed and put into a dry cup of known weight, then the sample were dried in an oven at 

105°C for about 6 h. The cup containing the sample was cooled and weighed, then dried 

again until a constant weight was obtained. 

 

Wet base moisture content (g 100 g-1 wet material) =  x 100 

Dry base moisture content (g 100 g-1 dry matter) =  x 100 

 

W = weight of sample before drying (g) 

W1 = sample weight and dry cup (g) 

W2 = weight of empty cup (g) 

 

Since the gelatin produced by the treatment of 80ºC for 6 h showed a better proximate 

composition, the remaining measurements (pH, viscosity, gel strength and amino acid 

composition) were done only for the gelatin from this treatment. 

 

Determination of pH. Triplicate measurements were carried out to determine the pH 

value of the gelatin. Gelatin powder (0.2 g) was dissolved in 20 mL of distilled water at a 

temperature of 80ºC. The resulting solution was homogenized with a magnetic stirrer. 

Then, the degree of acidity (pH) was measured at room temperature with a pH meter (pH 

mV Cond TDS PL-700PC). 

 

Determination of viscosity. Measurement of the gelatin’s viscosity was performed in 

three replicates. A 6.67% gelatin solution was prepared by dissolving 7 g of the gelatin in 

105 mL of distilled water. Then, the solution's viscosity was measured using a Brookfield 

Synchro-Lectric Viscometer. The measurement was performed at 60ºC with a spindle shear 

rate of 60 rpm. The result was then multiplied by a conversion factor. The measurement 

was performed using the no. 1 spindle of the viscometer having a conversion factor of 1. 

The viscosity value was expressed in units of centipoise (cP). 

 

Determination of gel strength. Triplicate determination was carried out to determine 

the gel strength of the gelatin. As much as 15 mL of the 6.67% gelatin solution was taken 

and placed in a glass vial of 20 mL volume. The sample was incubated at 10ºC for 17 h, 

then measured using a CT3 Texture Analyzer (Gomez-Guillen et al 2002). The result of the 

measurement was in the form of graphs, then the gel strength was calculated using the 

following formula: 

 

Gel Strength (dyne cm-2) =  

Gel Strength (bloom) = 2.86 x 10-3 G + 20 

 

F = height of the graph before breaking 

g = constant (0.07) 

G = gel strength (dyne cm-2) 

 

Amino acid analysis. The amino acid composition analysis was performed in triplicates.  

Digestion of gelatin was performed using trypsin, according to Cheng et al (2012). 

Approximately 100 mg of gelatin were dissolved in 50 ml of ammonium bicarbonate 

solution (1% NH4HCO3, pH 8.0). The solution was then filtered using a syringe filter of 0.22 

µm pore size. After that, 100 µL of the gelatin solution was taken and 10 µL of trypsin were 
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added (1 mg mL-1 in 1% NH4HCO3, pH 8.0). The sample was incubated at 37°C for 12 

hours and subsequently subjected to LC-MS/MS analysis. 

 

Heavy metal analysis. The heavy metal content (Hg, Pb and Cd) of the gelatin was 

determined using the Thermo ScientificTM iCETM 3000 Graphite Furnace Atomic Absorption 

Spectrometer (AAS). 

 

Determination of Hg content (SNI 2354.6:2016). Three samples of gelatin powder 

(0.2 g each) were transferred into digestion flasks. Into each flask, 10 mg of V2O5, 10 ml 

of 65% HNO3 and 95% H2SO4, and 3-5 anti-bumping stones were added and mixed 

thoroughly. The mixture was heated until a clear solution was obtained and, upon cooling 

at room temperature, 2 drops of 30% H2O2 and 15 ml of deionized water were added. The 

mixture was thoroughly mixed and transferred to a 50 ml volumetric flask. The volume 

was then adjusted using deionized water and then the solution was subjected to the AAS. 

A blank solution was also prepared following the same procedure as for the sample 

preparation. The absorbance of the solution was measured, and the content of the Hg was 

calculated. A calibration curve was prepared based on the absorbance of 1, 5, 10, 15 and 

20 µg/L of standard Hg solution. 

