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					ABSTRACT  

					ARTICLE INFO  

					Gelatin is frequently used in various aspects such as in pharmacies, cosmetics and food. The need  

					for gelatin increases every year, but it has limitations related to the halal element, especially in  

					Indonesia. Mangrove crab shells are an alternative raw material for making gelatin, which is  

					clearly halal and safe. This research aims to measure the effect of solvent types and extraction  

					techniques on the quality and characteristics of the gelatin produced. This research was designed  

					to optimize the quality of crab gelatin using a completely randomized design. The treatments used  

					in this study were the use of CH3COOH 1% (A1) and NaOH 1% (A2) solvents and the extraction  

					techniques of an autoclave, 1 atm pressure at 100°C for 1 hour (B1), and a water bath at 70°C for  

					2 hours (B2). The results show that the mud crab shells had characteristics that were almost similar  

					to the gelatin Standards, so they had the potential to be a natural resource for gelatin production.  

					The best quality of gelatin was shown in the treatment using CH3COOH 1% and autoclave 1 atm  

					pressure at 100°C for 1 hour, producing a yield of 25.53 ± 3.16%, ash content of 2.81 ± 0.07%,  

					fat content 8.06 ± 1.15%, water content 9.96 ± 0.35%, protein content 61.28 ± 1.23%, pH 5.43 ±  

					0.46, viscosity 5.98 ± 0.59 cPs, and gel strength 68.16 ± 0.57 bloom. Therefore, the selection of  

					solvents and extraction methods plays a critical role in determining the efficiency and quality of  

					gelatin production, particularly from crab shells.  
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					Introduction  

					Crab shells contain 18.70%-32.20% chitin, 53.70%-78.40% calcium  

					Total gelatin production in the world reaches 326,000 tons per  

					year, but its halalness is an issue,1 98.5% of gelatin in the world is made  

					from meat, bones and the skin of porks.2,3,4 The method for making  

					gelatin is divided into type A and type B. Type A gelatin uses an acidic  

					solvent, and type B gelatin uses an alkaline solvent. Pig skin and beef  

					bones are considered the main sources of type A gelatin, while type B  

					gelatin is often derived from beef-related ingredients, sometimes in  

					combination with pork bones.5 Unfortunately, some are non-halal  

					products. Therefore, it is necessary to develop gelatin production from  

					halal raw materials. The need for gelatin increases every year. Until  

					now, the need for gelatin for food and non-food industrial products  

					worldwide has continued to increase each year.6 Therefore, other  

					alternative raw materials is needed for making gelatin that are safe and  

					clearly halal, such as mangrove crab shells. Crabs are aquatic animals  

					that live both in seawater and freshwater but do not live or have habitats  

					in both worlds,7 so it is halal for consumption.8  

					carbonate, and 15.60%-23.90% protein.9 The high protein content in  

					mangrove crab shells contains collagen, used as a raw material to make  

					gelatin.10 Moreover, the crab shell parts are also underused by people  

					and only become waste.11 Therefore, gelatin made from crab shells has  

					a low economic value. There were several research of halal raw  

					materials for gelatin, such as milkfish bone,12 chicken feet,13 and dried  

					cow skin,14 and this was the first study of mangrove crab shells to be  

					exploited as raw materials for making gelatin. This latest research used  

					crab shell waste which is rarely used as a potential source of gelatin.  

					Quality gelatin certainly produces a large yield, and the resulting quality  

					can meet the characteristics of gelatin. To produce the best quality,  

					gelatin definitely needs to be optimized both in terms of solvent and  

					extraction technique. Several previous studies showed the best chicken  

					feet gelatin extraction process uses acid solvents, CH3COOH and  

					NaOH, showing significant differences (P < 0.05).15 This study aims to  

					evaluate the influence of solvent type and extraction technique on the  

					quality and properties of gelatin produced using acidic (1% CH3COOH)  

					and basic (1% NaOH) solvents. By employing autoclave and water bath  

					extraction methods, this research seeks to identify an alternative source  

					of halal gelatin suitable for applications in food additives and  

					pharmaceuticals.  
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					Bogoriense, Botanical Division, Research and Development Center for  
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					Biology-LIPI Cibinong, Indonesia, and identified by a taxonomy  

					specialist (Voucher number: B-232/V/DI.05.07/10/2021).  

					minutes. Afterward, the gelatin was cooled for 10 minutes in a  

					desiccator and then weighed (C). The heating and weighing process was  

					repeated until a constant weight was achieved.17 The test was carried  

					out three times.  

