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Abstract Gelatin extraction yield increased with the

increase of acetic acid concentration and temperature.

Gelatin extracted from shaari skin using 0.1 N acid solu-

tions and temperatures of 323 and 353 K gave highest

protein content comparable to that of commercial bovine

and porcine gelatins. In general, gelatin extracted from

shaari gelatin showed lower onset of glass transition tem-

perature than mammalian gelatins. For shaari skin gelatin,

the onset of glass transition temperature decreased with the

increase of extraction temperature up to 323 K and then

remained nearly constant. The decrease in glass transition

was more pronounced for gelatin extracted at 0.01 N

compared to the 0.1 and 1.0 N samples. Unfolding tem-

perature decreased exponentially with the increase of

extraction temperature. The unfolding temperature shifted

to lower temperature, and the decrease was more pro-

nounced in the case of higher (1.0 N) concentrated sam-

ples. The extraction concentration and temperature did not

show significant effect on the onset solids-melting

temperature.

Keywords Fish skin gelatin � Glass transition � Solids-

melting � Shaari � Amino acid

List of symbols

Tgi Onset temperature of glass transition (K)

Tgp Peak temperature of glass transition (K)

Tge End temperature of glass transition (K)

Tmi Onset temperature of solids-melting (K)

Tmm Maximum slope temperature of solids-melting (K)

Tmp Peak temperature of solids-melting (K)

Tme End temperature of solids-melting (K)

Tui Onset unfolding temperature (K)

Tum Maximum slope of unfolding temperature (K)

Tup Peak of unfolding temperature (K)

Xw Moisture content (g/100 g sample)

DCp Change of specific heat (J/kg K)

DHu Enthalpy change for unfolding (kJ/kg)

DHm Enthalpy change for solids-melting (kJ/kg)

Introduction

Gelatin is a biopolymer that has very broad applications in

the food, pharmaceutical, and photographic industries. In

the food industry gelatin is widely used as a gelling agent.

Skin and bone from bovine (beef source) and porcine (pork

source) have usually been utilized commercially in gelatin

production. In recent years, however, fish gelatin has

gained importance as the demand for non-bovine and non-

porcine gelatin is increasing due to the bovine spongiform

encephalopathy (BSE) crisis and for religious and social

reasons. Karim and Bhat [1] reviewed different sources of

gelatin and found that fish skin could be one of the alter-

natives for mammalian gelatin. In addition, fish skin is a

major by-product of the fish processing industry, causing

wastage and pollution. This waste could be used to develop

the value-added by-products and it could contribute to

solve the problem of waste disposal.

The quality of a gelatin for a particular application

depends largely on its structural properties, as well as its

physico-chemical properties that are greatly influenced not
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only by the species or tissue from which it is extracted, but

also by the method of pretreatment and extraction [2].

Collagen, the parental form of gelatin, is abundant in the

skins and bones of animals and fish. The extraction of

gelatin from collagen involves several steps such as alkali

and/or acid pretreatments for collagen hydrolysis, followed

by the main extraction in water above 318 K [2, 3]. Two

types of gelatin are obtained from selected treatments:

acid pretreatment yields Type A gelatin, whereas alkaline

pretreatment yields Type B gelatin [4, 5]. Mild acid

treatment has been used to disrupt acid-labile cross-links

with negligible peptide bond hydrolysis and amino acid

degradation [6].

The major challenges in utilizing fish gelatins are the

dark color, strong fishy odor, and poor gel and/or film

properties [2, 7, 8]. Zhang et al. [9] found significant

variations on the molecular weight profile, color, tensile

strength, elongation, and water barrier property of the

fabricated catfish gelatin film extracted by varying six

pretreatment methods considering 0.09 M acetic acid and/

or 0.25 M sodium hydroxide at 277 K for 1 h followed by

extraction in de-ionized water at 323 K for 3 or 16 h. Yang

et al. [10] studied the instrumental textural characteristics

and nano-structure of gelatin from cat fish skin as a func-

tion of pretreatment with sodium hydroxide (0–1 M for

0–1.5 h) and acetic acid (0.1 M for 0–3 h). They did not

observe any specific increasing or decreasing trends in the

gel strength and hardness as a function of pretreatment time

when acetic acid (0.1 M) was used, whereas increasing

sodium hydroxide showed decreasing trends. Zhou and

Regenstein [11] optimized the extraction process for gel-

atin from Pollock skin considering pretreatment tempera-

ture, time, and pH; extraction temperature and time; and

skin/water ratio. The optimization parameters were gelatin

yield, gel strength, and viscosity.

Structural attributes of gelatin are related to its thermal

characteristics, such as glass transition, freezing point,

thermal unfolding, solids-melting, and decomposition.

Thermal analysis determines different phases and states of

foods as a function of water content and temperature [12,

13]. These characteristics could be visualized clearly in the

state diagram when characteristic temperatures are plotted

as a function of solids content [14]. D’Cruzand and Bell

[15] measured the glass transition, thermal unfolding, and

solids-melting of porcine gelatin as a function of water

content for high solids (i.e., gelatin containing unfreezable

water). Similarly glass transition and solids-melting of

mammalian gelatin at limited moisture levels were also

reported in the literature [16–20]. Rahman et al. [21]

determined the glass transition, unfolding, solids-melting,

and decomposition temperature of gelatin from mammalian

and fish skin sources at three levels of moisture content. At

present there is limited information available in the

literature for the thermal characteristics of gelatin from fish

skin. There is limited research conducted to determine the

effects of temperature and concentration of acid solution

used for the extraction step. The objective of this study was

to determine the effects of acid concentration and tem-

perature of extraction solution on the physico-chemical

characteristics and thermal characteristics (glass transition,

unfolding, and solids-melting) of shaari gelatin.

