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Abstract: The increasing demand for halal-friendly gelatin, combined with concerns over health risks associated
with mammalian sources, has created a need for alternative raw materials. Fish scales from local species, such
as parrotfish, offer a sustainable and promising option that has yet to be extensively explored. The study aims to
investigate the physicochemical properties of gelatin extracted from the scales of the parrotfish (Scarus quoyi)
scales. Response Surface Methodology (RSM) was employed to determine the optimal concentration of
hydrochloric acid (HCI) and immersion time to maximize yield and quality. Physicochemical properties, including
yield, moisture content, ash content, pH, and viscosity, were evaluated, and the structural characteristics of the
gelatin were analyzed using Fourier-Transform Infrared Spectroscopy (FTIR). All processing steps were
conducted in compliance with Halal Critical Control Points (HCCPs) to ensure the final product remained free
from cross-contamination with non-halal substances. Response surface methodology optimization identified 4%
HCI concentration and 29.4 hours of immersion as optimal conditions. These conditions produce gelatin with a
yield, moisture, ash, pH, and viscosity are 14.5%, 4%, 0.48%, 4.15, and 1.78 cP, respectively. FTIR analysis
confirmed that the extracted gelatin exhibited absorption peaks consistent with those of commercial gelatin,
indicating a functional group similarity. Compared to gelatin from other fish species, parrotfish gelatin
demonstrated a competitive yield and notably low moisture content, thereby enhancing its stability and storage
potential. These findings highlight the potential of parrotfish scales as a sustainable source of halal gelatin,
contributing to waste reduction and offering a viable alternative to mammalian gelatin.
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1. Introduction

Gelatin, a natural polymer derived from the hydrolytic degradation of collagen protein, is characterized
by its distinctive amino acid profile and is widely recognized for its high protein content, making it a
viable alternative to lipids and carbohydrates in various applications (Kumosa et al., 2018; Lv et al.,
2019). The production of gelatin involves the hydrolysis of collagen obtained from animal sources, such
as pigs, cattle, and fish (Alipal et al., 2021). In 2020, global demand for gelatin reached approximately
USD 3.2 billion, with an annual production volume of about 620 kilotons (Karim & Bhat, 2009). Gelatin
exhibits a range of functional properties, including water-binding capacity, film-forming ability,
foaming capacity, and emulsifying properties. These characteristics make gelatin a versatile material
with broad applications in the food, pharmaceutical, cosmetic, and biomedical industries (Ahmad et al.,
2017).

The demand for gelatin has been steadily increasing in parallel with the growth of human needs
(Said, 2020). Gelatin is utilized in diverse sectors, including food (Tumerkan, 2021; Usman et al., 2022),
pharmaceuticals (Tldmerkan, 2021), photography (Calixto et al., 2018; Hodgson, 2024), cosmetics
(Abdullah et al., 2018; Al-Nimry et al., 2021), and healthcare (Herrera-Ruiz et al., 2022; Mushtag et al.,
2022). To date, the primary sources of gelatin are pork skin (49.6%), cattle hide (29.4%), and bovine
bones (23.1%) (Sultana et al., 2018). However, the use of mammalian-derived gelatin has been
controversial due to its potential association with transmissible diseases such as Bovine Spongiform
Encephalopathy (BSE) and foot-and-mouth disease (FMD) (Rawdkuen et al., 2013). In addition, non-
halal gelatin is prohibited for consumption by Muslims and certain other religious groups because it
does not meet their dietary and ethical requirements. For Muslim consumers, halal compliance
necessitates that all production stages adhere to Halal Critical Control Points (HCCPs), ensuring that
raw materials, processing aids, and facilities are free from contamination with non-halal substances
(Nurilmala et al., 2022). Consequently, there is growing interest in gelatin alternatives from permissible
sources, including fish, plants, and other halal-certified materials.

