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Abstract. The skin of black snapper (Lutjanus griseus) is a promising,
environmentally sustainable, and economically viable alternative source of
collagen. This study aimed to examine the effects of acetic acid concentration
and hydroextraction duration on the quality characteristics of the extracted
collagen. The extraction process consisted of three steps: First, the sample was
treated with a 0.05 M NaOH solution (1:10, w/v) for 6 hours. Next, it was
hydrolyzed using acetic acid (CHsCOOH) at concentrations of 0.05, 0.10, and
0.15 M (1:10, w/v) for 2 hours. Finally, it was hydroextracted in distilled water
(1:2, w/v) at 40 °C for 1, 3, and 5 hours. A completely randomized design (CRD)
featuring three replicates was employed for the experiment. The data were
analyzed using ANOVA and Tukey's post-hoc test at a 5% significance level.
The results indicated that acetic acid concentration significantly affected the
swelling degree (p < 0.05), with the highest swelling observed at 0.15 M,
reaching 536.9%. Further optimization revealed that hydroextraction time also
significantly impacted collagen yield and its chemical composition (p < 0.05).
The optimal treatment was found to be a hydroextraction time of 5 hours,
resulting in a yield of 5.39%, a protein content of 81.72%, a fat content of 0.74%,
a moisture content of 5.32%, an ash content of 1.98%, and a pH of 6.68. In
conclusion, these findings suggest that a concentration of 0.15 M acetic acid and
a hydroextraction time of 5 hours are effective for extracting collagen from black
snapper skin.
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1 Introduction

With the continuous growth of the global population and increasing public awareness
of the health benefits associated with fish consumption, global demand for fish has risen
substantially. Consequently, this has driven higher fish production and a corresponding
increase in by-products generated by the fisheries industry. Such conditions present
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significant challenges for sustainable waste management, particularly in efforts to min-
imize environmental pollution through the valorization of bioactive compounds of high
economic value, including peptides, gelatin, and collagen [1, 2]. During fish processing,
a wide range of by-products—such as heads, skins, bones, fins, viscera, and scales—
are produced, accounting for approximately 55—-70% of the total fish biomass [3]. If not
properly utilized, these by-products may contribute to serious environmental problems;
however, they also represent a promising resource owing to their rich content of bioac-
tive compounds and essential nutrients [4, 5, 6].

More than 50-60% of fish processing by-products, such as heads, skins, fins, bones,
and internal organs, are usually thrown away without being used again [7]. Black snap-
per (Lutjanus griseus) skin is one of these by-products that is still not being used
enough. When you fillet black snapper, you get about 41.5% edible flesh and 58.5%
waste. The skin makes up about 10-15% of this waste [8]. This by-product has a lot of
potential as a natural source of collagen that can be used in cosmetics, food, and bio-
medical applications [9, 10].

Collagen is the main structural protein in connective tissues. It makes up about 20—
30% of the total protein in living things and up to 70% of the dry weight of skin [11,12].
It has a unique triple-helix shape made up of three polypeptide chains held together by
hydrogen bonds. This shape is very important for keeping the structure of tissues like
skin, tendons, cartilage, and ligaments [13]. The recovery of collagen and the mainte-
nance of its structural integrity are significantly affected by extraction conditions and
the solvents used, underscoring the necessity of choosing suitable extraction techniques
to attain optimal yield and quality. Compared to mammalian collagen, fish-derived col-
lagen offers several advantages, including higher solubility, better bioavailability, non-
allergenicity, biocompatibility, and biodegradability [14, 15].

In general, collagen can be isolated through two main approaches: chemical and en-
zymatic extraction [15]. Among these, chemical methods are more commonly applied
due to their simplicity and cost-effectiveness, typically utilizing organic acids such as
acetic acid or citric acid [16, 17]. Extraction using organic acids, known as Acid-Solu-
ble Collagen (ASC), enables the solubilization of type I collagen by disrupting intra-
and intermolecular hydrogen bonds. However, this approach has limitations, particu-
larly the prolonged extraction time and the requirement for large volumes of solvent.

