
 Agrointek Volume 17 No 3 September 2023: 517-528 

 

 

Characteristics of halal gelatin from red snapper (Lutjanus malabaricus) bone and 

its potency as beta-carotene coating material 

Dwi Syanti Wirandhani, Mei Linda Nikma Nur Ulumi, Reza Fadilah Ardhani,  

Cathrine Olivia Andhani, Desiana Nuriza Putri* 

Department of Food Technology, University of Muhammadiyah Malang, Malang, Indonesia 

Article history ABSTRACT  
Received:  

12 July 2022 

Revised: 

24 October 2022 

Accepted: 
21 November 2022 

 

Gelatin is a material produced from the partial hydrolysis of collagen 

sourced from the skin and bones of farm animals such as cows and pigs. 

Gelatin has been used for coatings because it has high permeability and 

dissolves in warm conditions, so the matrix cross-links are strong. The red 

snapper fillet processing industry produces 11.2-15% of waste, such as 

bone which has not been utilized optimally. The objective of this study was 

to determine the characterization of red snapper bone gelatin as a source 

of halal gelatin and measure its ability as a coating material for β-carotene 

pigment microencapsulation. Results showed the characteristics of red 

snapper bone gelatin with a yield of 10.71%, water content of 9.63%, 

protein content of 34.06%, ash content of 7.62%, gelatin fat content of 

0.28%, and color intensity (L: 62.6). ; a+: 13.3 and b+: 30). The obtained 

halal gelatin was applied as a coating material for β-carotene pigment 

microencapsulation through the foam-mat method. It resulted in 

encapsulation with a yield of 16.75%, water content 9.25%, total 

carotenoid content 145.49 mg/g, surface carotenoid content 2.04%, 

solubility 78%, encapsulation efficiency 98.22%, color intensity (L: 50; a+: 

29.9 and b+: 14.6), the particle size of 1004.04 μm and irregular shape. 
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INTRODUCTION  

Based on data, the Muslim population in 

Indonesia continues to increase to 87% of the total 

population of 229.62 million people Pew Research 

Center Religion and Public Life, (2015), which is 

in line with the need for halal products are pretty 

significant (Fatmawati, 2011). Therefore, various 

developments in all sectors have implemented 

halal aspects as applied to the food industry in 

gelatin. Gelatin is a substance produced from the 

partial hydrolysis of collagen sourced from the 

skin and bones of livestock such as cattle and pigs 

(Duconseille et al., 2015). Currently, Indonesia is 

still importing gelatin from several countries, such 

as Australia, and America, several countries in 

Asia, such as China and Japan, and several 

countries in Europe, such as Germany and France 

(Gumilar and Pratama, 2018). 

Based on Statistics Indonesia data, in 2019, 

Indonesia imported 4,808 tons of gelatin, which 

continues to increase yearly. In line with the 

increasing demand for gelatin, processing gelatin 

made from fish bones can be a solution (Rodiah et 

al., 2018). However, the fish processing industry, 

especially red snapper fillets, contributes up to 

50% of solid waste. According to Ifa  (2018), only 

about 40-50% of the parts are processed into 

snapper fillets. As a result, the rest of the snapper 

parts, such as bones, scales, gills, skin, offal, and 

head, become waste that has not been utilized 

optimally. Consequently, the proportion of fish 

that cannot be eaten reaches 35%, skin 4%, and 

bones 11.2-15% (Saputra et al., 2015). 

Many studies on the extraction of fish bone 

gelatine have been carried out, such as snakehead 

fish (Wulandari et al., 2013); katombo fish 

(Nurhaeni et al., 2018); Angola fish (Putri, 2013) 

and barramundi (Dian et al., 2012). Although 

gelatin extraction from tuna fish bones has been 

carried out in previous studies, the best gelatin 

results were obtained with a 3% HCL 

concentration (Panjaitan, 2016). According to 

Wahyuningsih (2019), The optimum condition of 

the extraction procedure was accepted by pre-

treatment using 5% CH3COOH with an extraction 

temperature of 60 °C which produces 58.19% 

swelling of fish scales and gelatin yield is 8.76% 

with a moisture quality of 6.68%, pH of 6.225, 

viscosity of 15.54 cP, and a melting point of 60 

°C. The Extraction of red snapper bone gelatin has 

been studied previously. According to Jeya et al. 

