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containing compounds, sugars, lipids and non-collagenous proteins. It has been found that 
pretreatment of Alaska Pollock skin using alkaline solution at the concentration of hydroxyl ion 
lower than 0.5 M could eliminate non-collagenous protein without solubilization of collagen into 
the pretreatment solution [5]. 
 

                           
 

Figure 1. Pangasius bocourti Sauvage. 
 
Pretreatment of fish skin using salt solutions, such as sodium chloride or potassium chloride, could 
increase gelatin yield, gel strength and viscoelastic properties of the derived gelatin effectively 
when compared with pretreatment using magnesium chloride, magnesium sulphate or without 
using the pretreatment. Chloride ion from salt assists solubilization, and thus helps elimination of 
the myofibrillar protein from fish skin [6]. 
 
Hydrogen peroxide is an oxidant commonly used for bleaching marine animals for seafood 
processing. Hydroperoxyl anion, hydroperoxyl radical and hydroxyl radical formed during 
dissociation of hydrogen peroxide in water can react with many substances, including 
chromophore, which causes loss of pigments. In addition to increasing lightness of gelatin, 
pretreatment of cuttlefish skin using 5% hydrogen peroxide solution for 48 h also increases gelatin 
yield and gel strength [7]. 

 
However, comparative studies of these methods have not been elucidated. The objective of this 
study is to compare the effects that different skin pretreatments, namely, the use of sodium 
hydroxide, sodium chloride and hydrogen peroxide solutions, have on gelatin yield, gel strength 
and gel colour of the gelatin extracted from the skin of the Thai panga fish. 
 
Materials and Methods 
 
Materials 
The skin of Thai panga fish was obtained from a processing plant in Nakhonphatom province of 
Thailand. The skin samples were kept at -20°C and used within 6 months. 

 
Reagents 
Extraction chemicals included sodium hydroxide (Merck, Germany), sodium chloride (Union 
Science, Thailand), hydrogen peroxide (Carlo Erba Reagenti, USA) and glacial acetic acid 
(Labscan, Thailand). Analytical reagents included cupric sulphate 5-hydrate (J.T. Baker, USA), 
potassium sodium tartrate (Univar, Australia) and bovine serum albumin (Sigma-Aldrich, 
Canada). 
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Proximate compositions of fish skin 
Proximate analysis of the skin of Thai panga fish was performed using AOAC (2000) methods. 
Moisture content was analyzed by drying the fish skin in a hot-air oven at 100°C until constant 
weight was obtained. Crude protein was measured by Dumas combustion method using FP-528 
nitrogen/protein analyzer (Leco, Michigan). Nitrogen conversion factor was 5.4 [8]. Crude lipid 
was analyzed by Rose-Gottlieb method. Crude ash was determined by incineration in muffle 
furnace at 550°C until the sample weight was constant. Proximate analysis was performed at least 
in triplicate. 

 
Fish skin pretreatments and gelatin extraction 
Fish skin was manually scraped off the flesh and cut into pieces of 1-2 cm in size. The skin was 
soaked in different pretreatment solutions as shown in Table 1, with a skin-per-solution ratio of 
1:20 (w/v) [9]. The mixture was continuously shaken by using a orbital shaker (Gallenkamp, 
England) at 120 rpm. The pretreated skin was washed 3 times with tap water. 

 
Table 1. Order of treatments to study the effects of different pretreatment methods. 

Treatment 
order 

Extraction time 
A B C D E F G H 

0.8 M NaCl   10 min 4 h    4 h 0.1 M NaOH  4 h 4 h 4 h 4 h 4 h 
1% (v/v) H2O2     30 min   
Gelatin 
extraction Water 3 h 0.05 M acetic 

acid 3 h 
 
Fish skins pretreated with treatments A to F were then extracted with deionised water. Because 
gelatin is well soluble in acid solution, fish skin pretreated with the same solution as B and D was 
extracted in 0.05 M acetic acid solution to compare the effect. The acid extraction methods were 
assigned as G and H. The ratio of initial skin weight per water was 1:6 (w/v). Extraction was 
conducted in water bath (Memmert, Germany) at 50°C for 3 hours. 

 
Gelatin solution was filtered through a double-layer cheese cloth and then centrifuged at 2000g 
(Rotina 46R, Hettich, Germany) for 30 min to obtain the supernatant of gelatin solution. The 
protein content in the supernatant was analyzed by the Biuret method. The gelatin solution was 
dried out overnight using forced-air oven at 70°C (Termaks, Norway) to obtain gelatin sheets with 
12-13% moisture content. The dried gelatin sheets were analyzed for gel strength and colour. 

