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Abstract

Fish skins, particularly those of snakehead fish (Channa striata), mrigal carp (Cirrhinus mrigala), and
salmon (Salmo salar), are of great value as by-products in the fisheries industry, because of their high
organic matter content and further biochemical processing. It examines into the impact of body weight on
the biochemical composition and collagen content of the skins of these three fish species. Both sexes of
fresh fish were classified into small, medium, and large bodyweight categories. Biochemical composition,
amino acid profiling, hydroxyproline content determination, and Energy Dispersive Spectroscopy (EDS)
for each species were used to examine the skin composition for biochemical parameters, amino acid profile,
collagen content, microstructure, and mineral composition. Moisture and ash contents decrease, whereas
lipid content increases with body weight. There were no significant trends in protein composition
concerning body heaviness for any species. Glycine and proline were found to be major amino acids for all
species, and with the analysis for hydroxyproline, all three species presented collagen in the skin. EDS
analysis of minerals in the different species' skins was also distinguished. No significance in collagen
proteins was observed at any of the body weight classes for any species. It highlights the biochemical
composition, mineral content, and amino acid profile of fish skin to ascertain its potential economic value
and further utilization as a by-product.
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Introduction

Fish skin is a physiologically significant structure that serves as a protective barrier; it regulates the water
balance, provides the fish strength, and ultimately impacts the fish's health (Zhang et al., 2023). Fish skin,
which is mostly composed of collagen, proteins, and other biochemicals, serves vital physiological purposes
in several activities, including osmoregulation, wound healing, and structural integrity (Dong et al., 2021). The
evaluation of collagen composition in addition to protein elements within these biochemical substances held
special exploration interest because of their functional aspects and commercial value (Jalili et al., 2021). As
the main structural collagen and protein found in fish skin, collagen provides the necessary elasticity and
strength that make up its composition (Ahn et al., 2021). The characteristics of skin depend completely on the
biochemical contents, which correspond to the total protein composition. The biochemical properties of fish
skin change because of several influencing factors, including species type, natural habitat, dietary intake, and
environmental conditions (Xia et al., 2023). Fish skin biochemical composition was substantially affected by
the fish size. Fish skin contains different amounts of collagen and protein depending on their dimensions
because metabolic transformation, such as connective tissue development, together with protein synthesis,
triggers these changes (Ergenler et al., 2023). The food industry, alongside pharmaceuticals, cosmetics and
biomaterial fields, benefits greatly from the extensive utilization of fish skin, and thus that variability was
crucial for biological and industrial functions (Al-Nimry et al., 2021).

The high functional attributes and biocompatibility together with low allergenic properties relative to
mammalian sources were making fish-derived collagen increasingly sought after by the food and
pharmaceutical industries (Subhan et al., 2021). It was extensively utilized in tissue engineering, anti-aging
treatments, and wound healing. Likewise, gelatin and hydrolysates were produced from Collagen and protein-
rich fish skin and utilized in biomedical and nutritional applications. Knowing how important fish size was
for producing useful biochemical components could assist in maximizing resource usage and improving
processing methods, especially in light of the growing demand for sustainable bioresources worldwide (Tang
et al., 2022). The relationship between fish size and its biochemical composition, specifically the amounts of
collagen and protein, had not been well studied, despite the rising interest in the biochemistry of fish skin
(Muralidharan et al., 2024). An examination of these characteristics across various size groups would provide
important insights into how fish development and maturation phases impact the structural and functional
characteristics of the skin (Tippayadara et al., 2021). It consists of inconsistent extraction yields, a lack of
defined criteria, and restricted scalability for fish collagen used in industry (Gandhi et al., 2024).

The extraction of collagen from marine sources examined yield efficiency, extraction methods of
Acid Soluble Collagen (ASC), Pepsin Soluble Collagen (PSC), and pretreatment strategies by (Oslan et al.,
2022). It has discovered the extracted collagen's biocompatibility, disease-free properties, and absorption
advantages. The structure and content of collagen were also statistically evaluated. Among the drawbacks
were processing challenges and yield unpredictability. Research gaps must be filled to develop the best
pharmaceutical extraction techniques for collagen for use in biomaterials and wound healing (AbdAli &
Maroof, 2022).
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The properties of fish by-product collagen and proteins in skincare formulations on oxidative stress,
inflammation, Deoxyribonucleic Acid (DNA) damage, melanin formation, hydration, and skin matrix
integrity have been assessed in a number of investigations by (Liu et al., 2024). Analysis of data and biological
testing were the techniques employed. Variability and extraction efficiency were among the limitations. The
shortcomings in the optimization of fish-derived proteins for use in cosmetic and biological applications will
be highlighted. Kameshwar Sharma et al., (2024) investigated the extraction processes, biochemical
characteristics, and uses of fish proteins, particularly collagen, in food, faces, and biomedicine. The outcomes
indicate that collagen increases skin production, enhances hydration, and lowers oxidative stress. The
extraction efficiency and compositional diversity were the drawbacks, though. Even with widespread use,
improving collagen recovery remains difficult; it was required to develop sustainable processing methods
(Przulj et al., 2022).

