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Exploring carp scales (Cyprinus carpio L.) as a novel source of
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Previous studies have shown that using bovine and pork collagen in dentistry is associated with various limitations,
such as bovine spongiform encephalopathy, transmissible spongiform encephalopathy, and foot and mouth disease.
This study aims to examine the extraction and characterization of collagen from common carp (Cyprinus carpio L.)

scales, as an alternative source in dentistry. The samples used in this study consisted of common carp (C. carpio L.)
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scales. In the first step, common carp scales were acid-extracted and spray-dried to isolate collagen. After the collagen
had been isolated, it was tested for moisture content, ash, acidity, and functional groups, with Indonesian National
Standard (SNI) 8076:2014 as the reference standard. The characterization parameters of the common carp scale
collagen powder revealed an 11% yield, 3.66% moisture content, 0.32% ash content, and a pH of 7.38. Furthermore,
fourier transform infrared spectroscopy spectra confirmed the presence of a triple helix structure. The extraction of

drying. collagen from common carp scales using the acetic acid method and spray drying technique successfully adhered to
the composition standards specified by the SNI 8076:2014. Based on these findings, common carp scales could be
considered a viable collagen replacement source for applications in dentistry.
INTRODUCTION in tooth loss, tooth extrusion, tooth migration, and dental

Immune cell infiltration in the gingiva, which
causes connective tissue destruction, resorption of the
alveolar bone, and clinical attachment loss, is the hallmark
of the chronic inflammatory illness known as periodontitis.
A person’s quality of life will be impacted if periodontitis
causes an increase in attachment loss. Because it may lead to
a chance of worsening masticatory dysfunction by resulting
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hypermobility. Over the past few decades, there has been
a surge in collagen-based biomaterial utilization in tissue
engineering applications [1].

Collagen is used as a barrier material to prevent
gingival connective tissue from touching the gum surface,
create space, and guide periodontal tissue or bone regeneration
because of its many benefits, such as biocompatibility,
biodegradability, appropriate mechanical strength, flexibility,
and the capacity to absorb bodily fluids for nutrient transfer.
Collagen is a multipurpose material commonly employed
in pharmacology, medicine, and dentistry [1]. Collagen is a
prominent protein in various animal bodies and accounts for
approximately 30% of these organisms’ protein compounds [2].
Furthermore, it is predominantly concentrated in the bones and
skin of animals, including pigs [3]. Several studies have shown
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that the primary source of commercial collagen includes beef
and pork bones [4].

The utilization of beef bone as a source of collagen
has raised concerns among producers due to the emergence of
bovine spongiform encephalopathy, transmissible spongiform
encephalopathy, and foot and mouth disease [3,4]. Therefore,
it is necessary to consider using alternative raw materials apart
from bovine and pigs. One of the alternatives is the use of
marine animals, which contain collagen in their bones, skin,
scales, and fins [5,6].

Fish processing generates significant by-products,
such as heads, skin, bones, scales, and entrails, typically
accounting for 50%-70% of the raw material. However,
improper management of these materials without a sewage
system can cause environmental pollution [5-8]. The
optimization of by-products as raw materials for collagen can
be used to increase their added value and reduce environmental
pollution [9].

Several studies have been carried out on extracting
and characterizing collagen from fish processing by-products.
For example, Li et al. [6] examined acid-soluble collagen
and pepsin from Spanish mackerel skin and bones. Wu et
al. [7] studied deriving the protein from skin fish and grass
carp swim bladders (Ctenopharyngodon idella). Chuaychan
et al. [8] explored collagen derived from seabass fish scales,
and Tylingo and Mania [9] on the collagen extraction of
African catfish, salmon, and Baltic cod. Danila et al. [10]
studied collagen from Cyprinus carpio L. fish for application
in the food, cosmetic, and pharmaceutical industries. Chen
et al. [11] studied collagen membranes from fish scales for
tissue and bone regeneration. Ampitiya et al. [12] studied
collagen from yellowfin tuna (Thunnus albacares), seabass
(Scomberomorus commerson), and sea bass (Lates calcarifer)
for food, pharmaceutical, and biomedical industries. Last,
Wang et al. [13] and Kaewdang ef al. [14] studied cold-water
fish protein extraction.

