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1. Introduction

Seafood product plays an important role in human nutrition with a large contribution
of proteins, polysaccharides, vitamins, omega-3 and omega-6 fatty acids [1]. Industrial
operations produce more than 60% of by-products i.e. viscera, head, bones and skin
that are often discarded, causing serious environmental problems [2]. An alternative is
to convert by-product in fertilizer, pet food or feed. In the last years, with the
development of new purification and extraction techniques, seafood by-product is
converted into products which are safe and acceptable for the consumer. According to
Sila and Bougatef [3], seafood contains several components such as protein, enzymes,
glycosaminoglycans, chitin, minerals, carotenoids and collagen. Gelatin is obtained by
partial thermal hydrolysis of collagen and it is an important hydrocolloid and a high
molecular-weight biodegradable macromolecule [4]. Gelatin exhibits different functional
properties, such as water-binding capacity, film-forming properties, foaming and
emulsifying abilities, making it a versatile ingredient in the food, pharmaceutical,
photography and cosmetic industries [5].

The most abundant sources of gelatin are pig skin, bovine hide and pork and cattle
bones that often do not meet the changes in consumption trends, due to ecological
problems, animal welfare, allergies, sanitary and religious restrictions. On the other
hand, gelatin from aquatic source is not associated to viral infections or the risk of
contamination with bovine spongiform encephalopathy [6] . Therefore, fish collagen is a
good alternative to mammals collagen as a source of gelatin [7].

With an annual catch of around 300.000 tones, saithe is one of the economically
important fish species in North Atlantic sea [8]. It has been widely used for fillet
production, generating a large amount of by-products. The aim of this work, was to
extract gelatin with high sea mineral content from saithe skin. Two different saithe skin
gelatin products were manufactured and investigated in terms of physico-chemical,
structural and techno-functional properties in comparison with two commercial gelatin
products all from cold water species. Moisture, ash and fat content, amino acid and
mineral composition and protein profile by SDS-PAGE were analyzed to obtain their
physicochemical composition. Fourier transform infrared (FTIR) spectroscopy was

employed to study the changes in functional groups and secondary structures of gelatin,



whereas differential scanning calorimetry (DSC) was used to explore their thermal
properties. Solutions of gelatins were characterize in terms of {-potential and functional

properties, by measuring foaming properties.

2. Materials and methods

2.1. Raw material and preparation of the skin

Sample A, Naticol 4000 — Marine Collagen, from Weishardt International s.r.o.,
Priemyselna €. 1, (Liptovsky Mikulas — SK). Sample B, gelatin from cold water fish skin,
by Sigma (Sigma, St. Louis, Missouri, US). Sample C and D were obtained from saithe
(Pollachius virens) skin provided by a fish processing company in Hanstholm, DK.
Regarding the sample C, the skin was pre-treated with neutrase (0.5 AU-N per kg skin)
in water (skin : water weight ratio 1:1) for 30 min at 40 °C, and then rinsed with water.
For the extraction the skin was placed in water (1:1) and the solution was adjusted to
pH 2 using HCI (15 %) and kept at that pH for 35-40 min. Then it was heated to 80 °C
and incubated for 5 min before centrifugation (5 min, 2100 * g). The solution was
adjusted at pH 6.5 using NaOH (4.5 N) and centrifuged for 5 min at 2100 * g). The
supernatant was then spray dried. Regarding the sample D, the skin was pre-treated
with neutrase (0.5 AU-N per kg skin) in water (1:1) for 10 min at 40 °C, and then rinsed
with water. For the extraction, the skin placed in water (1:1) and the solution was
adjusted to pH 3.5 using citric acid and kept at that pH for 30 min. Then it was heated to
80 °C and incubated for 5 min before centrifugation (5 min, 2100 * g). The solution was
adjusted at pH 6.5 using NaOH (4.5 N) and centrifuged (5 min at 2100 * g). The

supernatant was then spray dried.

2.2. Chemical composition

Moisture and ash content were determined according to the AOAC standard
methods 930.15 and 942.05, respectively [9]. Crude fat was determined according to
Bligh & Dyer method [10] with the reduced use of solvent. Total nitrogen content was
determined using Dumas method [11]. Conversion factor of 6.25 was used for the

conversion of nitrogen to protein content.