 

Y = a + bX 

Y = absorbance 

a = intersep 

b = slope 

X = concentration of Hg in the sample (µg/L) 

 

Hg (μg/g) =
(D − E) x Fd × V(ml) 𝑥

1
1000 𝑚𝑙

W (g)
 

D = concentration of Hg in sample (µg/L) from AAS reading 

E = concentration of Hg (µg/L) in blank solution from AAS reading 

V = total volume of sample solution (mL) 

W  = sample weight (g)  

Fd = dilution factor 

 
Determination of Pb and Cd contents (SNI 2354.5:2011). Three samples (0.5 g each) 

of gelatin powder were transferred into porcelain crucibles and put into a furnace. The 

samples were then incinerated at 450oC for 18 h and then cooled down to room 

temperature. Upon cooling, 50 ml of 5% HNO3 were added and mixed thoroughly. The 

volume of the mixture was reduced to about a half by heating over a hotplate. After cooling, 

the solution was transferred into a 50 ml volumetric flask and the volume was completed 

with deionized distilled water. The solution was further filtered into an Erlenmeyer flask 

over a Whatman number 45 filter paper and then transferred into a clean polystyrene tube 

prior to use for analysis. A blank solution of Pb and Cd (1 µg/ml) was prepared following 

the same procedure as for the sample preparation. The Pb and Cd contents were then 

determined at a wave length of 283.3 and 228.8 nm, respectively. A calibration curve for 

Pb and Cd was prepared based on absorbance of 1, 5, 10, 15 and 20 µg/L of standard 

solutions. 

Y = a + bX 

Y = absorbance 

a = intercept 

b = slope 

X = concentration of Pb or Cd in the sample (µg/L) 

 

Pb or Cd (μg/g) =
(D − E) x Fd × V(mL)

W
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D = concentration of Pb or Cd in sample (µg/L) from AAS reading 

E = concentration of blank (µg/L) from AAS reading 

V = total volume of sample solution prepared (mL) 

Fd = dilution factor 

W = sample weight (g)  

 

Experimental design and data analysis. The experimental design used in temperature 

treatment and extraction time was a completely randomized factorial design. The 

Completely Randomized Design model is as follows: 

 

Yijk = μ + ԏi + βj + (ԏβ) ij + εijk 

 

Yijk = response to the effect of treatment in temperature and the duration to-j extraction 

to-k replication 

μ = common mean 

ԏi = the effect of temperature to-i 

βj = effect of immersion time to-j 

(ԏβ) ij = the effect of the interaction of the treatment temperature to-i with the extraction 

time to-j 

εijk = error factor 

 

The research data obtained was analyzed using the analysis of variance (ANOVA) at a 95% 

confidence level. When ANOVA indicated the presence of a significant difference, a multiple 

comparison analysis using the Duncan's Multiple Range Test (DMRT) at a 95% confidence 

level was employed to identify the difference among the treatments.  

 

Results 

 

The yield of gelatin. The yield of gelatin produced from the skin of the Amazon sailfin 

catfish in this study ranged from 0.89 to 4.17% (0.89-4.17 g of gelatin/100 g wet fish skin) 

(Table 1). The extraction temperature and time as well as their interaction were 

significantly (p<0.05) affecting the gelatin yield. The highest yield (4.17%) was produced 

by extracting the gelatin at 90OC for 6 h, while the lowest yield (0.89%) was produced at 

70OC for 6 h. However, extraction of the gelatin at 90OC for 6 h produced a similar yield 

(p>0.05) with that of the 80OC for 6 h treatment.  

 

Table 1 

The yield of skin gelatin from Amazon sailfin catfish 

 

Temperature (oC) Time (h) Yield (%) 

70 2 1.22ab 

70 4 1.56b 

70 6 0.89a 

80 2 1.29ab 

80 4 2.65c 

80 6 3.99e 

90 2 2.4c 

90 4 3.25d 

90 6 4.17e 

Note: Different superscripts indicate significant difference. 