Materials and methods

Raw materials

In the month of August 2008, one batch of emperor (Arabic

Shaari) (Lethrinus microdon) skin (age & 6 months;

60–80 cm in length) was collected from local super market

in Muscat. The skin was stored at 233 K until used for the

extraction and further analysis.

Sample preparation

Commercial gelatins were bought from Sigma, Saint Louis,

MO, USA (porcine powder: catalog number G 2500 and

bovine powder: catalog number: G 9382). Frozen skin was

thawed at room temperature for about 1 h and then the

attached flesh was removed by scratching with a knife and

de-scaled. Skin was washed with running tap water and

then it was divided into three batches. The first batch was

used for gelatin extraction. Second batch of the skin was

dried in a convection oven at 353 K for 18 h. The third

batch was dried in a desiccator containing silica gel at

293 K. Both dried skin was ground into powder by a

hammer mill with sieve size 1.0 mm (Model MF 10 Basic,

IKA Works, USA).

Extraction procedure was carried out similarly as pre-

viously described by Gómez-Guillén and Montero [22].

Clean and de-scaled skin was washed with running tap

water and dipped in sodium chloride solution of 0.5 M for

5 min at 278 K. Glass rod was used manually to stir the

skin dipped in sodium chloride solution. Skin was then

washed with tap water three times before treating with

sodium hydroxide of 0.1 N. The sample in a beaker with

sodium hydroxide was placed on a magnetic stirrer for

40 min at room temperature of 293 K. It was then washed

three times with distilled water with gentle shake and

placed in acetic acid solution for extraction with agitation

on a hot plate for 18 h. The concentration and temperature

of acetic acid solution were 0.01, 0.1, and 1 N, and 277,

293, 323, and 353 K, respectively. The solution–skin mass

ratio for extraction was used as 6:1. Gelatin extracted in the

above-mentioned solution was separated by using two-

layer filter cloth. The solution was then dried in an oven
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initially at 333 K for 24 h and then dried by storing it in a

desiccator containing silica gel at 293 K for 2 days. The

dried sample was ground in a hammer mill using sieve of

1.0 mm screen (MF 10 basic from IKA Works, Inc, USA).

The following abbreviations are used to describe the dif-

ferent types of gelatins and conditions of extraction.

BG Commercial bovine gelatin

HTHC Gelatin extracted from shaari skin at 353 K, 1 N

HTLC Gelatin extracted from shaari skin at 353 K,

0.01 N

HTMC Gelatin extracted from shaari skin at 353 K,

0.1 N

LTHC Gelatin extracted from shaari skin at 277 K, 1 N

LTLC Gelatin extracted from shaari skin at 277 K,

0.01 N

LTMC Gelatin extracted from shaari skin at 277 K,

0.1 N

MTHC Gelatin extracted from shaari skin at 293 K, 1 N

MTLC Gelatin extracted from shaari skin at 293 K,

0.01 N

MTMC Gelatin extracted from shaari skin at 293 K,

0.1 N

PG Commercial porcine gelatin

SDO Shaari skin dried in oven at 343 K

UTHC Gelatin extracted from shaari skin at 323 K, 1 N

UTLC Gelatin extracted from shaari skin at 323 K,

0.01 N

UTMC Gelatin extracted from shaari skin at 323 K,

0.1 N

SDS Shaari skin dried in silica gel

The first set of powder samples (extracted gelatin, air-

dried skin, and silica gel-dried skin) were equilibrated in

desiccator maintained at 11.3% relative humidity envi-

ronment by placing saturated lithium chloride solution

(293 K). The equilibration time was around 4 weeks. The

equilibrated samples were stored in air tight glass bottle at

253 K. The moisture contents of all equilibrated samples

were determined by drying 2 g of samples in a mechanical

convection oven for 24 h at 378 K [23].

This equilibration process of the first set of powder

samples showed different hygroscopic characteristics with

varied moisture content after equilibration. This could

pause difficulty to compare the characteristics of gelatin

from different sources, thus all equilibrated samples’

moisture content was raised to 16.0 g/100 g sample by

placing it in a desiccator with water at the bottom until it

reached a predetermined weight. The predetermined weight

was checked time to time by taking out the sample and

recording its weight. These equilibrated samples were

considered as second set of powder samples. All samples

containing water 16.0 g/100 g sample were stored in air

tight glass bottles at 253 K until used for analysis.

Yield of extracted solids

The yield of solids extracted was estimated from the total

solids in the fresh skin before extraction and the solids

dissolved in the extracted solution. It was expressed as g/

100 g solids in fresh skin.

Chemical composition and pH

Moisture, crude protein, crude lipid, and ash contents of the

extracted gelatin derived from shaari skin were determined

in triplicate using AOAC methods [23]. All values were

calculated as a g/100 g sample.

Amino acid analysis

The protein samples and individual amino acids were

hydrolyzed, derivatized, and determined by procedure as

described in the Pico-Tag Operator’s Manual [24]. Protein

samples (50–100 mg) were placed in screw-capped tubes

and mixed with 5 ml of 6 N HCl (with 1% phenol v/v). The

mixture was incubated at 383 K for 24 h in an oven for

hydrolysis. After cooling, samples were diluted (1:10) with

Milli-Q water and filtered through Waterman filter paper

No. 4.