(2012), the average yield of fish gelatin extracted 

from the bones of red snapper (Lutjanus 

malabaricus) is 9.14/100 g. The protein contents 

of the bone gelatin ranged from 78.5 to 82.36 

g/100 g.  The novelty of this research is that it is 

applied as a coating material for beta-carotene 

pigment microencapsulation through the foam-

mat method. Safitri (2014) stated that gelatin from 

mackerel fish bones could be used as an essential 

oil coating with microencapsulation efficiency 

and total oil content of 43.06% and 2.71%, 

respectively. So this research is needed to 

determine the characterization of red snapper bone 

gelatin as a source of halal gelatin and measure its 

ability as a coating material for β-carotene 

pigment microencapsulation. 

RESEARCH METHODS  

Material 

The primary material needed is red snapper 

bone obtained from PT. Inti Luhur Fuja Abadi 

(Pasuruan), Chantenay type Carrot with a length 

of 10-15 cm, orange in color. Other ingredients are 

distilled water, 4% HCL, n-Hexane pa, Petroleum 

Benzene pa, Maltodextrin (MD), 

carboxymethylcellulose (CMC), egg white, and 

Na2SO4 obtained from the Food Analysis 

Laboratory, University of Muhammadiyah 

Malang. 

Equipment 

The equipment needed in this research is 

Blender (Nagoya), Water Bath (Memmert), 

Analytical Balance (OHAUS PA224), Rotary 

Evaporator (IKA RV 10), Spectrophotometer UV-

VIS (BEL Photonic), Color Reader (Konica 

Minolta CR-10), Centrifuge, Tube Centrifuge, 

Vortex, Cabinet Dryer, Desiccator, Buchner 

Funnel, Vacuum Pump, Sieve 80 mesh, Whatman 

Filter Paper. 

Research Design  

This study used a quantitative descriptive 

analysis method presented within a table. The 

purpose of measuring the data is to describe the 

characteristics of red snapper bone gelatin as a 

source of halal gelatin and its potential as a 

coating. The research method was carried out in 

two stages, extraction of gelatin from red snapper 

bones and extraction of beta-carotene pigment 

from carrots, followed by microencapsulation of 

β-carotene pigment. Five grams of red snapper 

bone gelatin and 15 grams of maltodextrin (1:3) 

mixed and would be applied to the β-carotene 
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pigment extract with three replications for each 

test. 

Red Snapper Bone Gelatin Extraction 

Fresh snapper bones are boiled in the water 

at 80°C for 30 minutes while stirred to remove fat 

from the bones. After boiling, it was washed using 

running water and reduced the size of the bones by 

2 cm. They were dried in the sun for 6 hours. 

Furthermore, red snapper bones were 

demineralized by soaking in a 4% HCl solution for 

48 hours, then washed with running water until the 

pH was neutral. The bone ossein (the bone that has 

been softened by soaking) was extracted using a 

water bath at a temperature of 80°C for 6 hours 

and then filtered using a vacuum pump. The 

gelatin solution obtained from the extract was 

concentrated at 80°C with an evaporator until all 

the solvents evaporated. The gelatin extract was 

poured into a baking sheet and dried in an oven for 

48 hours (50-55°C). Subsequently, it was crushed 

using a blender to obtain gelatin powder (Istiqlaal 

Modification, 2018). Further testing was carried 

out for moisture content analysis (AOAC, 2015), 

ash content (AOAC, 2005), raw fat content by 

using the Soxhlet method (AOAC, 2005), raw 

protein by content using the Kjeldahl method 

(AOAC, 2005). 

Carotene Extraction (Yogaswara Modification, 

2017) 

Carrots that had been sorted were then 

soaked in water and washed. Carrots were peeled 

and thinly sliced them. It was then dried using a 

cabinet dryer for 24 hours at a temperature of 

50°C. After that, the dried carrots were rounded 

using a blender, sieved with a 40 mesh sieve to 

obtain the carrot powder. Then carrot powder was 

soaked using n-hexane (1:5). After that, the 

marinade of carrot powder was filtered using 

Whatman No.1 filter paper and a Buchner funnel 

to produce macerate and residue. Then the 

macerate was concentrated using a 50°C rotary 

evaporator with a pressure of 100 bar, and liquid 

carrot extract was obtained, which would be used 

in the microencapsulation process. 

