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Abstract In this study, gelatin was extracted from big-
head carp (Hypophthalmichthys nobilis) scales by water
bath (WB) and ultrasound bath (UB) at 60 °C for 1 h,
3 h and 5 h, named WB1, WB3, WB5, UB1, UB3 and
UB5, respectively. The physicochemical properties of
gelatin were investigated. The result indicated that gel-
atin extracted from bighead carp scales had a high
protein content (84.15~91.85 %) with moisture (7.11~
13.65 %), low ash content (0.31~0.97 %). All extracted
gelatin contained α-and β-chains as the predominant
components. Gelatin extracted by UB obtained much
higher yield (30.94–46.67 %) than that of WB (19.15–
36.39 %). More voids and less sheets of gelatin struc-
ture were observed, when the gelatin was extracted by
UB for longer time. Gelatin of UB-assisted extraction
normally exhibited lower gel strength and melting points
than that of WB, which may be resulted from the
protein degradation reflected by the FTIR spectra and
higher free amino group content. However, there was no
significant difference between WB1 and UB1.
Therefore, the ultrasound assisted extraction in a short
time was a promising method to enhance the yield and
obtain gelatin with high quality.

Keywords Bighead carp scales . Gelatin . Physicochemical
properties

Introduction

Gelatin, derived from partial hydrolysis of fibrous protein
collagen, is a compound mixture water-soluble protein
(Karim and Bhat 2009). It has been widely used both in food
and pharmaceutical industry due to its excellent functional
properties. It has been reported that the annual growth rate
of gelatin production in the past seven years was about 3–4 %
(Gómez-Guillén et al. 2009). At present, mammalian gelatins,
such as pig and cow gelatin are most widely used in the world.
It had been reported that the worldwide production of gelatin
was 326,000 t, with gelatin extraction of pig skin (46 %),
bovine hide (29.4 %), pork and cattle bones (23.1 %) and
other sources (1.5 %) (Gómez-Guillén et al. 2009). However,
it is significant to explore new resource for gelatin due to some
health-related and social-culture problems.

Fish gelatin has been popularly studied since the 1950s, in
recent decades, some studies on the food properties of fish
gelatin have been conducted (Norland 1987; Gudmundsson
and Hafsteinsson 1997; Jamilah and Harvinder 2002).
Physicochemical and functional properties of fish gelatin have
been also researched, such as rheological (Gilsenan and Ross-
Murphy 2000; Jamilah and Harvinder 2002; Haug et al. 2004;
Badii and Howell 2006), emulsifying and foaming (Dickinson
and Lopez 2001; Surh et al. 2006), film forming (Avena
Bustillos et al. 2006; Jongjareonrak et al. 2006a; Zhang et al.
2007), and sensory properties (Choi and Regenstein 2000).
Most of the studies have been carried out on fish gelatin
extracted from skins or bones of many fish species (Jamilah
and Harvinder 2002; Muyonga et al. 2004a). The aquatic
production is forecast at 55,300,000 t in China in 2012, and
fish scales accounted for 3 %–5 % of the fish weight (Melinda
Meador et al. 2011). Therefore, it is significant to extract
gelatin from fish scales.
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Ultrasound-assisted extraction is an efficient way of extrac-
tion in food and pharmaceutical industry (Nascentes et al.
2001; Rostagno et al. 2003; Li et al. 2004; Rodrigues and
Pinto 2007; Zhang et al. 2008; Zhu et al. 2009). The enhance-
ment of yield induced by ultrasound is attributed to the dis-
ruption of the cell walls and the enhancement on the mass
transfer of the cell content to the solvent, allowing more
intracellular product released by some mechanical effects
and acoustic cavitation (Zhang et al. 2008). It could not only
enhance the yield of the products, but also improve some
functional property (Jambrak et al. 2009; Arzeni et al. 2012).
Fish scales are biocomposites of highly ordered type I colla-
gen fibers and hydroxyapatite Ca10(OH)2(PO4)6 (Onozato and
Watabe 1979). Therefore, it is not easy to extract gelatin from
scales. Previous research has focused on gelatin extracted
from fish scales by water bath heating, such as Lizardfish
(Harpodontidae) scales (Wangtueai and Noomhorm 2009),
grass carp (Ctenopharyngodon) fish scales (Zhang et al.
2011), while ultrasound-assisted extraction has not been paid
attention to.