Twenty-five microliter of the protein hydrolysate solu-

tion (or amino acid standard) was dried in speed vacuum

system at 303 K for 10 min. Samples and standards were

then re-dissolved in 20 lL of a methanol–water–triethyl-

amine (TEA) (2:2:1) solution and re-dried for 15 min. To

each sample, 20 lL of a methanol–water–triethylamine-

phenylisothiocyanate (PITC) solution was added, and then

the tubes were vortexed and allowed to stand at room

temperature for 20 min and dried again. Samples were re-

reconstituted in 200 lL of Pico-Tag sample with water for

free amino acid analysis.

The HPLC analysis was carried on an Agilent 1100

system, equipped with a Pico-Tag amino acid analysis

column (150 mm 9 3.9 mm i.d., 4 lm) and a Diode Array

detector Agilent DAD 1100 (Agilent, USA). The column

was mounted in a column compartment and operated at

311 K. The injection volume was 10 lL and the detection

wavelength was set at 254 nm. The procedure of data

collection and data integration were performed using

Chemstation software from Agilent run on a P700 Compaq

personal computer. A binary gradient solvent system was

used for elution.

Differential scanning calorimetry (DSC)

Unfolding, glass transition, solids-melting, and decompo-

sition temperatures of gelatin samples at different moisture

content were measured by differential scanning calorimetry
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(DSC Q10, TA Instruments, New Castle, DE, USA).

Mechanical refrigerated cooling system was used to cool

the sample up to 183 K. The instrument was calibrated for

heat flow and temperature using distilled water (m.p.

273 K; DHm 334 J/g), and indium (m.p. 429.5 K; DHm

28.5 J/g). Aluminum pan of 30 mL, which could be sealed

with lid, was 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.

Samples of 10 mg placed in a sealed aluminum pan

were cooled to 183 K at 5 K/min, and kept for 10 min. It

was then scanned from 183 to 623 or 523 K at a rate of

10 K/min. The glass transition (shift in the curve line),

thermal unfolding (endothermic peak after glass transition),

solids-melting (endothermic peak after unfolding), and

decomposition (exothermic and endothermic peaks) char-

acteristics 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 and enthalpy from the area of the endothermic peak.

Average and standard deviation of 5–6 replicates were

obtained for each experiment.

Results and discussion

Table 1 shows chemical composition, and amino acid

profile of extracted fish skin and commercial sources gel-

atin when equilibrated at 11.3% relative humidity. The

extraction yield of gelatin from raw skin varied from 1.2 to

32.1 g/100 g dry solids in the skin. Yields of extraction

were 26.4 for grouper skin [25], 57.8 g/100 g dry solids for

tuna [21], 13.0 g/100 g dry solids for young and adult Nile

perch [26], 7.8 g/100 g dry solids for tilapia [27], 8.3 sole,

7.4, 7.2, and 6.5 g gelatin/100 g clean skin for, sole, me-

grin, cod, and hake, respectively [28]. The yield of

extraction varied with the extraction conditions as well as

the pretreatments used. However, none of the works did

study the effect of concentration and temperature on the

extraction process.

Results of this study showed that in general, gelatin

extraction yield increased with the increase of acetic acid

concentration and extraction temperature. Yield reflects the

amount of gelatin that could be extracted from the collagen

and is dependent on the solubility of collagen. Very low

collagen solubility, even after heat-denaturing at 353 K or

even 363 K has been reported for some marine fish species

Table 1 Yield, chemical composition, and amino acid of gelatin from different sources (at water activity 0.113)

Sample Chemical composition Amino acid composition

Moisturea Proteina Lipida Asha Yieldb Amino acida Porcine Bovine Fish skin

LTLC 10.40f (0.27) 64.67f (2.52) 4.23b (0.59) 15.47a (4.42) 1.6 Alanine 11.32a (1.00) 11.64ab (1.60) 13.30b (1.98)

MTLC 11.80d (0.46) 82.00bcde (2.00) 3.73b (0.25) 3.59cde (0.02) 1.2 Arginine 6.56a (0.04) 5.29ab (0.77) 5.31b (0.33)

UTLC 8.20i (0.03) 87.00abc (2.65) 2.27 cd (0.85) 3.84cde (0.04) 23.9 Aspartic acid 2.83a (0.94) 3.35a (0.40) 3.59a (0.62)

HTLC 8.90h (0.03) 82.33bcde (2.08) 2.20d (0.87) 4.60 cd (0.05) 22.7 Cysteine 0.04a (0.02) 0.06a (0.00) 0.37a (0.61)

LTMC 7.60j (0.08) 80.67cde (2.08) 4.03b (0.15) 8.12b (0.28) 9.5 Glutamic acid 5.41a (1.29) 6.24a (0.06) 6.12a (0.46)

MTMC 6.40l (0.12) 85.33abcd (2.08) 2.93d (0.32) 4.88bcd (0.33) 18.2 Glycine 33.87b (0.84) 33.68b (0.17) 36.39a (0.20)

UTMC 6.60kl (0.07) 89.00a (2.00) 2.50d (0.20) 3.84cde (0.07) 23.1 Histidine 0.57a (0.07) 0.55a (0.10) 0.58a (0.08)

HTMC 7.00k (0.06) 87.67ab (2.52) 2.63d (0.35) 4.02cde (0.24) 32.1 Hydroxyproline 10.47a (0.58) 10.41a (0.31) 7.46b (0.33)

LTHC 11.70d (0.09) 81.33bcde (2.31) 3.67bc (0.38) 4.96bc (0.05) 19.0 Isoleucine 1.75a (0.31) 1.31ab (0.54) 0.67b (0.09)