2.3. Determination of gel strengths (bloom strenght)

Gel strength of the samples was determined using the method described by
Wainewright [12] and Bath et al. [13] with some modifications. Briefly, gel at 6.67%, w/v
was prepared in Bloom jars (Schott Duran, Mainz, Germany) (150 ml capacity) by
dissolving dry gelatin powder in distilled water at 60 °C (for 1 h) and then cooling the
same at room temperature (25 + 1 °C during 15 min). The solution was stored in a
refrigerator (4—7 °C) overnight followed by determination of the gel strength by using a
Texture Analyzer (TA.XT2i Texture Analyzer; Stable Micro Systems, Godalming,
Surrey). The load cell was 5 kg, crosshead speed 1 mm/s, equipped with a 1.18 cm. in
diameter, flat-bottomed plunger. The Bloom jar was placed centrally under the plunger
and the penetration test was carried out to determine the maximum force (in g) when

the probe proceeded to penetrate into the gel to a depth of 4 mm.

2.4. Amino acid composition

The amino acid profile was measured after acid hydrolysis (6M HCI) in an oven for
18 h at 110 °C using 10 mg sample per mL HCI. After hydrolysis the samples were
cooled to room temperature and used both without dilution and after a 3 fold (1+2)
dilution with 6M HCI in the remaining procedure in order to quantify both high and low
abundant amino acids. Then 100 pL was diluted with 1.5 mL 1M NaCOj; and filtered
through a 0.2 pm syringe filter (Q-max PTFE, @13 mm, Frisenette ApS, Knebel,
Denmark) before derivatization using the EZ:FaastTM Amino Acid Analysis kit from
Phenomenex® (Torrance, CA, USA). The samples (50 pl) were then analysed by LC-
(APCI)-MS (Agilent 1100, Agilent Technology) according to the procedure described by

Farvin, Baron, Nielsen, Otte & Jacobsen [14].

2.5. Micro and macro elements analysis

The content of the elements were determined by inductively coupled plasma mass
spectrometry (Thermo iICAPq ICPMS, Thermo Electron) following microwave-assisted
digestion (Multiwvave 3000, Anton Paar, Graz, Austria) using concentrated nitric acid
(SPS Science, Paris, France). The sample digests were diluted with ultrapure water
(milli-Q) prior to analysis. Quantification was done by external calibration with internal

standardization using yttrium as internal standard. All standards were prepared from



certified stock solutions (SPS Science). A certified reference material (DORM-4 fish

protein, NRCC, Canada) was used for quality assurance of the analytical results.

2.6. Electrophoretic study (SDS-PAGE)

Protein profile of samples were determined by polyacrylamide gel electrophoresis
performed in Mighty Small (Hoefer) slab cell according to the method of Laemmli [15]
using 12 % acrylamide (C=2.6 % (w/w)) slab gels (1.5 mm thick). The dry sample (50
mg) was extracted in 2 mL 1 % sodium dodecyl sulfate (SDS), 100 mM dithiothretiol
(DTT) and 60 mM Tris HCI (pH 8.3). After gentle shaking at room temperature for 1 h
the sample was mixed/homogenized (Polytron PT 1200, Kinematica) for 30 s, boiled for
2 min and incubated at room temperature (R °C) for 30 min. The sample was then
homogenized, and boiled again for 2 min and centrifuged for 15 min at 20 °C at
20.000g. The supernatant was collected. An extract aliquot was diluted with sample
buffer (125 mM Tris HCI (pH 6.8), 2.4% SDS, 50 mM DTT, 10% v/v glycerol, 0.5 mM
EDTA and bromphenol blue) in order to load the gel with 10 uL, corresponding to 40 g
protein based on the protein content of the dry sample. The electrophoresis was run at
constant voltage: 100 V for 15 min followed by 150 V for 1 h (max. 40 mA per gel) and
afterwards the gel was stained using colloidal Coomassie Brilliant Blue as described by
Rabilloud and Charmont [16]. Mark12™ from Novex was used as molecular weight

markers.

2.7. Fourier transform infrared (FTIR) spectroscopy

FTIR spectrum of equilibrated gelatin samples (11 % RH) was recorded in a
PerkinElmer Spectrum 100 FT-IR spectrometer (Waltham, Massachusetts, USA)
between 650 and 4000 cm™ at a resolution of 4 cm™. Automatic signal were recorded in

4 scans. Each measurement was repeated 3 times.