 

Proximate analysis. The proximate composition (Table 2) was performed only for the 

gelatin powder extracted at 80oC and 90oC for 6 h. The gelatin extracted at 80OC contained 

higher protein and ash, but lower fat content as compared to that of the gelatin extracted 
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at 90OC. However, the moisture content in the gelatin produced by the two extraction 

temperatures was similar. The GMIA (2012) specified the standard quality of a gelatin 

which should contain maximum of 15% moisture, higher than 90% protein, less than 5% 

fat, 0.3-2% ash, and no crude fiber and extract material without nitrogen (EMWN). 

 

Table 2 

Proximate composition (%) of the Amazon sailfin catfish skin gelatin extracted at 

80OC and 90OC for 6 hours 

 

 Temperature (oC) Moisture Protein Fat 
Crude 

fibre 

Extract material 

without nitrogen 
Ash 

Research 
80 8.84 81.08 0.73 0.2 0.07 9.07 

90 8.53 73.57 4.21 0.29 5.24 8.15 

GMIA 2012  Maks.15 >90 <5 - - 0.3-2 

 

Statistical analysis (ANOVA) showed that there were significant variations (p<0.05) in the 

proximate composition of the analyzed gelatin. Among the treatments analyzed, the 

temperature of 80OC was found to have the highest composition if compared with the 90OC 

treatment (Table 2). A higher composition indicates a better proximate content in gelatin 

when compared to a lower composition especially for moisture, protein, ash, and fat. Crude 

fiber and EMWN were present in both treatments but the treatment at 90OC had higher 

percentages of both. 

 

FTIR analysis. The results of the FTIR analysis showed that the typical absorption pattern 

of the gelatin from the two treatments was relatively similar even though differences in 

intensities existed. Five peaks of amides were identified, namely amide I, amide II, amide 

III, amide A, and amide B, as shown in Table 3. 

 

 

Table 3 

The FTIR absorption peak of the Amazon sailfin catfish skin gelatin extracted at 

80OC and 90OC for 6 hours 

 

Absorption Area 

 Amide I Amide II 
Amide 

III 
Amide A Amide B 

80OC 6 hours 1635,64 1552,70 1242,16 3496,94 2926,01 

90OC 6 hours 1633,71 1546,91 1236,37 3473,80 2924,09 

Commercial gelatin 1651,07 1543,05 1242,16 3448,72 2939,52 

 

The FTIR characteristics of the Amazon sailfin catfish skin gelatin extracted at 80OC and 

90OC for 6 hours were shown in Figure 1 and Figure 2. The gelatin extracted at 80OC for 6 

hours showed amide peaks at wavenumbers of 1635.64 cm-1 (Amide I) and 1552.70 cm-1 

(Amide II), indicating the presence of a carbon-nitrogen (C=N) bond. The absorption at a 

wavenumber of 1242.16 cm-1 (Amide III) shows the presence of nitrogen-hydrogen (N-H), 

carbon-oxygen (C=O), and carbon-hydrogen (CH2) bonds. Further, the absorption at 

3496.94 cm-1 (Amide A) indicates the presence of oxygen-hydrogen (O-H) and nitrogen-

hydrogen (N-H) bonds, while the absorption at 2926.01 cm-1 (Amide B) shows a carbon-

hydrogen (C-H) bond. These bonds indicated that the extract consisted of the gelatin. 
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Figure 1. FTIR resonance of the Amazon sailfin catfish skin gelatin extracted at 80oC for 6 hours. 

 

Treatment at 90OC for 6 hours attained a wavenumber of 1633.71 cm-1 (Amide I), and 

1552.70 cm-1 (Amide II) indicating the presence of a carbon-nitrogen (C=N) bond. The 

absorption area with a wavenumber of 1242.16 cm-1 (Amide III) is an indicative of the 

carbon-oxygen (C=O), nitrogen-hydrogen (N-H), and carbon-hydrogen (CH2) peptide 

bonds. The absorption area with a 3496.94 cm-1 (Amide A) wavenumber shows the O-H 

and N-H bonds, while the absorption area with a wavenumber of 2926.01 cm-1 (Amide B) 

indicates the presence of C-H bond. These bonds are characteristic of gelatins, and their 

presence in the molecular structures of the extract yielded from extraction at 90OC confirms 

that the extract consisted of gelatin. 

