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Abstract
Response surface method (RSM) was used to optimize enzymatic extraction conditions aiming at improving gelling strength of gelatin from scales of
bighead carp (Aristichthys nobilis). The optimal extraction conditions were derived as follows: extracting temperature 46.98°C, extracting time1.27 h,
pH 4.00 and pepsin concentration 547 U/g, respectively. The gel strength of the gelatin derived with the optimized process was 318+7 g, which was
significantly higher than the gelatin extracted with conventional non enzymatic process (216+3 g, p<0.01). The yield of optimized extraction process
(17.46+0.61%) was comparable with that of conventional extraction process (19.10+0.60%). The composition and functional properties of the
gelatin from the scales of bighead carp (BSG) were compared with that of porcine skin gelatin (PSG). There were very significant differences in
content of threonine, methionine, isoleucine, phenylalanine and lysine, significant differences in content of hydroxyproline, glycine and alanine
between BSG and PSG. BSG showed lower imino acid (proline and hydroxyproline) content (20.75+0.82%) than PSG (24.01+0.70%). The gelling
temperatures of BSG and PSG were 21°C and 24°C, and melting temperatures were 26°C and 29°C, respectivly. Assessment on dynamic viscoelastic
properties indicated that BSG had better gelling ability and lower thermo-stability than PSG. Bighead carp scale is a good source of high quality fish
gelatin for potential application in food industry. Extracting gelatin from bighead carp scales might be a promising solution in terms of both reducing

environment pollution and increasing the economic efficiency of the industry.
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Introduction

Gelatin is mostly extracted from porcine or bovine skins and bones
by using acid or alkaline. The physical, chemical and rheological
properties of gelatin or collagen depend upon their sources as
well as the extraction conditions. The gelling and melting
temperatures of fish gelatin are lower than those of mammals -2,
which make fish gelatin not so widely used as porcine or bovine
gelatin in commerce. However, compared with mammalian gelatin,
fish gelatin does not bear risks of Bovine Spongiform Encephalopathy
or Swine Influenza Virus. Moreover, fish gelatins are the major
alternative to mammalian gelatins in Judaism and Islam food
cultures. Gel strength of warm-water fish gelatin was higher than
that of cold-water fish gelatin 3, suggesting that warm-water fish
may be a better resource for fish gelatin. Fish gelatin was usually
extracted from fish skin +# though a few studies on gelatins from
fish scales were reported on silver carp °, lizardfish'?, Nile tilapia !!
and grass carp %

China has the world’s richest freshwater fish resources with a
total over 700 species, including 40 to 50 species of major cash
fish. Bighead carp (Aristichthys nobilis), distributed in South and
East China, is one of the most commonly commercially produced
fresh water fish in China. The fish meat and skin are used for
human food, leaving almost 50-70% wastes such as bone, scale
and viscera 1. With the rapid expansion of the fish food process

146

industry in Southeast China, the wastes disposal poses a big
environmental challenge. The extraction of gelatin or other bio-
materials from these production wastes might be a promising
solution in terms of both reducing environment pollution and
increasing the economic efficiency of the industry.

Gelatin was generally extracted by hot water for 5-12 h according
to existing literatures % 4, Pepsin has been frequently used for
collagen extraction 7 to improve extracting efficiency. High
temperature may improve the yield of gelatin ‘8, but long time of hot
water extraction may reduce gel strength because high temperature
may lead to gel dehydration ! and breakage of gel network
structure.

In this experiment, we explored the application of pepsin to
shorten the extracting time and thus to improve gel strength of
the gelatin from scales of bighead carp (BSG). Response surface
method was used to optimize conditions of the extraction with the
objectives of improving gelling strength while maintaining
comparable yield. The chemical composition and functional
properties of BSG were characterized in comparison with
commercial mammalian gelatin. These research results would offer
a better understanding of BSG, which would in term provide
scientific and technological basis for possible industrial production
and utilization of the gelatin in the future.
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Materials and Methods

Materials and pretreatment: Fresh bighead carps (around 1.5-
2.0 kg bodyweight) were collected from a local fish market in
Hangzhou, Zhejiang province, China. The scales were scratched
after the fish was killed in 15 min. The scales were washed by
water, air-dried with a modest temperature of 40°C for 10 h, and
stored at 4°C for one month. Before extraction, the scales were
treated with 10 volumes (v/w) of 0.1 M NaOH for 5 h to remove
non-collagen protein and pigment. The scales were demineralized
with 0.4 M EDTA disodium salt solution (in pH 7.5 Tris-HCI buffer)
at ratio of 1:30 (w/v) for 8 h. After this treatment, the scales were
neutralized by washing under running water until they had a pH
of about 7.0. Then the scales were washed in distilled water and
drained.