Bighead carp (Hypophthalmichthys nobilis) is one of
the“four major cultured fish species”, which inhabits fresh
warm water in China. It has been widely consumed in more
than 70 countries around the world (Liu et al. 2012).
Therefore, in this study, gelatin was extracted from bighead
carp scales by ultrasound-assisted extraction. The yield, phys-
icochemical properties were studied and compared with that
of water bath extraction.

Material and methods

Collection and preparation of bighead carp scales

Fresh bighead carp (Hypophthalmichthys nobilis) scales were
collected from a fish market in Nanchang (JiangXi, China).
The diameter of the fish scales were from 1.5 to 2.0 cm. The
fish scales were washed by water to remove the impurities
adhering to the surface. The fish scales were minced by a
tissue mashing machine (HR-2094, PHILIPS) for 2 min, and
then they were washed for four times with distilled water. Fish
scales were decalcified with 0.5 M HCl at ratio of 1:25(w/v)
for 1 h. Fish scales were rinsed again to remove residual acid
and the fish scales solutionwas adjusted to pH 6.0 using 0.1M
NaOH after decalcification

Extraction of gelatin from bighead carp scales

The decalcified bighead carp scales were added with distilled
water at ratio of 1:3 w/v (wet decalcified scales: distilled
water). The gelatin was extracted from bighead carp scales
with ultrasound purifier instrument (KQ5200DE, Kunshan
ultrasound instrument, China) upon 200 w at 60 °Cfor 1 h,

3 h and 5 h, named UB1, UB3 and UB5, respectively. The
control extracted from bighead carp scales at 60 °C in a
temperature-controlled water bath (HH-6, Guohua electrical
equipment, Changzhou, China) for 1 h, 3 h and 5 h, referred as
WB1, WB3 and WB5, respectively. The mixture was then
filtered with two layers of filter paper (NO. GB/T1914-2007),
and gelatin solution was then freeze-dried using a LBJ-1freeze
dryer (Yataikelong Apparatus,Beijing, China). All dried fish
scales gelatin samples were weighed and subjected to further
analysis. The extraction yield was calculated using the follow-
ing equation:

Yield %ð Þ ¼ M

M 0 � w
� 100

Where M: the weight of dried bighead carp scales gelatin
(g),M0: the weight of the dried decalcified bighead carp scales
(g), w: the dry weight of decalcified fish scales (1 g).

Determination of proximate composition

The moisture and ash content of the extracted gelatin were
determined according to the methods of AOAC (2000).
Protein content was determined by biuret reaction (Gornall
et al. 1949). Fish gelatin (0.1 g) was dissolved in 10 mL 0.9 %
ofNaCl at 50 °C. Onemilliliter of the solutionwas mixed with
4 mL of biuret and reacting for 30 min at room temperature,
and then was measured at 540 nm using spectrophotometer
(ModelUV-3200, Mapada, Shanghai, China), each sample
was measured for three times and the protein content was
expressed as percentage of protein in fish gelatin.

Gel strength

Gel strength was determined using a Texture analyzer(CT3,
Brookfield, Amercian)according to Wangtueai et al.(2010).
The dried gelatin was dissolved in distilled water at 50 °C to
obtain the final concentration of 6.67% (w/v). Gelatin solution
was placed in a 25 mL glass beaker, and then cooled in a
refrigerator at 10 °C andmatured for 16–18 h. The gel strength
was determined on a texture analyzer with a cell load of 100 N,
cross-head speed of 1 mm/s, equipped with a 1.27 cm-diam-
eter flat-faced cylindrical Teflon. The dimensions of the gel
samples were approximately 33 mm in diameter and 22mm in
height. Gel strength was expressed as maximum force (in g)
when the plunger had penetrated 4 mm into the gelatin gels,
each sample was tested for three times.