MTHC 15.90a (0.11) 77.00cde (2.64) 1.97e (0.50) 5.55bc (0.50) 19.4 Leucine 0.99a (0.37) 0.67a (0.95) 1.36a (1.79)

UTHC 14.30b (0.14) 79.67de (1.53) 2.00e (0.56) 4.27cde (0.04) 24.2 Lysine 4.54a (0.43) 5.49a (0.37) 4.10a (1.37)

HTHC 13.60c (0.03) 81.33bcde (1.53) 1.43e (0.93) 5.59bc (0.12) 28.6 Methionine 0.56a (0.19) 0.26a (0.32) 0.25a (0.42)

SDS 11.10e (0.25) 80.00de (3.00) 5.97a (4.23) 0.92e (0.85) Phenylalanine 0.68a (0.40) 0.70a (0.43) 1.18a (0.95)

SDO 7.70ij (0.04) 81.00bcde (1.53) 8.30a (0.17) 2.64cde (0.18) Proline 14.46a (1.69) 14.11a (0.98) 9.27b (0.37)

BG 9.70g (0.02) 86.67abc (0.58) 1.10e (0.2) 4.20de (0.26) Serine 3.44a (0.52) 3.56a (0.09) 3.49a (0.26)

PG 10.00fg (0.23) 89.00a (1.00) 1.13e (0.12) 1.44de (0.39) Threonine – – 1.98 (0.17)

Tyrosine 0.73a (0.14) 0.48a (0.14) 0.61a (0.18)

Valine 1.77a (0.29) 1.61a (0.30) 1.58a (0.15)

Imino acids

(Pro ? Hyp)

24.93 24.52 16.73

Note: Values in a column followed by the same letter are not significantly different (p \ 0.05). Values in the parentheses are standard deviations

a Composition (g/100 g sample)

b g/100 g dry solids of skin
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and other invertebrates [28, 29]. Peterson and Yates [30]

noticed that an appropriate digestion of the raw collagen

with proteases should be necessary to improve the final

yield of a highly cross-linked collagen. The conversion of

collagen to gelatin involves the breakage of hydrogen

bonds by raising the temperature [31]; this destabilizes the

triple helix by means of a helix-to-coil transition, leading to

conversion into soluble gelatin [32]. Denaturation can be

defined as a transition from the triple helix to a randomly

coiled form due to many factors such as heat, acid, alcohol,

and other agents [33]. The denaturation temperature for

mammalian collagen is in the range 308–313 K [34].

Although the denaturation temperature for cold water fish

collagen is much lower, the extraction temperatures for

mammalian gelatins have been adopted for the extraction

of cold water fish gelatins [26, 35, 36]. In this study acetic

acid at various concentrations coupled with temperatures in

the range 277–353 K was used in order to convert collagen

into gelatin. Results showed clearly that the higher the

temperature used the higher the yield of gelatin obtained,

for all acetic acid concentrations used.

The protein contents of PG and BG were 89.0 and

86.7 g/100 g sample, while protein content for shaari fish

varied from 64.7 to 89.0 g/100 g sample depending on the

conditions of extraction. The highest protein contents were

obtained with samples extracted using 0.1 N acid solutions

and temperatures of 323 and 353 K (UTMC and HTMC,

respectively). Fish gelatin extracted using a 0.01 N acid

solution and 277 K (LTLC) had the lowest protein content,

this probably due to the incomplete conversion of collagen

into gelatin as it is also reflected by the low yield obtained.

Conversion of collagen into gelatin involved the breakage

of hydrogen bonds by raising the temperature [31]. Fat

content was in general higher in fish gelatins than in

mammalian gelatins. Ash content was significantly

(p \ 0.05) lower in porcine gelatin as compared to bovine

and fish gelatins which exhibited comparable values. It

was, however, considerably high in shaari skin gelatin

extracted using 0.01 N acid solution and 277 K (LTLC).

Table 1 shows the amino acid profile of gelatin extrac-

ted from shaari fish as compared with commercial mam-

malian gelatins. Significant differences in the content of

Ala, Gly, Hyp, Ile, Pro, and Thr between shaari gelatin and

the two mammalian gelatins can be observed (p \ 0.05).

Shaari gelatin contained significantly higher content of the

amino acids alanine, glycine, and threonine, whereas it

contained significantly lower amount of hydroxyproline,

isoleucine, and proline as compared to bovine and porcine

gelatins (p \ 0.05). The arginine content of fish gelatin

was similar to that of porcine gelatin. All gelatins used in

this study contained glycine more than 30 residues (36.4,

33.8, and 33.9 for shaari, porcine, and bovine gelatins,

respectively), which is the most dominant amino acid in

gelatin [37–41]. Threonine content was high in shaari

gelatin but was not detected in bovine and porcine gelatins.

Similarly, Jamilah et al. [27] reported that red and black

tilapia have very high contents of glycine and threonine.

Shaari gelatin had also lower content of isoleucine as well

as of the imino amino acids proline, and hydroxyproline

than its counterpart bovine and porcine gelatins. Johnston-

Banks [42] reported that the imino acids proline and

hydroxyproline impart considerable rigidity to the collagen

structure and that the relatively limited imino acid content

should result in a less sterically hindered helix and may

affect the dynamic properties of the gelatin. It has been

reported that the stability of the triple-helical structures in

denatured gelatins is dependent on the total imino acid

content, as regions rich in proline and hydroxyproline are

likely involved in the formation of nucleation zones [43].