Fish collagen concentrates on its usefulness in food, medicine, pharmaceutics, and cosmetics by
(Rajabimashhadi et al., 2023). Compared to mammalian collagen, fish collagen has advantages, such as
reduced zoonatic risk, cultural acceptability, and cost-effectiveness. Currently, fish waste is being processed,
valued, and characterized to recover collagen. The low processing efficiency and economic viability of
collagen continue to pose challenges to its sustainable recovery and commercial utilization. Such issues were
intended to be addressed to produce collagen sustainably. Using a flow injection technique created on HYP
oxidation with permanganate, the method proposed by (Melo et al., 2023) here measures the amount of
hydroxyproline in fish skin collagen, producing a dynamic range, a limit of detection, and a limit of
guantification. The methodology offered advantages over traditional methods, including more accurate,
faster, and simpler. When that method's reproducibility was examined, the Relative Standard Deviation (RSD)
was less than 1%. When assessing the nutritional content of fish collagen, the method was crucial, since it
takes into account whether employing fish skin instead of mammalian sources was feasible.

The techniques of extracting gelatin from sea perch, grass carp, and tilapia utilizing heat, acid, pepsin,
dry salting, and wet salting were contrasted. Yu etal., (2023) discovered that gelatin's structural and functional
characteristics varied, with heat-treated gelatin showing the strongest gel and greater viscosity and antioxidant
capacity for both dry and wet salting. According to interaction, the kinds of collagen and its constituents,
including metallopeptidase and decorin, affected the characteristics of gelatin. To advance gelatin synthetic
biology, the research highlights the need for specialized gelatin synthesis techniques as well as more
investigation into component interactions. Gaikwad & Kim (2024) discussed several techniques for extracting
collagen from fish, including deep eutectic solvent, ultrasonography, and enzyme-soluble, acid-soluble, and
supercritical fluid extraction. For optimal yield, it assesses the solvent's concentration, temperature, and time.
Applications of fish collagen in food, medicine, and cosmetics were reviewed. A problem statement highlights
the need for more effective extraction methods and wider applications while also representing gaps in the
existing literature.

The impact of fish weight on the protein profile, collagen content, and biochemical composition of
the skins of salmon, mrigal carp, and snakehead species.

Materials and Methods

To assess the size-dependent biochemical characteristics of fish skin, which are thoroughly described in this
section, with particular focus given to elements, like collagen and protein content. The techniques listed below
as intended to help achieve accuracy and repeatability in biochemical analysis. Figure 1 depicts the overall
flow for the Size-Dependent Biochemical Properties of Fish Skin.
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Figure 1. Overall Flow for Size-Dependent Biochemical Properties of Fish Skin
Raw Material Processing

To assess the effects of body weight on the collagen contents, protein profile, and biochemical composition of
the skin of salmon (Salmo salar), snakehead fish (Channa striata), and mrigal carp (Cirhinus mrigala). The
local fish markets provided fresh samples of both male and female fish. Weighing and measuring each fish
allowed to identify, which size group it belonged to: small size (SS): 200-400 g; 20-30 cm, medium size (MS):
600-800 g; 35-40 cm, and big size (BS): 1000-1500 g; 45-55 cm. Using dissection, the fish's scales, head,
fins, viscera, flesh, and bones were extracted. Fish skins were gathered, cleansed, and sanitized before being
placed in polyethylene plastic bags for additional processing. The approximate makeup of each species and
size group's skin samples was ascertained. Skin samples were sliced into smaller pieces (about 2 x 2 cm) for
mineral profiles, collagen content, and amino acid analysis. Next, the samples were freeze-dried in a freeze-
dryer, for approximately 72 hours until completely dry. The dehydrated skin was ground into a tiny powder,
placed in an airtight jar, and stored at <4°C to undergo additional biochemical analysis.
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Proximate Analysis

The biochemical composition of fish skin samples using proximate analysis to determine whether body weight
affects the quantity of moisture, protein, lipids, and ash in the skin samples. A broad range of methods and
approaches known as "proximate analysis" are used to describe the fundamental compositional components of
a substance, such as its water, protein, fat, ash, and carbohydrate content. The nutritional, chemical, or other
types of composition should be shown by such compositional data. To comprehend how the nutritional and
useful features of the skin of salmon, mrigal carp, and snakehead fish vary when the body weight categories
alter, examines these components.

