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ABSTRACT

Half-smooth tongue sole is a popular warm-water fish, and its skin may be
an available resource for gelatin extraction. Response surface method was
used to optimize the extraction of gelatin from the fish skin. The most
suitable conditions for maximum gelatin yield (24.2%) were pretreatment
with 1.9 g/L NaOH, followed by hot water extraction at 63.54ºC for 4.81
h. The obtained gelatin had a high imino acid content (185 residues/1,000
residues), with a high content of crude protein and low levels of ash, fat,
and moisture. The predominant sodium dodecyl sulfate–polyacrylamide gel
electrophoresis bands revealed that the gelatin contained low-molecularweight peptides, α-, β-, and γ chains. As compared with bovine gelatin, the
fish skin gelatin solution had lower values of strength and clarity and higher
levels of L* and viscosity. Additionally, Fourier-transform infrared spectra
showed that gel from the gelatin had four amide bands (amide A, amide I,
amide II, and amide III) similar to commercial gelatin. The results suggest
that half-smooth tongue sole skin could be a promising source of gelatin in
view of the comparability between its gelatin and commercial gelatin in
physicochemical properties.

KEYWORDS

Fish skin; half-smooth
tongue sole; gelatin;
physicochemical properties

Introduction
Gelatin is well known as the heterogeneous mixture of water-soluble fibrous protein obtained by
partially hydrolyzing collagen. There are many fields, such as film, cosmetic, biomaterial materials,
and pharmacy industries, in which gelatin is widely used on the basis of its important multiple
functional properties, including amphoteric nature, biodegradation, and non-immunogenicity
(Jamilah and Harvinder, 2002). Due to the technological ability to enhance the elasticity, consistency,
and stability of food products (Hoque et al., 2010), gelatin is also broadly applied in food industries
for encapsulation, hard and soft capsule production, and edible film formation. Presently, the
traditional sources of commercial gelatin (CG) are mainly skin/skeleton of bovine/porcine.
However, the emergence of some food safety problems has resulted in the increasing fear of
mammalian gelatin, including bovine spongiform encephalopathy and the foot-and-mouth disease
crisis. Additionally, consumption of gelatin from porcine/bovine origins is strictly banned in
Muslim, Jew, and Hindu countries due to religious restrictions (Liu et al., 2015). Therefore,
increasing consideration has been paid to alternative natural sources for gelatin production. In
recent years, fish skin has attracted much attention in gelatin extraction in view of its abundant
nourishment and the utilization of by-products from fish processing.
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Half-smooth tongue sole (Cynoglossus semilaevis Gunther, TS), called sole or “tama” in
China, belongs to the order Pleuronectiformes and is a member of the Cynoglossidae family.
According to the China Society of Fisheries, China’s yearly yield of TS was approximately
13,000 tons in 2017. TS has become one of the main farm-raised and popularly consumed fish
species in Asia. It is believed that gelatin from warm-water fish species has a higher level of
imino acids, which contribute to better physical and functional properties, such as gel strength,
viscosity, and melting temperature, more similar to beef and pork compared with that of fish
living in cold water (Ninan et al., 2014). Consequently, TS skin (TSS) would seem to be an
especially promising source of raw materials for gelatin production because TS is a warm-water
fish and normally farmed in 23–25ºC. Unfortunately, TSS is not regarded as a CG source, and
the waste skins in TS processing are discarded. Until now, TSS has not been systematically
investigated as a raw material for gelatin processing except in a few studies. For example,
gelatin from the skin of dover sole, which is in the same family as TS, has been verified to
present a better gelling ability and thermostability (Gomez-Guillen et al., 2005), as well as
physicochemical functional properties (Gimenez et al., 2009). Further, Gomez-Estaca et al.
(2009) researched the antioxidant properties of edible sole gelatin incorporated with antioxidant borage extract.
In addition to fish species and type of collagen, the gelatin production conditions, like extraction
temperature, time, pH, and extraction solvent content, were considered to affect the yield and the
functional properties of gelatin (Jakhar et al., 2014). However, to the best of our knowledge, there is
no literature on the extraction and characteristics of gelatin from TSS. Therefore, the objective of this
study was to establish the optimal processing conditions for the yield of gelatin from TSS using
response surface methodology (RSM) and to evaluate the physicochemical properties, including
color, clarity, strength, and viscosity, of TSS gelatin (TSSG). Moreover, amino acid composition,
molecular weight (MW) distribution, and Fourier-transform infrared (FTIR) characteristics of the
obtained gelatin were also verified. These results could provide a better understanding of TSSG and
a basis for its potential applications in the pharmacological and food industries.