Hydroxyproline is believed to play a singular role in the

stabilization of the triple-helical structures due to its

hydrogen bonding ability through its hydroxyl group [43–

45]. The imino acids (Pro and Hyp) content of shaari gel-

atin (16.73 g/100 g sample) was in the range reported for

other fish species mainly Sole (17.4), Megrim, (17.5) Cod

(15.6), Hake (17.3), and Squid gelatins (17.5) [28]. In

contrast to the other fish species shaari gelatin showed a

higher content of alanine. This amino acid, together with

Pro and Hyp, is found in non-polar regions where

sequences of the type Gly-Pro-Y predominate [43]. Thus,

in general, a gelatin preparation with high proline,

hydroxyproline, and alanine content shows better visco-

elastic properties than others with a low content in these

amino acids [28, 39].

The hygroscopic characteristics of a biological material

could be assessed by equilibrating the sample in a specific

relative humidity environment [21]. It is expected that

more hygroscopic material contains more equilibrium

moisture content compared to the less hygroscopic mate-

rial. Medium acid concentration (0.1 N) produced less

hygroscopic gelatin (equilibrium moisture: 6.4–7.6 g/100 g

sample) compared to the gelatin extracted in high (1.0 N)

(equilibrium moisture: 11.7–15.9 g/100 g sample) and low

(0.01 N) (equilibrium moisture: 8.2–11.8 g/100 g sample)

acid concentration solution (Table 2). This indicated that

concentration of 0.1 N acetic acid created more polar sites

for water binding as compared to the 1.0 and 0.01 N

solutions. This could be due to the fact that high concen-

tration completely breaks the structure, and low concen-

tration affects the structure less.

Thermal behavior of fish skin was studied by differential

scanning calorimetric (DSC) analysis. DSC provides a

sensitive means of understanding the thermal denaturation

events when collagen is heated [46]. The DSC curve for

skin dried in oven and then equilibrated at water content

16.0 g/100 g sample shows a shift in the curve line
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(marked as A, onset glass transition, Tgi) before the solids-

melting endotherm (marked as S, onset glass transition,

Tmi) (Fig. 1a). Similar curve was observed for the skin

dried over silica gel at room temperature with an addition

of small peak in the solids-melting endotherm (Fig. 1b).

The small peak B could be considered as the denaturation

temperature.

Commercial porcine gelatin showed glass transition as a

shift in the curve line (marked as A), unfolding as one

small endothermic peak (marked as B), and solids-melting

as another endothermic peak (marked as S) (Fig. 1c).

Similar trend was also observed for the commercial bovine

gelatin. Figure 1d shows the DSC curve for fish skin gel-

atin extracted in 1 N acetic acid at 277 K (LTHC). This

figure shows glass transition as a shift in the curve line

(marked as A), a small peak as unfolding (marked as B, in

some cases difficult to see over the full scale), another shift

in the curve line before the solids-melting endotherm

Table 2 Thermal characteristics of gelatin from different sources after equilibration at 11.3% relative humidity

Glass transition Thermal unfolding

Xw Tgi/K Tgp/K Tge/K DCP/J/kg K Tui/K Tum/K Tup/K DHu/kJ/kg

LTLC 10.4 307.4e (3.5) 314.3ef (2.7) 320.5ef (2.6) 60cde 329.2gh (3.1) 332.9gh (3.4) 337.1fg (2.8) 2.2cd (1.3)

MTLC 11.8 284.9bcd (4.9) 310.9cd (1.0) 316.7cd (2.5) 540e 391.9gh (2.1) 396.0gh (2.1) 404.8fg (1.3) 9.5d (2.3)

UTLC 8.2 328.9hi (0.9) 332.5f (0.3) 333.2f (0.1) 468de 335.3c (0.3) 336.1c (0.2) 338.3c (0.3) 0.8bcd (0.1)

HTLC 8.9 329.0bcd (2.7) 333.5cd (2.6) 334.2cd (2.4) 765bcde 336.9gh (2.3) 338.1gh (2.4) 340.7fg (2.6) 1.5d (0.4)

LTMC 7.6 322.5d (2.2) 327.2de (0.8) 328.2de (0.5) 935abc 331.2gh (0.3) 332.9gh (0.5) 336.3fg (0.5) 3.7cd (0.8)

MTMC 6.4 327.3cd (2.3) 333.6c (3.4) 336.7c (2.7) 617cde 344.1fg (6.1) 346.0g (8.9) 350.5f (10.3) 0.7d (0.3)

UTMC 6.6 326.8bcd (3.5) 331.7cd (2.9) 333.4cd (2.7) 589cde 337.7gh (3.3) 339.2gh (2.9) 341.1fg (3.1) 0.2d (0.1)

HTMC 7.0 326.2bcd (0.8) 329.3cd (0.9) 329.7cd (0.8) 630bcde 331.0gh (0.4) 333.2gh (0.3) 336.8fg (0.3) 6.1cd (1.9)

LTHC 11.7 304.5ef (9.4) 312.3f (9.5) 317.5f (2.9) 688bcde 323.8h (1.9) 328.9h (2.7) 330.0g (4.0) 2.7cd (0.8)

MTHC 15.9 292.4gh (4.1) 300.4g (7.5) 307.7g (7.1) 612cde 443.3b (43.5) 450.0b (36.7) 456.0b (30.8) 15.5abc (8.0)

UTHC 14.3 281.1i (2.0) 289.1g (4.5) 306.0g (5.8) 725abcde 465.7a (6.1) 469.5a (4.6) 477.0a (5.0) 24.7a (19.3)

HTHC 13.6 295.1fgh (1.8) 306.3fg (0.5) 312.5fg (1.2) 594cde - - -

SDS 11.1 297.3fg (2.2) 307.5fg (0.4) 313.4fg (1.3) 536de 372.1d (4.0) 374.8de (3.4) 380.6de (2.1) 18.9ab (10.2)