					Research design  

					Water content (%) = (A+ B)−C x 100%  

					This research design utilized the Completely Randomized Design  

					(CRD) method, which was divided into two factors. The first factor  

					examined the effects of two types of solvents: 1% CH3COOH (A1) and  

					1% NaOH (A2). The second factor focused on the extraction technique,  

					which included two methods: extraction using an autoclave (1 atm) at  

					100ºC for 1 hour (B1) and extraction in a water bath at 70ºC for 2 hours  

					(B2). Consequently, four treatment combinations were obtained.  

					B

					Protein content test  

					The test utilized the Kjeldahl method. In the digestion stage, 1.00 gram  

					of the ground sample was weighed and placed in a Kjeldahl flask along  

					with a boiling stone, 0.35 grams of copper sulfate (CuSO4), 7.5 grams  

					of potassium sulfate (K2SO4), and 15 mL of 0.1 M sulfuric acid  

					(H2SO4). The mixture was shaken until homogeneous. All materials  

					were heated in the Kjeldahl flask within a fume cupboard. When the  

					smoking ceased, heating continued until the liquid boiled and became  

					clear, which took approximately 30 minutes.In the distillation stage, the  

					digestion mixture was transferred to a distillation flask, and the Kjeldahl  

					flask was rinsed with distilled water. Fifty milliliters of 50% NaOH,  

					200 mg of zinc, and 100 mL of distilled water were added. The liquid  

					was gradually heated in the Kjeldahl flask until mixed, and then rapidly  

					heated until it boiled. The distillate was collected in an Erlenmeyer  

					flask, and 50 mL of a standard hydrochloric acid solution (HCl 0.1 N)  

					was added along with 3-5 drops of a 1% phenolphthalein indicator to  

					ensure that the tip of the distillation pipe was submerged in the  

					hydrochloric acid solution (HCl 0.1 N). The process was completed  

					when the solution ceased to be alkaline, which was indicated by a drop  

					in pH. During the titration phase, the distillation product was titrated  

					using sodium hydroxide (NaOH 0.1 N). The endpoint of the titration  

					was achieved when the solution changed to a stable pink color.  

					Subsequently, a blank titration was performed, with the conversion  

					factor set at 6.25.18 The test was carried out three times.  

					Production of mangrove crab shell gelatin  

					Gelatin extraction was performed using a modified method.16 Mangrove  

					crabs were washed and boiled at 700ºC for 25-30 minutes. The shells  

					were separated from the meat, washed, and then dried by heating them  

					in an oven at 450ºC for 30 minutes. The dried shells were crushed using  

					a blender and sifted through a mesh of 40. Crab shell powder was  

					soaked in an acid or base solution according to the treatment (1%  

					CH3COOH and 1% NaOH) at a ratio of 1:3 (w/v) for 2 days at 25ºC.  

					The mixture was then filtered, and the residue was washed until the pH  

					was neutral. The residue was subsequently dried for 24 hours at 50ºC.  

					Next, extraction was carried out according to the treatment conditions  

					(using an autoclave at 100ºC for 1 hour and a water bath at 70ºC for 2  

					hours) with demineralized water at a ratio of 1:4 (w/v). The extract was  

					stored in a refrigerator at 4ºC for 30 minutes, filtered using Whatman  

					42, placed in a non-stick frying pan, dried in an oven at 70ºC for 1 hour,  

					ground with a blender, packaged in glass bottles, and then tested for  

					gelatin quality parameters.  

					Organoleptic test  

					Nitrogen  

					content  

					(%)  

					=

					Organoleptic tests were conducted using the five senses to describe the  

					characteristics of mangrove crab (Scylla serrata) shell gelatin,  

					including its shape (solid, dry powder, thick, liquid), color, and odor  

					(aromatic, odorless, etc.).17  

					(

					)

					ml NaOH blank− ml NaOH sample x N NaOH x 14,008  

					푥 100%  

					g sampel x 1000  

					Protein content (%) = Nitrogen Content x Conversion Factor  

					pH test  

					Yield calculation  

					The measurement was conducted using a calibrated pH meter  

					(SevenExcellence S400-Basic, Mettler Toledo, Switzerland) after the  

					gelatin had undergone a drying and grinding process similar to flour.  