Materials and methods
Raw material preparation
Live cultured TS was bought from Haifazhenpin Industry Development Co. Ltd. (Tianjin, China).
The skins were collected after the removal of bones and scales, washed with tap water three times,
and cut into small pieces (1 × 1 cm2). The cleaned skin samples (100 g) were drawn, vacuum-packed,
and stored at −20ºC until further use.

Extraction of gelatin from TS skin
The gelatin was extracted according to the method described by Nikoo et al. (2013). Briefly,
the skin samples were soaked in sodium hydroxide (NaOH) solution (1: 6 w/v of a skin/
solution ratio) at designated concentrations (1–2 g/L) at 8ºC for 2 h in a 200 rpm shaking
incubator. Then, the alkaline-pretreated samples were successively soaked with 0.2% sulphuric
acid for 40 min and 0.7% citric acid for 40 min. After soaking treatment, the skin was rinsed
with running tap water until a neutral pH of the water was reached. Then, the skin samples
were defatted using n-butanol with a solid/solvent ratio of 1:10 (w/v) for 24 h at 4°C. For hotwater extraction, the gelatin was extracted from the swollen fish skin in distilled water at the
designated temperature and time with a skin/water ratio of 1:5 (w/v). The obtained extract was
filtered with two layers of cheesecloth. The filtrate was centrifuged and dried using a freeze
dryer (YB-FD-1, Yibei Inc., Shanghai, China). Then, the dried matter was powdered, weighed,
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and stored at room temperature until further analysis. The gelatin yield was calculated using
the following equation:
Yield ð%Þ ¼

Dry weight of gelatin
 100:
Wet weight of skin

Experiment design
A Box–Behnken design (BBD) with a quadratic model was used to optimize the experimental
conditions for processing gelatin from TS. The experimental design is shown in Table 1. The
three independent variables were the concentration of NaOH, extraction time, and extraction
temperature. Gelatin yield was chosen as the response variable. Each of the independent variables
was coded to three levels of 1, 0, and +1. A total of 17 experimental runs with five center points were
carried out randomly in accordance with BBD configuration.

Chemical analysis
The fat and moisture content of all samples was determined according to AOAC methods (2006).
The ash content was calculated gravimetrically from the weight loss after the samples were incinerated with a muffle furnace at 550ºC for 24 h. The crude protein content was measured according to
the Kjeldahl method, and a nitrogen conversion factor of 5.4 was used for converting the nitrogen
value into protein.

Amino acid composition
Each 5 mg dry gelatin was dissolved in 5 mL of 6 N HCl and hydrolyzed for 22 h at 110ºC. Then, the
samples were dried and dissolved in 0.2 M citric acid buffer (pH 2.2). An aliquot of 0.4 mL was
analyzed by an amino acid autoanalyzer (L-8900, Hitachi, Tokyo, Japan) equipped with a sulfonic
acid type cation resin column (60 mm × 4.6 mm i.d.; column temperature, 39.0ºC) and a visible light
spectrophotometer detector (wavelength: 570 nm).
Table 1. Responses of dependent variables for extraction of half-smooth tongue sole skin gelatin to independent variables.
Std
12
13
4
10
3
7
2
14
17
5
15
1
16
6
9
11
8