Based on previous findings, more studies need to
be done on extracting fish collagen from freshwater fish in
Indonesia. Common carp, with the Latin name C. carpio L.,
is a freshwater fish that lives in tropical waters and is widely
distributed across public waters [15]. Among the various
species cultivated in Indonesia, carp is particularly important
and commonly reared in floating ponds in West Java cage
net ecosystems [15]. Common carp scales have not been
extensively studied as a collagen source in dentistry, making
this study unique in its focus on exploring the extraction
and characterization of collagen from carp scales. Utilizing
this species as a processed product often leads to significant
waste generation, especially scales, which account for 30%-—
40% of whole fish. The abundance of waste from industrial
fish processing presents an opportunity for scientists to
investigate alternative sources of collagen, such as bones,
skin, scales, and fins [16]. Thus, the purpose of this study
is to describe and extract collagen from C. carpio L. scales
to make use of waste products. The results are expected to
provide an alternative source of collagen apart from the body
of mammalians.

MATERIALS AND METHODS

Sample preparation

This study used fresh common carp scales obtained from
collectors in Kajojo, Antapani-Bandung, Indonesia, as the study
materials. Common carp specimens were cultivated in breeder
ponds in Subang, West Java, Indonesia. The common carp scales
were isolated using the acid extraction method [6], and the dried
samples (200 g) were soaked in 0.1 M NaOH solution with a
ratio of 1:10 for 6 hours at room temperature. Subsequently,
the marinade was filtered, and the solution was discarded. The
soaked fish scales were then rinsed with distilled water until the
pH reached 7, followed by soaking in 0.5 M CH,COOH ata 1:10
ratio for 3 days at room temperature. The samples were filtered
and rinsed with distilled water until a pH of 4.6 was achieved.
They were then extracted using a water bath at temperature of
+40°C for 3 hours with a ratio of 1:2, followed by filtration of the
solution and removal of scales. The collagen solution was dried
using the spray drying technique at 110°C with 250 maltodextrins
added as a coating to form collagen powder.

The yield of collagen on a dry basis was determined
by calculating the percentage ratio of the dry weight of collagen
to the wet weight of raw common carp scales before extraction,
following the guidelines provided by AOAC [8,17,18].
Furthermore, the yield was calculated using the formula below:

) Dried collagen weight
Yield =

- x 100% €))
Wet scales weight

The characteristic test was carried out to determine the
properties of collagen, including yield, chemical, and physical
features. The chemical characteristics included moisture and
ash content, while the physical properties were measured
using an fourier transform infrared spectroscopy (FTIR)
spectrophotometer and a pH meter.

Collagen powder samples were immersed in 50 ml of
water at room temperature for 24 hours. The soaked samples
were placed on filter paper to remove water above the surface
of the membrane and then weighed [18]. Water absorption was
calculated using the formula below:

Wet weight-dried weight
Dried weight

Water content = % 100% 2)

A total of 10 g of common carp scales collagen powder
was placed in an empty cup and put in a furnace (brand Vulcan
3-550) with a temperature of 600°C for 4 hours or until the ash
turned white. Subsequently, the cup was cooled in a desiccator
until it reached room temperature, and it was weighed [15,18].
The ash content was calculated using the formula below:

Ash

Collagen powder

Ash content = % 100% 3)

The acidity (pH) degree was measured using a Mettler
Toledo Seven Compact. The tool was connected to a power
source and turned on by pressing the on/off button, allowing
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some time for texts to appear on the screen. Furthermore, it was
calibrated using pH 7, pH 4, and pH 10 buffers to ensure accuracy.
Collagen samples were prepared by mixing with distilled water
at a 1:100 (w/v) ratio, followed by homogenization. The pH of
the samples was then measured using a pH meter until a stable
value was obtained [18].