To address these challenges, hydroextraction has been introduced as an alternative
method. This approach employs distilled water as the solvent and offers several ad-
vantages, including reduced extraction time, lower production costs, higher yields, and
minimal use of chemical reagents [18, 19]. Previous studies have demonstrated the suc-
cessful application of this method to various species, such as snakehead fish (Channa
striata) skin [20], yellowfin tuna (Thunnus albacares) skin [21], and pike eel (Murae-
nesox cinereus) swim bladder [18]. However, the physicochemical characteristics of
collagen obtained through hydroextraction are highly dependent on processing param-
eters, particularly the concentration of acetic acid, extraction time, and temperature [19,
22].

To date, limited research has investigated collagen extraction from black snapper
(Lutjanus griseus) skin using a combination of sodium hydroxide pretreatment, acetic
acid hydrolysis, and hydroextraction. Most existing studies have focused on other fish
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species, leaving the optimal conditions for black snapper collagen production largely
unexplored. Critical parameters, such as the appropriate concentration of acetic acid
and the duration of hydroextraction, remain to be systematically evaluated. Optimizing
these factors is essential to improve process efficiency and to determine the physico-
chemical quality of collagen, including yield, moisture, ash, protein content, and pH.
This study aims to explore the extraction of collagen from black snapper (Lutjanus
griseus) skin using a combined approach of sodium hydroxide pretreatment, acetic acid
hydrolysis, and hydroextraction. The objectives are twofold: (1) to evaluate the effect
of acetic acid concentration on the swelling-degree phenomenon during hydrolysis in
order to clarify the relationship between acidity levels and collagen stability, and (2) to
assess the influence of hydroextraction duration on collagen yield and physicochemical
characteristics, with the goal of identifying optimal extraction conditions for producing
high-quality collagen with improved efficiency.

2 Materials and Methods

2.1 Materials and Tools

The raw material utilized in this study was the skin of black snapper (Lutjanus spp.),
obtained from PT. Dharma Samudera Fishing Industries, located in Tanjung Priok, Ja-
karta. Upon collection, the skin was thoroughly cleaned and stored in an ice-cooled
container at a fish skin to ice ratio of 1:2 (w/w) to preserve freshness during transport.
The samples arrived at the laboratory in a chilled state, with a maintained temperature
of approximately 10°C.

Chemicals used for collagen extraction included sodium hydroxide (NaOH)
(Merck), acetic acid (CH3COOH) (Merck), 96% ethanol (Merck), and sodium chloride
(NaCl) (Merck). Additional materials included distilled water, Whatman filter paper,
sterile gauze.

The equipment utilized in the extraction process comprised various laboratory glass-
ware including beakers (100 mL, 500 mL, 1000 mL, and 2000 mL; Pyrex, Iwaki), Er-
lenmeyer flasks (250 mL, 1000 mL; Pyrex, Iwaki), and 50 mL burettes (Pyrex). Other
tools included 30 mL porcelain crucibles, stainless steel knives, an analytical digital
balance (Otsuka, accuracy 0.0001 g), a water bath incubator (Memmert, Germany),
thermometers, a magnetic stirrer with a hot plate (Corning Inc.), a pH meter, a centri-
fuge (Hettich, EBA 20), and a laboratory oven (Memmert, Germany).

2.2 Methods

This study was conducted in three main stages. The first stage involved the preparation
and chemical characterization of black snapper (Lutjanus spp.) skin, which included
cleaning, storage, and preliminary analysis of the raw material. The second stage fo-
cused on the optimization of collagen extraction, which consisted of a series of pro-
cesses: first, deproteinization using a sodium hydroxide (NaOH) solution; second, hy-
drolysis with acetic acid at room temperature, and third, a hydro-extraction phase car-
ried out at 40 °C. The final stage involved the characterization of the extracted collagen,
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which included determination of yield, pH, swelling degree, and physicochemical prop-
erties of the collagen prepared from black snapper skin.

Preparation and chemical characterization of black snapper skin. The preparation
and chemical characterization of black snapper (Lutjanus spp.) skin were conducted
following the method outlined by [17] with minor modifications. The skin samples
were transported to the laboratory within one-hour post-purchase to ensure optimal
freshness. Upon arrival, the skin was thoroughly rinsed under running tap water to elim-
inate surface impurities such as dirt, blood residues, mucus, and any remaining scales.
Residual flesh attached to the skin was carefully trimmed using a knife. Subsequently,
the cleaned skin was cut into small pieces (approximately 1-3 cm in thickness) using
sterilized scissors to facilitate the subsequent extraction process [23]. The prepared skin
samples were packed in polyethylene bags and stored at —20 °C until further use. Chem-
ical composition analysis was performed to determine the proximate content of the
black snapper skin. Parameters measured included moisture, ash, crude protein, fat con-
tent, pH, and TVB following standard analytical procedures.