Fish-derived gelatin, including that from fish scales, offers a viable halal alternative because fish
are considered permissible (halal) regardless of slaughter method, and the risk of contamination can be
minimized through proper handling and processing (Atma, 2022; Machado et al., 2023). In addition,
fish scale gelatin contributes to sustainability by valorizing fishery by-products. Proteins are present not
only in fish flesh and bones but also in fish scales, which comprise approximately 70% water, 27%
protein, 1% lipid, and 2% ash; of the organic fraction, which ranges from 40% to 90%, collagen is the
predominant component (Nagai et al., 2004). Currently, the utilization of fish scales as an alternative
source of gelatin has been explored in several species, including bighead carp (Hypophthalmichthys
nobilis) (Huang et al., 2017; Tu et al., 2015), skipjack tuna (Katsuwonus pelamis) (Qiu et al., 2019),
Oreochromis spp. (Shiao et al., 2021), and lizardfish (Saurida spp.) (Wangtueai et al., 2016). Qiu et al.
(2019) reported that gelatin extracted from skipjack tuna scales exhibited the following characteristics:
moisture content of 3.78%, lipid content of 0.53%, ash content of 1.05%, protein content of 94.8%, and
an extraction yield of 3.46%.

The parrotfish (Scarus quoyi) is a commercially important species widely consumed by local
communities (Prihanto et al., 2022). Its abundance has been reported in various regions of Indonesia,
including Sabang, Aceh Province (Zulfahmi et al., 2022), Riau Islands (Putra et al., 2020), North Maluku
(Rahaningmas & Mansyur, 2018), and North Sulawesi (Rachmad et al., 2018). The high consumption
of parrotfish generates a significant amount of fish scales as waste (Andakke et al., 2020). To the best
of our knowledge, no prior research has investigated the characteristics and physicochemical properties
of gelatin extracted from parrotfish scales. The previous study by Andakke et al. (2020) focused solely
on the molecular characterization of gelatin in Scarus spp. scales and did not involve gelatin extraction
or optimization. Hence, this research aimed to describe the characteristics and physicochemical
properties of gelatin derived from parrotfish scales and its potential as an alternative raw material for
Halal products.

2. Materials and Methods

A total of 50 g of parrotfish (Scarus quoyi) scales were collected from the Al-Mahirah Market, Banda
Aceh, Aceh Province, Indonesia (5°34°57.6” N, 95°19°42.9” E). The collected scales had diameters
ranging from 1.5 to 2.0 cm. Gelatin preparation was conducted in four stages: degreasing,
demineralization, extraction, and drying (Winarti et al., 2021). Degreasing was performed by washing
the scales to remove dirt, residual flesh, and skin, followed by heating at 40°C for 30 min. The scales
were then rinsed with distilled water and air-dried at room temperature for 24 h. Demineralization was
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carried out by soaking the scales in 200 mL of hydrochloric acid (HCI) at concentrations of 3%, 6%,
and 9% for 12, 30, or 42 h. The samples were rinsed with distilled water until a neutral pH (=7) was
achieved (Zhang et al., 2011). For extraction, the demineralized samples were mixed with distilled water
ata 1:4 (w/v) ratio and heated on a hot plate (C-MAG HS7, Germany) at 70°C for four h, followed by
filtration. The filtrate was oven-dried (Memmert UN30, Germany) at 70°C for 24 h, producing gelatin
in the form of glass-like flakes, which indicated that it was completely dried.

2.1. Treatment

The gelatin extraction procedure was adapted from Mardiyah et al. (2019), with a focus on optimizing
hydrochloric acid (HCI) concentration and immersion duration to maximize yield and quality.
Optimization was carried out using Response Surface Methodology (RSM) with a three-level Box—
Behnken Design (BBD). Two independent variables were selected: HCI concentration (3%, 6%, and 9%
w/v) and immersion time (12, 27, and 42 h). The design generated 13 experimental runs consisting of
factorial, axial, and central points to evaluate the interaction between factors. The response variable was
gelatin yield (%), while additional physicochemical properties (moisture content, ash, and pH) were
measured as supporting parameters. Three-dimensional response surface plots were constructed to
visualize the combined effects of factors. The optimized conditions predicted by the model were
validated experimentally in triplicate, and the relative error (%) between predicted and observed yields
was calculated to confirm model accuracy and process reproducibility. This design allowed
comprehensive evaluation of the main and interactive effects of acid concentration and immersion time
on hydrolysis efficiency, thereby identifying optimal conditions for producing gelatin with desirable
physicochemical characteristics.

