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Abstract: Marine collagen is in higher demand than terrestrial collagen sources due to its low risk of pathogenic infection, no cytotoxicity, and lack of religious 
or ethical restrictions. Among marine collagen sources, jellyfish is attractive due to its accessibility and rapidly increasing populations in changing climate 
conditions. This study aims to extract acid-soluble collagen from the jellyfish Rhizostoma pulmo (Macri, 1778), commonly found in the Sea of Marmara, using 
two different acid-assisted extraction methods. Within the scope of this study, collagen isolated by methods coded as A and B was comparatively characterized 
using zeta potential, particle size, SDS-PAGE analyses, spectroscopic techniques such as UV-Visible and Fourier Transform Infrared (FTIR), as well as 
biological tests, such as cytotoxicity and biocompatibility, and was also compared with commercially available acid-soluble collagen presented in the literature. 
UV-Visible spectroscopy, along with techniques such as particle size analysis, and FTIR spectroscopy confirmed that both extraction methods are identical 
and fully compatible with commercial jellyfish collagen. Extracted collagens were investigated in vitro cytocompatibility using L929 fibroblasts, and both 
extraction methods were found to be safe. When comparing the isolation efficiencies of acid-assisted extraction methods, method B (0.71±0.04) demonstrated 
approximately three times higher efficiency than A (0.26±0.05) and stood out with a performance that could rival the efficiency of pepsin-assisted extraction. 
These results show that both methods are compatible with commercial jellyfish collagen and effective in the extraction of jellyfish collagen. However, 
considering the isolation yield and the multi-step processing time, method B is significantly more effective. 
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Öz: Denizel kolajen, patojenik enfeksiyon riskinin düşük olması, sitotoksisite içermemesi, dini veya etik kısıtlamaların olmaması nedeniyle karasal kolajen 
kaynaklarına göre daha fazla talep görmektedir. Denizel kolajen kaynakları arasında, erişilebilirliği ve değişen iklim koşullarında hızla artan popülasyonu 
nedeniyle denizanası cazip bir seçenektir. Bu çalışma, Marmara Denizi'nde yaygın olarak bulunan Rhizostoma pulmo (Macri, 1778) denizanasından iki farklı 
asit destekli ekstraksiyon yöntemi kullanılarak asitte çözünür kolajen elde etmeyi amaçlamaktadır. Çalışma kapsamında, A ve B olarak kodlanan ekstraksiyon 
yöntemleri ile elde edilen kolajen, zeta potansiyeli, partikül boyutu, SDS-PAGE analizleri, UV-Visible ve Fourier Dönüşümlü Kızılötesi (FTIR) gibi spektroskopik 
teknikler ve sitotoksisite, biyouyumluluk gibi biyolojik testler kullanılarak karşılaştırmalı olarak karakterize edilmiş ve ayrıca literatürde sunulan ticari olarak 
temin edilebilen asitte çözünür kolajen ile karşılaştırılmıştır. UV-Görünür spektroskopisi, partikül boyutu analizi ve FTIR spektroskopisi, her iki ekstraksiyon 
yönteminin de aynı ve ticari denizanası kolajeniyle tamamen uyumlu olduğunu doğrulamıştır. Ekstrakte edilen kolajenler, L929 fibroblastları kullanılarak in 
vitro sitouyumluluk açısından incelendi ve her iki ekstraksiyon yönteminin de güvenli olduğu bulundu. Asit destekli ekstraksiyon yöntemlerinin izolasyon 
verimlilikleri karşılaştırıldığında, B yöntemi (0,71±0,04), A yöntemine (0,26±0,05) göre yaklaşık üç kat daha yüksek verimlilik gösterdi ve pepsin destekli 
ekstraksiyonun verimliliğine rakip olabilecek bir performans sergiledi. Bu sonuçlar, her iki yöntemin de denizanası kolajeninin ekstraksiyonunda etkili olduğunu 
ve ekstraktın ticari denizanası kolajeniyle uyumlu olduğunu göstermektedir. İzolasyon verimi ve çok adımlı işlem süresi göz önüne alındığında ise, B yönteminin 
önemli ölçüde etkili olduğu sonucuna varılmıştır. 