SDO 7.7 335.2bc (0.9) 341.5b (0.2) 345.5b (0.8) 863abcd 359.7ef (0.5) 364.3ef (0.5) 369.4e (0.3) 0.9d (0.1)

BG 9.7 346.8a (8.1) 356.3a (6.2) 360.6a (5.9) 1100ab 383.6cd (6.3) 384.9cd (5.5) 388.4d (5.2) 1.3d (0.5)

PG 10.0 335.9b (7.7) 344.0b (4.4) 345.7b (4.5) 1062a 346.6fg (0.4) 347.8fg (0.3) 350.4f (0.4) 1.4cd (0.3)

Note: Values in a column followed by the same letter are not significantly different (p \ 0.05). Values in the parentheses are standard deviations
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(marked as C), solids-melting as an endothermic peak

(marked as S), and decomposition as exothermic–endo-

thermic peak (marked as D and E) (Fig. 1d). The shift

before solids-melting (marked as C) was observed for 277,

293, and 323 K, whereas 353 K did not show the second

shift before solids-melting. Two shifts in the curve line

(marked as A and C) indicated two types of amorphous

regions existed in the extracted gelatin at or below 323 K.

The gelatin extracted in 0.1 N at 353 K (HTMC) also

showed similar curve without second shift in curve line

before solids-melting endothermic peak (Fig. 2a). Similar

absence of the shift was also observed for 323, and 293 K,

whereas the second shift in the curve line was observed at

277 K. At all temperatures, low concentration of 0.01 N

showed similar curve without the appearance of second shift

before the solids-melting. In addition, curve of gelatin

extracted in 0.01 N and 293 or 277 K (MTLC and LTLC,

respectively) showed larger clear endothermic peak as

unfolding (marked as B), glass transition shift (marked as A)

was merged with unfolding endothermic peak, and another

the endothermic peak (marked as G) after the unfolding and

before solids-melting (marked as S) (Fig. 2b). This indicated

that less structural changes occurred in the extracted gelatin

using low concentration and low temperature.

Table 2 showed the glass transition and thermal

unfolding of fish skin, extracted gelatin from fish skin and

commercial gelatin samples equilibrated at 11.3% relative

humidity. Table 3 shows melting characteristics of these

samples. It was difficult to compare the data since different

samples contained different level of moisture due to dif-

ference in hygroscopic characteristics. For this reason all

samples were equilibrated in a desiccator with water at the

bottom up to moisture content 16.0 g/100 g sample.

Tables 4 and 5 show glass transition, unfolding and

solids-melting characteristics of fish skin, extracted and

commercial gelatin samples at moisture content 16.0 g/

100 g sample. The onset glass transition temperatures of

gelatin from shaari skin decreased from 308.7 to 260.3 K,

respectively (Table 4). Rahman et al. [21] pointed that

wide variations in gelatin molecules from different sources

indicated the complexity of the hydration and plasticiza-

tion causing differences in the glass transition. Bell and

Touma [16] also explained that the wide variation of the

glass transition 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. The Tgi was observed at

262.6 K when extraction concentration and temperature

were 0.1 N and 323 K (UTMC). Rahman et al. [21]

observed the onset glass transition temperature of extrac-

ted gelatin from tuna skin at 254.0 K (moisture content:

18.1 g/100 g sample) at similar extraction concentration

and temperature (0.1 N and 323 K, UTMC). The lower

value for tuna could be due to the higher moisture content

as well as the difference in composition of gelatin

extracted from tuna skin. Similar to this study, they also

reported higher Tgi for bovine (307 K at moisture content

15.4 g/100 g sample) and porcine (308 K at moisture

content 16.1 g/100 g sample) than gelatin from tuna skin.

It was possible to develop gelatin from shaari skin with

comparable onset glass transition temperature of mam-

malian gelatin (bovine and porcine) by selecting appro-

priate concentration (0.01 N acetic acid at 277 (LTLC) or

293 K (MTLC)) (Table 4). It was mentioned in the liter-

ature that gelatin from fish skin showed lower glass

transition, lower gelling point, and gel strength than
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mammalian gelatin [21, 25, 47]. It was argued in the lit-

erature that the lower thermal and mechanical character-

istics were mainly due to the lower amount of proline,

hydroxyproline, and glycine [7, 25, 48]. However, the

results of this study showed that the difference in thermal

and mechanical characteristics of gelatin extracted from

fish skin as compared to mammalian gelatin could be

reduced by manipulating the extraction conditions.

Figure 2c shows that the onset glass transition temper-

ature decreased with the increase of extraction temperature

up to 323 K and then remained nearly constant. This

indicated that structural breakdown reached maximum at

Table 3 Thermal characteristics of gelatin from different sources after equilibration at 11.3% relative humidity

Melting of solids

Tmi/K Tmm/K Tmp/K Tme/K DHm/kJ/kg

LTLC 403.7bcdef (47.8) 419.6bcd (48.4) 456.3abcd (33.7) 499.2abc (19.0) 144.8abc (36.2)

MTLC 437.5abc (31.0) 440.7abc (35.1) 461.2abcd (34.6) 510.9abc (12.1) 49.3cde (5.0)

UTLC 447.9abcd (6.4) 461.9abcd (4.8) 446.1abcd (57.5) 513.6abc (3.5) 91.2e (16.4)

HTLC 403.3bcdef (42.9) 416.7bcd (38.2) 439.9abcd (31.4) 504.9abc (13.1) 125.7bcd (28.7)