2.8. Differential scanning calorimetry (DSC)

Unfolding, glass transition, solid melting temperatures of gelatin samples at 11 %

relative humidity were measured by differential scanning calorimetry DSC 250 (TA
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Instruments, New Castle, Delaware, USA), equipped with Refrigerated Cooling System
90. The instrument was calibrated for heat flow and temperature using distilled water
(melting point (m.p.) = 0 C; DHm = 334 J/g) and indium (m.p. = 156.5 C; DHm = 28.5
J/g). Aluminum pans of 30 IL, which could be sealed with hermetic lid, were used in all
experiments with an empty sealed pan as reference. Nitrogen at a flow rate of 50
mL/min was used as a carrier gas. Approximately 5 mg of a gelatin sample was placed
in an aluminum pan, sealed and cooled to - 90 °C and kept for 5 min. After equilibration,
the sample was scanned from - 90 °C to 200 °C at a heating rate of 5 °C / min.
According to Al-Saidi et al. [17], the glass transition, thermal unfolding and solids-
melting characteristics were determined from the curve. Glass transition was analyzed
for the onset, mid, and end points from the shift in the curve line. Thermal unfolding and
melting peaks were characterized from initial, maximum slope and peak whereas
enthalpy from the area of the endothermic peak. All the thermograms were analyzed

using Trios software. Each measurement was repeated 3 times.

2.9. (- potentials

C-potential of samples were analyzed according to the protocol described by Chen et
al. [18] with slight modifications. Briefly, gelatin samples were dissolved in Milli-Q water
to obtain a final concentration of 0.5 g/L. The mixtures were continuously stirred at 25
°C during 12 h until completely dissolution. The (-potential of gelatin solutions was
measured with Zetasizer Nano-ZS (Malvern Instruments, Worcestershire, UK) using
capillary cells. Using a titration instrument (MPT-2, Malvern Instruments,
Worcestershire, UK) the pH of the sample (10 mL) was adjusted within a pH range from
2 to 9 with 1 M KOH and 1 M HNOg3. C-potential was calculated from the electrophoretic
mobility (u) using the Henry equation, as shown below:

3nu ()

= Zef (kR

Where n is the viscosity of buffer (1.033 x 102 Pa s™), ¢ is the medium dielectric
constant (dimensionless), Rh is the complex radius (nm) and f(kRH) is the

Henry’s function. Because the analysis is conducted in aqueous media, a value of
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1.5 was adopted f(kRh), which is referred to as the Smoluchowski approximation. The

isoelectric point (pl) was determined from a pH rendering a zero potential.

2.10. Interfacial rheology with double wall ring (DWR)

Interfacial rheology was measured using a sensitive stress-controlled rheometer
(DHR2, TA Instruments, New Castle, USA) equipped with a double wall-ring (DWR)
geometry. According to Vandebril et al. [19] the sample was contained in a thin, square-
edged ring and used with a Delrin® trough with a circular channel and a ring was
positioned at the air/liquid interface. Amplitude sweep measurement was performed in
the strain % ranging from 0.01 to 100 % at frequency of 1 Hz in order to obtain the
linear viscoelasticity range. Frequency sweep analysis was performed over a range of
0.1 to 20 Hz at linear viscoelastic region (strain % = 0.2). Time sweep, at linear
viscoelastic region, was investigated during 800 min at frequency of 1 Hz.

All experiments were performed at thermostated constant temperature (20 £ 0.01 °C) by

placing 20 mL of sample directly into trough.

2.11. Foaming properties

Foaming properties of samples were measured according to Jarpa-Parra et al.
[20] with slight modifications. Briefly, a gelatin powder was rehydrated in distilled water
(C=20g/l) and left 12 h at 25 °C for swelling. The foam was prepared by homogenizing
50 mL of solution with an Ultraturrax mixer (Colonial Scientific, DI 25 basic yellow line,
Richmond, USA) at 9,500 rpm for 1 min. The homogenized solution was spilled into a
100 mL graduated cylinder sealed with parafiim. The foaming capacity (FC) was
calculated according to Eg. (2), where V; and V, represent the formed foams after
homogenization, and the volume of the protein solution, respectively. The foaming
stability (FS) was calculated according to Eq. (3), where V, ;ime represents the volume of
foam that remained after standing for 5, 10, 15, 30, 60 min at 20 °C.

