
IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

The correlation between total protein content and
antioxidant activity of collagen isolated from a
marine sponge Stylissa flabelliformis collected
from North Lombok Indonesia coast
To cite this article: A L Sunarwidhi et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 913 012103

 

View the article online for updates and enhancements.

You may also like
Evaluation of an electrochemically aligned
collagen yarn for textile scaffold fabrication
Yu Xie, Jiyang Chen, Hakan Celik et al.

-

Applications of marine collagens in bone
tissue engineering
Zhidong Lin, Yu Tao, Yue Huang et al.

-

Investigation of the mechanical properties
of collagen fibrils under the influence of
low power red laser irradiation
Stylianos-Vasileios Kontomaris, Andreas
Stylianou and Dido Yova

-

This content was downloaded from IP address 103.133.160.63 on 05/04/2023 at 05:26

https://doi.org/10.1088/1755-1315/913/1/012103
/article/10.1088/1748-605X/abdf9e
/article/10.1088/1748-605X/abdf9e
/article/10.1088/1748-605X/abf0b6
/article/10.1088/1748-605X/abf0b6
/article/10.1088/2057-1976/aa5195
/article/10.1088/2057-1976/aa5195
/article/10.1088/2057-1976/aa5195
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssXvnt5mc9LrGk-B6OkiNkMRL9Srm4_xZuCFTEuDXI1NPPedWgHsIwf7Vg_6hVoFh_6a-SwhSybIam7vlqbZ_K-2QM6Y6wd3Yjy3TFVy3TlUGSMNQU2Ah1BMoQX9WSjeHMgd4nkPrWT5Fw097MwwTbiICZApE-bQPjCJKrQKIZ-FbOmhhcHeL1uqP-WXaHQDMRsxvp8j-9r2B3sM5oaFDe8VtcmE2VKA1rDH3YMfLTxjQiAyBWe3rvD1zTmDMjE8jjfc8qlk4TCIcl5XyH-_OUb7DQozTdOyjnpBRlVz_10Lg&sai=AMfl-YQEjXMcDIL1vAcqfn7qT5w7La9eau7ioEQ22GBuKVQGA1aqIozGwcCW-OvYUG3fj133oooXgcZZ_56T59I&sig=Cg0ArKJSzP4ONTzFiiLP&fbs_aeid=[gw_fbsaeid]&adurl=http://www.electrochem.org/upcoming-meetings


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

4th International Conference on Bioscience and Biotechnology
IOP Conf. Series: Earth and Environmental Science 913 (2021) 012103

IOP Publishing
doi:10.1088/1755-1315/913/1/012103

1	

The correlation between total protein content and antioxidant 
activity of collagen isolated from a marine sponge Stylissa 
flabelliformis collected from North Lombok Indonesia coast 

 
 

A L Sunarwidhi1*, A Rosyantari1, E S Prasedya2, N Ardiana2, B T K Ilhami2, A S 
Abidin2, Y Ambana2, I A P Kirana2, D G Wirasisya1, W Anugrah1, R D 
Fersiyana1, N M A R Dewi1  

 
1Department of Pharmacy, Faculty of Medicine, University of Mataram, Indonesia 
2Bioscience and Biotechnology Research Centre, Faculty of Mathematics and Natural 
Sciences, University of Mataram, Indonesia 
 