Carotene Microencapsulation (Modification of 

Pinto et al., 2018) 

Carrot extract and foaming agent using egg 

white (1:5) were prepared. The egg whites were 

beaten until foamy, and then added beta carotene 

pigment extract was evaporated and homogenized 

for 3 minutes. Furthermore, gelatin (5 grams) and 

maltodextrin (15 grams) were dissolved in 100 ml 

of distilled water, then homogenized for 5 

minutes, and poured on a stainless steel baking 

sheet with a thickness of about 2 mm. After that, 

it scraped from the pan and mashed using a mixer. 

Then, The results of microencapsulation of beta 

carotene pigment with red snapper bone gelatin 

coating will be compared with the results of 

microencapsulation of beta carotene pigment with 

a commercial gelatin coating 

Analysis of Carotene Microencapsulation  

Water content analysis (AOAC, 2005) 

The microencapsulated encapsulated powder 

weighed 2 g in a porcelain dish that had been 

dried, and the initial weight was known. The cup 

was then dried in an oven for 4 hours at a 

temperature of 100°C. The porcelain dish was 

cooled in a desiccator for 15 minutes, then 

weighed. If the weight obtained is not constant, 

then every 15 minutes, the drying will be carried 

out again as in the previous step. Then cooled and 

weighed to obtain a constant weight. The moisture 

content test using the oven method was then 

determined by comparing the mass of powder 

obtained after microencapsulation with the mass 

of solids before microencapsulation. 

Yield (Hasrini et al., 2017) 

Yield is the ratio between the number of 

ingredients after being microencapsulated with the 

ones before being multiplied by 100%. 

 

Yield (%) =  
𝑀𝑖𝑐𝑟𝑜𝑐𝑎𝑝𝑠𝑢𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 (𝑔)
 x 100% 

 

Total Carotenoid Analysis (Haas et al., 2019)  

Samples were prepared as much as 0.1 

grams, dissolved with n-hexane pro-analyze in a 

25 ml measuring flask to the limit of tera, then 

shaken until homogeneous, then measured using a 

spectrophotometer with a wavelength of 470 nm. 

 

Total Carotenoid (mg/g) = 
𝐴 𝑥 𝑉(𝑚𝐿) 𝑥 103

𝐴1𝑐𝑚
1%  𝑥 𝑃 (𝑔)

 

 

A= Absorbance; V= Total volume extract (mL); 

P= Sample weight (g); 𝐴1𝑐𝑚
1% = 2560 (Extinction 

coefficient of carotene in n-hexane). 

Surface Carotenoid Analysis (Haas et al., 2019) 

The encapsulated powder was weighed as 

much as 50 mg and put into a 125 mL Erlenmeyer. 

Furthermore, 2.5 mL of distilled water was added 

and extracted with 5 mL of petroleum benzene. 
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After that, it was stirred for 15 seconds at 100 rpm 

and then centrifuged for 1 minute at 1000 rpm. 

The absorbance of the sample was measured using 

a spectrophotometer at a wavelength of 450 nm. 

Surface Carotenoid (mg/g) = 
𝐴 𝑥 102

𝐴1 𝑐𝑚 
1% 𝑥 𝑃 (𝑔)

 

 

A = Absorbance; P = Sample weight (g); 

 𝐴1𝑐𝑚
1% = 2303 (Extinction coefficient carotene in 

petroleum benzene). 

Solubility (AOAC, 1984) 

The sample was prepared as much as 1 gram 

(a), then dissolved in 20 ml of distilled water and 

filtered using Whatman filter paper no 1. Before 

use, the filter paper was dried in an oven at 105oC 

for 30 minutes and weighed (b). After filtering, the 

filter paper was dried in an oven at 105oC for 3 

hours. Then, the filter paper is placed in a 

desiccator and weighed until a constant weight is 

reached (c).  

S=100% (
(𝑐−𝑏)

([
100−𝑀𝐶 

100
])

) x 100% 

S= Solubility (%); MC= Moisture Content (%). 

Encapsulation Efficiency Testing (Wulandari 

et al., 2019) 

Encapsulation efficiency in measuring the 

level of efficiency in the encapsulation process. 