					The pH meter was immersed in the gelatin solution to assess the  

					suitability of the pH range of the produced gelatin. The electrode was  

					rinsed 6–8 times with distilled water, and each different sample was  

					analyzed.17 The test was carried out three times.  

					The percentage yield of gelatin produced (%) was calculated by  

					comparing the weight of the obtained gelatin powder to the weight of  

					the raw material.17 The test was carried out three times.  

					Yield (%) = weight of gelatin powder 푥 100%  

					weight of raw materials  

					Ash content test  

					The cup was pretreated in an oven at 100–105°C for 30 minutes, then  

					placed in a desiccator to remove moisture and weighed (A). Two grams  

					of crab shell gelatin were then added to the dried cup (B) and incinerated  

					over a burner flame until smokeless. The process continued until  

					complete ashing was achieved in a furnace at 550–600°C. The resulting  

					Viscosity test  

					Gelatin with a concentration of 6.67% (w/w) in distilled water was  

					measured using a Lammy viscometer (B-One Plus, Lamy Rheology,  

					France). This measurement was conducted at 60°C with a shear rate of  

					60 rpm using spindle no. 1. The viscosity value was recorded in  

					centipoise units (cPs).19 The test was carried out three times.  

					ash was cooled in  

					a

					desiccator (non-vacuum, PDA251114-  

					DESNONN30, Normax, Japan) before being weighed (C). The test was  

					carried out three times.17  

					Gelatin strength test  

					The 6.67% (w/v) gelatin solution was heated for 15 minutes at 45°C and  

					then incubated for 2 hours at 10°C. The resulting gel was measured  

					using a Texture Analyzer (CT3, AMETEK Brookfield, USA).19 The test  

					was carried out three times.  

					Ash content (%) = C−A x 100%  

					B−A  

					Fat content test  

					The fat pumpkin was dried in an oven at 105°C for 15 minutes (A). Five  

					grams of crab shell gelatin were weighed (C) and then placed into a fat  

					sleeve. The filter paper containing the sample was inserted into a  

					Soxhlet extraction apparatus connected to a condenser. One hundred  

					fifty milliliters of hexane solvent were added to a fat flask and refluxed  

					for 5 hours. The remaining solvent in the fat flask was removed by  

					heating in the oven (SNB 400, Memmert, Germany), and then weighed  

					(B). The test was carried out three times.17  

					Statistical analysis  

					The data on gelatin characteristics obtained were analyzed using  

					Analysis of Variance (ANOVA), followed by Duncan's Advanced Test  

					at a significance level of 5% (α = 0.05) using the SPSS 21.0 Statistics  

					Software package. The results of the data analysis were compared with  

					the standard gelatin quality and testing methods for gelatin.  

					Fat content (%) = B−A x 100%  

					Results and Discussion  

					C

					The effect of treatment on the yield of mangrove crab shell gelatin is  

					illustrated in Figure 1. The results indicate that the use of 1%  

					CH3COOH (A1) produced a higher yield than 1% NaOH (A2), and the  

					extraction technique using an autoclave (B1) yielded more than the  

					water bath method (B2).  

					Water content test  

					The test employed the gravimetric method, starting with the weighing  

					of an empty porcelain cup (A). Two grams of crab shell gelatin were  

					placed in the porcelain cup (B) and heated in the oven at 105°C for 30  
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					Figure 1: (a) Mangrove crab shell (b) Effect of treatment on gelatin yield.  

					The use of solvents and extraction techniques resulted in significantly  

					different outcomes (P < 0.05), indicating that the type of solvent and  

					extraction technique influenced the yield of mud crab shell gelatin.  

