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ABSTRACT 
 
Glycosaminoglycans (GAGs) are compounds that were used to treat various diseases. Generally GAGs widely used in biological and medical 

approaches. Osteoarthritis (OA) is the one example of disease that used GAGs by enhancing the production of cartilage matrix components in 

the joints. In Malaysia, management of organic waste such as fish bone is the focus point to achieve environmental sustainability. Sea food 

waste from Lates calcarifer was used as the model to extract GAGs where a few tests were carried out to verify the presence of GAGs. These 

fish is popularly sought-after and this will provide its unwanted parts (gills and viscera) into therapeutically and economically viable solution for 

society.  Then, the invention convert this waste to wealth which help for the better utilization of seafood waste. Analytical testing were carried 

out to determine the similarity of the functional group that were presence in sample with standard provided. Instead of that, Blyscan assay kit 

was used to determine the presence of GAGs in crude sample. From the result obtained, GAGs are well distributed in sea food waste of Lates 

Calcarifer. Instead of that, waste management can be minimize by convert waste to wealth product 

 

INTRODUCTION 
  
Waste management is gradually becoming a serious concern globally. One of the aprroches to reduce waste 

management is by using reduce, recyclye, and reuse (3R) methodyeat their practices are at the low to 

moderate levels. There are lack of policy and participation from the public.  In April 2009, the Ministry of 

Energy, Green Technology and Water was established to manage green technology development in Malaysia. 

Private sectors were encouraged to invest in green technology by promoting the usage of more 

environmentally sound waste management towards dealing the changes in the global environment in order 

to minimize the waste management [1]. According to the Department of Statistic, Malaysians among the 

world’s top fish consumer and spend about RM100 a month for variety of fish. There are 54% of consumers 

that were reported eat fish once to three times a week [2]. Toward sustainable waste management, waste to 

wealth should be implemented among the consumer in order to minimize the global warming phenomenon 

from sea food waste.  The commercial fish processing industry creates a problem when only a flesh are used 

to make a product and a huge number of unwanted parts will be dumped as waste. Waste from fish 

processing have active ingredients that can produce high value product.  Currently, collagens are the 

example of the product that can be extracted from seafood waste and widely used in pharmaceutical field 

[3].  Environmental problems might occurs without proper utilization of waste.  The fish waste was reported 

good source of protein content and polyunsaturated lipid [4]. Potential marketable shows active ingredients 

that present in food waste can create natural product such as proteins, polysaccharides, fibers, flavor 

compounds, and phytochemicals [5].  

 

Glycosaminoglycans (GAGs) are large complex polysaccharide chain consists of repeating disaccharides unit. 

It composed of repeating disaccharide unit of hexosamine which are glucosamine or galactosamine and 

uronic acid which are glucuronic acid or iduronic acid. GAGs have the ability to maintain negative charge 

polymer towards cell membrane and also as hydration sites which maintain the properties of mucous 

membrane. GAGs commonly found in mammalian species and can be classified based on their interaction 

with the enzyme.  There are six classifications of GAGs which are chondroitin sulfate, dermatan sulfate, 

keratan sulfate, heparan sulfate, heparin and hyaluronic acid [6-8]. GAGs can be extracted from cartilage 

which but too expensive for commercialization purposes.  Even though cartilage has low value by product but 

it is rich in chondroitin sulfate which is one of GAGs members [9]. It has been reported that, cartilage 

contains approximately, 10% by dry weight a proteoglycan (PG) that was known as aggrecan where different 

types of GAG chains are covalently attached. In 1884, chondroitin sulfate (CS) which is one types of GAG that 

was first isolated and also been reported to treat osteoarthritis. On the other hand, from the previous study, 

CS is extracted from various natural sources such as, shark, chicken and also bovine cartilage [10].   