V, _V,
Vo

FC = (2)

x 100 %



Vt time

FS = x 100 % )

0

All the experiments were conducted in duplicate by the same person at room

temperature.

2.12. Color determination

The color of the powder surface where measured with a colorimeter Minolta Chroma
Meter CR-400. The samples are measured in the L * a * b * system. The L value
(black/white scale) is £100, the a value (red/green scale) and the b value (yellow/blue
scale) from -128 to +127. All samples were measured 10 times on the powder surface

with powder measuring head.
3. Results and discussion

3.1. Physico-chemical composition

The chemical composition, including moisture, ash, protein and fat of different
samples are given in Table 1. Sample A, C and D had moisture contents between 4.81
% and 7.09 % whereas sample B, present a higher value of 11.73 %. The maximum
ash content recommended for gelatin is 2.6 % [21]. The reported ash values (Table 1)
indicated a significant difference between samples and revealed the presence of two
distinct groups: sample A and B that present ash values lower than 0.2 %, whereas C
and D have very high values around 25 %. The protein content divided the samples in
two significantly different groups: A and B with high protein content (around 95 %) and
C and D with lower content (< 75 %). This difference between the samples is probably
caused by the different treatments utilized for extraction and purification [22]. The fat
content for all the samples is lower than 1%, suggesting efficient removal of fat from the
skin material.

Out of ~17 Kg and ~12 Kg of the descaled skin for sample C and D, ~1 Kg of
extracted gelatin was obtained respectively. This can be translated to the yield of 5.8 %
and 8.3 % for sample C and D (based on wet weight matter). From the literature,

different yield of extractions are reported: black tilapia (5.4 %), red tilapia (7.8 %) [23],



young Nile perch (12.3 %), adult Nile perch (16.0 %) [24], sin croaker (14.3 %), shortfin
scad (7.3 %) [25], bigeye snapper (6.5 %), Nile tilapia (18.1 %) [26]. The observed
variation in the extraction yield depends on the differences in the proximate compaosition
of the skins, the collagen content, the amount of soluble components in the skins, the
species and the age of the fish, as well as the variation in the extraction method [26].
Bloom gel strenght is an important physical property of the gelatin [26]. The bloom
gel strenght of the extracted gelatin was 1.9 and 7.7 (g), for the sample C and D, and
3.3 and 8.1 (g) for the sample A and B, respectively (Figure of the gels is provided as
Supplementary File 1). In the litterature, different values were reported for gelatin
extracted from skin of other fish species: black tilapia (181 g), red tilapia (128 g) [23],
cod (70 g), hake (100 g), megrim (340 g), sole (350 g) [27] and young Nile perch (81—
222 g), adult Nile perch (134-229 g) [24]. We observed lower gelatin strenght values for
sample C and D, compared to other fish species. However, this variation depends on
many factors, like different compositions of amino acids, size of protein chains,

concentration and molecular weight distribution of the obtained gelatin [26].

3.2. Color determination

The lightness (L*), redness (a*) and the yellowness (b*) of the commercial product (A
and B), compared to gelatin from saithe skin (C and D) are reported in Table 1. Sample
A and B, in their powder state, appeared in yellow-brown color, with a lightness of 94.2
and 79.8, respectively. The powder of extracted gelatin (sample C and D) present
brightness color, showing L* values higher than 96.7. Commercial gelatin appeared to
be yellow compared to gelatin extracted from saithe, which b* values of 13.2 and 27.2
for A and B and 4.58 and 4.25 for C and D. Furthermore, gelatin from saithe had a low
b* value compared to gelatin extracted from Nile Tilapia (O. niloticus) [26] and sin
croaker (Johnius dussumieri) [25], which present respective values of 23.8 and 13.65.
According to Songchotikunpan et al. [26], the color of gelatins depends on the raw
materials and, in general, the color does not influence their functional properties. We

can conclude that the visual observations of gelatin from saithe present a positive



attribute, since it will be easier to incorporate them into any food system without

imparting any strong colour attribute to the product.