Collagen extraction optimization. Collagen extraction was conducted following the
method described by [22, 23] with modifications. The process consisted of three main
stages: (1) deproteinization using a sodium hydroxide (NaOH) solution to remove non-
collagenous proteins; (2) hydrolysis in an acetic acid (CHsCOOH) solution to solubilize
collagen fibers partially; and (3) extraction using distilled water to obtain the final col-
lagen product.

The deproteinization process was carried out based on method described by [6, 20],
with slight modifications. Frozen black snapper (Lutjanus spp.) skin samples were first
thawed under running tap water. The thawed skin was then soaked in a 0.05 M sodium
hydroxide (NaOH) solution for 6 hours, using a skin-to-solution ratio of 1:10 (w/v). To
enhance the removal of non-collagenous proteins, the NaOH solution was replaced
every 2 hours, for a total of three changes. After the deproteinization, the skin samples
were thoroughly rinsed with distilled water until the rinse water reached a neutral pH,
indicating complete removal of residual alkali.

The hydrolysis step was conducted based on the method described by [27] with mi-
nor modifications. After the deproteinization pretreatment, the fish skin samples were
subjected to the ASC extraction method by immersion in acetic acid solutions of vary-
ing concentrations. Specifically, the samples were soaked in 0.05 M, 0.1 M, and 0.15
M acetic acid for a duration of 2 hours at a solid-to-liquid ratio of 1:10 (w/v). After
hydrolysis, the samples were rinsed with distilled water to neutralize the pH. The pri-
mary parameter evaluated during this stage was the degree of swelling (DS) of the fish
skin, used to assess the extent of structural transformation resulting from acid hydroly-
sis.

The hydroextraction process was conducted based on the method described by [19]
with several modifications. Neutralized fish skin samples, previously treated with ace-
tic acid, were extracted using distilled water at a sample-to-solvent ratio of 1:2 (w/v).
The extraction was conducted in a water bath maintained at 40 °C, with three different
extraction durations: 1, 3, and 5 hours. The resulting water-soluble collagen extract was
then freeze-dried to obtain collagen in powdered form. To evaluate the effect of extrac-
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tion time on collagen quality, the dried samples were analyzed through a series of phys-
ical and chemical assessments. These included determination of yield, pH, and proxi-
mate composition.

Chemical testing of fish skin and collagen. Chemical testing of fish skin and collagen
was carried out using proximate parameters, pH and total volatile bases (TVB). Proxi-
mate analysis to determine the potential chemical composition of fish skin and collagen.
The proximate analysis consisted of the moisture, ash, fat, and crude protein contents
of both the raw fish skin and the extracted collagen were analysed according to standard
methods outlined by the AOAC [28].

Protein content was determined using the Kjeldahl method. Fat content was deter-
mined using the Soxhlet method. Moisture content was determined using the gravimet-
ric method (oven) at 105°C. Ash content was determined using gravimetry, which in-
volves heating the sample at a high temperature (usually 500-600°C) in a furnace. All
measurements were conducted in triplicate, and the results were recorded on a dry
weight basis, relative to the initial fish skin sample.

Total Volatile Base (TVB) levels are carried out based on the Conway cup method
according to SNI 2354.8:2009 [29] by homogenizing the fish sample with 7% trichlo-
roacetic acid (TCA), filtering it, and then incubating the sample for 2 hours in a Conway
cup containing a boric acid solution (inside) and saturated potassium carbonate (out-
side). After incubation at 37°C, the boric acid solution was titrated with standard hy-
drochloric acid (HCI) to measure the release of volatile base compounds (such as am-
monia and amines), which indicate the freshness level of the fish.

A five grams portion of sample was mixed with 45 mL of distilled water and ho-
mogenized for 2-3 minutes. The pH was measured by immersing a calibrated electrode,
previously stabilized in a buffer solution, into the homogenate. The reading was rec-
orded once a stable number was appeared [28].