 

MATERIALS AND METHODS 
 

Extraction of GAGs 
 

Sea bass waste of Lates calcarifer was used as raw material in this research to extract GAGs. The sample 

was obtained from seafood waste restaurant in Kuantan, Pahang. The sample was weighed and separated 

into their parts which are, gills, viscera and gall bladders. Then, the sample was washed with sodium chloride 

(NaCl) to remove blood and other impurities. Instead of that, NaCl was used to prevent any growth of 

microorganism on sample. The procedure then was continued with removal of protein where the sample was 

soaked with ethanol for 14 days. The purpose of this method is to remove fat in the sample. During this 
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process, ethanol should be replaced three time for 14 days. Urea was used to denature protein and 

ribonucleic acid (RNA) in the sample and also making the intermolecular ones stronger. After that, the 

sample was kept at room temperature with soft agitation for overnight with the mix of digestion buffer. 

Precipitated protein was removed by centrifugation. Supernatant from the sample was collected and treated 

with 3 volume of ethanol while the residue was treated with of NaOH. To ensure the presence of precipitate 

in the sample, keep it in the chiller for overnight. On the next day, the second centrifuge was carried out to 

collect the residue which is the pellet that contain GAGs. When the method was commenced, the residue 

was collected and treated with 0.1 M NaOH. The crude then was kept in the freezer at temperature -80ºC for 

further lyophilization process.  

 

Characterization of GAGs 
 

GAGs can be characterized using Blyscan Sulfated Glycosaminoglycans Assay that was, purchased from a 

British company Biocolors. This assay is a quantitative dye-binding method for the analysis of sulfated 

proteoglycans and glycosaminoglycan. Besides that, this assay can be used to determine the O- and N- 

sulfated glycosaminoglycan ratio within the sample. The standard plots were obtained using chondroitin 

sulfate standard solution and values of test samples were determined by using linear equation of standard 

graph [11-13]. Instead of using blyscan kit, Bradford Protein Assay was used to determine the protein 

solution that was presence in the sample solution. This assay relies on the binding of the dye Coomassie 

Blue G250 to protein. It widely used because of it simpler, faster and most important is most sensitive [14-

16]. 

 

RESULTS AND DISCUSSIONS 
 

Determination of protein content in crude sample 
 

The Bradford Protein Assay was used to measure the concentration of protein in sample. The principal of this 

assay based on binding of protein molecule to Coomassie dye under acidic conditions. Bovine serum albumin 

(BSA) was used as the standard to measure the protein in sample [17, 18]. Different concentration of GAGs 

were prepared and dilute with 1mL of distilled water. This stock solution then was diluted with 1mL of 

Bradford reagent that was prepared before carried out this test. Different concentration of BSA was used to 

prepare the standard calibration curve starting from weight 0 µg to 10 µg at concentration 2 mg/mL. The 

sample and standard then were incubated for 20 minutes before proceeded with absorbance measurement 

at 595 nm using UV-visible spectrophotometer. The selected wavelength (595 nm) is the maximum peak 

where the relationship between protein and absorbance was occurred. The result showed that, concentration 

of protein sample that was measured from the standard calibration curve was 0.2056 mg/mL which is 

lowest protein in 100 µl of GAG sample. The protein concentration was considered low because during 

extraction process, 70 % of ethanol was used to remove protein. Instead of that, UV scanning also being 

carried out after extraction process to detect the presence of protein at wavelength 280 nm which is 0.0733 

A. Animals tissue have the higher protein yield content. Thus, various protein solubilization are used to lower 

the protein content in the sample [19]. Interference of protein content in crude sample may affect the 

process of recovery the GAGs compound from sea food waste. 

 

GAGs determination in sea food waste 
 

Blyscan assay is the method that was used for the analysis of sulfated proteoglycans and 

glycosaminoglycans. The sensitivity of this quantitative dye-binding is 0.5 μg and it will take about one hour 

to run the assay. The absorbance peak for Blyscan dye in the dissociation reagent is 656nm. This 

absorbance is suitable to use with most colorimeters and microplate readers with a red filter. Total standard 

of sulfated GAGs using Blyscan assay kit was plotted. The statistical measure of data which is R2 is 0.9969 

and it is the best coefficient of determination. Total GAGs that was presence in aliquot sample by using this 

assay is 1.9053 µg/ml. Equation 1 was used to determine the total GAGs that was presence in the crude 

sample.  
 

 y= 0.2122x          (1) 
                                                                           

Table 1: Extraction yield of sample using 1151.59 g of raw material will produce 17.2 % of crude 