 
Gelatin yield determination 
The protein content of the gelatin solution was determined by the Biuret method [10]. A Biuret 
reagent was prepared by dissolving 9 g of sodium potassium tartrate and 3 g of copper sulphate 
pentahydrate in 0.2 M sodium hydroxide solution and the final volume was then adjusted to 1,000 
ml. For protein analysis, 100 µl of the sample was mixed with 300 µl water and 1.6 ml Biuret 
reagent. The solution was then kept for 30 minutes at room temperature before measuring the 
optical density at 550 nm using bovine serum albumin (Sigma-Aldrich, St. Louise, MO) as the 
standard. The gelatin yield was calculated as follows: 

 
Yield (%) = protein content in supernatant (g) × 100 / weight of fish skin used (g) 
 

Gel strength determination 
Gelatin solution of 6.67% (w/w) was prepared by dissolving dried gelatin with distilled water and 
heated at 60±1°C for 30 minutes in a water bath. The gelatin solution was then put in a cup (30 
mm diameter × 15 mm height) and kept at 2±0.4°C for 16-18 h [11]. The gel strength was 
measured by the texture analyzer (TA.XT Plus, Stable Micro System, England), using a 12.7 mm  
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extracting solution. This result conformed with the study on cuttlefish by Aewsiri et al [7]. The 
hydrogen peroxide pretreatment of cuttlefish skin caused higher gelatin yield compared with that 
obtained from the control. Hydrogen peroxide increased gelatin yield by disruption of hydrogen 
bond between collagen molecules which resulted in easier extraction of gelatin. 

 
Pretreatment with 0.1 M NaOH (treatment B) resulted in higher gelatin yield compared with that 
obtained without the pretreatment (treatment A) or pretreatment using sodium hydroxide followed 
by hydrogen peroxide solution (treatment E). Sodium hydroxide caused collagen molecules to 
swell and removed non-collaganous proteins, thereby making gelatin extraction easier [14]. The 
gelatin yield through pretreatment using 0.8 M NaCl for 10 min followed by 0.1 M NaOH 
(treatment C) was not different from the yield through treatment B (P>0.05). Meanwhile, 
pretreatment using 0.8 M NaCl together with 0.1 M NaOH provided higher yield as compared 
with the yields obtained from pretreatments using sodium hydroxide alone (treatment B) and from 
using NaCl followed by NaOH solution (treatment C), respectively. The difference in gelatin yield 
might be caused by using different NaCl contact times of 0, 10 or 240 min in treatment A, B, and 
C, respectively. Similar to the extraction of gelatin from the Dover sole (Solea vulgaris) skin, 
pretreatment using NaCl solution resulted in higher gelatin yield as compared with the control (no 
salts were used). Saline ion caused lyotropic hydration of collagen molecules by altering water 
structure around the collagen molecules, interrupting hydrogen bonds or interacting with internal 
hydrophobic bond [6]. Therefore, the triple helix of collagen became unstable and easier to be 
extracted. As treatment A and E resulted in low gelatin yield, they were then excluded from the 
following physical properties analyses. 

 
Gel strength 
The important property of gelatin used by the food processor is its gelling effect. Gel strength is 
the primary factor to determine quality and price of gelatin [15]. The lowest gel strength was 
obtained from pretreatment using 1% hydrogen peroxide with 0.1 M NaOH solution (treatment F) 
as shown in Figure 2. Aewsiri et al reported that treatment of fish skin with 2% hydrogen peroxide 
solution for 24 h could increase gelatin extracted from cuttlefish skin [7]. The controversial results 
could be caused by the difference in raw materials or by the dissociation of hydrogen peroxide at 
different pH. In alkaline condition, hydrogen peroxide decomposed to perhydroxyl anion (HOO−) 
which is a strong nucleophile. This nucleophile could attack the peptide bonds causing cleavage of 
the protein backbone [16]. 
 
Among the treatments using water as the extracting solution, the maximum gel strength could be 
obtained from the pretreatment using 0.8 M NaCl and 0.1 M NaOH (treatment D). The gel 
strength of the gelatin obtained using the mixture of NaCl and NaOH was higher than that 
obtained from the pretreatment using only NaOH (treatment B) (P<0.05). However, the addition 
of NaCl in NaOH solution had no significant effect on the gel strength (P>0.05) when extraction 
was performed in acid solution (treatment G and H). This result was in accordance with the study 
of Giménez et al, which reported that pretreatment of the Dover sole skin in NaCl solution resulted 
in gelatin with high gel strength as compared with those obtained from the control (no salts were 
used) [6]. This indicated that NaCl solution could maintain the α-chain of collagen, which was a 
main contributor to gel strength [17]. Gelatin extracted by acid solution (treatment G and H) 
exhibited higher gel strength than those obtained from water solution (treatments B and D). 
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bond of a chromophore and change it to a new substance without a chromophore or a new 
chromophore that does not absorb visible light [7]. For treatments B, C and D, gel lightness was 
low and did not differ from each other (P>0.05). 

 
Conclusions 

 
Although pretreatment of fish skin using hydrogen peroxide together with sodium hydroxide 
solution resulted in the highest gelatin yield and gel lightness, its yielded lowest gel strength. 
Because gel strength is considered to be the most important property of gelatin, pretreatment using 
hydrogen peroxide together with sodium hydroxide solution may not be the most suitable 
pretreatment for the production of gelatin. As a result, pretreatment using sodium chloride 
together with sodium hydroxide solution, which provides high gelatin yield, gel strength and gel 
lightness, is considered to be the appropriate pretreatment method for the production of gelatin 
from the skin of the Thai panga fish. 
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