LTMC 362.1def (13.9) 383.4cd (13.8) 417.4bcd (0.1) 476.9abcd (0.8) 70.9de (1.8)

MTMC 378.5def (23.8) 401.6bcd (39.8) 439.6abcd (35.8) 485.5abcd (26.8) 74.1e (48.0)

UTMC 430.0abcdef (36.9) 444.8abcd (37.4) 466.3abcd (36.7) 521.8ab (6.1) 136.9abc (33.2)

HTMC 456.5ab (1.7) 466.2abc (3.1) 480.6abc (3.3) 527.2a (10.2) 153.3ab (24.8)

LTHC 410.6abcde (22.7) 456.0abcd (54.2) 465.4abcd (40.8) 448.0d (89.7) 140.9abc (46.8)

MTHC 431.7abcd (52.6) 439.3abcd (54.9) 463.7a (49.0) 517.9ab (17.2) 180.8a (25.1)

UTHC 494.4a (16.1) 501.2a (14.8) 503.1a (14.0) 525.6ab (6.6) 145.7abc (42.8)

HTHC 383.0cdef (10.5) 394.8bcd (12.0) 419.7bcd (1.0) 462.6cd (1.8) 43.3e (6.2)

SDS 433.1abcde (42.9) 443.0abcd (36.1) 457.4abcd (35.5) 499.6abc (21.7) 143.7abc (12.3)

SDO 452.4abc (10.3) 472.6ab (11.9) 483.0ab (2.1) 521.0ab (1.8) 131.9abcd (30.2)

BG 376.3ef (19.0) 379.6d (18.8) 410.9d (15.9) 471.7abcd (11.0) 117.3abc (32.1)

PG 374.7f (36.8) 388.8d (49.0) 420.0cd (39.7) 480.7bcd (23.0) 161.6ab (13.3)

Note: Values in a column followed by the same letter are not significantly different (p \ 0.05). Values in the parentheses are standard deviations

Table 4 Thermal characteristics of gelatin from different sources containing water at 16.0 g/100 sample

Glass transition Thermal unfolding

Tgi/K Tgp/K Tge/K DCP/J/kg K Tui/K Tum/K Tup/K DHu/kJ/kg

LTLC 308.7bc (0.8) 312.1bc (2.4) 313.0bc (2.6) 1408ab 322.6def (0.6) 326.0cd (0.0) 329.7cd (0.2) 41.1b (8.6)

MTLC 302.5d (0.5) 305.9c (0.4) 308.0cd (1.0) 1098bc 319.2ef (0.2) 327.5cd (7.0) 328.3cd (0.4) 51.6a (3.7)

UTLC 279.5f (0.7) 285.8e (0.8) 393.3ef (1.7) 628cde 320.0def (3.2) 323.9cd (1.8) 329.0cd (0.7) 1.9c (0.8)

HTLC 279.0f (2.9) 285.9e (5.4) 295.7e (1.2) 602cde 323.4cde (1.8) 326.6cd (2.6) 330.8cd (1.8) 0.8c (0.4)

LTMC 269.7g (0.4) 273.3fg (0.1) 282.9gh (0.6) 669cde 320.3def (4.1) 325.7cd (2.8) 331.7cd (1.6) 0.8c (0.5)

MTMC 268.1g (2.2) 274.1fg (3.1) 283.1gh (6.1) 610cde 319.6def (3.2) 325.3cd (3.2) 330.2cd (0.5) 1.1c (0.6)

UTMC 262.6h (2.7) 275.8fg (4.8) 281.5h (2.9) 130e 320.4def (1.4) 323.6cd (1.6) 326.7d (1.4) 3.0c (0.5)

HTMC 260.3h (1.6) 272.5g (2.1) 278.8h (3.6) 411de 320.7def (1.0) 325.8cd (0.9) 331.5cd (0.1) 2.0c (0.4)

LTHC 267.9g (2.3) 278.7f (2.7) 288.2fg (1.7) 1705a 317.8f (4.0) 322.4d (6.3) 327.6cd (5.3) 0.7c (0.9)

MTHC 261.8h (1.8) 272.1g (1.6) 280.4h (2.2) 654cde 312.0g (5.9) 322.9d (3.3) 331.9c (5.5) 0.2c (0.1)

UTHC 261.7h (2.3) 269.9g (0.8) 278.6h (2.2) 657cde 308.6gh (2.7) 315.0e (4.0) 319.8e (4.6) 0.3c (0.2)

HTHC 261.5h (0.6) 273fg (1.9) 279.0h (2.7) 665cde 306.5h (0.8) 309.5e (0.7) 318.1e (5.0) 0.6c (0.1)

SDS 312.4b (5.0) 325.7a (2.9) 331.6a (2.0) 656cde 101.0a (1.9) 375.0a (0.4) 378.0a (0.9) 4.1c (3.8)

SDO 291.3e (3.7) 297.3d (6.5) 304.7d (2.3) 716cde 374.7cd (0.3) 329.7c (2.3) 332.4c (2.5) 0.8c (0.3)

BG 306.7cd (1.0) 312.4b (1.8) 316.2b (1.4) 810cd 328.6c (2.2) 327.8cd (0.7) 332.1cd (0.8) 1.0c (0.4)

PG 318.5a (2.4) 327.4a (5.6) 330.1a (6.6) 422de 358.3b (2.6) 361.8b (2.6) 365.1b (1.2) 3.6c (3.4)

Note: Values in a column followed by the same letter are not significantly different (p \ 0.05). Values in the parentheses are standard deviations
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323 K. Moreover the decrease in glass transition was more

pronounced at 0.01 N concentration compared to 0.1 and

1 N samples. The increase of acid concentration during

extraction shifted the curve toward lower temperature

indicating increasing concentration decreased the glass

transition temperature (Fig. 2c). More plasticized samples

were formed with the increase of acid concentration.