Anahtar kelimeler: Denizanası, kolajen, biyomalzeme, Rhizostoma pulmo 

INTRODUCTION 

Collagen, which is highly sought after in food, cosmetics, 
and biomedical applications, is at risk due to the increasing 
populations of terrestrial animal sources, particularly pigs and 
cattle, reaching critical mass. Furthermore, approximately one-
third of the world's population is concerned about land-based 
collagen for religious reasons. Although marine collagen has 
relatively lower thermal stability than terrestrial collagen, 
research into marine collagen resources is gaining momentum 
due to its potential to address issues such as religious and 
ethical constraints and sustainability, as well as its easy 
accessibility (Gauza-Włodarczyk et al., 2017; Hackett and 

Grim, 2012). Marine-derived collagens are obtained from the 
marine vertebrates and invertebrates, including fish, jellyfish, 
molluscs, crustaceans, echinoderms, and sponges (Carvalho 
et al., 2018; Chen et al., 2022; Kittiphattanabawon et al., 2010; 
Li et al., 2020; Nurilmala et al., 2022; Pozzolini et al., 2021; 
Rodriguez et al., 2017). Besides the absence of any religious 
or ethical restrictions and the lack of health concerns, the 
increasing jellyfish blooms worldwide make jellyfish an 
attractive source of marine collagen (Bosh-Belmar et al., 2021; 
Brotz et al., 2012; Isinibilir and Yilmaz, 2017). Although these 
values may vary from species to species, jellyfish contain an 

*Corresponding author: esra.su@istanbul.edu.tr Received date: 22.05.2026 Accepted date: 26.08.2026 

How to cite this paper: 
Su, E., Venedik, S., & İşinibilir, M. (2026). Extraction of acid-soluble collagen from jellyfish Rhizostoma pulmo (Macri, 1778): Comparison of two extraction 
methods. Ege Journal of Fisheries and Aquatic Sciences, 43(4), 351-359. https://doi.org/10.12714/egejfas.43.4.04 

 

http://www.egejfas.org/
https://doi.org/10.12714/egejfas.43.4.04
https://orcid.org/0000-0001-6643-6788
https://orcid.org/0009-0006-3793-2452
https://orcid.org/0000-0002-1200-6878
mailto:esra.su@istanbul.edu.tr
https://doi.org/10.12714/egejfas.43.4.04


Su et al., Ege Journal of Fisheries and Aquatic Sciences, 43(4), 351-359 (2026) 

352 

average of 95-99% water, 1-2% protein and 2-3% salt by 
weight (Yusoff et al., 2013). And almost all of the protein 
consists of collagen (Khong et al., 2016). While protein 
purification is not a problem, recovering collagen from jellyfish 
tissues, which are specialized to withstand the harsh and 
stressful conditions of the ocean, is challenging (Rigogliuso et 
al., 2020). To date, studies on the use of jellyfish as a source 
of collagen have focused on species that proliferated in Turkish 
coastal waters between 2000 and 2020, including Aurelia 
aurita (Linnaeus, 1758), Rhopilema esculentum (Kishinouye, 
1891), Chrysaora sp. (Péron and Lesueur, 1809), Cotylorhiza 
tuberculata (Macri, 1778), and Rhizostoma pulmo (Macri, 
1778) (Addad et al., 2011; Barzideh et al., 2014; Cheng et al., 
2017; Felician et al., 2019; Isinibilir and Yilmaz, 2017; Isinibilir 
et al., 2021; Isinibilir et al., 2024; Pustlauk et al., 2017). To our 
knowledge, published isolation procedures for acid-soluble 
jellyfish collagen are low-yield methods requiring numerous 
steps and time (Barzideh et al., 2014; Nagai et al., 2000). 
Industrially, reducing the isolation time and cost of jellyfish 
collagen is crucial. This will accelerate its commercialization 
and transform jellyfish, previously seen as a risk to both tourism 
and fishing due to their weight causing problems such as filling 
nets instead of fish, reducing fishing efficiency, and tearing 
nets, into a commercial resource. 

As a solution to this problem, the study aims to comparatively 
analyze two acidic extraction methods to determine whether 

the Rhizostoma pulmo jellyfish, which poses a risk due 
blooming in the Sea of Marmara, can be an effective source of 
collagen. Furthermore, the aim is to achieve pepsin-assisted 
isolation yields by modifying the collagen extraction methods 
presented in the literature. 

