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Abstract: Gelatin is generated from animal collagen that is mainly from mammalian’
bones. The sources of gelatin frequently do not match the halal standard due to
religious considerations. Therefore, fish gelatin has been discovered as an alternative
to mammals’ gelatin. This study aimed to produce gelatin from salmon skin,
determine the yield at different acid concentrations and times, and identify the
properties of the gelatin from salmon skin. The gelatin was extracted from salmon
skin at various hydrochloric acid (HCI) concentrations (0.05M, 0.1M, 0.5M, and
1.0M) and times (6 hours, 18 hours, and 24 hours) followed by water extraction (50°C,
4 hours) and drying (60°C, 24 hours). The yield of the gelatin at 1.0M (6 hours) is the
highest with 38.29%. The possible interactions in the functional group of gelatins
were analyzed via Fourier Transform Infrared Spectroscopy (FTIR). Gelatin treated
at a high concentration for a short length of time yields more gelatin and is thus
appropriate for industrial application.
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1. Introduction

Gelatin is generated from collagen, which is a naturally occurring structural protein found mostly
in animal connective tissues [5]. Collagen is generally found in connective tissues, skin, cartilages,
tendons, and bones [2] [13] [1] [10] [16] from animals which are the pig, bovine (beef or cattle) and
fish.

Types of gelatin obtained from the collagen are dependent on the method of extraction which is
type A (acid hydrolysis) and type B (basic hydrolysis) [7] [15]. These processes could result in the
familiar characteristics of gelatin products that have lower molecular weight, are soluble in cold water,
and do not form gels [11]. Gelatin is generally in powder form that is transparent, colorless, and almost
tasteless. It is widely used in the food, pharmaceutical, and cosmetic industries as a gelling agent [7].

The usage of gelatin has been increased in various industries concerning most people as mostly the
production of gelatins is from mammals which are generally porcine and bovine hide as well as
frequently do not match the standards for halal dishes due to religious considerations. As a result, many
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researchers are growing interested in fish gelatin as an alternative to mammals’ gelatin. In Judaism, fish
products with removable scales that can be removed without harming the skin are permitted, however,
all fish are permitted in Islam [6]. The wasted part of the fish, particularly the skin can be used for
gelatin extraction as it contains four times as much collagen as heads or bones [12]. Treatment that is
favorable for fish collagen by acidic treatment as it has less crosslinking of covalent bonds that lead to
gelatin type A [5]. Based on Al-Nimry et. al., the global output of gelatin from pig skin is regarded as
the largest, accounting for 46% of the total production of gelatin, whereas fish production only accounts
for 1.5% of total production.

Therefore, this study is focused on the extraction of gelatin from Salmon skin, as well as
determining the effect of hydrochloric acid (HCI) on gelatin extraction in terms of gelatin yield,
moisture, and possible functional group interactions in gelatin as well as salmon skin that will benefit
various industries.

2. Materials and Methods
2.1 Materials

The raw material used in this study is salmon skins that were obtained from the fillet industry. The
fish skins were refrigerated at -20°C. The storage limitation is within 2 months to produce better results.
Frozen skins were thawed at room temperature before manually removing the attached flesh and scales.

2.2 Extraction of Gelatin

The fish skins were cleansed by running tap water to eliminate undesirable materials. The skins
were cut into small pieces (2cm X 1cm) in 50 grams. Then, the fish skins were immersed in different
concentrations of hydrochloric acid (HCI) (0.05M, 0.1M, 0.5M, and 1.0M) (1:6 w/v) and times (6 hours,
18 hours, and 24 hours). After that, the skins were washed several times by running tap water before
rinsing with distilled water to achieve pH 7. The final extraction was carried out using distilled water
(1:3 wiv) at 50°C for 4 hours in a water bath. Lastly, the solutions were filtered using Whatman filter
paper No. 4, evaporated, and dried in an oven at 60°C for 24 hours until brittle sheets were formed. The
samples were weighed after each extraction process.

2.3 Yield of Gelatin
The percentage yield of gelatins was calculated based on the wet weight of the skins (Equation 1).

Dry weight of gelatin (g)
% Yield Wet weight of skins (g) 00 1

2.4 Moisture Content

The moisture content of the gelatins was calculated by using Equation 2.

U]

1

% Moisture = x 100 Eq.2

2.5 Fourier Transform Infrared Spectroscopy (FTIR)

The possible functional group interactions in salmon skin and gelatin samples were analyzed using
Perkin Elmer (USA) FTIR spectroscopy. All spectra were recorded at a resolution of 4cm™! with a
range between 4000 — 600 cm™?. The spectra of both skin and gelatins were acquired at 32 scans.

3. Results and Discussion
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The sample at 6 hours with various HCI concentrations (0.05M, 0.1M, 0.5M, and 1.0M) is used in
this section.