Melting point

Melting point of gelatin was determined by the method of
Muyonga et al. (2004a) using cryostat (CXDC-0510,
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Shunma, Nanjing, China). Gelatin solution 6.67 % (w/v) was
prepared by dissolving dry sample in distilled water at 50 °C,
and then transferred in screw cap test tubes((12 mm×75 mm)
with some headspace, closed and put at inverted position in a
4 °C refrigeration for 16–18 h. The samples were transferred
into a cold-water bath (10 °C). The water bath was warmed
gradually at a rate of 0.5 °C/min, and the gel melting temper-
ature was recorded as gas started to move up to the headspace,
each sample was tested for three times.

SDS–polyacrylamide gel electrophoresis (SDS–PAGE)

Gelatin samples (5 mg) were dissolved in 1.0 mL of distilled
water at 50 °C, and then 3×−concentrated loading buffer
containing β-mercaptoethanol was added as described earlier
(Gómez-Guillén et al. 2002). Gelatin samples were heated–
denatured for 10 min at 100 °C water bath and analyzed by
SDS-PAGE according to Laemmli (1970). Samples using
7.5 % running gels and 5 % stacking gels subjected to elec-
trophoresis at a constant current of 15 mA/gel using a Mini
Protean II unit (Bio-RadLaboratories, Hercules, CA). The
loading volume was 10 μL. Protein bands were stained with
0.05 % (w/v) Coomassie brilliant Blue R250 in 15 % (v/v)
methanol and 5 % (v/v) acetic acid for about 1 h, and then
distained with 30% (v/v) methanol and 10% (v/v) acetic acid.
High molecular weight markers at the range of 10 kDa–
200 kDa (Thermo, Lithuania) were used to estimate the mo-
lecular weight of the proteins.

Free amino group determination

The free amino groups were determined using 2,4,6-
trinitrobenzenesulfonic acid(TNBS), following the method
of Fields (1972). Briefly, fish gelatin (0.2 g) was dissolved
in 10 mL of phosphate buffer (pH 8.2). One hundred micro-
liter of gelatin solution was mixed with 900 μL of phosphate
buffer and 1.0 mL of 0.01 % TNBS solution. The reaction
mixture was vortexed and incubated in a temperature-
controlled water bath at 50 °C for 30 min in the dark. The
reaction was terminated by adding 2.0 mL of 0.1 M sodium
sulfite solution. The mixture was cooled down at room tem-
perature for 15 min, and then the absorbance was measured at
420 nm using spectrophotometer (Model UV-3200, Mapada,
Shanghai, China). The absorbance was converted into free
amino concentrations (expressed as millimolar leucine equiv-
alent) using a calibration curve obtained with L–leucine, each
sample was measured for three times.

Fourier transform infrared (FTIR) spectroscopic analysis

The spectra of freeze-dried fish gelatin samples were recorded
using a FTIR-Spectrum One (Perkin Elmer, American), dried
gelatin (4 mg) samples and KBr powder (120 mg) were mixed

uniformly and pressed into slice. Slice was placed on the
crystal cell and the cell was clamped into the mount of the
FTIR spectrometer. Spectra were acquired in the IR range of
4,000–500 cm−1(mid-IR region) at 25 °C. Automatic signals
gained were collected in 32 scans at a resolution of 4 cm−1

against a background spectrum recorded from the clean empty
cell at 25 °C. The spectral data was analyzed using the Nicolet
380 data collection software program. Prior to data analysis,
the spectra were baseline corrected and normalised.