MATERIALS AND METHODS 

Materials 

In this study, jellyfish R. pulmo that poses a risk due  
to blooming in the Sea of Marmara was used. Fresh jellyfish 
were collected from four designated stations each in the  
Gulf of Izmit (I1-I4) and the Sea of Marmara (M1-M4), packed 
in vacuum bags and brought to the laboratory (Figure 1). 
They were stored at -18 °C until use. Sampling studies, 
representing the four seasons and lasting a total of 18 months, 
were conducted with 10 individuals from each station. Samples 
(diameter: 0.39±0.02 m, weight: 6.37±0.25 kg) older than  
one month were not used within the scope of the studies  
to prevent possible biodegredation. Acetic acid, absolute 
ethanol, sodium chloride, potassium chloride (KCl), sodium 
hydroxide, disodium hydrogen phosphate (Na2HPO4) and 
potassium hydrogen phosphate (KH2PO4) were purchased 
from Merck. Trypsin-EDTA solution and dimethyl sulfoxide 
(DMSO) were also purchased from Merck. All chemicals were 
supplied in analytical grade and used without further 
purification. 

 
Figure 1. Rhizostoma pulmo jellyfish hunting stations. Station codes M1-M4 and I1-I4 are marked on the map 

Collagen imaging 

Picro Sirius Red (PSR) staining is used to visualize 
collagen fibers in various tissues. The umbrella tissue 
fragment, cleaned of gonads and dehydrated, is fixed in a petri 
dish and treated with PSR solution. After 60 minutes of 
incubation, the tissue is washed with 0.5% acetic acid solution, 
then rinsed again with distilled water. A 1×1 cm piece is placed 
on a slide and viewed under an inverted microscope (Zeiss 
Axiovert, Carl Zeiss AG, Jena, Germany).  

Preparation of acid-soluble collagen 

In this research, two different collagen extraction methods, 
called as method A and B, were compared. Briefly, jellyfish 
umbrellas were removed from oral arms and washed three 
times with distilled water. After washing, jellyfish, divided into 4  

equal parts, were dehydrated with absolute ethanol (Arslan et 

al., 2017). In method A, partially dehydrated jellyfish fragments 

were incubated in 0.6 M acetic acid solution (1:3 w/v) at a 4 °C 

for 48 hours with continuous stirring. The mixture was 

centrifuged to remove water-insoluble components. Then, solid 

sodium chloride was added to the filtrate to achieve a final 

concentration of 0.9 M (Cheng et al., 2017). The precipitate 

was collected by centrifugation at 9000 rpm for 15 min at 4 °C. 

After centrifugation, acid-soluble collagen pellets were 

harvested and re-dissolved in 0.5 M acetic acid solution (1:10 

v/v), and the solution transferred to a dialysis tube (10000 

MWCO, Snakeskin, Pierce) was dialyzed against 0.1 M acetic 

acid and distilled water for 24 hours each (Khong et al., 2016). 

After dialysis, collagen was poured into plastic sample 

containers and frozen at -80 °C. 
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In method B, dehydrated jellyfish fragments were treated 
with a 0.1 M NaOH solution at a 1:3 w/v for two days. The 
precipitate was filtered and dissolved in 0.5 M acetic acid (1:10 
v/v) over 24 hours. After centrifugation at 9000 rpm for 15 min 
at 4 °C, the solution was dialyzed against 0.02 M Na2HPO4 
solution for 24 hours and then frozen (Barzideh et al., 2014). A 
three-stage freze-drying process, each lasting 24 hours, was 

carried out prior to the characterization tests: pre-cooling at -25 
°C at atmospheric pressure, main drying at -40 °C (0.12 mbar 
vacuum), and final drying at -60 °C (0.012 mbar vacuum) 
(Christ Alpha 2e4 LD-plus) (Doser et al., 2023). Lyophilized 
collagen samples containing less than 1% moisture were 
stored in sealed glass vials at +4°C. The isolation procedure, 
which includes both methods (A and B), is shown in Figure 2.

 
Figure 2. Jellyfish collagen isolation process 

Jellyfish collagen characterization 

The following formula was used to calculate the collagen 
extraction yield by mass: 

 

The total inorganic matter content of isolated collagen was 
determined using total ash and sulfated ash assays. For this 
purpose, collagen isolates were added to crucibles heated to a 
constant weight at 600 °C and incinerated in a furnace at  
600 °C until all organic matter was decomposed. Concentrated 
sulfuric acid was added to the carbonized residue, and the 
samples were incinerated again, first under a fume hood at a 
low temperature and then in an ash furnace at 600 °C. The 
crucible was cooled and weighed again. 