Gelatin extraction: In the preliminary experiments, pH (2.0-6.0),
temperature (20-60°C), time (1-8 h) and pepsin concentration (179-
893 U/g) were chosen as the factors of gelatin extraction. The
pretreated scales were mixed with distilled water, in a ratio of dried
material to water of 1:10 (w/v). The pH was adjusted to a range
from 2.00 to 4.00 before the pepsin was added. Then the mixtures
were put in a water bath at designated temperature from 30°C to
50°C for 1-3 h. When the extraction was finished, the mixture was
put in a boiling water bath for 5 min to inactivate the enzyme. The
extracted solution was filtered firstly through double layer gauze
to remove scale residue and then through double layer filter paper
by suction filtration. The filtrate was then lyophilized into powder
which was referred to as bighead carp scale gelatin (BSG).

The conventional non enzymatic process was conducted
according to the method of Cho e al. * with slight modification.
The pretreated scales were mixed with 10 volumes (v/w) of distilled
water and extracted in the water bath at 60°C for 5 h. The extracted
solution was filtered and lyophilized like BSG.

Determination of gel strength: Gel strength was determined by
the method described by Liu et al. . A 6.67 % (w/v) gelatin solution
was prepared by mixing the lyophilized gelatin and chilled distilled
water together. The mixture was kept at 10°C for 60 min and
transferred to a water bath of 45°C for 30 min with the solution
stirred intermittently. The solution was kept at 10°C for 17-18 h.
After maturation, the gel strength tests were carried out by using
atexture analyzer (Stable Microsystems, UK) with a 5 kN load cell,
equipped with a 1.27 cm diameter probe. Gel strength is the
maximum force (in grams) required for the probe to press the gel
by 4 mm depression at a rate of 0.5 mm/s.

Amino acid analysis: Gelatin samples were mixed with 6 M HCI
and hydrolyzed in vacuum-sealed tubes at 110°C for 22 h. After
hydrolysis, the samples were dissolved in buffer and analyzed by
amino acid analyzer (Sykam, Germany) after being dried by vacuum
drier. Hydroxyproline content was measured by the method of
Codex 2.

Dynamic viscoelastic properties: Dynamic viscoelastic properties
were measured by an AR-G2 rheometer (TA Instruments-Waters
LLC, USA). As Liu et al.  described, dry gelatin was mixed with
distilled water (6.67 %, w/v) for 60 min and then the solution was
kept in water bath at 45°C for 20 min. The measurement was
performed at a scan rate of 1°C/min, frequency 1 Hz, oscillate
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applied stress of 3.0 Pa. The gelatin solution was cooled from
40°C to 5°C, kept at 5°C for 10 min, and then heated from 5°C to
40°C, at the rate of 1°C/min. The elastic modulus (G2; Pa), the
viscosity modulus (G3; Pa) and the phase angle (rad) were plotted
as a function of temperature.

SDS-PAGE: Gelatin samples were dissolved at 5 mg/ml in distilled
water at 60°C for 20 min. Buffer containing 20 % B-mercaptoethanol
was added. After denatured at 95°C for 5 min, the gelatin samples
(10 1) were analyzed by SDS-PAGE according to Laemmli 2 using
7.5% resolving gels and 5% stacking gels. Protein bands were
stained with Coomassie Brilliant Blue R250.

Experiment design: Box-Behnken design was adopted in the
optimization of gelatin extraction from bighead carp scales. Based
on preliminary experiments, the extracting temperature (X, °C),
extracting time (X, h), pH (X,) and pepsin concentration(X,,, U/g)
were selected as variables with significant effects on extracted
gelatin. Table 1 shows the independent variables and their range
of three levels in this study. Gel strength (Y, g) was selected as the
dependent variable. Regression analysis was performed to fit the
response function with the experimental data by design-expert
software (Version 8.0.6, Stat-Ease, Inc. USA).