Moisture content - Analysis of dried skin helps researchers discover the amount of moisture content to
determine how hydration levels change with body weight.

Ash Content - Laboratory scientists measure mineral accumulation and its size relationship by burning
completely dried test samples.

Protein Content - It employs the Kjeldahl technique to measure protein content exclusively through
collagen analysis for size-related changes.

Lipid content - Analysis by extraction through Soxhlet demonstrated lipids impact fish size on skin
durability together with its external texture. The findings became clearer regarding how fish skin protein and
collagen content relate to bodyweight because this information holds value for multiple industrial sectors.

Amino Acid Profiling

A protein examination will take place on the skin materials obtained from snakehead salmon and Mrigal carp
lineages. Sample protein analysis through this approach involves identifying as well as quantifying all amino
acids present within the sample. The analysis would help to determine how skin protein content, especially
collagen, responds to fish weight changes in different species. The measurement of fish skin qualities about
size variations and biochemical effects dependent on weight variations required this analysis.

Preparing the Sample - To subject fish skin to 6M hydrochloric acid (HCI) hydrolysis at 110°C for 24
hours to generate amino acids from proteins. Filtered and neutralized the hydrolysate.

Analysis of Amino Acids - A method was established using High-Performance Liquid Chromatography
(HPLC) to measure specific amino acids, including proline, hydroxyproline, and glycine, because these acids
relate to collagen content. The HPLC system operated with an amino acid analysis column paired with an
ultraviolet (UV) detector.

Recognition and Measurement - Standard measures served to establish the length of time each amino
acid stayed on the column for identification. The measurement system evaluated the amino acids through their
chromatogram curve areas. The technique enabled the examination of how fish weight influences collagen
content together with protein profiles in salmon skin and skin specimens from mrigal carp and snakehead fish
species according to their dimensional variations.

Hydroxyproline Content Determination - The determination of hydroxyproline provides essential
information to understand the connection between weight and collagen content found in salmon, mrigal carp,
and snakehead species skins. The biochemical hydroxyproline content determination identifies and counts
hydroxyproline amino acids, which specifically appear in collagen. Hydroxyproline functions as a vital building
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block of collagen: therefore, its measurement implies tissue collagen content. The assessments of body weight
effects on collagen composition help determine the possible profitability of fish skin in commercial fishing
operations.

Collection Gathering - The analysis of amino acids in fish skin samples required hydrolysis using the
earlier described process.

Hydroxyproline Testing - A partial hydrolysate received Chloramine-T and p- dimethylamino
benzaldehyde (DMAB) chemicals that initiated an oxidation-reduction reaction alongside a spectrophotometer
read at a 550 nm wavelength. A spectrophotometer at wavelength 550 nm enabled the lab to produce pink-
colored complexes from reaction conditions. The hydroxyproline concentration can be measured through a
standard curve comparison with previously made hydroxyproline standards. The experimental method allowed
us to assess the fish skin collagen content while studying body-weight-influenced collagen concentrations in
salmon, mrigal carp and snakehead.

Energy Dispersive Spectroscopy (EDS)

The skins of salmon, mrigal carp, and shakehead fish were subjected to mineral analysis using EDS in the
present investigation. The analysis through Energy Dispersive Spectroscopy (EDS) depends on the detection
of X-rays from the sample after the electron beam exposure. Analysis of both materials composition and
chemical information relies on this method. It examined the relation between fish body size and skin mineral
arrangement using EDS as the investigation tool. The findings will reveal essential features of fish skin
composition and its applicable usage as a byproduct.

Extensive Planning - To prepare fish skin slices through drying followed by gold coat for electron
microscope visualization.

Microstructural Description - The samples were inspected using an EDS detector and a scanning
electron microscope (SEM). In addition to shedding light on the microstructure of the fish skin, it assisted in
identifying minerals like calcium, phosphorus, and magnesium that were present.