 

 
Figure 2. FTIR resonance of the Amazon sailfin catfish skin Gelatin extracted at 90oC for 6 hours. 
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Figure 3. FTIR resonance of the commercial gelatin. 

 

Commercial gelatin powder (bovine gelatin) was used as a reference for determining the 

Amazon sailfin catfish skin gelatin samples. The results of the FTIR (Figure 3) showed that 

the spectrum values of the commercial gelatin were almost the same with that of the 

Amazon sailfin catfish skin gelatin. Besides, the peak of Amazon sailfin catfish skin gelatin 

spectrum extracted at 80OC was higher than that of the commercial gelatin in the 

absorption area of 3496.94 cm-1 (Amide A). 

 

Degree of acidity (pH), viscosity, and gel strength. The pH, viscosity and gel strength 

of the Amazon sailfin catfish skin gelatin obtained in this research from the best gelatin 

treatment, which was at 80OC for 6 h (Table 4).  

 

Table 4 

Physical and chemical properties of Amazon sailfin catfish skin gelatin 
 

Parameter Value 
The required standard 

(GMIA 2012) 

pH 4.25 3.8 - 5.5 

Viscosity (cP) 4.33 15 - 75 

Gel Strength (bloom) 200.68 50 - 300 

 

Amino acid composition. The Amazon sailfin catfish skin gelatin contained 18 types of 

amino acids. Six amino acids were found to present in levels of more than 9%, including 

arginine, lysine, proline, glutamic acid, alanine, and glycine (Table 5). Glycine contributed 

to over 20% of the total amino acids present. Meanwhile, tyrosine, cysteine, and 

tryptophan, typically low in fish, were not detected. 

 

Table 5 

Types of amino acids in Amazon sailfin catfish skin gelatin 

 

Types of amino acid Percentage (%) 

Arginine 14.75 

Histidine 3.54 

Lysine 9.22 

Phenylalanine 0.37 

Leucine 0.49 
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Isoleucine 0.58 

Tyrosine 0 

Methionine 1.32 

Valine 1.84 

Proline 12.40 

Glutamic acid 12.66 

Aspartic acid 5.00 

Cysteine 0 

Threonine 2.66 

Serine 4.30 

Alanine 9.38 

Glycine 21.48 

Tryptophan 0 

 

Heavy metal contents. Based on the test results, the heavy metal content of cadmium 

(Cd), mercury (Hg), and lead (Pb) in the skin of the Amazon sailfin catfish (Table 6) was 

still below the threshold value for heavy metal content for fish and their processed products 

set by the SNI 7387 (2009), namely 0.1 mg/kg for Cd, 0.5 mg/kg for Hg, and 0.3 mg/kg 

for Pb. This research shows that the gelatin from the skin of Amazon sailfin catfish is safe 

to be used as a source of ingredients for food processing. 

 

Table 6 

The heavy metal content in Amazon sailfin catfish skin gelatin 

 

Parameters 
Measurement 

unit 
Test Results 

Method 

Specification 

Max. as per 

SNI 7387:2009 

Cadmium (Cd) mg/kg Not detected Atomization 0.1 mg/kg 

Mercury (Hg) mg/kg Not detected Atomization 0.5 mg/kg 

Lead (Pb) mg/kg 0.00122 Atomization 0.3 mg/kg 

 

Discussion. The yield of gelatin produced from the skin of the Amazon sailfin catfish in 

this study was low. The low yield was expected and related to characteristic of the Amazon 

sailfin catfish skin which is very thin and is covered by coarse scales. However, the yield 

of gelatin in this study was comparable with those of the skin of catfish Gariepinus spp. 

(0.44%) previously reported by Sivakumar et al (2000) and Muyonga et al (2004), Nile 

perch (Lates niloticus) young (1.3%) and adults (2.4%). The yield of gelatin in our study 

was much lower compared to the yield of gelatin from the skins of Oreochromis niloticus 

(7.81%) and Oreochromis mossambicus (5.39%) (Bakar & Harvinder 2002), Johnius 

dussumieri (14.3%) (Cheow et al 2007), Pangasius pangasius (21.93%), Clarias batrachus 

(20.57%), Channa striata (20.17%), and Channa micropeltes (20.76%) (Ratnasari & 

Firlianty 2016), fresh salmon (Salmo salar) (19%), smoked salmon (Salmo salar) (25%) 

(Ilona et al 2008). According to Koli et al (2012), the washing process on the skin will affect 

gelatin, making the resulting yield low. The conversion of collagen to gelatin depends on 

processing parameters, such as temperature, extraction time, pH, and raw material 

characteristics, and initial handling methods (Karim & Bhat 2009). 