3.3. Amino acid composition

Amino acid composition of sample A, B, C and D, expressed as number of
residues/1000 residues, is presented in Table 2. According to Sila et al. [28], the
properties of gelatin is influenced by the amino acid composition. Our results showed
that the most abundant amino acid present was glycine, followed by proline and alanine.
In addition a high content of glutamic acid was observed. All the samples present low
contents of methionine, isoleucine and tyrosine. No contents of tryptophan was
observed. In general, gelatin contains approximately 33% glycine, 12% proline and 11%
alanine [29]. According to Amiza and Aishah [30], the imino acids proline and
hydroxyproline, give rigidity to the gelatin structure; on the other hands, limited imino
acid content results in a less sterically hindered helix and affect the dynamic properties
of gelatin. In our case, the imino acid content of sample A, B, C and D was respectively
206, 162, 178 and 163 residues/1000 residues, respectively. Similar results on imino
acid contents were found by Kittiphattanabawon et al. [31] on grass carp skin collagen
(186 residues/1000 residues) and bigeye snapper skin collagen (193 residues/1000
residues). However, Singh et al. [32] found a slightly higher imino acid content in striped
catfish skin collagen (206 and 217 residues/1000 residues from extraction of acid
soluble collagen and pepsin soluble collagen, respectively). Generally, the variation in
imino acid contents between different species is mainly due to the different living
environments, habitat, temperature and season [32].

3.4. Micro and macro elements

As presented in Table 3, analysis of mineral composition showed two different group:
commercial sample (A and B) and gelatin from saithe skin (C and D). The major mineral
present was Na, with high levels for sample C and D compared to A and B. According to
Jongjareonrak, Benjakul, Visessanguan, and Tanaka [33], fish gelatins contain low
levels of magnesium. In our study, sample C and D present higher values than those
contained in the pork gelatin (0.214 g/Kg dry matter [34]). Higher content of calcium was

observed for sample C and D compared to commercial gelatin A and B. The order of
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the elements levels in gelatin D was determined as following: Sr > Fe > Zn > Cr > Ni >
Mn > Cu > Se > Co. Sample C contained more Se and less of all the others elements
compared to sample D. On the other side, and except for Fe, Co and Se, gelatin A and
B had lower amount of microelements compared to samples C and D. Lower value of
cadmium was observed in sample D (< 0.01). Mercury content in all the studied
samples were lower than 0.01 g/kg dry matter. Castro-Gonzalez, M. Méndez-Armenta
[35], reported that carp muscle contains 0.016 mg of Cd/kg, 0.11 - 0.28 mg of Hg/kg,
0.21 - 0.43 mg of Pb/kg and 0.16 - 0.17mg of As/kg. These results are much higher than
the reported values in this study. It seems that lower amount of heavy metal in gelatin
samples from Saithe skin could be related to the lower tendency of this species in

accumulating these contaminates.

3.5. Protein profile (SDS-PAGE)

Polyacrylamide gel electrophoresis in the presence of SDS was employed to
analyze the protein profile of the gelatin samples. Approximate molecular weight
distribution of sample A, B, C and D is compared and presented in Fig. 1. In the case of
sample A and B, the distinct bands corresponding to the main components of collagen
(the y and B chains) were not observed. In sample A only two weak bands, between 66
and 55 kDa and some bands below the 31 kDa marker protein, were observed. This
result indicated that an extensive hydrolysis of collagen has occurred during the
production process of sample A. In sample B protein staining with indistinct bands were
found at all molecular weights above 21 kDa with the most intense staining in the range
from 55 to >200 kDa. Why Sample B has this protein profile is unknown, but it could
eventually be due to a very mild unspecific hydrolysis of collagen or aggregation.
Sample C and D showed typically electrophoresis patterns of type | collagen, with the
presence of y-chains, f-chains and other high molecular weight aggregates. In
addition, high levels of a —chains polymers (dimmers and trimmers) allow to obtain
higher gel strenght [36]. Additional bands, at lower molecular weight (<100 kDa) were
observed. According to Kotodziejska et al. [37], this is probably due to hydrolysis of the
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basic collagen chains or the residues of non-collagenous proteins. The reason for these

differences might be the extraction conditions including use of different enzymes.