Scanning electron microscopy (SEM)

In order to investigate the influence of ultrasound on the
microstructure of gelatin, dried fish scales gelatin was
mounted on conducting resin with 2–3 mm thickness respec-
tively. The specimens were observed with an environmental
scanning electron microscope Quanta200F (FEI Deutschland
GmbH, Germany) at an acceleration voltage of 20 kV. All
micrographs were produced at 1,000×.

Statistical analyses

A completely randomized design was used and all experi-
ments were performed in triplicate. Data were compared using
analysis of variance (ANOVA) using Statistic program
(Statsoft Inc.) and the probability value of P<0.05 was con-
sidered significant. Analysis was performed using SPSS
17.0(SPSS Inc, Chicago, IL, USA).

Results and discussion

Yield and proximate composition

The yield of the gelatin obtained by the WB and UB was
shown in Table 1. It indicated that, the yield was 19.15 %,
25.57 %, 36.39 % for WB1, WB3 and WB5, respectively.
While the yield of 30.94 %, 42.97 %, 46.67 % was gained for
UB1, UB3 and UB5, respectively. Increasing yield was ob-
tained when extraction time increased (p<0.05). The result
was in accordance with Arnesen and Gildberg (2007), who
reported that longer extraction time was associated with the
higher yield of gelatin extracted from Atlantic salmon skin.
The increasing time directly provided more energy to disrupt
bonds stabilizing the collagen structures as well as peptide
bonds of α-chains, leading to helix-to-coil transition
(Nagarajan et al. 2012). This resulted in larger amount of the
conversion of collagen to soluble gelatin. Result also indicated
the yield of UB was higher than that of control, due to
mechanical and cavitation effect of ultrasound. The mechan-
ical effect of ultrasound allowed greater penetration of water
into the fish scales matrix, and provided a greater agitation of
the water used for extraction (Mason et al. 1996). The
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cavitation released large amounts of energy to disrupt fish
scales and order type I collagen fibers and accelerated the
washing out of the gelatin. As time increased, more and more
fish scales were broken, and gelatin was released gradually
(Zhu et al. 2009). Therefore, the mechanical effects and
acoustic cavitation of ultrasound provided a greater penetra-
tion of solvent into cellular materials and improved mass
transfer (Chemat and Khan 2011).

Proximate compositions of fish gelatin extracted from big-
head carp scales were summarized in Table 1. Gelatin extract-
ed from bighead carp scales contained high protein content
(84.15~91.85 %) with moisture (7.11~13.65 %), and low ash
content (0.31~0.97 %). The gelatin extracted by UB had
higher protein and slightly higher ash content than that of
WB. In general, recommended moisture and ash content of
edible gelatin is less than 15%, 2% respectively (GME 2005).
Therefore, gelatin extracted from bighead carp scales revealed
the efficient process in gelatin extraction for high contents of
protein and low contents of ash.

Gel strength

Gel strength is the major physical property normally measured
for gelatin. From Table 1, the gelatin extracted from bighead
carp scales showed high gel strength ranged from 490.6 to
656.5 g. This was sharply higher than red tilapia skin gelatin
(384.9 g) (Jamilah et al. 2011), bovine gelatin(322 g), lizard
fish scales gelatin (268 g) (Wangtueai and Noomhorm 2009),
porcine skin gelatin (180 g), grass carp fish scales gelatin
(276 g) (Zhang et al. 2011), siliver carp scales gelatin
(152 g) (Wang and Regenstein 2009). These differences be-
tween species were possibly due to differences in sample
composition, size of the protein chains, as well as complex
interactions determined by the amino acids composition
(Muyonga et al. 2004a). Gel strength of gelatin was presented
in Table 1. Gel strength of gelatin decreased as the extraction
time increasing, this was in accordance with the observation
by Ahmad and Benjakul (2011). Gelatin extracted by UB
normally had lower gel strength than that of WB. WB1