2.2. Gelatin Functional Groups

The functional groups present in the produced gelatin were analyzed by Fourier-transform infrared
(FTIR) spectroscopy following the method of Muyonga et al. (2004) with modifications. FTIR spectra
were obtained using a PerkinElmer FTIR spectrometer (USA) equipped with an attenuated total
reflectance (ATR) accessory. Gelatin samples were finely ground into powder prior to analysis to ensure
uniformity. Each spectrum was recorded in the range of 4000400 cm™.

2.3. Yield
The yield test was used to determine the amount of gelatin extracted from parrotfish scales according
to the Association of Official Analytical Chemists (AOAC) standard. Yield was calculated by
comparing the mass of the initial fish scale sample to the mass of the dried gelatin obtained after
extraction. The percentage yield was determined using the following equation developedd by Duan et
al. (2011).

2.4. Ash Content

The ash content was determined following the protocol of Almeida and Lannes (2013). Briefly,
approximately 1 g of gelatin was placed in a pre-weighed porcelain dish and heated in a furnace at 600°C
until completely ashed. This process removes all organic material, leaving only inorganic mineral
residue. The mass of the remaining ash was then measured, and the ash content was calculated as the
percentage of the initial sample weight.

2.5. Moisture

The moisture content was determined according to the National Standardization Agency (2018) using
the oven-drying method. Briefly, approximately 0.50 g of gelatin was placed in a pre-weighed vessel,
and the initial weight was recorded. The vessel was then placed in an oven at 105°C for two hours, or
until a constant weight was achieved, before being cooled in a desiccator. The final weight was recorded,
and the moisture content was calculated as the percentage weight loss relative to the initial sample
weight, following the equation described by Tkaczewska et al. (2018).

2.6. pH

The pH measurement was conducted following the method of Nasution et al. (2018) with slight
modifications. Briefly, 0.50 g of gelatin was dissolved in 30 mL of distilled water at 45°C. The solution
was then allowed to cool to room temperature, after which the pH was measured using a calibrated pH
meter.

2.7. Viscosity
The viscosity of gelatin was measured according to the method of Nasution et al. (2018) with
modifications to match the Gelatin Manufacturers Institute of America (GMIA) standard conditions
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(Gelatin Manufacturers Institute of America, 2019). Briefly, a 1.5% (w/v) gelatin solution was prepared
by dissolving 0.45 g of gelatin in 30 mL of distilled water at 60°C with gentle stirring until fully
dissolved. The solution was then cooled to 30 + 0.5°C before measurement. Viscosity was determined
using an Ostwald capillary viscometer (Germany), which was calibrated with distilled water at the same
temperature prior to measurements.

3. Results and Discussion

3.1. Optimal HCI Concentration and Immersion Time

Figure 1(a) illustrates the immersion process, during which water molecules bind to the polar chains of
collagen in the fish scales, forming hydrogen bonds that help prevent protein aggregation in the solution.
The process was further supported by heating at 40°C, which enhanced the water solubility of the
protein’s polar chains (Wang et al., 2018). As a result, non-collagen proteins were effectively removed
during this phase. Protein solubility was closely related to molecular weight (Alrosan et al., 2024).
Proteins with higher molecular weight tended to promote gel formation, while those with lower
molecular weight had the opposite effect (Scott & Awika, 2023). Due to the low water solubility of
some proteins, the number of water—protein linkages was fewer than protein—protein linkages (Kramer
etal., 2012). Consequently, this step not only reduced impurities but also decreased the content of water-
soluble components. The remaining water-insoluble protein—protein linkages were subsequently
targeted for hydrolysis in the next phase, which involved the combined action of hydrochloric acid (HCI)
and heat. In the extraction stage, distilled water was used to break collagen fibers into gelatin at 70°C.
Figure 1(b) shows the demineralization step, where HCI dissolved mineral components such as calcium
salts from the scales, improving collagen accessibility for extraction. Figure 1(c) presents the outcome
of the 24-hour drying process, resulting in the formation of gelatin sheets.