The gelatins obtained in this study were confirmed by the similarity of their spectral 

peak wavelengths with those of the commercial gelatin. The hydroxyl functional group (O-

H) and amine group (N-H) spectra obtained in this study showed the same functional 

groups as those of the commercial gelatin. According to Brauner et al (2005), gelatins, like 

most proteins, have a structure consisting of carbon, hydrogen, a hydroxyl group (OH), a 

carbonyl group (C = O), and an amine group (NH), so it can be concluded that the 

compounds obtained in this study are gelatin. 
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The higher protein and lower fat contents indicate that the gelatin extracted at 80OC 

has a better quality as compared to the gelatin extracted at 90OC. However, only moisture 

(8%) and fat (0.73-4.21%) contents meet the GMIA (2012) standard (maximum of 15% 

and 5%, respectively). The protein content (73-81%) was lower than the GMIA standard 

of >90%, which might have been due to the high ash content (8-9%). The standard ash 

content for gelatin as set by the GMIA (2012) is 0.3-2%. The moisture content of the 

gelatin in this study was also much lower than the requirements set by FAO JECFA standard 

(2003) of 18%. The lower the water content the better the quality of the gelatin and vice 

versa. The gelatin's water content significantly affects its storage capacity because it is 

closely related to the metabolic activity that occurs while the gelatin is stored (Ninan et al 

2012). 

The protein content of the gelatin extracted at 80OC in this study was higher when 

compared to the protein content of the commercial gelatin (bovine gelatin) (78.79%) as 

reported by Ratnasari and Firlianty (2016). Higher protein contents of fish skin gelatins 

were also reported by these authors for Pangasius pangasius (87.1%), Clarias batrachus 

(85.9%), and Channa striata (87.27%), but like that of Channa micropeltes (82.63%). The 

protein content of gelatin can be influenced by the quality of the ossein produced in the 

demineralization process, the type of raw materials and the freshness of the raw materials 

(Ward & Courts 1997). 

The high content of ash in this study indicates that washing of fish skin with water 

is unable to reduce collagen-bound minerals and, therefore, demineralization must be 

performed prior to extraction of the gelatin. According to Liu et al (2009) and Duconseille 

et al (2015), the high ash content of gelatin is due to mineral components bound to collagen 

that have not been released during the washing process. Utama et al (2019) stated that 

ash is a component forming the extract material without nitrogen and affects the 

composition of organic materials. This is consistent with the data in this study which 

showed that gelatin was an extract containing materials without nitrogen. The crude fiber 

was also present in the gelatin. The higher temperatures used in the extraction process 

tended to increase the contents of the non-nitrogenous extract. 

The fat content of fish skin gelatin is affected by whether the subcutaneous fat and 

grease are thoroughly removed. Therefore, the fat content in gelatin depends on the 

treatment during the process of gelatin preparation, both at the cleaning stage and the 

degreasing process until the filtering stage of the filtrate, where every fair treatment will 

reduce the fat content. Low-fat content in the gelatin is required to enable a longer duration 

of storage without causing rancidity (deMan 2007). Not only rancid gelatin may cause 

unpleasant odor and taste, but it may also cause toxic effects such as allergy, nausea, 

vomiting, and unease stomach. Oxidation of lipids produces aldehydes which in turn 

crosslink with amino acids causing insolubility of protein (Kussi et al 1975; Esterbauer et 

al 1991) and directly affect protein digestibility and utilization (Laohabanjong et al 2009).  
The gel strength produced in this study was comparable with that of the commercial 

gelatin. The standard value of the gel strength according to Schrieber and Garies (2007) 

is 200-300 blooms. The gel strength of the gelatin is influenced by viscosity and pH, the 

high viscosity accompanied by a considerable gel strength indicates that the gelatin 

contains a substantial amount of pyrrolidine (proline and hydroxyproline) (Sarabia et al 

2000). 