*Corresponding author: anggit.sunarwidhi@unram.ac.id 

 
Abstract. Collagen is a fibrous protein that has recently gained high attention from the 
pharmaceutical industry due to its benefits on the skin. Collagen can be isolated from various 
resources including marine sponges. Marine sponges are found in a large amount in Indonesia 
and has not been widely explored for its pharmacology benefits. Here we isolate collagen from 
a marine sponge Stylissa flabelliformis found in North Lombok Indonesia coast. The isolation 
of collagen was performed followed by total protein content analysis using modified Bradford 
protein assay and antioxidant activity measurement using 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) assay. The total yield of the collagen isolate obtained was 3.5% and it had a total of 
0.755mg/ml protein. DPPH assay has shown that the collagen isolate had antioxidant activity 
with an IC50 of 61.5±2.132 ppm. Based on Spearman correlation assay, the antioxidant activity 
was found to be correlated with the protein content of the isolate (r value=0.8). These results 
show the potency of using the collagen isolated from marine sponge Stylissa flabelliformis for 
further antioxidant benefits. 
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1. Introduction 
Collagen represents the most abundant part of the skin’s extracellular matrix, which determines the 
skin physiology by maintainence of the skin structure [1, 2]. As the skin ages, collagen production 
decreases, especially collagen type I and III, which may be caused by the aging of cellular fibroblast 
and also the defect of mechanical stimulation [3]. Collagen degradation is also increased in aged and 
damaged skin caused by the increased expression of the degradation enzymes [4]. To address issues 
related to skin aging, the use of additional collagen supplementation has now gained a wide interest 
due to its benefits on the skin, including improvement of skin hydration, skin elasticity, skin 
roughness, skin density, and reduction of skin wrinkling [5, 6]. Collagen intake has also shown 
benefits in increasing the expression of skin collagen and also suppression of matrix metalloproteinase 
2 activity which is responsible for collagen degradation [7]. Up until now, collagen has been collected 
from various sources including bovine and porcine origins [8, 9]. Unfortunately, collagen collected 
from bovine or porcine comes with several disadvantages including the risk of transmissible diseases 
such as bovine spongiform encephalopathy (BSE) and transmissible spongiform encephalopathy 
(TSE) [10, 11]. Moreover, it might also not be suitable for certain population with vegetable-based 
diet or non-porcine-based diet due to religious reasons [12]. Due to these issues, marine collagen has 
become a more preferable choice. Marine collagen are available in a high content in various sources of 
marine organisms, including fish, jellyfish, sharks, starfish, and sponges [13-18]. 
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Indonesia is a country with high biodiversity of the marine ecosystem. One marine resource that is 
found abundantly in Indonesia especially Lombok coast is marine sponges. Among the marine 
organisms, marine sponges has gained high attention due to its various medical properties [19]. It is 
also a rich source of collagen [14] which brings a lot of benefit to health as mentioned above.  
Stylissa flabelliformis is a marine sponge species that could be easily found in North Lombok 
Indonesia coast, but it is still underutilized. To address this issue, this study was conducted as a 
preliminary study for the development of Stylissa flabelliformis as an alternative source of collagen for 
cosmetic and pharmaceutical products. In order to understand the characteristic of collagen from 
Stylissa flabelliformis collected from North Lombok coast Indonesia, we observed the total protein 
content and antioxidant activity, and in additional, we also analysed the correlation between them. 
 
2. Materials and Methods 
2.1 Sponge collection and characterization 
Marine sponge Stylissa flabelliformis was collected from North Lombok District, West Nusa 
Tenggara, Indonesia (8°27’47.3”S 116°02’08.1”E), and was rinsed with seawater to clean any debris 
from the sample. The clean marine sponge sample was then preserved in 50% ethanol before further 
analysis. The sponge was also observed under microscope to evaluate the type of the sponge spicule. 
2.2 Collagen isolation  
Collagen was isolated by using the previous method in the literature [20] with modification. 50g of 
ethanol-conserved sponge was washed three times under running tap water, then it was cut into small 
pieces and homogenized. The homogenized sponge was then soaked in 250ml of 100mM Tris–HCl 
buffer (pH 9.5; 10mM EDTA; 8M urea; 100mM 2-mercaptoethanol). Sodium hydroxide (Sigma 
Aldrich, UK) was added to this solution to increase the pH of the solution to 9. This solution was then 
stirred for 24h continuously at room temperature. After 24h, the viscous extract was centrifuged again 
(5000xg; 5mins; 2°C). The obtained pellet was then discarded followed by collagen precipitation from 
the supernatant. This was achieved by adjusting the pH to 4 with acetic acid (Sigma Aldrich, UK). 
Collagen was then collected by centrifugation (20,000xg; 30mins; 2°C). The pellet from centrifugation 
was then resuspended in distilled water, centrifuged (20,000xg; 30mins; 2°C) again and lyophilized 
for preservation. Isolated collagen was then diluted in different solvents, including water, acetic acid, 
sulfuric acid, acetone, hydrogen peroxide, dimethyl sulfoxide (DMSO), and methane sulfonic acid, to 
observe its solubility. All solvents used in the solubility assay were from Sigma Aldrich, UK. 
2.3 Collagen total protein measurement  
The total protein of the collagen was measured by using modified Bradford assay. A serial dilution of 
bovine serum albumin (BSA) with water and 0.0035% of SDS was prepared for the standard curve. 
20µL of isolated collagen was mixed with 1mL of solution B (dH2O and Bradford reagent), and then 
the absorbance was read at 595nm using a multiplate reader (Multiscan Go Thermoscientific, UK). 
2.4 Collagen antioxidant activity assessment 
The antioxidant activity of the collagen was assessed by 2,2-diphenyl-1-picryl-hydrazyl-hydrate 
(DPPH) assay. DPPH Assay was performed based on [21] method with modification. The collagen 
isolate was diluted into a serial dilution (10µL, 20µL, 30µL, 40µL, 50µL, 100µL, 250µL, 300µL and 
400µL). 100µL of the sample and blank (ethanol) was added to 100µL of 200µM 2,2-diphenyl-1-
picrylhydrazyl (DPPH) solution (Sigma Aldrich, UK).  
This was done in triplicates and the antioxidant activity was calculated using formula 1.  
%𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = (!"#$%&#'!!"#$%&')