Statistical analysis

Pellets were prepared by putting 200 mg of KBr into
the mortar, then adding 2 mg of the sample and mixing until
the mixture was homogeneous. The mixture was then modified
into the final form using a pellet maker and stored in a dry place
[19]. Measurements were made using a Bruker type Tensor
37, MIR light source, DTGS detector, 4 cm™' resolution, 32
scans at wave numbers 650—4,000/cm. Furthermore, collagen
functional groups were determined based on the absorption
peak wavenumber detected with the absorption region for
the protein functional groups. FTIR analysis was carried out
based on the method proposed by Yu et al. [19]. The data were
analyzed using IBM SPSS version 27 and presented in the form
of the average of three water content replications and two ash
content replications with SD.

RESULTS AND DISCUSSION

The raw material for fish scales was obtained from
freshwater common carp fish (Cyprinus common carpio L.) in
Subang, West Java, Indonesia, as shown in Figure 1. Common
carp scales were washed in cold water, drained, and dried in
the sun for 8 hours. Furthermore, dry samples were packaged
in plastic and stored at —20°C until ready for use, as shown in
Figure 2.

Dry fish scales were soaked in 0.1 M NaOH for 6 hours
at room temperature. The saturated solution was discarded,
and scale dregs were rinsed with distilled water to a pH of 7.
Subsequently, the dregs were soaked in 0.5M CH,COOH for
3 days at room temperature, and the soaking solution was
discarded. The samples were then rinsed with distilled water
to a pH of 4.6. Waterbath extraction was carried out at 40°C
for 3 hours with a ratio of scales to distilled water of 1:2. The
dregs of scales were removed to facilitate the production of
collagen solution. Drying was carried out using the spray drying
technique at 110°C with the addition of 250 g of maltodextrin
as a coating until collagen powder was produced.

Yield refers to the amount of collagen produced from
the initial raw material. It provided information on the portion
of the raw material that might be used and served as a crucial
factor in estimating the product’s economic worth and efficacy.
This study showed that common carp scales collagen produced
ayield of 11%.

The analysis results of water content, ash content, and
pH of common carp scales collagen and collagen standards
based on Indonesian National Standard (SNI) 8076:2014
are presented in Table 1 [20]. The water content was 3.66%,
lower than the standard of 12%. Furthermore, the ash content
was 0.32% lower than the SNI 8076:2014 requirements, i.c., a
maximum of 1. The results showed that the degree of acidity
expressed in pH (6.57-7.38) was still within the range of
SNI 8076:2014 quality requirements between 6.5 and 8. The

Figure 2. Common carp (C. carpio L.) scales.

Table 1. Data analysis of water content, ash content, and pH of C.
carpio L. scales collagen and SNI 8076:2014.

Characteristics Common carp collagen® SNI 8076:2014"
Water content 3.66 +0.005¢ <I2

Ash content 032+ 1.414 <l

pH 6.57-7.38 6.5-8

*T1,%in percentage (%)
4 Standard deviation in each group of characteristics.

spectrum of FTIR test results for common carp scales collagen
(C. carpio L.) is presented in Figure 3.

Based on Figure 3 and Table 2, the FTIR spectrum
of common carp scales collagen started at 3,394.10 cm™' and
decreased to a lower frequency of 1,240.50 cm™. The absorption
areas of amide A, B, I, and III were at 3,394.10 cm™!, 2,927.76
cm!, 1,647.66 cm™!, and 1,240.50 cm™!, while amide II was not
identified.

This study aims to use waste materials to extract and
characterize collagen from common carp (C. carpio L.) scales.
The variation in collagen yield was caused by the extraction
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Figure 3. FTIR spectrum of common carp (C. carpio L. L.) scales.

Table 2. Functional group characteristics of common carp scales
collagen (C. carpio L. L.) [28,30,34].