Yield of collagen. The collagen yield (%) was determined by comparing the dry weight
of extracted collagen to the initial weight of raw skin prior to extraction, following the
method described by (28). The yield was calculated using the following:

. __ , Weight of dried collagen (g)
Yield (%) - ( Weight of raw skin (g) )X 100%

Swelling Degree (SD). The swelling degree (SD) was assessed to evaluate the extent of struc-
tural alterations in the fish skin during the hydrolysis process. This parameter was determined by
comparing the weight of the skin before and after soaking in the acetic acid solution, following
the method described by (30). The SD value was calculated using the following formula:

SD (%) = (24)x 100%

where: A = weight of skin before hydrolysis (g)
B = weight of skin after hydrolysis (g)

This measurement reflects the water uptake capacity of the skin as an indicator of collagen matrix
loosening during acid hydrolysis.
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Experimental design and data analysis. The research was design using a completely randomized
design (CRD), as described by [31] with three replications and designed in two optimization
stages, namely determining the optimal acetic acid concentration and then evaluating the hydro-
extraction time with the optimal acid concentration.

During the hydrolysis stage, the treatment factor was the concentration of acetic acid, tested
at three levels: 0.05 M, 0.10 M, and 0.15 M. Based on the results of the hydrolysis phase, the
optimal acetic acid concentration (0.15 M) was selected for the subsequent hydro-extraction
stage. In the hydro-extraction phase, the treatment factor was the duration of extraction, tested at
three levels: 1 hour, 3 hours, and 5 hours. Each treatment was conducted in triplicate (n = 3). The
response variables observed included collagen yield, proximate chemical composition, and pH.
Data were analyzed using one-way Analysis of Variance (ANOVA), and when significant dif-
ferences were observed (p < 0.05), Tukey’s Honest Significant Difference (HSD) test was used
to determine differences among treatment means.

3 Results and Discussion

3.1  Chemical characterization of black snapper skin

Characterizing the raw material is essential for assessing its potential and suitability for
further processing. Raw material characterization provides critical insights into both
the physical and chemical characteristics of the sample, serving as a basis for determin-
ing its quality and optimizing its use in downstream applications. In this study, chemical
composition analysis was performed to evaluate the suitability of black snapper skin as
a source for collagen extraction. Black snapper is a commercially valuable species,
commonly sold as whole fish or fillets, with several utilizable parts including flesh,
skin, viscera, bones, and scales. The purpose of the chemical analysis was to guide the
selection of appropriate pretreatment steps for collagen production. The chemical pa-
rameters assessed in this study included pH, total volatile base (TVB), moisture content,
ash content, fat content, and protein content. The results of the chemical composition
analysis for black snapper skin, along with comparative data from other fish species,
are presented in Table 1.

Table 1. Chemical test results of black snapper skin and other fish skin.

Species pH TVB (mgN/  Mositure Ash Fat Protein

100g) (%) (%) (%) (%)

Black 593  12.83 66,78+0.43  0.73%0,16 1.83+0.34 28.76+0.17

snapper!

Baramundi? 713 - 68.5 0.84 0.11 233

Rohu? - - 76.54 2.03 2.93 18.84

Yellowtail - - 69.5 0.74 1.17 17.87

Fusilier*

Yellow fin - - 59.38 2.21 1.15 36.45

Tuna’

Source: 'this research, [32], *[33], “[15], °[34]

The pH analysis of black snapper skin revealed a value of 5.93 + 0.23 at room tem-
perature. This value is lower than that reported for barramundi skin, which has a pH of
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7.13 [35]. The pH level of raw fish skin is a key indicator of freshness. Generally, a pH
below 6.8 suggests that the fish is still fresh. In contrast, the flesh of deteriorated or
spoiled fish typically exhibits a higher, more alkaline pH (>7), while fresh fish usually
has a pH ranging between 6 and 7. After death, anaerobic glycolysis produces lactic
acid, which lowers the pH. However, the simultaneous formation of alkaline com-
pounds—such as ammonia, trimethylamine, and other volatile bases—can raise the pH
level. Therefore, deviations from the normal pH range, whether toward acidity or alka-
linity, may signal the onset of spoilage or contamination of the skin. Based on this pH
result, the black snapper skin used in this study can be considered fresh and suitable for
further processing.