(a) () (o)

Figure 1. (a) Immersion process of parrotfish scales, (b) demineralization process, and (c) gelatin obtained in sheet
form.

Figure 2 presents the results in graphical form to facilitate visualization of the optimal conditions
for gelatin extraction. The data revealed that gelatin yield was dependent on both immersion time and
hydrochloric acid (HCI) concentration. The optimal concentration of hydrogen ions (H") interacted with
negatively charged functional groups in gelatin, promoting the formation of a more gradual and ordered
gelatin structure. This structure, in turn, enhanced gel strength due to the presence of higher molecular
weight molecules (Sun et al., 2025).
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Figure 2. Response Surface Methodology Results. (a) Contour plot of yield (%) vs time (hours); (b) 3D surface
plot of yield (%) vs time (hours) and concentration (%w/v).
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In Figure 2(a), the black region indicates a yield of less than 4%, reflecting insufficient immersion
time for effective gelatin chain entanglement. As polymer chain length increased, the hydrolysis process
became more efficient (Qing & Wyman, 2011). The transition to dark green in the plot corresponded to
yields above 12%, indicating improved extraction efficiency. Figure 2(b) shows the relationship
between yield, HCI concentration, and immersion time, with optimal conditions achieved at 4% HCI
and 29.4 hours of immersion. Under these parameters, collagen hydrolysis was maximized without
causing excessive degradation. The surface response methodology (RSM) was employed to generate
these data, testing HCI concentrations of 3%, 6%, and 9% (v/v) and immersion times of 12, 24, and 48
hours, allowing for precise optimization of extraction conditions.

3.2. FTIR Characterization

FTIR analysis was conducted to identify the characteristic absorption peaks of functional groups in
gelatin extracted from parrotfish scales. The FTIR spectrum of the selected gelatin was presented in
Figure 3, and it confirmed that its spectral profile closely resembled that of commercial gelatin. The N—
H stretching vibration, known as amide A, was observed at 3280 cm™, matching the absorption peak of
commercial gelatin (Wang et al., 2008). This band was associated with hydrogen bonding in the peptide
structure. Free N—H stretching vibrations typically appeared within the range of 3600-3000 cm™, but
when hydrogen bonds formed, the peak shifted to a lower wavenumber, around 3300 cm™'. The C=0
stretching vibration of the polypeptide chain, corresponding to amide I, was detected at 1629 cm™. This
peak reflected the confirmation of peptide bonds and variations in protein secondary structure, and it
was consistent with the amide I peak in commercial gelatin (Gomez-Guillén et al., 2011).

Amide II was observed at 1523 cm™, slightly lower than the typical range of 1550-1600 cm™
reported for this band (Wang et al., 2008). This vibration arose from N-H bending coupled with C—N
stretching (Phillips & Williams, 2011). A shift in amide II to 1449 cm™ was also noted, indicating the
preservation of the triple-helix structure (Heng et al., 2022). Amide IIl, which represented C-N
stretching and N—H bending vibrations and was also influenced by the —CH. groups of amino acids such
as glycine and proline, was recorded at 1235 cm™'. This position closely matched both the theoretical
range (1240-750 cm™) and the commercial gelatin peak at 1293 cm™ (Zhang et al., 2016).
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Figure 3. FTIR spectra of gelatin extracted from parrotfish scales and commercial gelatin.