Table 1. Range and values of the independent variables in

design.
Independent variables Symbol X} Codecz)levels I
The extracting temperature (°C) X 30 40 50
The extracting time (h) X, 1 2 3
pH X3 2 3 4
Pepsin (U/g) X, 357 536 714
Results and Discussion

Optimization of gelatin extraction by response surface method:
The two-dimentional effects of the experimental variables on the
gel strength of extracted gelatin are shown in Fig 1. In general,
when temperature or pH variables were fixed, the gel strength
increased with extracting time until 1.5~2 h, and decreased
thereafter. There were significant interactions among extracting
temperature, time and pH. The pH had no substantial effect at low
temperature and a positive linear effect at high temperature on the
gel strength. The gel strength increased with the increase of the
quantity of pepsin until 459 U/g and further increase of pepsin
has no effect on gel strength. High quantity of pepsin will
hydrolyze gelatin extracted from scales, and break gel network
structure.

The final response surface regression equation obtained by
RSM s as follows:

Y= -1837.34+60.12X +348.95X,+245.97X -0.3X,-3.29X, X,+5.98X X -
27.20X,X, +0.04X,X +0.24X X -0.84X *-42.01X,-70.29X 2.

The regression model had statistical evalution values of
“Prob>F” <0.0500 , p-value for lack-of-fit analysis 0.7683, R? =
0.9715, “Adj R?’=0.9430" and Pred R*" =0.8838, indicating that
the model terms are statistically significant.

The optimal extraction conditions for maximum gel strength
deduced from the RSM model were temperature 46.98°C, time 1.27
h, pH 4.00, and pepsin concentration 547 U/g, respectively. The
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Figure 1. The response surface for optimization of BSG. The levels of the other two variables in each sub-figure were all fixed

at central point except pH which was 3.5.

predicted gel strength value was 325 g which agreed quite well
with the tested gel strength of 318+7 g (p<0.01). This gel strength
is significantly higher then the gel strength of bighead fish scale
gelatin extracted with conventional non enzymatic process (2163
g, p<0.01). The yield of optimized extraction process (17.46+0.61%)
was comparable with that of conventional extraction process (19.10
+0.60 %).

Amino acid composition: The amino acid composition of BSG
and PSG is shown in Table 2. Both of them were rich in glycine,
proline, and glutamic acid. By comparing each value between BSG
and PSG, there were very significant diffrences in content of
threonine, methionine, isoleucine, phenylalanine and lysine,

significant diffrences in content of hydroxyproline, glycine and
alanine. BSG showed a slightly lower imino acid (proline and
hydroxyproline) content (20.75+0.82 %) than PSG (24.01+ 0.70%),
and the differences of degrees of hydroxylation of proline between
BSG (32.72+0.15 %) and PSG (34.24+0.17%) were significant.
Generally, the imino acid (proline and hydroxyproline) content of
gelatin extracted from different fish species was lower than that of
mammalian gelatin, such as channel catfish gelatin , tuna gelatin®,
grass carp gelatin %, Nile tilapia gelatin %%, Nile perch gelatin %,
and lizardfish gelatin '°, especially these cold water fish gelatin *°.
The hydroxyproline may contribute to the cross-linking structures,
and the content of proline and hydroxyproline can be associated
with the stability of the triple helical structure 8. Both of BSG and
PSG contained a low content of tyrosine and histidine.

Dynamic viscoelastic properties: The elastic modulus (G2; Pa) and

the viscosity modulus (G3; Pa) indicated the gelling ability of the
gelatin, and the phase angle (rad) showed the phase change of the
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Table 2. Amino anid composition of bighead carp scale
gelatin and porcine skin gelatin.