A 1% (w/v) solution of extracted collagen was prepared in 
pure water and left to stand overnight at 4 °C under stirring (BS 
757). The pH of the prepared solutions was measured using a 
pH meter donated with a glass electrode (Toledo 320, Mettler-
Toledo Instrument, Greifensee, Switzerland).  

Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) was performed using the procedure of Laemmli 
with a Mini-Protean II electrophoresis unit (Laemmli, 1970). In 
preparing the collagen samples to be used in SDS-PAGE 
analysis, each sample was mixed with sample buffer (2X 
Laemmli Sample Buffer) at a 1:1 ratio. The resulting mixture 
was subjected to two consecutive spin processes. To ensure 
complete denature of the mixture and proper separation of 
proteins, the samples were heated at 95 °C for 5 minutes. For 
molecular weight determination, the Thermo Scientific™ 
PageRuler™ Plus Prestained Protein Ladder (10–250 kDa) 
protein marker was used. The samples (3 μl) were loaded and 

subjected to electrophoresis in two stages: first, 100 V for 40 
minutes, the voltage was then increased to 200 V and 
electrophoresis continued for 30 minutes. After electrophoresis, 
the gel was stained with Coomassie Brilliant Blue R-250.  

The zeta potential and particle size of the extracted 

collagens were measured using the Zetasizer (Zetasizer Nano, 
Malvern Instrument Ltd., Worcestershire, UK). Collagen 

solutions to be used for zeta potential and particle size were 

prepared in 0.5 M acetic acid at 4 °C with continuous stirring to 
a final concentration of 0.05% (w/v). The zeta potential values 

of solutions prepared between pH 2 and 8 were plotted against 
pH, and the pH value giving zero zeta potential was determined 

as the isoelectric point (pI).  

The UV–vis absorption spectra of the collagen solution 
were recorded with a Genesys UV-Vis Spectrophotometer 

(Thermo Fisher Scientific Inc., Massachusetts, USA) in the 
wavelength range of 190–400 nm.  

To examine structural characteristics, the spectrum 

between 4000 and 650 cm⁻¹ was recorded using a Fourier 
Transform Infrared spectrometer FTIR ATR (Attenuated Total 

Reflection) (PerkinElmer Spotlight 400, Connecticut, USA). To 

determine the collagen type in the 1720 - 1480 cm-1 spectrum 
band, the intensities of the peaks in the α-like helix (1658 cm−1), 

β-sheets (1679 cm−1), β-turns (1669 cm−1), and triple helix 
(1637 cm−1) intervals were compared (Muthumari, 2016). 

The MTT cytotoxicity test was evaluated on L929 fibroblast 
cells according to the ISO 10993-5 standard. When L929 cells 
with the same passage number occupied approximately 70% 
of the cell culture dishes, the culture media were removed. A 
trypsin-EDTA mixture was used to separate the cells from the 
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bottom and from each other. The cells were then counted and 
plated into 96-well cell culture dishes at a concentration of 104 
cells/200 μL per well. After 24 hours of incubation, 10 μL of 
MTT mixture was added to each well, and the colour change 
resulting from the dissolution of the formed formazan crystals 
with dimethyl sulfoxide was determined at a wavelength of 570 
nm after 4 hours using a microplate ELISA reader. 

 

The percentage biocompatibility of jellyfish collagen is 
calculated as the ratio of the average sample absorbance 
(Asample) measured at 570 nm to the absorbance of the negative 
control (Acontrol). In the equation above, Asample refers only to the 
absorbance of the included cells incubated with only the 
complete medium. 

Statistical analysis 

All characterization tests were performed three times, and 
results are presented as mean ± standard deviation. Levene's 
homogeneity test and Independent Groups t-Test were 
performed using SPSS-31 (IBM SPSS Statistics) to determine 
whether the physicochemical parameters of jellyfish collagen 
showed a significant difference depending on the isolation 
method. Statistical significance of the experimental data was 
considered to be at the p < 0.05 level. 

RESULTS  

The Picro Sirius Red (PSR) Stain kit, used to visualize 
collagen in tissues, showed dark red stains resulting from the 
direct binding of PSR to collagen, indicating that jellyfish 
umbrellas contain high concentrations of collagen 
(predominantly collagen types I, III). This suggests that the 
umbrella tissue is suitable for collagen isolation (Figure 3). 