3.6. FTIR spectra

FTIR spectra of the samples are shown in Fig. 2. FTIR is a non-destructive, rapid
and easily techniqgue employed to obtain a biochemical fingerprint of proteins. According
to [38] and [39], FTIR can provide information about the molecular structure and
composition in functional groups and secondary structures of proteins. It has been
reported that generally, all types of gelatin present a more or less similar spectra [40].
Fig. 2 indicates five distinct regions for FTIR spectra of the gelatin samples: 3600-2300
(amide A), 3069-2940 (amide B), 1641-1633 (amide 1), 1536-1516 (amide II) and 1270-
1233 cm™ (amide 1lI). According to Doyle, Bendit and Blout [41], a free N-H stretching
vibration occurs in the range of 3400-3440 cm™. When the NH group of a peptide is
involved in a hydrogen bond, the position is shifted around 3300 cm™. According to our
spectra, it seems that the NH groups of this gelatin were involved in hydrogen bonding,
probably with a carbonyl group of the peptide chain. Amide B band has split into two
peaks for all the samples. These two values of wavenumbers, represent the asymmetric
and symmetric stretching of C-H. The Amide |, Il and IIl bands are responsible for the
degree of molecular order found in collagen and involved in the formation of triple
helical structure due to C=0O stretching, N-H bending and C-H stretching [42]. The
Amide | has characteristics frequencies from 1600 to 1700 cm™, which is mainly
associated to the stretching vibrations of the carbonyl group C=0. The frequency range
of 1640 to 1620 cm™ represent the B-sheet structure [43]. The wavenumber in the range
of 1550-1540 cm™ and 1525-1520 cm™ correspond to the a-helical and B-sheet
structure respectively, caused by amide Il region. According to FTIR results (Fig. 2), the
samples A, B, C and D presented peak wave number at 1520, 1536, 1527 and 1533
cm™, respectively. According to [33], this band is typically sensitive to hydration than to
structural changes in protein. Amide Ill band was detected at 1233, 1247, 1247 and
1270 cm™, for the samples A, B, C and D respectively. According to Nagajaran et al.

[44], the amide Il represents the combination peaks between C-N stretching vibrations
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and N-H deformation from amide linkages as well as absorptions arising from wagging
vibrations from CH, groups from the glycine backbone and proline side-chains. Results
showed that sample A, B and C have lower amplitudes compared to sample D. The
transformation of an a-helical to a random coli structure is associated with a pre-
treatment employed, causing a higher disorder of the molecular structure. According to
Muyonga [42] et al., this loss of structure is a results of denaturation of collagen to

gelatin.

3.7. Thermal stability

DSC analysis provides sensitive means of understanding the heat induced
denaturation of gelatin samples [45]. DSC thermograms of sample A, B, C and D,
equilibrated at 11 % RH, are shown in Fig. 3. All the thermograms are marked with a, b
and c for the glass transition (Tg), unfolding and solids-melting temperature,
respectively. Tg was observed between 69.3 and 77.1 °C for the all samples. Rahman
et al. [17] observed Tg of extracted gelatin from tuna skin at -24 °C, Al-Saidi et al. [46],
for shaari fish skin found Tg at -15 °C, whereas Rahman et al. [17] on porcine and
bovine gelatin, reported Tg values of 29 and 30°C respectively. The wide variation of
the Tg values in the literature may be due to different types of gelatin transformed
during different extraction method and characteristics of animal skins based on species,
age, and sex [46]. Unfolding temperature was presented in Table 6. Sample A, B and C
presented a temperature of 146 °C, while sample D present an unfolding temperature of
156 °C. The shift of ~10 °C toward high temperature of sample D is probably due to the
protocol extraction in citric acid compared to HCI. According to Giménez et al. [47],
gelatin is a very complex molecule and its thermal characteristics depend on many
factors, such as the collagen type, tissue, animal species, and age. The value of melting
temperature was founded at 168.1, 189.8, 165.7 and 175.1 °C for the sample A, B, C
and D, respectively.This results clearly indicated that the breakage of peptide chains
and subsequent destruction of materials is taking place at various temperatures for
gelatin samples [48]. No generic trend was observed as a function of extraction. Similar
values were found by Al-Saidi et al. [46] for gelatin extracted from shaari skin. The

enthalpy of melting (AH (J/g)), determined from the area under the endothermic peak,
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show 2.68, 9.11 and 7.88 (J/g) for sample A, C and D whereas a value of 97.64 (J/g) for
sample B. Reduction of those peaks is an indication that the proteins under
consideration partially lost their native form. The higher AH for sample B might be

associated with the difference in amino acid contents.