Similarly, pH of whey protein films affected its glass

transition temperature [49]. Gelatin is a very complex

molecule and its characteristics depend on many factors,

such as the collagen type, tissue, animal species, and age.

The type and concentration of acid strongly influence

swelling properties and solubilization of collagen, leading

to variations in molecular weight distribution in the resul-

tant gelatins, depending on the persistence of some of the

cross-links between collagen-chains [50]. According to

Asghar and Henrickson [51], the lyotropic effect of car-

boxylic acids on collagen seems to dominate the swelling

capacity, rather than a specific ion effect, since it is the

non-ionized acid that acts as the swelling agent by com-

peting with the peptide group involved in intermolecular

linking of protein chain, mainly because of the hydrogen

bonding power of the acid.

Table 5 shows unfolding temperature decreased expo-

nentially with the increase of extraction temperature in the

case of higher (1.0 N) concentrated samples. The curves of

unfolding temperature also shifted to lower temperature

(Fig. 2d). In contrast 0.1 and 0.01 N samples did not have

an effect on the unfolding temperature. The extraction

concentration and temperature did not show significant

effect on the onset solids-melting temperature (Table 5).

The value of Tmi was 422 K compared to the 427 K in the

case of gelatin extracted from tuna skin when extraction

concentration and temperature were at 0.1 N and 323 K

(UTMC), respectively [21]. A generic trend could not be

observed in the case of solids-melting temperature as a

function of extraction temperature and concentration. In

addition more variability in the data was observed as

compared to that of glass transition and unfolding tem-

perature as evidenced from the standard deviations. Simi-

larly high variability was also observed in the case of

gelatin from different sources [21]. However, solids-melt-

ing temperature of skin was significantly lower compared

to the extracted gelatin from shaari skin (p \ 0.05)

(Table 5).

Conclusions

The effects of acid concentration and temperature of

extraction of fish gelatin on the physico-chemical charac-

teristics (chemical composition and color) and thermal

characteristics (glass transition, unfolding, and solids-

melting) were studied and compared to mammalian gela-

tins. Results showed that in general extraction conditions

had an effect on the yield, protein content, and color. This

study showed also a difference in thermal and mechanical

characteristics of gelatin extracted from fish skin as com-

pared to mammalian gelatin. This difference could be

reduced by manipulating the extraction conditions. It was

Table 5 Thermal characteristics of gelatin from different sources containing water at 16.0 g/100 sample

Melting of solids

Tmi/K Tmm/K Tmp/K Tme/K DHm/kJ/kg

LTLC 436.3ab (3.4) 457.0abc (4.7) 479.0ab (1.7) 531.0a (0.4) 254.0ab (14.8)

MTLC 455.3a (15.3) 470.0a (19.1) 479.0a (14.9) 517.0ab (26.2) 217.0abcde (68.5)

UTLC 392.6abc (31.1) 405.0abcd (39.8) 413.0bcd (34.7) 479.0bcde (28.9) 239.0abc (81.9)

HTLC 390.2abc (50.0) 405.0abcd (47.2) 424.0abcd (45.0) 501.0abcd (29.6) 213.0abcde (46.9)

LTMC 399.9abc (41.3) 414.0abcd (41.8) 437.0abcd (34.8) 501.0abcd (16.6) 236.0abcd (9.7)

MTMC 422.4abc (46.8) 437.0abcd (46.0) 453.0abcd (48.4) 497.0abcde (17.7) 211.0abcde (61.0)

UTMC 422.0abc (37.1) 452.0abcd (59.2) 467.0abcd (48.1) 492.0abcde (32.8) 122.0de (57.7)

HTMC 428.9ab (41.5) 455.0ab (29.5) 462.0abcd (28.4) 491.0abcde (26.8) 280.0a (30.9)

LTHC 388.0abc (6.8) 391.0bcd (3.97) 407.0bcd (2.8) 461.0cde (3.63) 283.0a (141.0)

MTHC 389.7abc (22.3) 394.0bcd (22.7) 410.0bcd (10.8) 458.0de (9.8) 121.0e (18.7)

UTHC 444.0a (56.1) 447.0abcd (63.8) 459.0abcd (56.1) 528.0a (19.2) 146.0cde (23.3)

HTHC 441.5a (63.3) 457.0abc (62.5) 470.0abc (56.2) 505.0abc (34.2) 136.0bcde (49.8)

SDS 351.6c (1.8) 382.0bcd (2.2) 400.0cd (1.1) 466.0cde (3.2) 243.0abc (19.2)

SDO 350.6c (8.2) 372.5d (9.7) 397.0d (1.04) 467.0cde (6.1) 215.0abcde (13.7)

BG 364.4bc (8.1) 376.0cd (9.0) 395.0d (6.3) 452.0e (30.2) 227abcde (72.1)

PG 405.4abc (43.3) 415.0abcd (43.6) 424.0abcd (44.5) 479.0bcde (32.4) 162.0bcde (38.0)

Note: Values in a column followed by the same letter are not significantly different (p \ 0.05). Values in the parentheses are standard deviations
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possible to develop gelatin from shaari skin with compa-

rable onset glass transition temperature of mammalian

gelatin (bovine and porcine) by selecting appropriate con-

centration of acetic acid (i.e., 0.01 N at 277 or 293 K).
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