Run
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

NaOH

Temperature

Time

A (g/L)
0 (1.5)
0
1 (2.0)
0
−1 (1.0)
−1
1
0
0
−1
0
−1
0
1
0
0
1

B (℃)
1 (80)
0 (60)
1
1
1
0
−1 (40)
0
0
0
0
−1
0
0
−1
−1
0

C (h)
1 (8.0)
0 (4.5)
0
−1 (1.0)
0
1
0
0
0
−1
0
0
0
−1
−1
1
1

Yield (%)
Exp
21.1
26.5
20.8
19.8
18.2
17.2
18.6
26.2
26.4
15.6
26.3
14.8
26.6
18.9
16.1
17.7
20.3

Pre
20.9
26.4
21.0
19.6
18.4
17.2
18.4
26.4
26.4
15.6
26.4
14.6
26.4
18.9
16.3
17.9
20.3
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Color and clarity
TSSG solution (6.67%, w/v) was prepared by dissolving 7.5 g gelatin to 105 mL distilled water in
Bloom strength standard jars. TSSG solution (6.67% w/v) prepared as mentioned above was used to
determine the instrumental color of samples using a colorimeter (Color Flex, Reston, VA, USA),
including lightness/brightness (L*), redness/greenness (a*), and yellowness/blueness (b*). A white
standard was used to calibrate the colorimeter. The clarity of the above gelatin solution was
measured at 360 nm with a spectrophotometer (Shimadzu UV-1800, Kyoto, Japan) and expressed
by transmittance (%T).

Gel strength and viscosity
The strength of TSSG was measured using the method of Kittiphattanabawon et al. (2010). Briefly,
the TSSG solution (6.67%, w/v) prepared as mentioned above was allowed to hydrate for 1 h at 25ºC,
followed by incubation at 60ºC with occasional stirring to dissolve completely. The mixture was
cooled for 30 min at room temperature (25 ± 2ºC) prior to being gelled at 4ºC for 18 h in
a refrigerator. Gel strength was measured by a texture analyzer (Universal TA, Tengba Co.,
Shanghai, China) with a P/0.5R flat-faced plunger and represented by the maximum force (g)
when the penetration depth into the prepared gels reached 4 mm at a rate of 1 mm/s.
Gelatin solution with a concentration of 3.3% protein (Bovine serum albumin, BSA equivalent)
was prepared by mixing dry gelatin powder in distilled water. The viscosity of the gelatin solution at
60°C was evaluated using a viscometer (IVS600-2, ZONWON Co., Hangzhou, China). The efflux
time was recorded and calculated as the viscosity in terms of centipoise (cP).

FTIR spectroscopic analysis
For FTIR analysis, the press pallet was prepared by mixing 0.1 g lyophilized sample with approximately 100 g spectrum grade potassium bromide (KBr) for 30 s under dry conditions. All FTIR
absorption spectra were recorded between 4,000 and 600 cm−1 by an FTIR spectrophotometer
(Bruker, Ettlingen, Germany). The signals in 32 scans at a resolution of 4 cm−1 and a gain of 1.0
were automatically obtained and ratioed against a background spectrum collected from the KBr
alone at room temperature. The amplitude of peak wavelength was normalized for quantitative
comparisons using OPUS 3.0 software.

Molecular weight distribution
The MW distribution of gelatin samples was measured using sodium dodecyl sulfate–polyacrylamide
gel electrophoresis (SDS-PAGE) following the method of Laemmli (1970) with some modification.
Dried gelatin samples were dissolved in 5% SDS solution and heat-denaturalized in boiling water for
1 min, followed by centrifugation at 3,500×g for 2 min. The supernatants (5 μL; 10 μg protein) were
mixed in loading buffer (0.5 M tris-HCl, pH 6.8, containing 5% SDS and 20% glycerol) at 1:1 (v/v)
ratio and further analyzed in a polyacrylamide gel containing 7.5% separating gel and 4% stacking
gel. After electrophoresis at 25 mA/gel for 1 h, the gel was stained with 0.05% (w/v) Coomassie
brilliant Blue R-250 (Bio-Rad, Richmond, CA, USA) in 30% methanol and 10% acetic acid (v/v) and
then destained with 30% methanol and 10% acetic acid (v/v). A standard kit (Sigma, St. Louis, MO,
USA) with an MW ranging from 10 to 250 kDa was used as a protein marker for the determination
of the approximate MWs of the gelatin samples, and a commercial bovine gelatin was employed as
standard gelatin.
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Results and discussion
Optimization of gelatin extraction
The main effect and the interactions of independent variables on the response value were studied by
a BBD. The estimated coefficients of the fitted quadratic polynomial equation for the response are
shown in Table 2. The equation in terms of coded factors is shown below:
Y ¼ 26:4 þ 1:6A þ 1:59B þ 0:74C  4:49A2  3:81B2  3:91C2  0:3AB
where Y is the yield of gelatin (%), A is the concentration of NaOH (g/L), B is the extraction
temperature (ºC), and C is the extraction time (h). Table 2 shows that the linear (A, B, C), square
(A2, B2, C2), and interaction (AB) terms were accepted because of their significant values (p < 0.05).
Figure 1d depicts the plot of actual values versus predicted values for the estimated models. The
actual points cluster around the diagonal line reveals that the experimental values fit well with the
predicted values. This result illustrates the appropriateness of the obtained predicted model in
optimizing the conditions for the maximum response.