showed the highest gel strength, while UB5 showed lowest
gel strength (p<0.05). When it reached 3 h and 5 h, ultrasound
had more significant effect on gel strength than traditional
water bath heating. For instance, compared with gel strength
ofWB1 andWB5, the latter was decreased 13.89 %, however,
compared with UB1 and UB5, the latter was decreased
22.7 %. Gel strength is largely dependent on the molecular
weight distribution, which is resulted mainly from processing
conditions (Gómez-Guillén et al. 2011). Longer time of ultra-
sound contributed to more protein degradation during gelatin
extraction, whichmight reduce the ability ofα-chain to anneal
correctly by hindering the growth of the existing nucleation
sites (Clark et al. 1986; Jongjareonrak et al. 2006b). So longer
time of ultrasound provided more energy to disrupt long
chains into short chains, which led to gelatin with lower gel
strength,α-chain and β -chain at higher amount in gelatin
extracted by WB might form stronger gel network than α-
chain at the lower amount found in that of UB. However, there
was no difference between WB1 and UB1, indicating ultra-
sound had no effect on gel strength in a short time. It was
attributed to ultrasound lead to high mount of aggregation of
protein (Chandrapala et al. 2011). There was no difference
between WB5 and UB3, which indicated ultrasound-assisted
extraction could shorten extraction time and guarantee the
quality of the gelatin.

Melting point

Gel melting point is one of the major physical properties of
gelatin gels. Melting points of the gelatins extracted from
bighead carp scales were ranged from 27.25 to 28.65 °C as
shown in Table 1. This was significantly higher than that of
the gelatin extracted from black tilapia (Jamilah and Harvinder
2002) and was also higher than that of hake (14 °C), sole
(19.4 °C), megrim (18.8 °C) (Gómez-Guillén et al. 2002),
grass carp (19.5 °C) (Kasankala et al. 2007). These melting
points were much higher than those reported for cod skin
which were in the range 8–10 °C (Gudmundsson and
Hafsteinsson 1997). This difference was closely related to

Table 1 Extraction yield, proximate composition, gel strength and melting point of gelatin from the scales of bighead carp extracted at different
conditions

Parameters WB1 WB3 WB5 UB1 UB3 UB5

Yield (%) 19.15±0.49a 25.57±0.7b 36.39±0.93c 30.94±0.07d 42.97±0.07e 46.67±0.09f

Moisture (%) 13.65±0.94c 10.94±0.13bc 8.4±0.26ab 9.84±0.27c 7.11±0.013a 8.5±0.87ab

Protein (%) 84.15±0.25a 88.56±0.16b 88.67±0.31b 89.17±0.24bc 91.85±0.42d 89.61±0.24c

Ash (%) 0.31±0.023a 0.32±0.021a 0.5±0.041b 0.97±0.098e 0.63±0.019c 0.65±0.02d

Gel strength (g) 656.5±21.43d 620.5±2.94c 565.3±8.49b 634.7±15.68cd 572±7.97b 490.6±13.9a

Melting point (°C) 28.25±0.21cd 28.2±0.14cd 27.7±0.28b 28.65±0.21d 27.8±0.14b 27.25±0.07a

Mean±SD (n=3)

Different lowercase letters in the same row indicate significant differences (p<0.05)
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the fish species (Yudi et al. 2011). In this work, gelatin
extracted from bighead carp scales presented relatively high
melting points and gel strength. Therefore, bighead carp scales
can be potentially used as a good gelatin source.

Melting point is governed by complicated interactions
determined by the amino acid composition and the ratio of
α/β-chains, as well as molecular weight of the gelatin (Cho
et al. 2004). As it was shown in Table 1, gelatin usually

exhibited lower melting points when extracted by UB and
longer time. This was due to ultrasound and longer time
providing more power to facilitate more high-molecular
weight fragments degradation, resulting in weakening the
gel network. However, there was no significant difference
between WB1 and UB1, this might be because ultrasound
produce protein aggregation at low temperature for short time
(Chandrapala et al. 2011).
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Protein patterns and free amino group content