!"#$%&#'
 𝑥 100        (1) 

2.5   Data analysis 
All experiments were performed in triplicates. The correlation between the total protein of collagen 
and the antioxidant activity of the isolated collagen was analysed by Spearman correlation assay. 
 
3. Results and Discussion  
Due to its moisturizing and anti-ageing ability, collagen has been used in cosmetic creams and used as 
supplementation in the pharmaceutical industry [22-24]. Collagen used in pharmaceutical industry has 
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been sourced from bovine or porcine, which has several limitations [8-12]. These limitations increased 
the demand of alternative sources of collagen. Here we study an alternative source of collagen from a 
marine sponge named Stylissa flabelliformis collected from North Lombok Coast. This study would be 
a pilot study to initiate the development of the marine collagen for skin health purpose. 
In North Lombok Indonesia coast, various marine sponge species was present in the area, however the 
marine sponge Stylissa flabelliformis was chosen for this study due to the abundance of this marine 
sponge in this area, which makes it a convenient and suitable choice for further pharmaceutical and 
cosmetic developments. Moreover, Stylissa flabelliformis belongs to the class of Demospongiae, 
which is known to have high amount of collagen [25]. 
3.1 Collection of Stylissa flabelliformis and collagen isolation 
Marine sponge Stylissa flabelliformis was collected from North Lombok Indonesia coast followed by 
preservation in 50% ethanol, before further analysis. The collected marine sponge was then partially 
characterized by light microscopy observation. Literature has shown that marine sponges, especially 
the phylum of Porifera, can be classified by the morphology of the spicules, a siliceous skeletal 
elements ranging in size, which are the result of enzymatically polymerized silica that are deposited to 
sponge cells [26]. Based on the microscopy observation of the collected marine sponges, it showed 
that the shape of spicules where classified as a monoaxon shape (Figure 1). This spicule observation 
also confirmed that this sponge was classified in the class of Demospongiae and a Stylissa spp. 
 

 
Figure 1. Spicule microscopic observation of Stylissa flabelliformis. Scale 100 µm.  

 
Collagen was then isolated from the powdered air-dried marine sponge using modified [20] method. 
This isolation process resulted in the isolation yield of 3.5% collagen. This yield was very low but 
better compared to other methods used for collagen extraction from fish skin [27], which resulted into 
no yield. This may be due to the difference in the collagen types in both sources. However, further 
optimisation of the collagen isolation method may be worth exploring. 
To understand the solubility of the isolated collagen, a solubility test was performed. The collagen 
isolate was dissolved in various types of solvents at room temperature and 4°C. Those solvents 
included water, acetic acid, sulfuric acid, acetone, hydrogen peroxide, dimethyl sulfoxide (DMSO), 
and methane sulfonic acid. The isolated collagen was not dissolved in any of these solvents at room 
temperature. Interestingly, it was completely dissolved in methane sulfonic acid after incubation for 4 
days at 4°C. 
 