3D response surface plots
The response surface plots graphically depicted the sensitivity of the gelatin yield towards the
changes in the independent variables. In this study, Figure 1a-c shows the similar interactive effects
of two independent variables on the gelatin yield. Namely, an increase in extraction time from 1 to 5
h, concentration of NaOH 1–1.6 g/L, and extraction temperature 40–64°C resulted in an increase in
the gelatin yield. In the process of extracting the gelatin from collagen, thermal treatment is used as
a general procedure to convert the helical conformation of collagen into the coiled conformation of
gelatin via cleaving hydrogen and covalent bonds in the triple helix structure of collagen.
Furthermore, the increase of the extraction time and temperature could break collagen molecules
into chains like α, β, and high MW compounds, and as a consequence of which, the gelatin yield was
enhanced. When the time and temperature surpassed 5 h and 64°C, respectively, α and β chains
would be degraded into low weight molecules that would be leached away during different processing steps (Cho et al., 2004). Hence, the gelatin yield gradually decreased.

Table 2. Variance analysis (ANOVA) and estimated coefficients of the fitted quadratic polynomial equation for the response of the
dependent variable (Y, %).
95% CI
Source
Model
A
B
C
AB
AC
BC
A2
B2
C2
Lack of fit

Sum of
squares
280.40
20.48
20.16
4.35
0.36
<0.01
0.022
84.79
61.20
64.45
0.28

DF
9
1
1
1
1
1
1
1
1
1
3

Pure error
Cor total

0.10
280.78

4
16

Mean
square
31.16
20.48
20.16
4.35
0.36
<0.01
0.022
84.79
61.20
64.45
0.094
0.025

F -value
570.17
374.80
368.96
79.63
6.59
0.18
0.41
1,551.71
1,120.01
1,179.54
3.77

p-Value
<0.0001
<0.0001
<0.0001
<0.0001
0.0372
0.6817
0.5415
<0.0001
<0.0001
<0.0001
0.1164

Significant
Significant
Significant
Significant
Significant
Significant
Significant
Significant
Not
significant

Parameter
estimate

Standard
error

1.60
1.59
0.74
−0.30
−0.05
−0.075
−4.49
−3.81
−3.91

0.083
0.083
0.083
0.12
0.12
0.12
0.11
0.11
0.11

Low
1.40
1.39
0.54
−0.58
−0.33
−0.35
−4.76
−4.08
−4.18

High
1.80
1.78
0.93
−0.024
0.23
0.20
−4.22
−3.54
−3.64
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Figure 1. Response surface plots for extracting half-smooth tongue sole gelatin: (a) extraction temperature and content of NaOH,
(b) extraction time and extraction temperature, (c) extraction time and content of NaOH, (d) actual versus predicted values
obtained from estimated model.

Conditions for optimum response
Desirability profile was employed to establish the optimal conditions. The independent variables
were set in arranged ranges, while the dependent variable was fixed at maximum. The optimum
solution for the gelatin preparation was concentration of NaOH (1.90 g/L, A), extraction temperature 63.54ºC (B), and extraction time 4.81 h (C). Three replicates of gelatin preparation were
conducted using the optimal parameters to verify the model equation. The actual value of gelatin
yield was 24.2%, which was in agreement with the predicted value of gelatin yield (24.7%). This
result demonstrates that the model equation is reasonable.