GAGs 

 
Sample (g) Before Freeze 

Dry (g) 
After Freeze 

Dry (g) 
% Yield 

1151.59 198 7.67 17.2 

 
Instead of using internal part of fish, shrimp head always used to extract GAG because it contains source of 

digestive enzyme. Recent study has demonstrated that, 79 mg of sulfated glycosaminoglycan can be 

obtained from 0.236 kg of shrimp head waste as well as some properties and technological applications 

[20].  In this research study, about 1151.59 g of raw material from the sea bass waste was used and 

produce 7.67 of GAGs. [Table 1] shows weight of the sample during the experimental process. According to 

the marine prospective, shark fins have commonly used source of CS which is the most common types of 

GAG. Since this source of GAG highly demanded, another source of GAG has been reported [21, 22]. 
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Analytical analysis of GAGs 
 

The most common method that usually used in the identification test is using Fourier Transform Infrared 

Spectroscopy (FT-IR). [Fig. 1] shows the result for of GAGs in the Lates calcarifer and it was compared with 

the chondroitin sulfate standard. The peaks were compared with the standard to find the similarity of the 

sample according to the provided standard. The absorbance of the maximum peak of the sample at 3456.54 

cm-1 while compare to the standard is 3344.87 cm-1. Throughout this research study, there are several 

functional groups that were determine that have similarity with standard provided. Identification test FTIR 

showed that the peak at 3456.54, 1667.23, and 1627.70 cm-1 in FTIR spectrum shown strongly suggesting 

the chemical entity as chondroitin 4 sulfate (CS). The absorption was read at 400 to 4000 cm-1 as shown in 

[Fig. 1, Table-2]. The band at 1667.23, and 1627.70 cm-1 were detected due to the stretching or 

deformation vibration of C–O–H bands and this bands were suggesting the presence of combined 

carboxylate with amine and sulphate [23, 24]. Further structural characterization of GAGs are required in 

order to obtain the confirmation between different samples and standard.  

 

 

DISCUSSION 

 

 

 

 

 

 
Fig. 1: Characterization of GAGs using FT-IR.  

…………………………………………………………………………………………………………………………… 
 

Table 2: Functional groups and frequencies (peak) that were presence in crude sample of GAGs. The 

absorbance were measured between wavelength 4000-400 cm−1. Each sample used the Potassium Bromide 

(KBr) ratio method in sample preparation to form disc. 
 

Functional Group Peaks in Sample (cm
-1
) 

N-H bends 3456.45 and 1627.70 

C= O stretch  1667.23 

 
Instead of using FT-IR for characterization, 1H NMR also used to determine the structure of molecule 

presence in sample including large protein [24]. Nuclear magnetic resonance (NMR) is a spectroscopy 

technique that based on the absorption of electromagnetic radiation in the radio frequency 4 to 900 MHz by 

nuclei of the atoms. It has become an indispensable analytical technique in medicine, biology, chemistry, 

physics and food science. This instrument connect with the sample by electromagnetic wave in the 

radiofrequency range. According to the previous study, sulfation position at 4-sulfated of GAGs is between 

range 4.47-4.78ppm. Meanwhile, sulfation position for 6 sulfated at range 4.19-4.21ppm. Regarding the 

information from the graph, the structure and functions of GAGs can be identified from the graph. 

Classification of GAGs can be identified according to the identities of the hexoamines unit, hexorunic acid 

and the sulfation of both residue. Hence, it can be conclude that, sea bass waste has the presence of GAGs 

AS shown in [Fig. 2] [25, 26]. 
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Fig. 2:  Result of 1H NMR of GAG at room temperature. 

…………………………………………………………………………………………………………………………… 

 
Glycosaminoglycans (GAGs) have been successfully extracted from Lates Calcarifer. The crude extract has 

been characterized using FTIR and NMR analysis to quantify the presence of GAGs. Besides that, the total 

amount of sulfated GAGs in the sample can be measured by Blyscan assay. It shows that 1.9053 µg/ml of 

GAGs concentration in an aliquot of 50 µl sample solution. Waste also useful to produce beneficial product 

and can solve the environmental problems. 
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