The total volatile base (TVB) content of black snapper skin resulted to be
12.83 mg N/100 g. This value is lower than the TVB level reported for freshly iced fish,
which averaged 14.81 mg N/100 g [36] and is comparable to the value observed in fresh
shrimp, averaging 12.03 mg N/100 g [37]. According to the Indonesian National Stand-
ard (SNI 4110:2020), the acceptable maximum TVB content for fresh fish products is
less than 20 mg N/100 g. The TVB value obtained in this study falls well within this
limit, indicating that the black snapper skin is still in a fresh state and therefore suitable
for collagen extraction.

The moisture content of black snapper skin was recorded at 66.78%. This value is
lower than the moisture content reported for the skins of barramundi (68.5%), rohu
(76.54%), and yellowtail fusilier (69.5%) [15, 33, 35], but higher than that of yellowfin
tuna skin, which contains 59.38% moisture [38]. This result falls within the typical
moisture content range for fish skin, indicating that the black snapper skin was still
relatively fresh at the time of analysis. Moisture content plays a main role in determin-
ing the freshness, acceptability, and shelf life of raw materials. According to [39], high
water content can dilute the concentration of solid components, including proteins, re-
sulting in a lower measured protein content. This relationship has been observed in tuna
skin, which, with a moisture content of 64.02%, showed a protein content of only 6.71%
[33]. Therefore, higher moisture levels can negatively impact the overall protein con-
centration. Factors such as species, age, sex, genetics, life cycle stage, diet, and fishing
season are known to influence the water content of fish tissue [40].

The ash content of black snapper skin was measured at 0.73 + 0.16%, which is lower
than the values reported for other fish species such as barramundi (0.84%), rohu
(2.03%), yellowtail fusilier (0.74%), and yellowfin tuna (2.21%) [14, 29, 31, 37]. Ash
content indicates the total mineral composition in fish skin. A lower ash content, par-
ticularly below 0.5%, is considered favorable for collagen and gelatin production, as
the demineralization step during pretreatment aims to reduce mineral levels in the final
product. Both fat and mineral components are typically removed during pretreatment
to improve the quality of collagen isolates. Variations in ash content across fish species
are influenced by biological and environmental factors, including species type, habitat,
and the fish’s capacity to absorb minerals from its surroundings. According to [39], fish
with a higher ability to absorb environmental minerals tend to exhibit greater ash con-
tent in their tissues.

The fat content of black snapper was determined at 1.83 = 0.34%. This value is lower
than that reported for rohu skin (2.93%) [33], but higher than the fat content found in
barramundi (0.11%), yellowtail fusilier (1.17%), and yellowfin tuna (1.15%) (14, 31,
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37]). According to [40] the presence of fat and mineral components can negatively im-
pact the purity and functional properties of collagen, particularly in application across
various products. Therefore, pretreatment steps are necessary to reduce these compo-
nents during collagen extraction.

The protein content of black snapper skin was measured at 28.76 + 0.17%, which is
higher than that reported for barramundi (23.3%), rohu (18.84%), and yellowtail fusilier
(17.87%) [14, 29, 31], but lower than yellowfin tuna, which contains 36.45% protein
[41]. Fish is widely recognized as a protein-rich food source, and since collagen is a
structural protein derived from connective tissues, the protein content of fish skin is a
crucial indicator. According to [42], protein concentration directly influences the yield
of collagen from raw materials; thus, higher protein levels are associated with greater
collagen extraction potential.

3.2 Optimum of collagen extraction

Collagen extraction from fish skin is of significant interest owing to its high protein
content, particularly collagen. The dermal layer of fish skin is particularly densely
packed with collagen fibers. This makes it a valuable raw material for collagen extrac-
tion. As a major structural protein, collagen is essential for maintaining the integrity
and functionality of various connective tissues, including the skin, bones, muscles, ten-
dons, and ligaments. Its wide applicability across the biomedical, pharmaceutical, cos-
metic, and food industries highlights the importance of utilizing fish skin as an alterna-
tive collagen source.