					Previous research on gelatin extraction from dry cowhide using 1%  

					CH3COOH and 1% NaOH with an autoclave showed that the yield from  

					CH3COOH was greater than that from NaOH.15 The use of acidic  

					solvents altered the collagen triple helix structure into a single helix,  

					while immersion in alkaline solvents transformed it into a double  

					helix.20 This was what caused acidic solvents to produce higher yield  

					values than basic solvents. The use of autoclave as an extraction  

					technique could increase the yield of gelatin produced. That was  

					because gelatin could shorten the extraction time required. It was in a  

					closed and stable condition from external influences so that the yield  

					could increase. The long heating process caused collagen destruction.21  

					Based on previous research on jellyfish (Lobonema smithii) gelatin,  

					increasing the concentration of acid and using a stronger type of acid  

					could decrease the yield,22 This occurs because the amino acid peptide  

					bonds, which ware the main structure of collagen, undergo degradation,  

					resulting in the dissolution and loss of collagen during the washing  

					process. Consequently, the overall yield decreases.22  

					The physical characteristics of the gelatin product were similar to those  

					of commercial gelatin. The chemical characteristics of the mangrove  

					crab shell gelatin produced are presented in Figure 2. The water content  

					obtained when using solvents showed significant differences (P < 0.05),  

					while the extraction technique did not show any significant differences  

					(P > 0.05). Using 1% CH3COOH (A1) was more effective than using  

					1% NaOH (A2) because the collagen structure in acidic conditions is  

					opened and weakened, resulting in gelatin with a fragile structure.  

					Consequently, the gelatin's water-holding capacity was reduced.  

					standard gelatin : <3.25%  
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					Figure 2: Effect of treatment on ash, water, fat, protein content and pH  

					(A1: CH3COOH 1%; A2: NaOH 1%; B1: extraction using autoclave; B2: extraction using water bath; CG: Commercial gelatin  

					This weak water-holding capacity allowed water to evaporate easily  

					during extraction, leading to lower water content in the dry gelatin. The  

					water content of crab shell gelatin impacts its shelf life, as it is closely  

					related to the metabolic activities that occur while the gelatin is stored.20  

					The results of the statistical analysis indicated that the treatments using  

					different solvents and extraction techniques significantly affected ash  

					content (P < 0.05). The treatment with 1% CH3COOH (A1) was more  

					effective than the treatment with 1% NaOH (A2). Using 1% CH3COOH  

					(A1) as a solvent was optimal for the demineralization process,  

					effectively dissolving the mineral salts found in crab shells.23 Similarly,  

					the extraction technique using an autoclave (B1) outperformed the  

					technique using a water bath (B2). The autoclave's internal pressure  

					enabled it to dissolve the minerals present in mangrove crab shells more  

					efficiently.23  

					713  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, February 2025; 9(2): 711 - 715  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					The results of the statistical analysis indicated that the treatments using  

					different solvents and extraction techniques produced significantly  

					different results (P < 0.05) regarding fat content. The treatment with 1%  

					CH3COOH (A1) yielded better fat content compared to the treatment  

					with 1% NaOH (A2). This was because alkaline solvents could only  

					hydrolyze the triple helix into a double helix, resulting in suboptimal fat  

					extraction from the cells and consequently higher fat levels in the  

					gelatin.15 Meanwhile, the extraction technique using an autoclave (B1)  

					produced better fat content than the water bath method (B2). This was  

					due to the high temperature (100°C) and pressure in the autoclave,  

					which allowed for optimal fat reduction.15 All treatments in this study  

					resulted in fat levels that did not meet gelatin specifications, remaining  

					below 5%.24 The high fat content may have been caused by insufficient  

					degreasing or cleaning of the crab shells, which allowed residual fat  

					from the crab meat to be carried over during the extraction process.25  

					The protein content in mangrove crab shell gelatin showed significantly  

					different results (P < 0.05) depending on the solvent and extraction  

					technique used. The use of 1% CH3COOH (A1) resulted in higher  

					protein levels compared to the 1% NaOH solvent (A2). Using an acidic  

					solvent during extraction effectively broke the hydrogen bonds,  

					optimally opening the collagen coil structure, which allowed for greater  

					protein extraction than with an alkaline solvent.22 Meanwhile, the  

					extraction technique using an autoclave (B1) produced higher protein  

					levels than the water bath method (B2). The autoclave facilitated a  

					shorter extraction time, preventing damage to the protein in the crab  

					shell.23 All treatments in this study produced protein content by the  

					gelatin specification above 87.25%.24 All treatments in this study  

					yielded protein content that met gelatin specifications, exceeding  

					87.25%. Therefore, mangrove crab shells have great potential as a raw  

					material for producing gelatin with high protein content.  

					which resulted in longer chains. The longer the amino acid chains, the  

					greater the molecular weight of the gelatin, leading to higher viscosity.20  

					When compared to standard gelatin, the treatment using 1% CH3COOH  

					(A1) with the autoclave extraction technique (B1) produced a viscosity  

					greater than that of commercial gelatin. This demonstrates the great  

					potential of mangrove crab shells as raw materials for producing high-  

					quality gelatin.  