Quantification of Elements - Data about minerals helped identify differences in the sizing variations of
fish skin mineral content and elemental structure through EDS spectrum analysis. It focused on protein profiles,
collagen content, and biochemical fish composition, confirming that fish skin minerals show size-related
variations as the main finding of this exploration.

Data analysis

Measurements of fish weight and biochemical content derived from skin samples of salmon, snakehead fish,
and mrigal carp would be included in the data analysis using SPSS Version 26. It would conduct a proximate
analysis on small, medium, and large samples to generate percentage results of moisture, proteins, lipids, and
ashes through a one-way ANOVA data collection process. The relationship between fish body weight changes
and particular biochemical indicators was analyzed through linear regression. The test results with P-values
under 0.05 confirmed changes in fish skin protein profiles along with collagen levels and mineral content about
size variations.
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Results & Discussion

The biochemical analysis of fish skin properties depended significantly on the test specimen size. Results from
the ANOVA analysis established that body weights among groups brought forth dissimilar ash, fat, and
moisture percentages in the fish specimens. Linear regression analysis confirmed the evaluation of biochemical
variability through its identification of weight-related variations in collagen levels, protein profiles, and
mineral composition of fishes.

Influence of Fish Weight on Biochemical Characteristics

The ANOVA test results about fish weight contributing to snakehead fish (Channa striata), Mrigal carp
(Cirrhinus mrigala), and salmon (Salmo salar) skin biochemical compositions appear in Table 1. Several
biochemical components found in fish skin are influenced by body weight. According to the analysis, larger
fish collect more fat (P < 0.05), since their lipid content increases and their moisture content falls
proportionately with their size. It has been shown that the fish's body weight has no effect on its protein content
(P > 0.05). As fish bodies get bigger, the amount of minerals reduces, which lowers the amount of ash. Since
fish weight influences water content, total lipids, and minerals while maintaining a constant protein
composition, it suggests that skin biomass influences biochemical components. It demonstrates that larger fish
have higher lipid accumulation, which improves their capacity to produce collagen and protein; however, this
has an impact on collagen's use in both cosmetic and industrial settings.

Table 1. Inspection of ANOVA for Snakehead fish (Channa striata), Mrigal carp (Cirrhinus mrigala) and
Salmon (Salmo salar)

Factors | SS | MS | BS | P-value | Interpretation
Snakehead fish (Channa striata)
Moisture | 77.85+0.52 | 76.06 +0.19 | 74.33+0.15 | 0.022 Significant
Protein | 16.37+£0.60 | 17.49+1.65 | 18.49+0.59 | 0.255 | Not Significant
Lipid 0.67+0.17 | 3.32+053 | 299+042 | 0.004 Significant
Ash 0.60+0.09 | 0.22+0.05 | 0.20+0.09 | 0.013 Significant
Mrigal carp (Cirrhinus mrigala)
Moisture | 77.85+0.52 | 76.06 +0.19 | 74.33+0.15 | 0.041 Significant
Protein | 16.37£0.60 | 17.49+1.65 | 18.49+£0.59 | 0.132 | Not Significant
Lipid 0.67+0.17 | 3.32+053 | 299+0.42 | 0.009 Significant
Ash 0.60+0.09 | 0.22+0.05 | 0.20+0.09 | 0.022 Significant
Salmon (Salmo salar)
Moisture | 77.85+0.52 | 76.06 +0.19 | 74.33+0.15 | 0.027 Significant
Protein | 16.37£0.60 | 17.49+1.65 | 18.49+£0.59 | 0.189 | Not Significant
Lipid 0.67+0.17 | 3.32+053 | 299+0.42 | 0.002 Significant
Ash 0.60+0.09 | 0.22+0.05 | 0.20+0.09 | 0.011 Significant

Impact of Fish Weight on Biochemical Composition of Fish Skin

To assess how fish weight affects the skin's biochemical makeup with linear regression analysis, particularly
in terms of moisture, protein, lipid, and ash content, as shown in Table 2. The results indicate a strongly
negative association between body weight and moisture content, implying that a fish grows larger, its skin
becomes drier. There was no discernible difference in protein content between weight groups. Larger fish had
more lipid content in their skins because there was a positive correlation between lipid content and body
weight. Significantly, the ash concentration decreased with increasing body weight, suggesting that the mineral
composition would composition diminished as the fish’s weight increased.
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Table 2. Linear Regression Evaluation of the Effect of Fish Weight on the Biochemical Make-Up of Fish Skin