The acid-soluble collagen yield per wet jellyfish tissue was 

0.03% (0.26 mg/g) by mass for method A and 0.07% (0.71 
mg/g) for method B (Figure 4a). 

The inorganic matter content of isolated collagens was 
determined by ash assays and for both methods the ash 
content by mass was found to be below 2% (method A= 1.9%, 
method B= 1.1%). The incineration process, which involved 
adding concentrated sulfuric acid to the carbonized residue, 
confirmed that the sulfated ash content was also below 3% for 
both extraction methods (method A= 2.6%, method B= 1.8%). 

The pH of acid-soluble collagen solutions extracted by 
methods A and B is 3.98±0.01 and 4.13±0.01, respectively. 
Figure 4a shows the acid-soluble R. pulmo collagen yield and 
pH according to the extraction methods and Figure 4b shows 
the collagen solutions. 

 
Figure 3. a-c) Imaging collagen in jellyfish umbrellas stained with 
Picro Sirius red. Images of jellyfish umbrella before (a), after staining 
(b) and after destaining (c), inverted microscope images of stained 
tissue at 20× (d) and 40× magnification (e) 

 

 
Figure 4. a) Collagen isolation yield and pH of isolated collagens for methods A and B. b) Images of collagen solutions (10 mg/mL)

Jellyfish collagen isolated by both methods in SDS  
gel electrophoresis shows α and β bands specific to collagen 
type I, characterized by bands concentrated in the  
100-250 kDa range. Two different α bands, about 100 kDa,  

and two β bands (dimmer), about 250 kDa were observed  
in Figure 5. As a result of acidic digestion, mild bands  
appeared at 70 and 35 kDa for collagen obtained by both 
methods.  
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Figure 5. The SDS-PAGE gel images of molecular markers (Ladder), 
jellyfish collagen isolated by method A (A) and B (B) 

Zeta potential values of extracted jellyfish collagen 
extracted using both methods at various pH levels are shown 
in Figure 6a. According to zeta potential measurements, the 
isoelectric points were determined at 5.39±0.03 and 5.05±0.01 

for methods A and B, respectively (Figure 6b).  

According to particle size analysis of collagen solutions at 
pH 4, the average particle size was found to be 336 nm for 
collagen prepared with method A, while this value was 387 nm 
for method B. It should also be noted that for method A, 
increasing the pH of the solutions from 2 to 6 reduces particle 
sizes from 420 nm to 230 nm (Figure 7a). However, for method 
B, a wider distribution of particle sizes around both 100 nm and 
400 nm was observed with varying pH (Figure 7b). 

The maximum absorption for the UV–vis spectra of 
collagen solutions obtained by both methods is at 276 nm, due 
to tyrosine and phenylalanine residues. 

The FTIR spectrum of acid-soluble jellyfish collagen 
isolated by both methods is given in Figure 8. The FTIR spectra 
of collagen samples were examined for five main characteristic 
peaks of amide groups; these include amide A, amide B, amide 
I, amide II, and amide III. 

The amide A spectral band was observed at 3275 cm⁻¹ and 

3283 cm⁻¹ for methods A and B, respectively. On the other 
hand, the amide B band, originating from acidified terminal 
NH+3 groups, indicates that collagens isolated by both methods 
have the same number of free amino terminates.

 
Figure 6. a) Zeta potential values of jellyfish collagen extracted by method A and B between pH 2–8. b) Isoelectric point (pI) and particle size 
values of jellyfish collagen extracted by methods A and B 

 
Figure 7. a, b) Size distribution graphs of collagen solutions extracted according to methods A (a) and B, prepared in the pH range of 2-6 (b) 
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Figure 8. FTIR spectra of acid-soluble collagen from Rhizostoma pulmo by the isolation methods A and B

Table 1 presents a comparison of the five characteristic  
FTIR amide bands of R. pulmo collagen obtained in this study  
with collagens from different jellyfish species reported in the  
literature, as well as summarizing the values for Jellagen®, a 
commercially produced product derived from R. pulmo. 

According to this table, while the amide B and amide III bands 
for acid-soluble collagen prepared by both methods were the 
same as jellyfish collagens and Jellagen® presented in the 
literature, the hydrogen bond-sensitive amide A, amide I, and 
amide II bands were observed at lower wavelengths.