3.3. Yield

Figure 4 showed that the extraction achieved the highest yield at 4% HCI and 29.4 hours of immersion
time. Figure 4(a) indicates that the yield was higher at lower HCI concentrations and decreased at higher
concentrations. Similarly, Figure 4(b) demonstrated that yield decreased with both higher concentrations
and longer immersion times. Yield represented the amount of gelatin produced relative to the initial
sample weight and served as an indicator of extraction efficiency. It was also a key parameter for
assessing the quality of gelatin extracted from parrotfish scales. A reduced yield could have resulted
from incomplete collagen hydrolysis or the leaching of extracted collagen during the washing steps in
pretreatment (Mhd Sarbon et al., 2013). The yield of gelatin extraction was influenced by multiple stages
in the process, including degreasing, demineralization, and extraction (Asih et al., 2019).
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Figure 4. Effect of HCI concentration (a) and immersion time on the yield of gelatin extraction (b).

In general, as HCI concentration increased to an optimal level, gelatin yield tended to improve.
Previous studies reported that using HCI in the range of 0.06-0.4 M enhanced yield (Wang &
Regenstein, 2009), and other research using 0.05-1 M HCI produced yields between 10.45% and
22.25% (Ismail & Abdullah, 2016). However, in the present study, yields at concentrations of 6% and
9% were lower, likely because gelatin was more readily degraded, leading to losses during washing to
neutralize pH. Excessively high HCI concentrations appeared to reduce yield by accelerating gelatin
hydrolysis and dissolution during immersion, which increased the rate of degradation (Mahmoodani et
al., 2014). Both Figure 4(a) and Figure 4(b) showed that the maximum yield was obtained when a 4%
HCI concentration was combined with an immersion time of 29.4 hours. Under these conditions,
collagen hydrolysis was optimized without causing excessive damage to the gelatin structure. Therefore,
gelatin yield was significantly affected by both HCI concentration and immersion time, and the results
at 4% concentration were considered favorable compared with previously reported yields.

3.4. Moisture

Figure 5 presents the moisture content of gelatin derived from parrotfish scales. The moisture content
of gelatin varied depending on the dehydration process, typically ranging from 10% to 13%. In this
study, the calculated moisture content ranged from 4% to 10% for HCI concentrations between 3% and
9%, with the lowest value of 4% obtained under optimal extraction conditions (4% HCI and 29.4 hours
of immersion). Moisture content was determined using thermogravimetric analysis, which involved
heating the sample to a constant weight to evaporate water (Duthen et al., 2021). Controlling the
moisture content of gelatin was considered essential because it influenced product quality, stability,
price, and potential applications in the food, pharmaceutical, and cosmetic industries. In general, a lower
moisture content indicated better quality, as it reduced hygroscopicity and improved storage stability.
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Figure 5. Effect of HCI concentration (a) and immersion time on the moisture of gelatin (b).

The moisture values obtained in this study were comparable to those reported by Esfahani et al.
(2019), who produced gelatin with a moisture content of 4-7%. Both products were of similar grade,
although the method in the present study, extraction and demineralization with HCI, differed from the
complexation approach used in Esfahani et al.”s work. In contrast, Fonseca et al. (2020) reported higher
moisture values of 14-16%, suggesting that the parrotfish gelatin produced here had lower water content
and potentially better quality for manufacturing applications. The optimal extraction conditions not only
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maximized yield but also minimized moisture content. Previous studies suggested that increasing acid
concentration generally reduced gelatin moisture content due to more effective collagen hydrolysis,
which produced smaller, more hydrophobic molecules with lower water-binding capacity (Gumilar et
al., 2024). The combination of optimal HCI concentration (4%) and appropriate immersion time (29.4
h) in this study resulted in gelatin with both high yield and controlled moisture content, meeting the
commercial standard for gelatin, which specifies a maximum moisture content of 16% (National
Standardization Agency, 1995).