Dependent Variable | Fish Species | Intercept (Bo) | Body Weight (f.) | R Value
Moisture Content Snakehead Fish | 75.50 £ 0.22 -0.25+£0.05 0.78
Mrigal Carp 76.00 £ 0.30 -0.20 £ 0.04 0.72
Salmon 75.80 £ 0.25 -0.22 £ 0.06 0.74
Protein Content Snakehead Fish | 16.10 + 0.60 0.02+0.01 0.65
Mrigal Carp 16.50 + 0.55 0.03+0.02 0.6
Salmon 16.30 £ 0.58 0.01+£0.01 0.62
Lipid Content Snakehead Fish | 0.85+0.20 0.10+0.03 0.7
Mrigal Carp 0.80+0.18 0.09 +0.02 0.68
Salmon 0.82+0.19 0.11+0.03 0.71
Ash Content Snakehead Fish | 0.45+0.05 -0.10 £ 0.03 0.55
Mrigal Carp 0.50 £ 0.06 -0.09 £ 0.02 0.53
Salmon 0.48 £0.05 -0.11 £ 0.03 0.57

To examine the various ways that the weight of the fish influences the collagen content, protein
profile, and biochemical composition of the skins of (a) snakehead fish (Channa striata), (b) mrigal carp
(Cirrhinus mrigala), and (c) salmon (Salmo salar), as shown in Figure 2. To ascertain the variation in
necessary and unnecessary amino acids, the amino acid profiles of people with small, medium, and big body
weights were obtained. Glycine and proline were the amino acids that predominated in all species,
demonstrating their significance in the formation of collagen. A constant protein composition was shown by
the lack of variation in amino acid concentrations between weight groups. These findings show that fish skin

has the potential to be a useful protein source.
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Figure 2. Amino Acid Content in Fish Skin at Various Body Weights (a) snakehead fish (Channa
striata), (b) mrigal carp (Cirrhinus mrigala), and (c) salmon (Salmo salar)

The impact of body weight on the mineral profiles of (a) snakehead fish (Channa striata), (b) mrigal
carp (Cirrhinus mrigala), and (c) salmon (Salmo salar), fish biochemical makeup, and possible applications
are directly impacted by the mineral concentration of fish skin as shown in Figure 3. The outcomes presented
that higher body weight was allied with higher measures of calcium, phosphorus, and potassium essential
elements that give skin strength and maintain collagen integrity. Additionally, iron and zinc levels rise with
body weight, improving skin function. Gaining knowledge of these mineral differences might help maximize
the nutritional and economic worth of fish skin by optimizing its use in food, medicine, and biomaterials.
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Figure 3. Size-Related Differences in Fish Skin Mineral Content (a) snakehead fish (Channa striata), (b) mrigal
carp (Cirrhinus mrigala), (c) salmon (Salmo salar)

Discussion

Research weight affects the collagen content, protein profile, and biochemical composition of the skins of
salmon, mrigal carp, and snakehead species. Particularly in the level of moisture, fat, and ash, differences in the
size-dependent nature were observed. There were no differences in collagen and protein content among body
weights. While hydroxyproline analysis verified the existence of collagen, the amino acid profile verified the
prevalence of proline and glycine. However, there was no discernible difference in the amount of collagen
protein across the various weight groups. Its sample size and concentration on only three fish species are among
its shortcomings, even though it offers valuable insights into the biochemical composition of fish skin. This
provides a thorough analysis of the resulting potential for the economic value recovery of fish skins across
several industrial areas. The size-dependent biochemical changes of the skin have been effectively predicted.

Conclusion

The important information about the size-dependent biochemical properties of snakehead fish, salmon, and
mrigal carp skins is provided. Collagen and protein content is thought to be almost constant throughout size
groups, but moisture, lipid, and ash levels vary considerably depending on body weight. The outcomes of the
amino acid profile revealed that proline and glycine are the most often found amino acids; the presence of
collagen was indicated by hydroxyproline. Each species has distinct mineral compositions, according to EDS
analysis. The amount of collagen in each size group was comparable, despite variations in the biochemical
components. It is constrained by the use of a small number of species and size categories. This might not include
every possible variation in the characteristics of fish skin. With further biochemical analysis, many more species

can be included in future research. The economic possibilities and applications of fish skin as a sustainable by-
product might also be included.
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