3.8. - potential

C-potential is the e potential difference between dispersion medium and the surface
of the dispersed protein. A numerical high (-potential indicates stability to avoid
aggregation and a numerical small -potential value close to zero, ascribes to increased
hydrophobic-hydrophobic interactions, resulting in protein precipitation and aggregation
[32]. The C-potential data showed that all the samples were positively charged in the pH
range 2-6 and negatively charged between pH 7-11. By intersection of curve on X-axe
at 0 mV, a pl value was measured at 6.6, 6.97, 6.33 and 5.63 for the sample A, B, C
and D, respectively. Gelatin extracted with acid and pepsin from fish scraps had pl
values from 6.21 to 6.56 [49].

3.9. Interfacial rheology

Interfacial rheological measurements at air-liquid interface is a suitable method to
reflect the kinetic of macromolecules absorption at interface and strength of the
adsorbed layer, and to predict the foam stability of macromolecules [50]. The Fig. 5
A and B presents the air-liquid interfacial viscoelastic behavior of the gelatin
solutions, at linear viscoelastic region (strain % = 0.2), as a function of frequency
(0.1 to 20 Hz) and time (800 min), respectively. According to the frequency sweep
measurements (Fig. 5 A), higher elastic moduli (G') was observed for the sample C,
compared to samples B, D and A. Samples B and C showed predominantly elastic
behavior (G'> G") within the whole test frequency. However, the difference between
the values of G' and G" is more pronounced in sample C. Samples A and D revealed
a predominant elastic behavior at low frequencies (G'> G") and viscous behavior at
high frequencies (G'< G"). This behavior may be attributed to an association

between protein aggregates as they are confined at the surface, leading to formation
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of an elastic film at air-liquid interface [51]. Time sweep measurements (Fig. 5 B)
exhibited different kinetics of interfacial viscoelasticity development in the samples
over time. Sample B showed a viscous dominant behavior (G'< G") during the
measured time with a steady value of viscous moduli (G") and slight increase in
elastic moduli until reaching a plateau. However, samples C and D showed a
dominant elastic behavior during the whole test with a rapid initial raise in G',
significantly in sample C, and further slower increase until reaching a plateau. Rapid
increase in G' component may be correlated with the fast migration and adsorption
of protein molecules from the bulk subphase to the air-liquid interface and formation
of an elastic interface. According to Jin et al. [50], the stability of foams are strongly
affected by the stability and mechanical strength of the interfacial layer. High
interfacial elasticity represents more tendency to improve the foam stability.

3.10. Foaming properties

Foam capacity (FC) and foam stability (FS) as a function of time, are two of the
most important properties of proteins for common food products. Results of FC are
presented in Fig. 6 A. FC was observed at 80, 94, 76 % for the sample A, B and C and
the highest at 114 % for the sample D. FS was monitored during 60 min, as reported in
Fig. 6 B. Results showed similar trend during the first 10 min: FS was comprised
between 81 and 45 %, for all the sample. After 15 min, FS of sample A and B drastically
decreased to 16 and 26 % respectively, and reached 0 % after 30 min. Sample C and D
remained stable at 56 and 52 %, respectively, after 15 min. A slight decrease (~ 6 %)
was observed after 30 min with a final FS after 60 min of 20 and 23 % respectively.
Although the FC for sample A and B was 80 and 94 % respectively, they showed lower
FS compared to the sample C and D. Smaller molecular weight peptides (< 30 kDa) are
able to reach the air-liquid interface, resulting in better FC [52]. Afterwards, hydrophobic
residues form large hydrophobic sphere at the interface, giving higher FS [53]. In our
case, a positive correlation exist between the hydrophobic residues and foam stability.
Sample C and D showed peptides size from 200 kDa to 55 kDa whereas sample A
present the lowest content of hydrophobic residues, resulting in lower foam stability. In

addition, the long term foam stability, is correlated with the interfacial rheology. Sample
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C and D present higher viscoelastic behavior compared to sample A and B, showing
strong association of protein at the air-water interface. Finally, it would be concluded

that probably, the process conditions affected considerably the foaming properties.