The value of encapsulation efficiency can be 

determined using the following formula: 

EE%=
(𝑇𝐶− 𝑆𝐶 )

𝑇𝐶
x 100% 

TC = Total Carotenoid (mg/g); SC = Surface 

Carotenoid (mg/g) 

Rehydration Ratio (Kumalasari et al., 2015) 

The 10 grams sample was prepared, and 15 

ml of distilled water was poured into an 

Erlenmeyer, then placed in a water bath (80℃, 10 

minutes). Then cooled at room temperature and 

filtered using a vacuum pump. The rehydrated 

filtrate was then weighed. The rehydration ratio is 

determined using the following formula: 

 

Rehydration Ratio = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑟𝑒ℎ𝑦𝑑𝑟𝑎𝑡𝑖𝑜𝑛 (𝑔)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑟𝑒ℎ𝑦𝑑𝑟𝑎𝑡𝑖𝑜𝑛 (𝑔)
 

 

Bulk Density (Kumalasari, 2015) 

A bulk density test was carried out using a 10 

ml measuring cup and weighed before adding the 

sample. Then the microencapsulated powder was 

added to the tera limit and weighed. The weight of 

the 10 ml microencapsulation was determined 

from the difference between the weight of the 10 

ml measuring cup filled with the 

microencapsulated to the tera limit and the weight 

of the empty 10 ml measuring cup. The bulk 

density was determined from the ratio between the 

weight microencapsulated and the volume of the 

measuring cup (10 ml). Bulk density (g/ml) was 

determined using the following formula: 

Bulk Density = 
𝑀𝑖𝑐𝑟𝑜𝑐𝑎𝑝𝑠𝑢𝑙𝑒 𝑊𝑒𝑖𝑔ℎ𝑡(𝑔) 

𝑀𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 𝑐𝑢𝑝 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙)
 

 

Color Intensity (Souripet, 2015) 

The microencapsulated powder sample was 

flattened in clear plastic and flattened. Then put it 

on the color reader lens and press the button on the 

side of the color reader. The method used in the 

measurement is the absolute color system 

measurement L*, a*, b*. 

Morphological Observations (Mardikasari et 

al., 2020) 

Observations were made using an optical 

microscope. An optic Microscope was used to 

analyze the size of the microcapsules. 

RESULTS AND DISCUSSION 

Physicochemical Characteristics of Red 

Snapper Bone Gelatine 

Visually, red snapper bone gelatin powder 

color tends to be darker than commercial gelatin 

derived from beef and pork bones because red 

snapper bone gelatin shows a dense structure and 

a browner color. In contrast, commercial gelatin 

has a less dense structure and a bright white color 

(Figure 1). Masirah (2018) stated that chemical 

and biochemical reactions and drying methods 

influence gelatine color. Standard fish gelatin 

powder tends to have a more transparent color 

than the extraction results, which are cloudy 

(Nasution and Harahap, 2018). Turbidity and 

darker color in gelatin powder is caused by 

contamination of inorganic compounds, 

proteinases, and mucosa that are not lost from 

inorganic compounds (Djagny et al., 2001 in 

Nasution and Harahap, 2018). According to the 

Gelatin Manufacturers Institute of America 

(2012), color does not affect the properties of 

gelatin or reduce its usefulness. The results of the 

chemical analysis of gelatin were compared with 

the Indonesian National Standard (SNI) 06-3735-



Wirandhani et al.                                                                                                Agrointek 17 (3): 517-528 

 

521 

 

1995 and another standard, namely the Gelatin 

Manufacturers Institute of America (GMIA).  

 
Figure 1 Red snapper bone gelatin (left) and 

commercial gelatin (right) 

Gelatin Colour Intensity 

The results of measuring the color intensity 

of red snapper bone gelatin and commercial 

gelatin using a color reader are shown in (Table 1). 
 

Table 1 Colour Intensity Results 

Parameters Red Snapper 

Bone Gelatin 

Commercial 

L* 62.6 80 

a* 13.3 4.9 

b* 30 21.3 

 

The value of L* indicates that commercial 

gelatin is greater than the brightness level of red 

snapper bone gelatin. Masirah (2018) states that 

fishbone gelatin has an L* value of 59.60, while 

commercial gelatin is 72.15. However, the study 

results tend to be lower than the research (Hapsari 

et al., 2018). For example, tuna bone gelatin with 

a 15% citric acid immersion concentration has an 

L* value of 73.45. Generally, gelatin has a whitish 

color with a degree of whiteness close to 100%. 