Deproteinization pretreatment of black snapper skin. Before collagen extraction,
the black snapper skin underwent a deproteinization process by immersion in a 0.05 M
NaOH solution for 6 hours. This pretreatment step is crucial for eliminating non-colla-
genous proteins, which are more readily solubilized compared to the tightly bound col-
lagen within connective tissues. The use of NaOH in this pretreatment phase is widely
practiced, as it effectively eliminates non-collagen proteins while minimizing collagen
degradation and limiting excessive tissue swelling [24]. The alkaline soaking induces
mild swelling of the skin, facilitating the penetration of air and enhancing the accessi-
bility of collagen fibers for subsequent extraction steps.

Hydrolysis in acetic acid solution (CH3COOH). Following the deproteinization, the
pretreated black snapper skin was immersed in acetic acid solutions at concentrations
0f 0.05M, 0.10 M, and 0.15 M for 2 hours. Acetic acid is commonly used as a solvent
in collagen extraction due to its superior solubilizing capacity compared to other acids
[24]. Acid immersion induces swelling of the skin tissue, which occurs as water mole-
cules penetrate the collagen fibers. This process is driven by electrostatic interactions
between the polar functional groups within the collagen matrix and hydrogen ions (H")
from the acid, as well as potential hydrogen bonding between non-polar regions of the
collagen and H* ions. The swelling process disrupts non-covalent interactions within
the collagen structure, facilitating its solubilization into the acetic acid solution [43].
The effectiveness of each acetic acid concentration was evaluated based on the quantity
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of collagen sediment formed following the acid treatment, with the most optimal con-
centration selected for subsequent procedures.

Swelling Degree (SD). The swelling capacity of a material is largely determined by its
hydrophilic nature, which is influenced by the presence of hydrophilic groups within
the polymer chains [44]. In this context, hydrolysis using acetic acid not only induces
tissue swelling but also facilitates the dissolution of collagen.

The results of hydrolysis with different concentrations of acetic acid for 2 hours
showed the swelling degree results, namely for a concentration of 0.05 M of 232.5%,
for a concentration of 0.10 M of 410.9% and a concentration of 0.15 M of 536.9%. The
results of the statistical analysis of variance (ANOVA) test showed that the concentra-
tions of acetic acid 0.05M, 0.10M, and 0.15M had a significantly different effect (p
<0.05). on the swelling degree of black snapper skin. Tukey's further test analysis
showed that the treatment of 0.50 M concentration was significantly different from the
concentrations of 0.10 and 0.15 M. As well as the concentration of 0.10 M was signif-
icantly different from the concentration of 0.15 M. The concentration of 0.15 M acetic
acid gave the highest swelling degree of 536.9%. This shows that the higher the con-
centration of acetic acid used, the more water can be absorbed by the skin so that col-
lagen fibers become easier to separate and will facilitate the collagen extraction process
in the next stage. The result of the 0.15M acetic acid concentration is the optimization
concentration which will be continued in the next stage, namely the collagen hydroex-
traction stage.

The results show that increasing the concentration of acetic acid was directly pro-
portional to swelling degree. reported that higher acid concentrations accelerated the
swelling process of collagen fibers. Research [45] on Channa striata (snakehead fish)
reported a swelling degree of 266.48% at 0.05 M acetic acid for 1 hour, which improved
to 631.43% at 0.20 M after 2 hours. Similarly, [46] reported that catfish skin treated in
0.05M and 0.20 M acetic acid for 1 and 2 hours, respectively, resulted in swelling de-
grees of 612.81% and 672.74%. According to [24], collagen solubility is closely related
to the extractability of the skin, which in turn is affected by pH and acid concentration.
The swelling process disrupts non-covalent bonds in the collagen matrix, facilitating
the breakdown of fiber structures and enhancing collagen solubility. The findings of
this study confirm that the degree of skin swelling increases correlated with acetic acid
concentration. The swelling percentages of black snapper skin after 2 hours of immer-
sion in 0.05 M, 0.10 M, and 0.15 M acetic acid are illustrated in Fig.1.
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Fig.1. Degree of swelling of black snapper fish skin with acetic acid concentration treatment.