					Table 2: Viscosity Analysis of mangrove crab shell gelatin  

					Treatment  

					Mean ± SD (cPs)  

					A1B1  

					A1B2  

					5.98 ± 0.59c  

					3.51 ± 0.49a  

					5.18 ± 0.41bc  

					3.93 ± 0.59ab  

					5.89 ± 0.16  

					1.5 – 7.5  

					A2B1  

					A2B2  

					GK  

					Standard gelatin  

					(A1: CH3COOH 1%; A2: NaOH 1%; B1: extraction using autoclave;  

					B2: extraction using water bath; CG: Commercial gelatin.  

					Table 3: Strength gell of mangrove crab shell gelatin  

					Treatment  

					Mean ± SD (bloom)  

					A1B1  

					A1B2  

					68.16 ± 0.57a  

					67.83 ± 0.28a  

					67.5 ± 0.50a  

					The results of the statistical analysis indicated that the treatments using  

					different solvents and extraction techniques showed no significant  

					differences (P > 0.05) in pH values. The highest pH value was obtained  

					with the 1% NaOH (A2) treatment using the water bath extraction  

					technique (B2), measuring 6.04 ± 0.09, while the lowest pH value was  

					recorded with the 1% CH3COOH (A1) treatment using the autoclave  

					extraction technique (B1), measuring 5.43 ± 0.46. The pH values of the  

					gelatin were related to the processes used in its production. All  

					treatments resulted in pH values for mangrove crab shell gelatin that  

					met the specifications, ranging from 4.5 to 6.5.24  

					A2B1  

					A2B2  

					67.33 ± 0.28a  

					95.50 ± 9.01  

					50 - 300 bloom  

					CG  

					Standard gelatin  

					(A1: CH3COOH 1%; A2: NaOH 1%; B1: extraction using autoclave;  

					B2: extraction using water bath; CG: Commercial gelatin.  

					Physical quality characteristics of mangrove crab shell gelatin  

					The gelatin product derived from mangrove crab shells was soluble in  

					water at 80°C (Table 1), indicating that the quality of the gelatin was  

					good. This high-quality gelatin was achieved through the degradation  

					of the triple helix structure of collagen protein into a polypeptide  

					mixture that easily dissolves in water at 80°C during the cooling  

					process.26  

					The results of the statistical analysis indicated that the solvent treatment  

					and extraction technique showed no significant differences (P > 0.05)  

					in the strength of the gelatin gel (Table 3). The use of 1% CH3COOH  

					produced better gel strength values than the 1% NaOH (A2) solvent.  

					This improvement was due to the optimal hydrolysis of collagen  

					facilitated by the acidic solution.27 All treatments of mangrove crab  

					shell gelatin, as well as commercial gelatin, produced gel strength  

					values that met the specifications, ranging from approximately 50 to  

					300 bloom.24  

					Table 1: Solubility analysis of mangrove crab shell gelatin  

					Conclusion  

					Treatment  

					Solubility  

					The mangrove crab shells have the potential to serve as a halal and safe  

					raw material for gelatin production, exhibiting characteristics that  

					closely align with gelatin standards. It emphasizes the critical role that  

					the choice of solvent and extraction techniques plays in determining the  

					quality and efficiency of gelatin production. By focusing on these  

					factors, the research paves the way for further advancements in the  

					production of high-quality gelatin. Future investigations could explore  

					variations in solvents and extraction methods, as well as test the  

					applications of gelatin in the pharmaceutical and cosmetic industries.  

					Additionally, it is essential to conduct studies on waste processing from  

					the extraction process to enhance the sustainability and efficiency of  

					gelatin production. Thus, this research not only contributes to meeting  

					the demand for halal gelatin but also supports the development of a  

					more environmentally friendly industry.  

					A1B1  

					A1B2  

					Soluble  

					Soluble  

					Soluble  

					Soluble  

					Soluble  

					Soluble  

					A2B1  

					A2B2  

					CG  

					Standard gelatin  

					(A1: CH3COOH 1%; A2: NaOH 1%; B1: extraction using autoclave;  

					B2: extraction using water bath; CG: Commercial gelatin)  

					Statistical measurements of gelatin viscosity showed significantly  

					different results (P < 0.05) based on the solvents and extraction  

					techniques used (Table 2). The treatment with 1% CH3COOH (A1)  

					produced a higher viscosity than the treatment with 1% NaOH (A2).  

					This was due to the hydrolysis of the triple-helix amino acid chain,  
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