High-quality gelatin is usually colorless to expand 

its application in products. Using acid in 

immersion can cause interactions with protein 

molecules in the material, affecting the brightness 

level. The high acid concentration during 

demineralization can cause the gelatin color to 

darken (Hapsari et al., 2018). The dark color of 

gelatin is also caused by inorganic compounds, 

proteinases, and mucosa that are not lost from 

inorganic compounds (Djagny et al., 2001 in 

Nasution and Harahap, 2018).   The a* value of 

red snapper bone gelatin was 13.3 higher than 

commercial gelatin. Red snapper bone gelatin has 

a higher level of redness when compared to tilapia 

bone gelatin, which is -2.22. The b* value of red 

snapper bone gelatin is 30, indicating the 

yellowness level. The b* value in this study tends 

to be higher than the research (Hapsari et al., 

2018); tilapia bone gelatin has a b* value of 8.30. 

The measurement of the intensity of the red and 

yellow colors on snapper bone gelatin was higher 

than commercial gelatin and tilapia bone gelatin. 

Prihardhani and Yunianta (2016) argued that the 

materials used, the extraction stages, acid 

concentrations, and the drying technique affect the 

color produced. Commercial gelatin has a better 

color because it undergoes a chemical clarification 

process and filtration of impurities from the 

gelatin solution (Lin et al., 2015). However, the 

color of gelatin does not affect its properties of 

gelatin. 

Yield  

Red snapper bone gelatin yields 10.71% with 

4% HCL immersion. Previous research by Saleh 

(2011) showed that red snapper bone gelatin with 

the acid method obtained yield values between 

3.94% - 10.02%. The yield of red snapper bone 

gelatin is 9.14% (Jeya et al., 2012). The difference 

in yield value is due to the hydrolysis of H+ ions 

from the triple helix chain collagen into single 

collagen (Samosir et al., 2018). Hydrolyzed 

collagen causes degradation. Higher acid 

concentrations trigger degradation, and collagen 

will be hydrolyzed (Panjaitan, 2016). The 

presence of degradation causes collagen to 

become soluble and wasted during washing 

(Mulyani et al., 2013). The collagen hydrolysis 

process also causes the low yield to be not optimal 

(Aisyah et al., 2014). 

In addition, the yield is influenced by the 

concentration of acid used during extraction. 

Research by Permata et al. (2016) carried out the 

extraction of catfish bone gelatin using HCL 

solvent and variations in the concentration of 2%, 

4%, 6%, and 8%. The highest yield was obtained 

with a concentration of 4% with a soaking time of 

5 hours obtained by 10,90%. The higher 

concentration of HCL can produce yields up to an 

optimum point and then decrease because collagen 

is converted to H+ concentration in an acid 

solution, making it easy to become gelatin. If the 

concentration of H+ ions is too much, it will cause 

the process of too much fishbone collagen 

destruction so that the gelatin is not converted into 

gelatin as a whole (Bhernama, 2020). The yield 

value of gelatin varies depending on the proximate 

composition, the number of dissolved components 

in the bone, the high collagen content, the species, 
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and the extraction method used (Nasution and 

Harahap, 2018). 

The result of testing the water content of red 

snapper bone gelatin is 9.63%. The water content 

of this study is higher than the results of other 

studies by 6.26% (Jeya et al., 2012) and 8.06% 

(Hadi, 2005 in Yudhistira, 2019). The water 

content in red snapper bone gelatin followed the 

quality standard of SNI 06-3735-1995, which was 

a maximum of 16%, and SIGMA, which was 

11.45%, so the water content in this study met the 

standard. The value of the water content is 

influenced by the immersion time; the longer the 

immersion, the more acid will diffuse into the 

fishbone tissue so that the collagen structure opens 

and produces weakly bound gelatin, and the 

binding capacity of water with gelatin is not 

strong. Weak water-holding capacity causes water 

to evaporate quickly on drying gelatin so that the 

moisture content of dry gelatin tends to be lower 

(Rares et al., 2017). The difference in the water 

content value is also suspected that a long drying 

time will cause the water content to decrease. The 

water content in gelatin does not affect the 

microencapsulation process.  