4. Conclusion

In this study, a comparison between marine gelatin from the market and gelatin
extracted from skin of saithe with high mineral content was presented. No differences in
physico-chemical composition were observed, except for ash content, where gelatin
extracted from the saithe skin had a high ash content (24 % and 27 % in sample C and
D, respectively) and gelatin from the market samples had a low ash content (0.14 %
and 0.18 % in sample A and B, respectively). SDS-PAGE for gelatin extracted from the
saithe skin showed typically electrophoresis patterns of gelatin from type I, with the
presence of a-chains, B-chains and other high molecular weight aggregates. The
absorption bands of gelatin in FTIR spectra were mainly situated in the amide band
region (amide A, Amide B, amide I, amide Il and amide Ill), whereas DSC thermograms
showed typical gelatin behavior. Interesting viscoelastic and higher foaming properties
were observed for the saithe gelatins, compared to the market gelatins, probably due to
the presence of high sea mineral content. This results open new perspectives for
possible applications of gelatin C and D as a new microencapsulating agent in a

cosmetic area as well as in food applications.
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Fig. 1. SDS-PAGE of sample A, B, C and D.

Fig. 2. FTIR spectra, absorbance (AU) as a function of wavenumber (cm™), of sample
A, B, C and D, respectively.

Fig. 3. DSC thermograms of sample A, B, C and D.
Fig. 4. C-potential (mV) as a function of pH for the sample A, B, C and D.

Fig. 5. G’ and G” frequency sweep at the air-water interface (A). G’ and G” as a
function of time at the air-water interface (B). All experiments were performed at
thermostated constant temperature (20 £ 0.01 °C).

Fig. 6. (A) Foam capacity for the sample A, B, C and D. (B) Foam stability as a function
of the time (min) for the sample A (o), B (o), C (m) and D (A). Determinations were
performed in duplicate for 2 different preparations of suspensions. All experiments were
performed at thermostated constant temperature (21 °C).
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Table 1 Physico-chemical composition of the sample A, B, C and D.

Sample Moisture (%) Ash (%) Protein (%) Fat (%)
A 5.41+0.64 0.14+0.12 95.36 £ 0.23 0.32+0.18
B 11.73+0.08 0.18 £ 0.03 94.24 + 0.72 0.29£0.00
C 7.09 £ 0.06 27.62 £0.11 71.33+£0.34 0.78 +£1.09
D 4.81+1.28 24.39 + 1.06 60.34 + 1.48 0.05+0.01
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Table 2 Color determination of the sample A, B, C and D.

Sample L* a* b*
A 94.2+0.0 -2.27+0.1 13.2+0.5
B 79.8+0.3 -0.80+0.1 27.2+0.3
C 96.7+0.0 -1.10+0.0 4.58+0.1
D 97.1+0.1 -1.19+0.0 4.25+0.1
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Table 3 Amino acid composition for the sample A, B, C and D expressed as
residues/1000 residues.

Amino acid A B C D
(residues/1000 residues)

Arginine 64 58 57 74
Serine 43 68 65 68
Hydroxyproline 99 68 73 71
Glycine 252 271 289 272
Threonine 26 25 15 28
Alanine 93 93 102 85
Proline 107 94 105 92
Methionine 12 17 7 12
Aspartic acid 58 63 60 58
Valine 50 49 52 45
Histidine 7 10 5 9
Lysine 35 28 28 33
Glutamic acid 91 95 113 99
Tryptophan 0 0 0 0
Leucine 26 23 10 20
Phenylalanine 15 15 7 13
Isoleucine 20 22 11 20
C-C 0 0 0 0
Tyrosine 3 3 2 3
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Abstract

Gelatin from saithe (Pollachius virens) skin, with high mineral content, was
characterized and compared to marine gelatin from the market. As expected, gelatin
extracted from the saithe skin had a high mineral content (> 20 %), compared to
commercial gelatin (< 0.2 %). SDS-PAGE analysis revealed the presence of a -chains,
pB-chains and other high molecular weight aggregates. The absorption bands of gelatin
in FTIR spectra were mainly situated in the amide band region (amide A, Amide B,
amide I, amide Il and amide Ill), whereas DSC thermograms showed typical gelatin
behavior. Interesting viscoelastic and higher foaming properties were observed for the
saithe gelatins, compared to the market gelatins, probably due to the presence of high
sea mineral content. The potential applications in food and cosmetic area of gelatin with

high mineral content are presented and discussed in the conclusions.
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Highlights

e High mineral content gelatin from saithe (Pollachius virens) skin compared to

commercial gelatin.
e No difference was observed in terms of physico-chemical and structural
characteristics between gelatin from saithe (Pollachius virens) and commercial

gelatin.

e The presence of high mineral content allowed better foam stability.
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