The molecular weight of gelatin was analyzed by SDS-PAGE
(Fig. 1a). The molecular weight distribution including the α1/
α2 molar ratio and β chain amount, which determine the
properties of gelatin, such as gel strength and melting point
(Karim and Bhat 2009). Gelatin extracted by WB possessed
higher content of α-chain, which represented stronger gel
strength and normally higher melting points than that of
gelatin extracted by UB. This was accordance with Gómez-
Guillén et al. (2002), who reported gelatin possess better
functional properties including gel strength and melting point
due to higher content of α-chain. WB1 contained the least β-
chain but highest α-chain, possessing the highest gel strength.
The decreasing α-chain band intensity was observed in UB3
and UB5, which had lower gel strength. It was also noticed
that gelatin extracted by UB showed slightly lower content of
protein at the range of 70 KDa–85 KDa, for ultrasound had
great effects on hydrolysis of gelatin. However, the β-chain
was still observed in UB5, due to the large shear forces
generated from cavitation breaking inter and intramolecular
bonds, which in turn may lead to fragmentation of clusters and
aggregates (Chandrapala et al. 2011).

Free amino groups of six samples are shown in Fig. 1b.
Gelatin extracted by UB presented higher content of free
amino group than that of WB. The highest degradation of
gelatin was observed at UB5. This was in agreement with the
highest degradation of α–chain and β-chain in UB5 (Fig. 1a).
Therefore, the result reconfirmed that ultrasound and longer
time caused the hydrolysis of gelatin proteins, leading to
increasing free amino group during the extraction of gelatin.

FTIR spectra analysis

FTIR spectra of gelatin extracted from bighead carp scales
were displayed in Fig. 2, FTIR spectroscopy has been usually
used to monitor the functional groups and secondary structure
of gelatin samples (Muyonga et al. 2004b). The amide I band,
between 1,600 and 1,700 cm−1, is the most important for
infrared spectroscopic analysis of the secondary structure of
proteins (Muyonga et al. 2004b). Amide-I represents C=O
stretching vibration hydrogen bonding coupled with COO,
coupled to contributions from the CN stretch, CCN deforma-
tion and in-plane NH bending mode (Bandekar 1992). The
different absorption peaks at amide I were observed as char-
acteristic of the coiled structure of gelatin (1,633 cm−1,
1634.73 cm−1) (Yakimets et al. 2005). From Fig. 2, UB1,
UB3 and UB5 exhibited the amide I bands at the
wavenumbers of 1653.61, 1654.57 and 1653.81, respectively,
however WB1, WB3 and WB5 exhibited amide I were
1651.78, 1652.19 and 1652.76, respectively. The spectral
differences in amide I of different gelatin samples were largely
due to different conformation of polypeptide chains. It has

been proved amide I areas were useful in studying the nature
and the extent of protein conformational changes (Surewicz
andMantsch 1988). Gelatin extracted by UB had slight higher
amide I than that of WB, indicating the greater loss of molec-
ular order due to thermal uncoupling of inter-molecular cross-
link as ultrasound used (Ahmad and Benjakul 2011).
According to Muyonga et al. (2004b) reported, lower temper-
ature had lower amide I with more content of random coils
and β-turns, it indicated that gelatin extracted by WB had
higher content of random coils andβ-turns. The amide II band
in the infrared spectrum of dry collagen is in the range of
1,530–1,540 cm−1, and often has minor bands at lower fre-
quencies (Doyle et al. 1975). The characteristic absorption
bands of gelatin extracted by UB in amide-II region were
noticeable at the wavenumbers of 1535.13, 1541.67 and
1541.24, respectively. However, the wavenumbers of control
samples were 1539.39, 1539.42 and 1540.43, respectively.
The amide II vibration modes primarily represent an out-of-
phase combination of CN stretch and in-plane NH deforma-
tion modes of the peptide group (Lavialle et al. 1982; Ahmad
and Benjakul 2011). In addition, the wavenumbers of amide
III was detected around 1237.27, 1237.93 and 1236.77 for
UB1, UB3 and UB5, respectively. However, control samples
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were 1235.51, 1239.04 and 1236.98, respectively. The amide
III, a complex vibrational mode having combination peaks
between C-N stretching vibrations and N-H in plane bending
from amide linkages as well as significant absorptions arising
from wagging vibrations from CH2 groups from the glycine
back bone and proline side chains (Jackson et al. 1995).