The ash content test obtained from red 

snapper bone gelatin was 7.62%. This ash content 

value exceeds the ash content value according to 

the Gelatin Manufacturers Institute of America 

(GMIA), exceeding 2%, and SNI 06-3735-1995, 

which is a maximum of 3.25%. However, in the 

study of  (Jeya et al. (2012), the gelatine ash 

content of snapper bones was 10.32% and 59.21%, 

according to Yudhistira et al. (2019). The high ash 

content is thought to be due to the use of too low 

a solvent concentration. The high concentration of 

acid solvent will cause high dissolved calcium in 

the solvent so that the amount of calcium in ossein 

decreases and the ash content decreases because 

the calcium extracted in it is reduced. The decrease 

in the ash content of gelatin is in line with the 

increasing concentration of the acid solvent used 

(Huda et al., 2013). The maximum limit 

recommended by SNI for edible gelatin is not 

explicitly given for skin or bone gelatin. Fishbone 

gelatin generally has higher ash and fat content 

due to higher mineral content ( Jeya et al., 2012). 

Testing the protein content of red snapper 

bone gelatin obtained 34.06% lower than with 

commercial gelatin at 85.99% and standard 

laboratory gelatin at 87.26% (Pertiwi et al., 2018). 

Meanwhile, SNI 06-3735-1995 does not state 

protein content as a parameter of gelatin quality. 

The low protein content is thought to be due to 

very high temperatures during extraction, causing 

the protein to be denatured. Islami et al. (2018) 

also reported that the increasing extraction 

temperature will cause the protein to undergo 

hydrolysis into simpler compounds other than 

protein. The low protein content is possible due to 

the low concentration of acid used as a solvent. 

The high acid concentration will increase the 

number of acid molecules and the molecular 

density. Acid molecules that interact and collide 

with calcium phosphate molecules in bones are 

getting more extensive and more effective in 

binding calcium minerals so that collagen is freed 

and converted into gelatine (Trilaksani et al., 

2012). 

The fat content of snapper bone gelatin was 

obtained at 0.28%, which is lower than the results 

of Yudhistira's research (2019) that the fat content 

of snapper bone gelatin is 4.12% and 6.2%, 

according to Jeya et al. (2012). However, it is not 

much different from commercial gelatine, 0.23%, 

and laboratory standard gelatine, 0.25% 

(Gunawan et al., 2017). The treatment causes a 

difference in the value of fat content during the 

gelatin-making process. Decreasing fat content in 

raw materials can be done by paying close 

attention to each process of making gelatine 

(Trilaksani et al., 2012).  The fat content value 

obtained in this study followed the SNI standard, 

which did not exceed 5%; it was suspected that the 

fat came out maximally during the degreasing 

process. The fat content will be released when 

soaked with acid during the extraction process. 

Heating will break down fat and cause the fat to 

separate from the bones and float on the surface. 

The higher the extraction temperature used, the 

specific gravity of the fat will decrease and float 

on the surface (Pertiwi et al., 2018). The fat 

content will affect gelatine storage; high-fat 

content will allow quality changes during storage. 

Fat content is also a determinant of gelatin quality, 

although it is not the main parameter (Khirzin et 

al., 2019). 

Application to Carotene Microencapsulated 

Red snapper bone gelatine was applied as a 

coating agent in microencapsulated carrot-

carotene pigment extract. Microencapsulation 

characteristics indicate the ability of red snapper 

bone gelatin as a coating material. The 

microencapsulation characteristics are presented 

in (Table 3). 
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Table 2 Comparison proximate composition of red snapper bone gelatin and commercials gelatin (%b/b) 

Parameters Red snapper bone 

gelatine (%) 

Bovine 

gelatine (%)* 

Porcine 

gelatine (%)* 

SNI 06-3735-1995 

Moisture Content 9.63±1.99 8.5 ± 0.20 8.4 ± 0.20 Max. 16 

Ash 7.62±1.77 0.97 ± 0.072 1.02 ± 0.04 Max 3.25 

Protein 34.06±3.89 91.2 ± 0.15 91.3 ± 0.14 - 

Fat 0.28±0.04 0.41 ± 0.032 0.78 ± 0.05 <5 

*Source: Ninan et al. (2012) 

 

Table 3 Characteristics of microencapsulation of β-carotene pigments from carrot (%b/b) 

Parameters Values 

Yield (%) 16.75±0.21 

Moisture (%) 9.25±1.29 

Total Carotenoid (mg/g) 145.49±43.26 

Surface Carotenoid  (mg/g) 2.04±0.9 

Solubility (%) 78±4.00 

Encapsulation Efficiency (%) 98.22±0.60 

Rehydration Ratio (%) 198.97±63.87 

Bulk Density(g/ml) 0.4539±0.22 

Color Intensity 

L* 

a* 

b* 

 

50.0± 6.4 

29.9± 1.9 

14.6 ± 0 

The results of the yield calculation in the 

microencapsulation of 16.75% are different from 

the Sarungallo et al. (2016) study through the 

microencapsulation of red fruit oil with the best 

formulation obtained an average yield of 29-30%. 