3.3  Hydroextraction

The hydroextraction procedure was performed using the skin pretreated with 0.15 M
acetic acid, followed by incubation in a water bath maintained at 40 °C for 1, 3, and 5
hours. According to [21] heating collagen can disrupt its hydrogen and covalent bonds,
which compromises the stability of its triple-helix structure. This structural disruption
may lead to the transformation of collagen into a disordered form, eventually resulting
in its degradation into water-soluble gelatin. The selection of 40 °C as the extraction
temperature was based on the need to minimize such degradation and preserve the na-
tive structure of collagen. Maintaining the temperature below 45 °C is critical, as pre-
vious studies [7] have shown that collagen degradation into gelatin typically occurs at
temperatures exceeding this threshold. Moreover, heating the skin in warm water fur-
thers the breakdown of non-covalent bonds, a process that is initiated during the prior
acetic acid soaking stage [8], thereby enhancing collagen release while aiming to retain
its structural integrity.

Collagen yield analysis. Yield analysis was carried out to assess the efficiency of col-
lagen extraction from black snapper skin. The yield was calculated on a dry weight
basis by comparing the weight of the freeze-dried collagen to the initial dry weight of
the raw fish skin prior to processing [47].

The dry collagen yield produced from each observation, namely the hydroextraction
time of 1 hour, 3 hours and 5 hours, was an average of 2.89%, 3.93% and 5.39%. The
result of the ANOVA statistical showed that the hydro-extraction duration (1, 3, and 5
hours) had a significant effect on the collagen yield of black snapper skin (p <0.05).
The results of the Tukey further test showed a significant difference between the 1-hour
treatment and the 5-hour treatment, but there was no significant difference between the
1-hour and 3-hour treatments. The highest percentage of black snapper skin collagen
yield was found in the 5-hour treatment with a yield of 5.39%. Based on this, this stage
was continued with chemical testing of dry collagen. The collagen yields obtained at
extraction times of 1, 3, and 5 hours are presented in Fig. 2.

The yield of this study was 5.39%, in accordance with the study [15] which was
5.79% of yellowtail fish skin but higher than the results of the study by [19] yellowtail
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tuna skin of 1.95% and 2.57 and red snapper skin of 1.72 — 2.46% [48]. However, it
remains lower than the yields reported for other fish species such as snakehead (Channa
striata, 16.00%) [45], barramundi (8.10%) [35], eel (12.16%) [49], and salmon
(12.79%) [50].

The duration of extraction plays a critical role in determining collagen yield. Longer
hydro-extraction times may facilitate greater water penetration into the skin matrix,
thereby promoting collagen solubilization. This observation aligns with the findings of
[21], who reported that extraction time influences molecular diffusion, which is a time-
dependent process. Similarly, [40] observed an increase in collagen yield from skate
fish skin with extended extraction periods. According to [19], variations in collagen
yield across studies may be attributed to multiple factors including extraction technique,
solvent concentration, species differences, temperature, and overall process duration.
The collagen yields obtained at extraction times of 1, 3, and 5 hours are presented in
Fig. 2.

6 53
5
. 3.93
S 2.89
= 3
S
>~ 2
1
0
1 3 5

Extraction time (Hour)

Fig. 2. Collagen yield with the difference of extraction time

Chemical characterization of black snapper collagen. The maximum yield of freeze-
dried collagen collected from black snapper (Lutjanus griseus) skin was 5.39% a 5-
hour hydroextraction time. Following this, a series of chemical analyses were carried
out to assess the main composition of the extracted collagen. The parameters evaluated
included pH, moisture content, ash content, protein content, and fat content (Table 2).

Table 2. Results of chemical tests of dry collagen

Species pH Water (%) Ash (%) Protein (%) Fat (%)
'Black Snapper 6.68+0.12 5.32+0.25 1.98+0.08 81.72+0.38 0.7440.14
2Skate (Raja kenojei) - 7.01 3.38 86.40 0.35

3 Pangasius sp. - 6.55 1.80 64.74 8.85

4Red Snapper 6.98 -7.14 12.8 - 84.81 -

SSNI 8076:2020 6.0-7.0 <12 <1.0 >75 -

Sources: 'This study, 2 [40], 3[46] * [48], °[53]
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The moisture content of the extracted collagen from black snapper (Lutjanus griseus)
skin was 5.32 +0.25% (Table 2), which falls well within the acceptable limit for colla-
gen products, as specified by the Indonesian National Standard (SNI), which sets a
maximum moisture content of 12% (53). This value is lower than that reported for red
snapper (Lutjanus sp.) skin collagen at 12.8% [48], but higher than the moisture content
of collagen derived from skate fish (Raja kenojei) and catfish (Pangasius sp.), which
were 7.01% and 6.55%, respectively [40] [46]. According to [35], variations in mois-
ture content among collagen samples can be attributed to differences in the extraction
methods employed.