Proximate compositions of TS skin and its gelatin
The proximate composition is given in Table 3. The results indicate that the chemical composition of
the raw skin was 32.61 ± 0.39 g/100 g crude protein, 62.75 ± 0.74 g/100 g moisture, 2.66 ± 0.08 g/100
g fat, and 1.42 ± 0.07 g/100 g ash. TSSG contained protein 89.76 ± 0.61 g/100 g, moisture 7.52 ± 0.07
g/100 g, fat 0.81 ± 0.03 g/100 g, and ash 1.37 ± 0.03 g/100 g. Summarily, the low contents of moisture
as well as fat in the gelatin suggested the efficient removal of water and fat from TSS. The high
protein content of the raw material represents the higher possibility of obtaining the maximum yield
of gelatin expected (Muyonga et al., 2004). Furthermore, gelatin with the maximum moisture
content of 15% and a maximum ash content of 2.6% is normally acceptable for edible applications
(Da Silva et al., 2017).
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Table 3. Proximate composition and characterization of half-smooth tongue sole skin gelatin and a commercial gelatin.
Protein (g/100 g)
Fat (g/100 g)
Moisture (g/100 g)
Ash (g/100 g)
Gel strength (g)
Viscosity (cP)
Color
L*
a*
b*
Clarity
Amino acid (residues/1,000 residues)
Hydroxy proline
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine

TS skin
32.61 ± 0.39
2.66 ± 0.08
62.75 ± 0.74
1.42 ± 0.07

TS skin gelatin
89.76 ± 0.61
0.81 ± 0.03
7.52 ± 0.07
1.37 ± 0.03
221.67 ± 4.26a
5.51 ± 0.20a
Pearly white
88.58 ± 0.25a
1.79 ± 0.17a
11.43 ± 0.08a
60.64 ± 0.12a

Commercial gelatin

287.33 ± 3.75b
4.48 ± 0.19b
Slight yellow
78.76 ± 0.2b
2.24 ± 0.05a
21.66 ± 0.04b
85.49 ± 0.20b

53
48
23
31
69
132
357
138
9
14
11
15
7
12
24
5
36

Values are expressed as mean ± standard error (n = 3). Different superscript letters within the same row indicate significant
differences (p < 0.05)

Amino acid composition
As shown in Table 3, the amino acid composition of TSSG was presented as residues/1,000 residues.
TSSG samples were rich in glycine, alanine, and proline. Glycine was the most dominate amino acid,
accounting for approximately 357 residues/1,000 residues, around one-third of total amino acid.
Glycine is believed to stabilize collagen super-helix structures by binding with carbonyl oxygen in the
neighboring chains through inter-chain hydrogen (Arnesen and Gildberg, 2002). In addition to
glycine, imino acids (hydroxyproline and proline) are the most important for gelatin function
properties because they favor the formation of triple helical structure in renatured gelatins
(Burjanadze, 1979). Particularly, hydroxyproline stabilizes the triple helix areas of gelatin via interchain hydrogen bonding with OH-group (Haug et al., 2004). In the current study, the numbers of
proline and hydroxyproline in TSS gelatin were 132 and 53 residues/1,000 residues, respectively. The
total numbers of imino acids in the prepared gelatin were approximately 18.5%, which was lower
than that (22–23%) of mammals (Karim and Bhat, 2009) but similar to that (16–18%) of most
marine fish species, such as splendid squid skin (184 residues/1,000 residues) (Nagarajan et al.,
2012), grey triggerfish skin (176 residues/1,000 residues) (Jellouli et al., 2011), seabass skin (198–202
residues/1,000 residues) (Sinthusamran et al., 2014), and Amur sturgeon skin (19.72/100 g) (Nikoo
et al., 2014). The contents of imino acids are significantly governed by many factors, such as fish
species and habitat temperature (Bae et al., 2008). The relatively high content of imino acids implied
high gel strength, viscosity, and melting point in TSSG (Rawdkuen et al., 2013). TSSG also displayed
low content of methionine, tyrosine, and valine. However, these characteristics are common for all
gelatins.
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Color and clarity
Color and clarity are esthetic properties of a gel and usually used to assess the quality and
acceptability of the gelatin product. The color of the TSSG gel is shown in Table 3. Dried powder
state TSSG had a pearly white color that agreed with the L* (lightness) value (88.58 ± 0.25) of TSSG;
while CG had a lower L* value (78.76 ± 0.2) and higher b* value (11.43 ± 0.08) than TSSG (p < 0.05).
The results were in agreement with the observed visual differences. Even though gel color has little
impact on other gel function properties, light color is usually preferred because it imparts no strong
color into food systems. The gelatin clarity is also shown in Table 3. The transmittance (%T) of
TSGG and CG was 60.64 ± 0.12% and 85.49 ± 0.20%, respectively. TSSG gel solution displayed lower
transmittance than CG (p < 0.05). This phenomenon might be caused by many discernible residual
suspensions that were not eliminated during the extraction, including inorganic contaminants,
protein fractions, and mucous substances (Zarai et al., 2012). The impurities in CG manufacture
are commonly removed by some good chemical processes, such as clarification and filtration.