Table 1. The major amide bands of the collagen samples 

Amide- Method A / cm-1 Method B / cm-1 Literature / cm-1 Reference 

A 3275 3283 ～3283 Cruz-Lopez et al. (2021); *Govindharaj et al. (2019) 

B 2929 2930 ～2934 *Jafari et al. (2020); Muyonga et al. (2004) 

I 1631 1634 ～1649 Muyonga et al. (2004); *Rastian et al. (2018) 

II 1532 1533 ～1544 Balikci et al. (2024); Carvalho et al. (2018); *Jafari et al. (2020) 

III 1235 1235 ～1237 *Cruz-Lopez et al. (2021); Liu et al. (2007) 
* It shows a reference to Jellagen®.

The amide I band associated with secondary protein 

structures, observed at 1631 and 1634 cm⁻¹ for methods A  

and B, respectively, while amide II bands of collagens  

were observed at 1532 and 1533 cm-1. Absorption bands  

of amide III, resulting from pyrrolidine ring vibrations  

of hydroxyproline, were observed at wavenumbers of 1235  

and 1452 cm-1 for methods A and B, respectively, indicating 

that the helical structure was preserved in both methods after 

isolation. 

According to the MTT test results, which measured the 

cellular viability rates of L929 fibroblast cells exposed  

to collagens prepared by methods A and B, the cellular viability 

of collagens isolated by both methods was above 80%.  

This indicates that they are safe (>70%) according to the  

ISO 10993-5 standard. These findings reveal that R. pulmo 

jellyfish collagen sponges did not exhibit any cytotoxic  

effects. 

Statistical calculations were performed to determine 
whether there was a significant difference in physicochemical 
parameters depending on the method for jellyfish collagen, and 
the results are presented in Tables 2 and 3. To determine the 
appropriate analysis for comparing isolation methods, 
Levene's test was used to check whether the variances of the 
distributions were homogeneous (Table 2). The examined 

variables of yield, pH, size, isoelectric point (pI), and cell 
viability were found to be homogeneous, and since 
homogeneity was achieved, an Independent Groups t-test was 
applied (Table 3). 

Table 2. Levene's test results for the homogeneity of variances of 
physicochemical parameters of jellyfish collagen according to the 
isolation method 

Variables 
Levene's Test 

F P 

Yield 0.098 0.770 

pH 1.539 0.283 

pI 2.390 0.197 

Size 0.123 0.744 

Cell viability 0.411 0.556 

According to the results of the Independent Groups t-Test 
conducted to test the significance between methods A and B in 
Table 3, while there was no significant difference in size and 
cell viability parameters in terms of jellyfish collagen isolation 
method (p>0.05), isolation yield, pH, and pI significantly 
differed. Since pH and pI are directly related to the isolation 
method, the differences encountered in these parameters are 
expected. And also, method B has a jellyfish collagen isolation 
yield of 0.45 (mg/g wet tissue) higher than method A, and this 
difference is statistically significant (Table 3).
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Table 3. t-test results of physicochemical parameters of jellyfish collagen according to isolation method 

Variables Method 𝑿̅ sd d𝑿̅ t 
*Significance 

One-Sided dp Two-Sided dp 

Yield 
A 0.260 0.050 

-0.450 -12.173 ** <0.001 ** <0.001 
B 0.710 0.040 

pH 
A 3.922 0.013 

-0.212 -25.400 ** <0.001 ** <0.001 
B 4.134 0.006 

pI 
A 5.390 0.030 

0.343 19.465 ** <0.001 ** <0.001 
B 5.047 0.006 

Size 
A 336.090 25.310 

-51.030 -2.144 ** 0.049 *** 0.099 
B 387.120 32.530 

Cell viability 
A 81.810 5.060 

-1.670 -0.485 *** 0.326 *** 0.653 
B 83.480 3.150 

* Variables where the difference is significant are marked with **, and variables where the difference is insignificant are marked with ***