Fridayana's research (2018) showed that 

microencapsulation with gelatine and 

maltodextrin coating materials on lettuce extract 

functional dyes had the highest yield of 11.22%. 

The yield value is influenced by the amount of 

maltodextrin used, which will be more able to 

interact with the encapsulated fraction. 

The results of testing the moisture content of 

the β-carotene pigment microencapsulation 

obtained 9.25%. However, Sari's research (2013) 

stated that the water content test on the 

microencapsulated Gotu kola extract obtained the 

lowest water content of 5.70% due to the added 

gelatine triggering the total solids of the dried 

material so that the water content that undergoes 

evaporation is little. According to Gustavo (1999), 

water has a hydroxyl group, and gelatin forms 

hydrogen bonds that bind water molecules, so the 

more gelatin is added, the faster the evaporation of 

water causes the water content of the material to 

lower. 

The application of a combination of red 

snapper bone gelatine and maltodextrin on the 

microencapsulated β-carotene pigment had a total 

carotenoid content of 145.49 mg/g. Antares 

research (2017) on microencapsulation of pandan 

dye extract has a total carotenoid content of 970 

mg/100g. The total carotenoids in the 

microencapsulation of pandan fruit extract had a 
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total carotenoid of 19.17% with gelatine and 

maltodextrin coating materials (Aryayustama et 

al., 2018). Loss of carotene can be prevented by 

using maltodextrin and gelatin. 

Microencapsulation is influenced by the coating 

material used. Gusdinar et al. (2011) stated that 

Neurospora intermedia N-1 was used to extract 

carotenoids with gelatine and maltodextrin using 

spray drying; the results showed that the 

encapsulated powder was more stable than the 

non-encapsulated powder. 

Examination of the surface carotenoids of the 

microencapsulated -carotene pigment was 

obtained at 2.04 mg/g. Yogaswara's research 

(2017) showed that the surface carotenoid yields 

ranged from 468-715 mg/g. The resulting surface 

carotene shows the amount of carotene outside the 

capsule and is not coated during the 

microencapsulation process. The lower amount of 

ncoated carotene indicates the optimal 

encapsulation process (Muchtadi et al., 2015). 

The lower surface carotenoid values were 

caused by fishbone gelatin which can help the 

formation of emulsions during the 

microencapsulation process. Emulsion stability is 

an essential indicator in the microencapsulation 

process. Gelatin not only acts as an emulsion that 

can minimize particle size but can also unite oil 

components in water so that the fat content in the 

ingredients can be evenly protected  

The solubility test of β-carotene pigment 

microencapsulation was obtained at 78%. 

Yogaswara's research (2017) showed that surface 

carotenoid yields ranged from 77-86%. Solubility 

testing is intended so the results can be applied as 

food additives. The solubility of the encapsulation 

is affected by the water content of the material. 

The high-water content in the material will make 

it difficult for the material to spread due to the 

absence of the formation of pores, so the material 

cannot absorb water optimally (Yogaswara, 

2017). 

The encapsulation efficiency value indicates 

the percentage of the core material that can protect 

by the coating material. The higher the value of 

encapsulation efficiency, the better the success 

rate of coating the core material by the coating 

material to minimize the degradation process of β-

carotene pigment. Testing the efficiency of β-

carotene pigment encapsulation was obtained at 

98.22%. The results of the encapsulation 

efficiency obtained were higher than the study of 

Dłuzewska et al. (2020), which resulted in an 

encapsulation efficiency value of 50% with a 

combined coating of Gum Arabic and 

Maltodextrin and 67% with a whey protein 

coating. The high-efficiency value produced is 

due to the high stability of the emulsion coating 

material. The maltodextrin used is one of the 

polysaccharide groups that act in the matrix 

formation, while gelatin is a protein that acts as an 

emulsifier. 