Molecular weight distribution
The electrophoretic subunit patterns for TSSG and CG are given in Figure 2. Obviously, β-dimmer
(≈200 kDa) as well as γ-components and other higher MW aggregates (>200 kDa) as the dominant
bands were observed in TSSG but not in CG. As compared with α1-(>116 kDa) and α2-chain (≈116
kDa) bands in CG, a high-density band close to α2-chains in CG observed in TSSG sample was also
α-chain with a different structure and MW. These discrepancies revealed the distinction of molecular
distribution between TSSG and CG, which might be attributed to the species-reliant variation in
collagen and pretreatment conditions. The observed presence of high MW proteins generally
contributes to better gelling properties due to the extensive formation of free carboxyl groups as
water-binding sites during the conversion of collagen to gelatin (Ahmad and Benjakul, 2011). It is
interesting to note that a considerable amount of peptides with MW lower than α-chains was
observed in TSSG. The generation of these low MW protein fragments suggests the unfavorable
hydrolysis of α, β, γ, or other high MW components during extraction process due to the long
heating time, high heating temperature, or alkali pretreatment (Zhou et al., 2006). The formation of
these small peptide fractions might lead to some disadvantageous changes in the physical properties

Figure 2. Sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) patterns of gelatin from half-smooth tongue sole
skin under the conditions: 1.9 g/L NaOH solution, 63.54ºC for 4.81 h. Lane M represents protein marker. CG and TSSG: commercial
bovine gelatin and gelatin from half-smooth tongue sole skin, respectively.
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of TSSG (Abdelmalek et al., 2016). On the other hand, the small peptides from TSSG are anticipated
to have valuable potential in nutrition and pharmaceuticals.
Strength
Bloom strength is one of the most important physical attributes of a gelatin gel. As shown in Table 3,
the strength of TSSG (221.67 ± 4.26 g) was significantly (p < 0.05) lower than that of CG (287.33 ±
3.75). The results are in accordance with the viewpoint that fish gelatin generally has lower gelatin
strength than commercial mammalian gelatin, with a range of 250–260 g bloom values. Taheri et al.
(2009) reported that imino acid (especially hydroxyproline) content and the amount of longer-chain
peptides effectually govern gel strength through stabilizing the triple-helix structure via interjunction zone (Taheri et al., 2009). Indeed, higher imino acid content and higher MW components
in TSSG samples were definitely observed (Table 3 and Figure 2). Nevertheless, TSSG strength was
lower as compared with CG. The relatively low strength might be related to the extraction
temperature (64°C) that positively triggered the production of collagen degradation fragments
with shorter-chain lengths (Figure 2). These small peptides could not form or strengthen the
reversibly crosslinked three-dimensional network of a gel (Arnesen and Gildberg, 2006). The gel
strength of TSSG was higher than those from most reported fish skins, including giant catfish (153 g)
(Jongjareonrak et al., 2010), grey triggerfish (168.3 g), and cod (71 g) (Arnesen and Gildberg, 2007),
but similar to those of seabass (>223.5 g) (Sinthusamran et al., 2015) and browns trip red snapper
(218.6 g) (Jongiareonrak et al., 2006).
Viscosity
Shear viscosity is another vital physical property of a gel. Table 3 shows the viscosities of the gelatin
solution at 60°C. TSSG can be considered to have high-range viscosity in accordance with the range