3.2 Total protein content analysis 
Protein content analysis by modified Bradford assay was performed to understand the total amount of 
collagen in the sample. This assay is a well-known method to quantify total protein concentration. The 
principle of this assay is the measurement of blue colour which represents the binding of Coomassie 
dye to the protein [28]. In this case, this assay was used to detect the amount of collagen that has been 
isolated. Due to the insensitivity of the standard Bradford assay to collagen, SDS was added to the 
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solution. A small amount of SDS has been shown to increase the response of this assay towards 
collagen [29]. This technique was chosen due to the simplicity and rapidness of the protocol. Based on 
the modified Bradford assay conducted, the isolated collagen contained 0.755mg/ml of total protein 
(Figure 2). 

 
Figure 2. Standard curve of Bovine Serum Albumin used for Protein Content analysis. The equation 
used for total protein calculation was y=0.1846x + 0.0777. 

 
3.3 Radical scavenging analysis 
Several marine sponge species such as Rhabdastrella globostellata and Spirastrella inconstans has 
been reported to have antioxidant activity [30]. Collagen itself also has antioxidant activity, as 
reported in an antioxidant study conducted on collagen extracts from fish skin [31, 32]. This 
antioxidant activity is related to many pathological processes. Antioxidants also has benefit in 
supporting skin health, including prevention of skin photoaging and UV-induced cancer [33]. Hence 
antioxidants have now been included in pharmaceutical products. To understand further wheter the 
isolated collagen from Stylissa flabelliformis in this study had antioxidant activity or not, we 
proceeded with analysing the radical scavenging activity of the isolated sample. Radical scavenging 
analysis reveals the ability of the isolated collagen to reduce ROS production, which is responsible for 
causing a wide amount of skin diseases. The result in this study showed that the isolated compound 
has antioxidant activity with an IC50 value of 61.5±2.132 ppm (Figure 3). A small IC50 value indicates 
a high antioxidant activity [34], which shows that this isolate has the potency to be developed for 
ROS-related pharmacology treatments. 
 

 
Figure 3. Percentage of radical scavenging activity of collagen isolated from Stylissa flabelliformis by 
DPPH Assay. Data obtained from three replicates, and presented as mean ± SD (n=3). 
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3.4 Spearman correlation analysis 
The crude collagen isolate may contain non-protein compounds. Therefore to understand the 
contribution of the collagen to the whole antioxidant activity, a Spearman correlation analysis was 
performed. This analysis observed the correlation between the total protein content and antioxidant 
activity of the isolated collagen, and the results has shown that these two variables are positively 
correlated (r value=0.8) (Figure 4).  
 

 
Figure 4. Correlation between radical scavenging activity and total protein content of collagen 
isolated from Stylissa flabelliformis, analysed with Spearman correlation analysis (r value = 0.8). 
 
Proteins are known to have antioxidant activity through various mechanisms including inhibition of 
lipid oxidation. The pathways involved in the lipid oxidation process are inactivation of reactive 
oxygen species, scavenging free radicals, and reduction of hydroperoxides. Proteins antioxidant 
activity could also occur through other non-specific mechanisms [35]. The results in this study have 
shown that the protein components in the Stylissa flabelliformis collagen isolate highly contributes to 
the antioxidant activity. It could also be said that, in order to achieve a more potential antioxidant 
activity, the total protein concentration should be increased. More comprehensive study on this matter 
is encouraged to gain more information regarding the potential pharmacology activity of marine 
sponge collagen. 
 
4. Conclusion 
It could be concluded that the collagen isolated from the marine sponge Stylissa flabelliformis has 
antioxidant activity with the IC50 value of 61.5±2.132 ppm, and that the antioxidant activity also 
correlated with the protein content of the isolate (r value = 0.8). These results shows the isolated 
collagen from marine sponge Stylissa flabelliformis collected from North Lombok Indonesia coast is a 
promising antioxidant agent which would be beneficial for skin care development. This data could be 
used for further investigation on skin health benefits of this collagen isolate and the development of its 
pharmaceutical and cosmetic formulations. 
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