Amide Absorption Peak Description

area number
Amide A 3,300-35,001 3,394.10 Vibration stretching NH
Amide B 2,915-29,352 2,927.76 Asymmetrical stretching CH2
Amide I 1,600-16,903 1,647.66 Vibration stretching C=0O
Amide II 1,480-15,753 CH stretching, NH bending
Amide IIT ~ 1,229-13,013 1,240.50 CH stretching, NH bending

method and the concentration of the solution used to remove
non-collagen protein, temperature, and length of production
[21]. Furthermore, the yield obtained was an essential parameter
in assessing the effectiveness of the production process through
several stages, such as cutting fish skin, demineralization,
hydrolysis, extraction, and drying [22]. The amount of collagen
obtained from acetic acid extraction using spray drying was
11%. The yield was relatively small due to a large amount of
product wasted during the washing process and the imperfect
hydrolysis and extraction processes [22]. According to Putra
et al. [23], the yield, character, and composition of collagen
molecules were strongly influenced by species, habitat, and
treatment differences in the extraction process.

Common carp scales collagen contained 3.66%
and 0.32% moisture and ash content, respectively. The high
ash content using the spray drying technique was caused by
the composition of calcium hydroxyapatite (Ca,(PO,), OH)
in fish scales, and this was in line with the results of Liu et
al. [24]. Furthermore, the low water content showed that the
extraction method effectively removes water when extracting
collagen. This finding was consistent with Pamungkas et al.
[25] regarding the water content in the scales of snakehead fish,
and a significant amount of water was lost during the freeze-
drying procedure. The low ash content indicated the influence
of certain materials on the demineralization process. The

results are also in line with Wang et al. [26] who reported that
approximately 98% of inorganic components could be removed
from cocaine croaker scales after demineralization using 0.5 M
EDTA-2Na (pH 7.4).

The presence of amide A collagen at 3,394.10 cm™!
showed that NH groups were involved in hydrogen bonding.
The amide A absorption area occurred due to the NH stretching
of the amide group with hydrogen bonds and the amino acid
hydroxyproline [22,27]. Amide I, II, and III absorption sites
were known to be directly related to the shape of the polypeptide.
The results showed that the N-H bond occurred in the 3,300—
3,500 cm™' range and then decreased to a lower frequency.
Furthermore, amide A form collagen of carp scales decreased
amplitude at 3,300 cm™. The absorption peak of amide B was
detected at wave numbers in the range of 2,927.76 and 2,937.21
cm’!, indicating the presence of a typical collagen group.
According to Coates [28], wave numbers indicating amide
B absorption were formed from the CH, group asymmetrical
stretch.

The absorption peaks of amide I collagen from
common carp scales showed values of 1,647.66 cm™' and
1,655.13 cm™. The low value of amide I was due to the large
non-helical portion of the telopeptide [25]. This affected the
intramolecular hydrogen bonds between C=O in the peptide
and the lower hydrogen donor linkages [22,29]. Furthermore,
it was associated with stretching the carbonyl group C=0
bonds along the polypeptide chain, which involved the
participation of NH bonds and CN stretching and served as
an important factor in determining the secondary structure of
proteins [20,24].

Amide I consists of four components, those are
a-helix, B-sheet, B -turn, and overlapping random coils
[21,22,30,31]. Based on this finding, collagen from tuna skin
had a B-sheet structure that had not been denatured into an
a-helix characteristic of gelatin [21,30,32]. Collagen physical
characteristics based on FTIR analysis showed amide A, B, I,
I, and III. The triple helix shape of amide I and III revealed that
the molecule generated was collagen [29]. The stability of the
triple helix depended on hydrogen bonds [33].

CONCLUSION

Extraction of common carp scale collagen using the
acetic acid method and spray drying techniques produced
yield, weight, moisture content, ash content, and pH that met
the standard collagen composition regarding SNI 8076:2014.
FTIR analysis showed a triple helical structure, indicating
that the compound produced was collagen and could be used
as an alternative in dentistry. However, weaknesses in this
study include not conducting scanning electron microscopy
(SEM), X-ray diffraction (XRD), and cell viability tests. SEM
test needs to be done to observe the morphology of collagen.
An XRD test also needs to be done to determine collagen’s
structure and particle size. In addition, it is necessary to
conduct a cell viability test to determine whether the collagen
has a toxic effect. Future research is expected to be able to
carry out variations in the type of fish scales and complete
tests on collagen such as FTIR, pH meter, SEM, XRD, and
cell viability.
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