DISCUSSION

The adverse conditions of the Sea of Marmara, namely 
lack of predators, temperature, pollution, coastal works, 
organic nutrient load, and parameters such as wastewater, 
cause an excessive and sudden increase in these creatures, 
and as a result, the fishing and tourism sectors are directly 
affected. The idea of transforming jellyfish, which become a 
serious problem due to the bloom effect under changing 
climatic conditions, into an effective collagen source is 
interesting. For this purpose, acid-soluble collagen was 
successfully extracted from R. pulmo jellyfish, a species 
frequently encountered in the Sea of Marmara, using methods 
A and B, and characterized comparatively. Acid-soluble 
jellyfish collagens were characterized in terms of extraction 
yield, isoelectric point, particle size, spectroscopic structural 
analysis, as well as cytotoxicity on L929 cells. The extracted 
jellyfish collagens were compared with collagen obtained from 
other jellyfish species presented in the literature, and especially 
with Jellagen®, commercially obtained from R. pulmo. Method 
B (0.71 mg/g wet tissue) stands out significantly with its 
extraction efficiency approximately 3 times that of method A 
(0.26 mg/g wet tissue). While the extraction yield of method A 
is consistent with collagen derived from Rhizostoma pulmo 
reported in the literature, method B achieves a yield 
comparable to pepsin-assisted extraction (0.83 mg/g wet 
tissue) (Addad et al., 2011). The inorganic matter content of 
collagen obtained by both extraction methods was checked 
using ash and sulfated ash tests, and it was concluded that 
method B, with 1% ash and 1.8% sulfate ash content, was 
more effective isolation method. The isoelectric points of the 
collagens isolated by both methods are consistent with the 
literature, and they are not only more acidic than most marine 
organisms but also more acidic than pepsin-soluble jellyfish 
collagens (Balikci et al., 2024). Collagen particle size 
measurements at pH 2-6 also support the zeta potential 
results. The peak resulting from tyrosine and phenylalanine 
residues observed in the 250-300 nm range of the UV 
spectrum is consistent with the literature (Belbachir et al., 
2009). Although the FTIR spectra of collagens extracted by 
both methods were generally similar to other collagen samples 
and Jellagen®, a significant shift towards lower wavenumbers 

was observed in the –NH, –CN and –CO groups of collagen 
molecules (Balikci et al., 2024; Carvalho et al., 2018; Jafari et 
al., 2020). It is apparent that, lower wavenumbers must indicate 
stronger hydrogen bonds with the trace amount of  
water (Govindhoraj et al., 2019; Muyonga et al., 2004).  
This frequency indicates the presence of a hydrogen bond for 
each collagen molecule, and shifts towards lower 
wavenumbers in these vibrational bands suggest that the 
collagen sample obtained by method A is more stable (Wang 
et al., 2013). (Balikci et al., 2024; Liu et al., 2007; Payne and 
Veis, 1988). 

It should also be noted that, due to the higher triple helix 

structure, the collagen obtained by both methods is likely to  
be collagen type I, III, and V, rather than other collagen  

types. Since the α helix structure is more dominant than the  

β-turns, the isolated collagen is compatible with type I  
(Rastian et al., 2018). The α and β bands in the SDS-PAGE  

gel image are in complete agreement with the literature  

for collagen (Balikci et al., 2024; Jafari et al., 2020; Metreveli  
et al., 2010). It should be noted that mild bands appeared  

at 70 and 35 kDa for collagen obtained by both methods and 
this is a phenomenon more commonly observed with  

pepsin-assisted extraction (Barzideh et al., 2014). These 

results are also consistent with FTIR analysis and PSR stained 
tissue images (Figure 3 and 5) and they confirmed  

the successful isolation of collagen type I using both methods. 
Furthermore, regardless of the method used, the extracted 

collagens showed no cytotoxicity in L929 fibroblast cell  

lines. These results demonstrate that jellyfish are a useful 
marine collagen source as a safe alternative to terrestrial 

sources. 

CONCLUSION 

This study demonstrates the successful isolation of 
predominantly type I collagen from the Rhizostoma pulmo 
jellyfish, abundant in the Sea of Marmara, using both acid-
assisted extraction methods. Given its known benefits  
in supporting skin elasticity, bone density, muscle systems,  
and wound healing, this marine-derived collagen holds 
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significant potential for health and biomedical applications. 
Comparisons revealed that method B was more successful  
due to its similar-scale collagen production compared  
to enzymatic isolation and lower inorganic matter  
content. However, further research is needed to evaluate the 
economic feasibility, purification efficiency, market 
applicability, and shelf-life stability of the method for targeted 
industrial uses. 
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