Amino acid BSG% PSG%
Hydroxy proline 6.79+0.24 8.22+0.20
Aspartic acid 6.25+0.17 6.06+0.08
Threonine 2.93+0.06 1.90+0.19
Serine 3.56+0.06 3.58+0.10
Glutamic acid 11.16+0.59 11.42+0.40
Proline 13.96+0.58 15.79+0.50
Glycine 21.3740.05 22.32+0.30
Alanine 10.06+0.36 8.20+0.30
Valine 2.00+0.06 2.25+0.21
Methionine 1.84+0.22 0.66+0.23
Isoleucine 1.30+0.17 1.58+0.16
Leucine 2.73+0.23 3.04+0.10
Tyrosine 0.54+0.15 0.26+0.05
Phenylalanine 2.24+0.11 2.04+0.10
Lysine 3.72+0.10 3.92+0.10
Histidine 1.13+0.04 1.00+0.08
Arginine 8.40+0.04 7.76+0.34
totle 100.00 100.00

gelatin 2. Figs 2-4 show the evolution of the elastic modulus (G2;
Pa) , the viscosity modulus (G3; Pa), and the phase angle (rad)
during cooling (from 40°C to 5°C) and heating (from 5°C to 40°C) of
the gelatin solutions, respectively. G2 and G3 of BSG began to
increase at a lower temperature than these of PSG when the
temperature decreases from 40°C to 5°C, while G2 and G3 of BSG
exceed those of PSG at 12°C and 18°C, respectively. This situation
was similar to gelatin from grass carp fish '2. G3 of BSG showed
greater rising range during cooling (Fig 3) which was similar to
channel catfish . This indicated that BSG had better gelling ability
than PSG. At the beginning of heating G2 and G3 in BSG were
greater than those in PSG, whereas they decreased more obviously
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Figure 2. Evolution of the elastic modulus (G’; Pa) of the gelatin solutions
(6.67%, w/v) during cooling (from 40°C to 5°C) and heating (from 5°C to
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Figure 3. Evolution of the viscosity modulus (G’’; Pa) of the gelatin
solutions (6.67%, w/v) during cooling (from 40°C to 5°C) and heating
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Figure 4. Evolution of the phase angle (rad) of the gelatin solutions
(6.67%, w/v) during cooling (from 40°C to 5°C) and heating (from 5°C to
40°C) at the rate of 1°C/min.

than those of PSG during heating (Figs 2-3). This indicated that
BSG had lower thermo-stability than PSG. According to the sharp
decrease of the phase angle (Fig. 4), the solution of BSG and PSG
became gel at 21°C and 24°C, then melted at 26°C and 29°C,
respectively ¥. One reason that both of the gelling and melting
temperatures of BSG were lower than those of PSG was the amino
acid composition. High content of proline and hydroxyproline
could contribute to the viscoelastic properties %.

SDS-PAGE: The electrophoretic patterns of BSG and PSG are
shown in Fig. 5. The subunit components of gelatin are Y-
components, -components, and o-chains. The y-components
were very week both in PSG and BSG. The B-components (around
200 kDa) were clearly observed in BSG. But PSG exhibited weak
bands around 200 kDa. The molecular weights of a-chains from
BSG were lower than these from PSG. There were also some small

MW, kDa BSG PSG
y
200 —— B
- ol
1160 - -
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66.4
443

Figure 5. SDS-PAGE patterns of BSG and PSG.
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chains whose molecular weights were less than 116 kDa both in
BSG and PSG . The higher content of low molecular weight peptides
were associated with lower melting point , and the content of o
chain and B-component may be associated with the gel strength
of gelatins '2. That may explain that BSG had lower melting point
and higher gel strength than PSG had.

Conclusions

Response surface method was used to determine the optimum
operating conditions of extracting gelatin from bighead carp fish
with an objective to improve gelling strength of the extracts. The
gel strength of BSG under the optimum extracting conditions was
318+7 g, significantly higher than the strength of similar gelatin
extracted with conventional process and that of PSG. The amino
acid composition of bighead carp scale gelatin was basically similar
to that of PSG, with a slightly lower imino acid content. The degree
of hydroxylation of proline of BSG was also slightly lower than
that of PSG Compared with PSG, BSG had better gelling ability and
lower thermo-stability. In conclusion, our experimental results
suggested that bighead carp scale is a good source of high quality
fish gelatin for potential application in food industry.
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