of 2–7 cP for most CGs. Moreover, the viscosity of TSSG (5.51 ± 0.20) was much higher (p < 0.05)
than that of CG (4.48 ± 0.19). The result implies that the insoluble lumps still remained in the gelatin
solution after heating to 60°C. Many reasons could be attributed to the viscosity variations between
TSSG and other gelatins, such as polydispersity, MW distribution of peptides, and the parameters
(concentration, temperature, pH, and aging) of gelatin solution (Lin et al., 2015).
FTIR analysis
FTIR spectroscopy is generally applied to detect the secondary structure of the gelatin samples. As
depicted in Figure 3, TSSG displayed four major characteristic absorption regions, namely amide
A (3,267.39 cm−1), amide I (1,664.13), amide II (1,567.55), and amide III (1,270.87), which are
similar to that of CG, where amide A, amide-I, amide-II, and amide-III were situated at the
wavenumbers of 3,280.54, 1,661.30, 1,560.82, and 1,270.63 cm−1, respectively. Amide A,
a representative FTIR band related to NH stretching vibration, is basically at the range of
3,400–3,440 cm−1. The peak frequency of amide A will decrease to around 3,300 cm−1 when
a hydrogen bond is introduced to the NH groups of a peptide (Doyle et al., 1975). The lower
wavenumber of TSSG observed in this research revealed that hydrogen bonding was involved in the
NH group in TSSG. Amide I, probably the most sensitive FTIR characteristic for analyzing the
secondary/coiled structure of a gelatin, commonly fits the range of 1,600–1,700 cm−1 and mainly
depends on C = O stretching vibration (80%) coupled to other vibration modes (20%) including C =
N stretching, in-plane NH bending, and CCN deformation in protein backbone (Benjakul et al.,
2009). Amide II band (1,550–1,600 cm−1) derives mainly from the out-of-phase combination of CNstretching/in-plane NH-bending in peptide groups (Bandekar, 1992). In this study, the peak positions of amide I and amide II were all lower compared to their normal range, which forcibly verified
the emergence of hydrogen bonding between N–H and C = O (Jackson et al., 1995). Interestingly,
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Figure 3. Fourier-transform infrared (FTIR) spectra of gelatin from half-smooth tongue sole skin under the conditions: 1.9 g/L
NaOH solution, 63.54ºC for 4.81 h, and commercial bovine gelatin.

the FTIR spectrum feature of amide I and amide II in TSSG was almost comparable to that of CG,
which indicated that TSSG formed a hydrogen bond between adjacent molecules as did CG. Finally,
the amide III peak value of TSSG shed light on not only some intermolecular interactions including
C-N stretching and N-H in plane bending vibration and wagging vibrations but also the destruction
of triple helix state (Friess and Lee, 1996).

Conclusions
In summary, the skin of half-smooth tongue sole could be a potential source for gelatin production
with high yield under optimal extraction parameters of 1.9 g/L NaOH solution and 63.54ºC for 4.81
h. Overall, the gelatin extracted under the optimal conditions showed high imino acid composition.
The extracted gelatin from the skin of half-smooth tongue sole also showed other desirable
physicochemical properties in comparison with that from bovine, such as strength, viscosity, color,
average MW, clarity, and FITR spectra. Therefore, half-smooth tongue sole skin may be adapted for
the industrial extraction of gelatins with good commodity quality. Further research on the possibility
of gelatin of half-smooth tongue sole skin as an alternative to CG in food applications is still needed.
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