The findings from a comparative analysis of the yield and moisture properties of gelatin from
parrotfish scales with those of other gelatins produced using HCI or other acids as demineralization
agents are presented in Table 1. In this study, gelatin yield reached 14.20% under optimal conditions
(4% HCI), which was higher than that obtained from black tilapia scales (11.88%) and tilapia scales
(12.10%), but slightly lower than the yield from spotted golden goatfish scales (15.73%) and bighead
carp scales (19.15%). The higher yields reported in these studies could be attributed to differences in
species-specific collagen structure, acid concentration, extraction temperature, or pretreatment methods.

Table 1. Comparison of gelatin yield and moisture content between this study and previous studies
Solvent for Yield Moisture

Source of gelatin demineralization %) (%) References
Parrot fish scale HCI 4% 14.20 4.00
Spotted golden fish scale  HCI0.75 M 15.73 - (Chuaychan et al., 2017)
Bighead carp scale HCI0.5 M 19.15 13.65 (Tuetal., 2015)
Black talipia scale HCI 3% 11.88 8.20 (Sockalingam & Abdullah, 2015)
Tilapia scale HCI 0.4 M 12.10 - (Martins et al., 2018)
Seabass scale HCI 6.0 M 14.10 - (Cao et al., 2017)

Regarding moisture content, the gelatin from parrotfish scales in this study had a moisture level
of 4.00%, which was lower than the values reported for bighead carp scales (13.65%) and black tilapia
scales (8.20%) (Table 1). Lower moisture content is advantageous as it improves gelatin stability,
reduces hygroscopicity, and extends shelf life. This suggests that the drying step in the present study
was more efficient and contributed to producing a product closer to the moisture specifications
recommended by GMIA and SNI standards (maximum 16%) (Gelatin Manufacturers Institute of
America, 2019; National Standardization Agency, 1995).

3.5. Ash Content

In this study, the optimal gelatin extraction conditions produced an ash content of 0.48%. Ash content
was used as an indicator of product quality and purity, representing the inorganic mineral residue
remaining after combustion of the sample. In gelatin, higher ash content typically indicates a greater
presence of residual organic and mineral components, which can reduce product quality, while lower
ash content suggests higher purity (Nurilmala et al., 2022). The acid soaking process influences ash
content, or demineralization, which is intended to remove mineral components such as calcium, as well
as certain organic matter from parrotfish scales (Al-Kahtani et al., 2017). The ash content obtained in
this study was lower than values reported in several earlier works: 1.06% for gelatin from ganglomo
fish skin (Alemén et al., 2011), 4.02% for gelatin from red snapper skin (Ahmed et al., 2020), and 2.13%
for gelatin from red snapper bones (Bahar et al., 2018). Previous research has shown that the
concentration of HCI significantly affects the efficiency of calcium and mineral removal during
demineralization (El-Bassyouni et al., 2013). This finding aligns with studies reporting that both HCI
concentration and immersion time influence calcium elimination (Figueiredo et al., 2011). The
conditions applied in the present study, 4% HCI concentration and 29.4 hours of immersion, were
determined to be optimal for demineralizing Scarus quoyi scales and met the quality standards
established by SNI and GMIA (Gelatin Manufacturers Institute of America, 2019; National
Standardization Agency, 1995).

3.6. pH

The pH of gelatin was evaluated to determine its acidity level and compliance with standards for human
consumption. In gelatin, pH is closely associated with the type and intensity of acid treatment applied
during the immersion process. Commercial gelatin typically has a pH range of 3.80-5.00. In this study,
pH values of gelatin extracted from parrotfish scales ranged from 3.50 to 4.20 across treatments using
3%-9% HCI and immersion times of 12-48 hours (Figure 6(a) and Figure 6(b)). The lowest pH value
(3.50) was recorded at 9% HCI, while the highest pH value (4.15) was observed under optimal extraction
conditions (4% HCI, 29.4 hours). At both 3% and 6% HCI concentrations, the gelatin pH remained
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within the acceptable commercial range, whereas at 9% HCI, the pH dropped below 3.80, failing to meet

the commercial standard.
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Figure 6. Effect of HCI concentration (a) and immersion time on the pH of gelatin (b).