Moreover, the wavenumbers of amide A, arising from the
stretching vibrations of N-H group, appeared at 3303.61,
3298.95 and 3309.2 for UB1, UB3 and UB5, respectively.
However WB1, WB3 and WB5, were 3318.17, 3306.23 and
3307.64, respectively. Amide–A, which represents NH-
stretching coupled with hydrogen bonding. In general, a free

Fig. 3 Scanning electron
microscopy (×1000) of bighead
fish gelatin
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NH-stretching vibration occurs in the range of 3,400–
3,440 cm−1. When the N-H group of a peptide is involved in
a hydrogen bond, amide A is shifted to lower wavenumbers,
usually near the 3,300 cm−1. It has also reported that the amide
A band of the infrared spectra of these triple-helical polymer is
observed at an unusually high frequency (3,315–3,360 cm−1),
as compared with the amide A frequencies of other polypep-
tides and proteins (Doyle et al. 1975; Nagarajan et al. 2012).
Compared with gelatin extracted by WB, gelatin extracted by
UB had lower wavenumbers, providing greater free amino
groups and this might be due to ultrasound produced more
degradation of gelatin. These degraded gelatin might undergo
hydrogen bonding interaction, resulting in decreased
wavenumbers of amide-A (Nagarajan et al. 2012). The amide
B was observed at 3073.12, 3072.44 and 3072.35 for UB1,
UB3 and UB5, respectively. However the control samples
were at 3075.39, 3071.43 and 3078.57, respectively. Amide-
B was corresponding to the asymmetric stretching vibration
of=C-H as well as NH+

3. Among all samples, UB5 and WB3
showed the lowest wavenumbers of amide- B peak, suggest-
ing the interaction of- NH3 group between peptide chains
(Ahmad and Benjakul 2011). Thus, it can be concluded that
the secondary structure and functional group of gelatins ob-
tained from the fish scales of bighead fish was affected by
ultrasound and extraction time.

Microstructure of fish scales gelatin

The microstructure of gelatin extracted from bighead carp
sales was visualized by SEM as shown in Fig. 3. In general,
the SEM photographs of fish scale gelatin show sheet mor-
phology with pores. The severity pores improved progressive-
ly with time increasing. This phenomenon properly accounted
for decreasing gel strength accompanied with time increasing.
However, at the same time, gelatin extracted byWB exhibited
the finest gel network with more sheets and very small voids.
The finer structure of gelatin was in accordance with the
higher gel strength (Table 1), compared with that of UB,
which possessed the coarser gel structure. This was similar
withWangtueai et al. (2010), who reported gelatin with higher
gel strength had finer and denser gel network. When extrac-
tion time was longer, the sheets were decreasing but voids
were increasing. SEM images also revealed longer time of
ultrasound significantly reduced protein agglomeration
(Narducci et al. 2011).

Conclusions

The bighead carp scales gelatin with high protein component
and strong gel strength could be obtained and used in food
applications to replace mammalian gelatin. Ultrasound-
assisted extraction could significantly increased the yield

and free amino group contents of gelatin from bighead carp
scales. However longer time of ultrasound could decrease gel
strength and melting points by weakening gel network struc-
ture, accompanying with more voids in its surface.
Additionally, without ultrasound, the extraction time had a
significant effect on extraction yield, gel strength, melting
points, free amino group contents and microstructure of gela-
tin. Therefore, short time of ultrasound-assisted extraction
could be used as an appropriate method to obtain gelatin from
bighead carp scales with high yield and high quality .
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