3.1 Yield of Gelatin

Figure 1 shows the yield of gelatin produced at different HCI concentrations for 6 hours. Based on
the figure, the chart shows a decrease in yield percentage from sample 0.05M to 0.1M then increased
starting from the sample at 0.5M to 1.0M. The bar chart clearly showing the 1.0M sample (38.29%)
produced the heaviest yield of gelatin compared to samples at 0.05M (13.67%), 0.1M (4.91%), and
0.5M (10.48%). Effective pre-treatment and extraction processes for gelatin influenced the yield of the
gelatin. The higher concentration of HCI, the higher percentage of gelatin produced [9]. The low value
of gelatin yield might be attributed to collagen loss during subsequent processing stages such as
washing, pre-treatment, and extraction [18]. From the result obtained, gelatin extraction at 1.0M HCI
for 24 hours is the most suitable parameter for producing a high yield of gelatin. Previous research
obtained 74% of salmon skin gelatin yield by utilizing the procedure of mincing the skins and water
extraction [12]. The yield from the previous research is double compared to the data obtained from this
study. This may be influenced by the method utilized in extracting the gelatin.
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Figure 1: Yield of gelatin at different HCI concentrations for 6 hours
3.2 Moisture Content

Figure 2 shows the percentage of moisture content in extracted gelatin at various concentrations of
HCI for 6 hours. The gelatin moisture increased from the sample at 0.05M to 0.1M and then decreased
starting from the sample at 0.5M to 1.0M. The bar chart shows the sample at 0.1M (97.69%) obtained
the highest percentage of moisture followed by the sample at 0.5M (95.33%), 1.0M (90.99%), and
0.05M (90.95%). Based on the data obtained, this salmon skin gelatin is not suitable to be utilized in
industries as the Food and Agriculture Organization (FAQ) has set the requirements for the moisture of
the gelatin to not more than 18% [17]. The moisture content was most probably affected by the
contribution of chemical residuals after treatment or interaction with other compounds [8].
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Figure 2: The moisture content in extracted salmon skin gelatin at 6 hours

3.3 Fourier Transform Infrared Spectroscopy (FTIR) Analysis

FTIR had been used on raw Salmon skin and extracted gelatin to determine the functional groups
in them. All spectra were obtained at 32 scans in transmission mode with a resolution of 4 cm™* and a
range of 4000 - 600 cm™?. Figure 3 shows the FTIR spectrum for raw salmon skin. It shows that raw
salmon skin has high intensity of Amide A and Amide | with frequencies of 3278.49 cm™~! and 1637.03

cm™? respectively. The peaks at a frequency of 2924.48 cm™?! and 1548.53 cm™? indicate the low
intensity of raw skins to Amide B and Amide Il respectively.
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Figure 3: FTIR spectra of raw salmon skin
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Figure 4: FTIR spectra on extracted gelatin (0.05M)

Table 1: FTIR spectra locations for extracted gelatin (0.05M)

Regions Wavelengths (cm~1)

6 hours 18 hours 24 hours
Amide A 3246.24 3264.34 3234.02
Amide | 1631.29 1629.59 1630.46
Amide |1 1534.90 1534.94 1536.50
Amide 111 1243.40 1335.35 1336.69

Figure 4 shows the FTIR spectra on extracted gelatin at 0.05M while table 1 shows the summary
of the wavelength value of each region on the graph. The graph shows that gelatin extraction at 18 hours
has the highest intensity of Amide A, Amide I, and Amide Il compared to gelatin extraction at 6 hours
and 24 hours. Those three different times of extracted gelation show similar intensity for Amide III.
The Amide B band that has not been detected by the FTIR might be attributable to collagen loss during
the following processing stages such as washing, pre-treatment, and extraction resulting in the FTIR
being unable to identify the low collagen value in the gelatin sheets. Amide A in these FTIR spectra
was recognized as a hydrogen-bonded hydroxyl group (O-H) [14]. The lower frequency of Amide A
indicates an increase in hydrogen bonding between collagen molecules [14]. The presence of collagen
is indicated by the presence of an Amide B band [18]. Amide B band also shows the asymmetrical and
symmetrical CHa stretch [4]. Amide I (1600cm™? - 1700cm™?) is classified as a secondary structure of
the protein [14] and represents the stretching vibrations of protein C=0 groups [4]. The peaks of Amide
Il correspond to the NH bending vibration coupled with CN stretching [4]. Amide 111 demonstrated the
presence of helical structure [14] as well as correlates to the NH bending associated with CN stretching
[4]. Furthermore, Amide Il1 was clearly shown in fish skin gelatin whereas it was significantly low in
bovine and porcine gelatin [3].

4. Conclusion

In conclusion, this study is focused on the extraction of gelatin from Salmon skin as well as
determining the effect of hydrochloric acid (HCI) on gelatin extraction. The highest yield of gelatin is
at an HCI concentration of 1.0M for 6 hours (38.29%). The results of this study indicate that 1.0M with
6 hours of pre-treatment process is the most suitable for producing a high yield of gelatin from salmon
skin. The moisture of the gelatin decreased as the pre-treatment (HCI concentration and times)
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increased. The properties of the gelatin are determined by Fourier Transform Infrared Spectroscopy
(FTIR). FTIR spectra for extracted gelatin at various HCI concentrations and times showed a similar
pattern. The raw salmon skin contains collagen (Amide B) which makes it a suitable material for gelatin
extraction. The information in this study is useful and could lead to further studies in producing gelatin
from salmon skin that will benefit various industries.
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