The pH value of the fish skin gelatin in this study meets the standard pH criteria 

according to GMIA (2012), which ranges from 3.8 to 5.5. Gelatin pH is divided into low, 

neutral, and high. Neutral pH gelatin is applied for meat products, pharmaceuticals, 

chromatography, and paints. Low pH gelatin is used for the food industry, while high pH 

gelatin is applied for the pharmaceutical industry (Ninan et al 2012). In this study, the pH 

of the gelatin fell into a low category, and therefore is suitable to be used in the food 

industry. The resulting low pH is caused by the presence of acid residue in the gelatin. 

Ninan et al (2012) stated that when the immersion process is carried out, the skin collagen 

fibers will experience a swelling process which causes the structure of the amino acid bonds 

in the collagen molecule to open and the solvent is "trapped" between these bonds and 

does not dissolve during the neutralization process. 
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The viscosity value of the gelatin in this study confirms the standards set by GMIA 

(2012), which is between 1.5 - 7.5 cP. However, according to Mariod and Adam (2013), 

when the ability of a solution (NaOH) is suboptimal in hydrolyzing the collagen peptides 

the resulting gelatin will be unable to reach the highest standard point from GMIA. The 

gelatin peptide molecules' distribution strongly influences the solution's high and low 

viscosity values (Nishimoto et al 2005). High water content in gelatin can also reduce the 

viscosity value (Olivares et al 2006). The excessive drying process will break protein bonds 

in the gelatin, resulting in low viscosity, thus making the gelatin difficult to thicken. 

The analysis of amino acids contained in the gelatin of the Amazon sailfin catfish 

skin showed that the main amino acids making up the gelatin were glycine, arginine, 

proline, and glutamic acid. However, glycine and proline were the two primary amino acids 

presented by Tong and Tiejin (2013), who stated that gelatin contains 9 out of 10 essential 

amino acids that the body needs; one essential amino acid that is barely contained in 

gelatin is tryptophan. The amino acid composition makes gelatin a multi-use ingredient in 

various industries. 

The heavy metal analysis is important for gelatin, among others, to determine the 

safety of the product, especially if consumed in food products or medicines. Research on 

heavy metals contained in Amazon sailfin catfish skin gelatin has been investigated by 

Hermanto et al (2014), who obtained a metal content that is quite high when compared to 

this study. The heavy metal content reported by Hermanto et al (2014) included Hg 0.012 

mg/kg, Pb 7.69 mg/kg, and Cd 2.49 mg/kg. It is suspected that the two gelatins produced 

came from different sampling locations. Heavy metal poisoning will damage organs and 

cause death (Parawita et al 2009). 

 

Conclusion. Extraction of gelatin from Amazon sailfish catfish skin has been successfully 

conducted. The results showed that besides obtaining the best yield, the profiles of the 

gelatin produced at the optimum condition of 80OC for 6 hours also met the characteristics 

of commercial gelatin. The physicochemical properties of the gelatin are indicated by the 

moisture content of 8.84%, protein content of 81.08%, ash content of 9.07%, fat content 

of 0.73%, crude fiber content of 0.2%,  0.07% extract without nitrogen, 200.68 bloom gel 

strength, viscosity of 4.33 cP and pH of 4.25. The functional groups of the gelatin consist 

of several types of amides detected at different wavelengths as follows Amide I (1635.64 

cm-1), Amide II (1552.70 cm-1), Amide III (1242.16 cm-1), Amide A (3496.94 cm-1), and 

Amide B (2926.01 cm-1). Glycine and proline are the main amino acids contained in the 

fish gelatin with a level of 21.48 and 12.40%, respectively. Heavy metal contamination of 

Hg and Cd was not detected but Pb was detected in a very small amount in the gelatin of 

the Amazon sailfin catfish skin, so it is safe to be used as a raw material. Thus, gelatin 

from the skin of the Amazon sailfin catfish has promising potential to be developed as an 

alternative source of religiously accepted gelatin (halal food). 
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