The rehydration ratio of microencapsulation-

carotene pigment obtained 198.97%. Ng and 

Sulaiman (2018) resulted that the highest 

rehydration ratio in beetroot powder 

microcapsules is 6.96 to 8.15. The rehydration 

ratio is the ability to absorb water again after 

drying (Kumalasari et al., 2015). This difference 

in value is influenced by composition, particle 

surface, particle size, porosity, and powder 

structure. The higher the rehydration ratio, the 

higher its ability to rehydrate in water. However, 

the higher the rehydration ratio, the lower the bulk 

density because the rehydration process will 

increase the surface area. 

The bulk density of microencapsulated-

carotene pigment was 0.4539 g/ml. Previous 

research by Ng and Sulaiman (2018) resulted in 

the bulk density of beetroot powder with gelatin-

coating material varying from 0.80 to 0.83 g/ml. 

The maltodextrin coating is 0.69 g/ml. The small 

particle size can cause the low bulk density to 

accommodate space, lower particle weight, and 

more air space. Shweta and Snoia, (2013), on 

microencapsulation of anthocyanins from Jamun 

fruit, state that the coating material affects the bulk 

density; the bulk density decreases when the 

concentration of gum arabic increases. Therefore, 

the powder produced with a maltodextrin coating 

material is less dense than the Arabic gum coating. 

Measurement of color intensity obtained an 

L* value of 50.0, which indicates the brightness 

level of the -carotene pigment 

microencapsulation. This value is greater than the 

research by Ng Mei (2018), where the anthocyanin 

pigment encapsulation sample has an L* value 

ranging from 41.66 to 47.41. The high value of :* 

indicates the brighter the microencapsulation 

result due to the addition of maltodextrin, which 

tends to be whitish.  
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Figure 2 Optical microscope image of β-carotene microcapsule with a 50X magnification

The a* value or the level of redness in the 

microencapsulated-carotene pigment was 

obtained at 29.9. The results of this study are 

higher than Ng Mei's (2018) result, ranging from 

6.66-12.65. The drying process influenced the 

increase in the redness value of the 

microencapsulation to produce a lighter red color. 

The low a* value allows the powder to change 

color to green due to decreased total carotene 

levels. The value of b*, or the level of yellowness 

in the microencapsulated -carotene pigment, was 

obtained in Fridayana's (2018) study explained sea 

lettuce extract encapsulation with a combination 

of gelatin and maltodextrin, which obtained an 

average yellowness level of 16.23. The added 

maltodextrin influences the low level of 

yellowness. The yellowness value decreased due 

to the addition of white maltodextrin (Purnomo et 

al., 2014). 

Morphological Observations were made 

using an optical microscope with a magnification 

of 50 times, specified in (Figure 2). 

Based on microscopic observations, the 

particle size observed was 1004.04 µm and 

irregular in shape. Therefore, the physical 

appearance of the microcapsules is produced 

following the size of the microcapsules in the 

range of 0.2-5,000 µm (Silva et al., 2014). 

Generally, the characteristic particle shape is 

spherical or spherical. However, the observed 

shape is irregular due to several factors, such as 

the preparation process, the formation of 

microcapsules, and drying, where the particles can 

merge with other particles so that they have a non-

spherical particle shape after the drying process 

(Mardikasari et al. 2020). In addition,  Shweta and 

Snoia (2013) revealed that the maltodextrin 

coating material produced non-spherical 

encapsulations due to its high hygroscopicity. 

CONCLUSIONS 

These results demonstrated that the red 

snapper bone gelatin produced has met the SNI 

standard with the characteristics of yield 10.71%, 

water content 9.63%, protein content 34.06%, ash 

content 7.62%, gelatin fat content 0.28%, and 

color intensity (L: 62.6; a+: 13.3 and b+: 30). In 

addition, snapper bone gelatin can coat -Carotene 

pigment and produces an encapsulate with a yield 

of 16.75%, water content 9.25%, total carotenoid 

content 145.49 mg/g, surface carotenoid content 

2.04%, solubility 78%, encapsulation efficiency 

98 .22%, color intensity (L: 50; a+: 29.9 and b+: 

14.6) and particle size of 1004.04 µm and irregular 

in shape.  
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