For comparison, previous studies have reported higher pH values for gelatin from other sources,
such as 6.87 for swim bladder gelatin from sturgeon (Wang et al., 2021) and 5.21 for pigskin gelatin
(Sompie et al., 2015). Other research found pH values in the range of 3-5 for various fish gelatins
(Chakka et al., 2017) and 4.38 for mammalian-derived gelatin (Rafieian et al., 2015). The relatively low
pH observed in the present study may have been due to residual acid remaining in the fish scales despite
repeated washing. Additionally, variations in pH can be influenced by differences in amino acid
composition and extraction methods (Abedinia et al., 2017). The neutralization step during washing
aimed to remove residual HCI. However, insufficient washing could leave traces of acid in the gelatin,
especially within the collagen matrix of the scales. In this study, the higher pH observed at 4% HCI
compared with 9% HCI was likely due to more effective neutralization during processing. Under optimal
conditions, the pH value complied with the GMIA standard for commercial gelatin (Gelatin
Manufacturers Institute of America, 2019).

3.7. Viscosity

The viscosity of gelatin extracted from parrotfish scales ranged from 1.5 to 2.1 cP (Figure 7). Viscosity
reflects the resistance of a liquid to flow and is influenced by both the source of gelatin and the extraction
method, for gelatin, factors such as solvent concentration, temperature, pH, and extraction time
significantly affected viscosity (da Trindade Alfaro et al., 2014). Generally, higher solvent
concentrations produced thicker mixtures, while higher pH values tended to reduce viscosity. This trend
was consistent with the data in Figure 6(a), which showed higher pH values for gelatin extracted at 4%
and 6% HCI concentrations. The presence of hydrogen ions (H") during demineralization also played a
key role in determining viscosity (Zhou & Regenstein, 2004). Intermolecular hydrogen bonding between
the hydroxyl groups of collagen and water molecules restricted water flow, thereby increasing viscosity.
However, viscosity fluctuations were influenced by both extraction time and H* concentration. Increased
values for these variables enhanced collagen hydrolysis and chain fragmentation, increasing the number
of low—molecular-weight (Mw) peptides (da Trindade Alfaro et al., 2014).
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At 9% HCI, viscosity decreased sharply, likely due to excessive hydrolysis, which produced low-
Mw collagen fragments with reduced thickening capacity (Koli et al., 2012). High HCI concentrations
may also have left excess H" in the gelatin, accelerating polymer breakdown. Under optimal extraction
conditions (4% HCI, 29.4 hours), yield was maximized, but the gelatin exhibited a lower Mw, possibly
due to the temperature applied during extraction (Arnesen & Gildberg, 2002). Previous studies have
shown that higher extraction temperatures can reduce the Mw of gelatin (Muyonga et al., 2004). Despite
these variations, the viscosity of gelatin under optimal conditions was 1.78 cP. Temperature control
during extraction should be considered in future studies to maintain desirable viscosity while optimizing
yield.

4. Conclusion

Response Surface Methodology (RSM) was successfully applied to optimize the extraction parameters
for gelatin derived from parrotfish (Scarus quoyi) scales. The optimal conditions, 4% HCI concentration
and 29.4 hours of immersion, produced gelatin with optimal physicochemical properties, including a
yield of 14.5%, moisture content of 4%, ash content of 0.48%, pH of 4.15, and viscosity of 1.78 cP.
FTIR analysis confirmed that the absorption peaks of parrotfish gelatin were comparable to those of
commercial and theoretical gelatin, indicating structural similarity. These results suggest that gelatin
from parrotfish scales is a viable alternative source of halal gelatin, meeting the quality requirements
specified by the National Standardization Agency and Gelatin Manufacturers Institute of America.
Future studies should focus on evaluating the gel strength, amino acid composition, and functional
properties of parrotfish gelatin in various food, pharmaceutical, and industrial applications.
Additionally, scaling up the extraction process and assessing its economic feasibility and environmental
impact would provide valuable insights for potential commercial production.
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