The ash content of collagen extracted from black snapper (Lutjanus griseus) skin
was 1.98 + 0.08% (Table 2). This value exceeds the maximum limit set by the Indone-
sian National Standard (SNI 8076:2020) for food-grade collagen, which is 1.0%, indi-
cating that the product does not fully meet the standard in terms of mineral residue.
Compared to other species, this ash content is slightly higher than that reported for
catfish (Pangasius sp.) skin collagen at 1.80% [27], but lower than the value found in
skate fish (Raja kenojei) skin collagen, which reached 3.38% [40]. The ash content
(1.98%) exceeds the SNI standard (1.0%), indicating that the washing process has not
been optimally implemented to remove inorganic compounds, such as residual salt or
other chemicals, thus improving the purity and quality of the resulting collagen. There-
fore, pretreatment is necessary to clean the fish skin of adhering impurities. This can be
done by washing the fish skin with NaOH optimally, and can also be done by washing
it by disinfecting it with EDTA, which aims to remove the minerals that are still present
in the fish skin.

The protein content of collagen extracted from black snapper (Lutjanus griseus) skin
was 81.72 +0.38% (Table 2), meets the quality standards specified in SNI 8076:2020,
which require a minimum protein content of >75 [53].This result is higher than the
protein content reported for catfish (Pangasius sp.) skin collagen, which is 64.74% [46],
but lower than the values observed in collagen extracted from skate fish (Raja kenojei)
at 86.40%, red snapper (Lutjanus sp.) at 84.81%, and snakehead fish (Channa striata)
at 96.21% [36, 48, 21]. The elevated protein content indicates the dominance of colla-
gen-specific proteins in the extract and can serve as a marker for the efficiency and
success of the extraction process. Protein concentration is a key parameter in assessing
the quality and functional potential of the extracted collagen.

The fat content of collagen extracted from black snapper (Lutjanus griseus) skin was
0.74+0.14% (Table 2). This value is higher than that reported for skate fish (Raja ke-
nojei) skin collagen at 0.35% [40], but considerably lower than the fat content found in
catfish (Pangasius sp.) skin collagen, which is 8.85% [46]. The relatively low-fat con-
tent observed in this study suggests that the extraction process was effective in remov-
ing lipids, contributing to a purer collagen product. Collagen with low lipid levels is
advantageous due to its improved processing characteristics and enhanced stability dur-
ing storage and application.

The pH of collagen extracted from black snapper (Lutjanus griseus) skin was
6.68 £ 0.12 (Table 2), aligning with the quality standards set by SNI 8076:2020, which
specifies an acceptable pH range of 6.0—7.0. This value is comparable to that of red
snapper (Lutjanus sp.) skin collagen, reported at 6.98—7.14 [51], and higher than the pH
values of collagen from several other fish species, including yellowfin tuna skin (5.90—
5.96) [41] snakehead fish (Channa striata) skin (5.24) [45], and white snapper skin,
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which had the lowest reported pH at 3.41 [35]. These variations are likely attributable
to differences in extraction procedures and raw materials. Nevertheless, the pH remains
within the acidic range (pH < 7). The hydroextraction method employed in this study
produced collagen with a near-neutral pH. This finding aligns with previous research
by [27], which reported a pH of 6.25 for collagen extracted from swordfish using a
similar protocol. The use of lower acid concentrations, neutralization steps, and aque-
ous extraction in the hydro-extraction method contributes to producing collagen with a
pH closer to neutrality.

4 Conclusion

The most effective hydrolysis condition is achieved using 0.15 M acetic acid with a
soaking duration of 2 hours. The best hydroextraction condition is obtained at an acetic
acid concentration of 0.15 M with a time duration of 5 hours, resulting in a collagen
powder yield of 5.39%. Under these conditions, the extracted collagen %, protein con-
tent of 81.72%, fat content of 0.74%, moisture content of 5.32%, Ash 1.98% and a pH
of 6.68.
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