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Introduction

Fish is the cheapest source of good quality protein readily 
available throughout the world. Presently, consumer demand 
is increasing for ready-to-eat/ready-to-cook fish products with 
less fat and salt which finally lead to value addition. Surimi 
is used as a base material for preparation of value added fish 
products. It is a stabilised myofibrillar protein obtained from 
mechanically deboned fish mince that has been washed, 
refined and mixed with cryoprotectants for better frozen shelf 
life (Lee, 1986; Ofstad et al., 1990). While preparing surimi, 
washing of the minced fish meat is a very important step, which 
helps to remove blood, pigments, water soluble proteins and 
odour bearing substances. Consequently, the concentration 
of myofibrillar proteins, which are responsible for improving 
gel strength and elasticity, increases (Balachandran, 2001). A 
reduction in water soluble proteins increases the concentrate 
of myofibrillar proteins, thus enhancing the functional 
properties of surimi (Park, 2005). The gelling process entails 
the association of long myofibrillar protein chains which 
produces a continuous three-dimensional network in which 
water and other components are trapped. As a result, a visco-
elastic gel is obtained (Sanchez-Gonzalez et al., 2008).  
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ABSTRACT
Pangasius (Pangasianodon hypophthalmus Sauvage, 1878)   is an important food fish species in south-east Asian countries which 
is cultivated on a large scale throughout the region  and has been introduced widely outside of its native range. Production 
of this species from India is also increasing tremendously. However, the species produced from Indian environment has meat 
discoloration issue which reduces its economic value. Therefore, there is  need for alternate methods of its utilisation and  surimi 
preparation from the species can be one of the best alternatives. Therefore, attempts were made in the present study to optimise 
the process of surimi preparation from pangasius. Effect of different mince to water ratios i.e., 1:1, 1:2, 1:3 and 1:4 with 3 washing 
cycles on the quality of pangasius surimi was investigated. From the results, it was found that among the different mince to water 
ratios, 1:3 and 1:4 were better as these gave high gel strength and low expressible moisture to the surimi as compared to other 
ratios. SDS-PAGE study revealed disappearance of myosin heavy chain (MHC) in the surimi obtained with ratios of 1:3 and 1:4. 
Whiteness of surimi improved with increase in mince: water ratio. Sensory evaluation indicated highest overall acceptability for 
surimi obtained with mince:water ratios of 1:3 and 1:4. However, there was no significant difference between the quality of surimi 
obtained with mince: water ratios of 1: 3 and 1:4. 
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In India, mainly fishes of marine origin such as threadfin 
bream (Nemipterus japonicus), ribbonfish (Trichiurus 
lepturus) and lizardfish (Saurida tumbil) are being used for 
surimi production (Muraleedharan et al., 1997).  However, 
with the continuous decrease in marine catch, there is 
scarcity of raw material for surimi production. On the other 
hand, inland fish production has increased continuously and 
pangasius (Pangasianodon hypophthalmus  Sauvage, 1878) is 
one of the species which has very good aquaculture potential 
and availability throughout the year. Pangasius has white or 
pale pink flesh and its fillets are characterised by absence of 
fishy odour, small bones and thin skin. The cooking process 
results in delicate and firm texture, allowing a wide range of 
culinary preparations. These characteristics together with its 
easy availability in market in standard size, make it a suitable 
species for production of surimi and surimi-based value 
added products so as to meet the consumer demand (Orban 
et al., 2008).

In surimi processing, water to mince ratio, washing 
time and washing cycles are the most important steps. Large 
amount of water is used in washing to remove the sarcoplasmic 
proteins, blood, fat and other nitrogenous compounds from 
the minced fish flesh. It was estimated that approximately 
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80-90% of the water soluble protein is lost during water 
washing (Hall, 1994). Texture, colour and odour of the 
final product are greatly improved when these compounds 
are removed by washing. The degree of washing required 
to produce good quality surimi depends on the type, 
composition and freshness of the fish. The number of washing 
cycle and water to mince ratio employed for washing may 
vary among surimi processors. Higher water to mince ratio 
gives good result for gel strength, but it also increases the 
cost of production and the amount of waste water as well 
as it leads to loss of some amount of myofibrillar proteins. 
According to Lin and Park (1996), solubility of myofibrillar 
protein increased as the number of washing cycles increased. 
Hence, the present study was planned to test the suitability of 
pangasius as an alternative raw material for surimi production 
and to optimise the method of surimi production from this 
species which will be useful to the fish processing industries.

Materials and methods
Raw material preparation

Sutchi catfish (Pangasianodon hypophthalmus), 
cultured in cages in the Dhasai Reservoir, Thane District, 
Mumbai was  used for the study. Freshly caught fish was iced 
immediately in a fish to ice ratio of 1:1 and transported to Post 
Harvest Technology Laboratory, ICAR-Central Institute of 
Fisheries Education (ICAR-CIFE), Versova, Mumbai within 
3 h. Fish was filleted and mince was separated from the fillets, 
using a deboning machine (Baader 694, Lubek, Germany). 
The prepared mince was used for surimi preparation using 
different mince: water ratios. 

Surimi preparation

Minced meat obtained from pangasius, was divided 
into four lots which were then used to prepare surimi. For 
this, the minced meat was subjected to water washing using 
mince:water ratios of 1:1, 1:2, 1:3 and 1:4. Three washing 
cycles of five minutes each were carried out which included 
1 min of stirring and 4 min of settling. This process of 
washing was carried out in Hobart mixture unit (Hobert, 
AE 200, London, England) using chilled water. After each 
washing, the fat floating on the surface of water was removed 
manually. The washed meat obtained from these four 
treatments was then subjected to excess water removal in a 
basket centrifuge (6:5 Centro fix, Dare, Mumbai, India) at 
1200 rpm for 2 min. 

Preparation of surimi gels

Surimi was placed in a mixer, 2.5% salt was added and 
then chopped for 1 min at 4°C to obtain a homogeneous sol. 
The sol was then stuffed into polyvinylidine casing with a 
diameter of 2.5 cm and both ends of the casing were sealed 
tightly. Sols were incubated at 40°C for 30 min, followed 
by heating at 90°C for 20 min in water bath (Benjakul 

et al., 2003). All gels were cooled in iced water for 20 min 
and stored overnight at 4°C prior to analyses.

Proximate composition and pH measurement

Moisture, protein and ash content in prepared surimi 
samples were determined by standard AOAC methods 
(AOAC, 2005). Crude fat content was measured as per the 
method given by Folch et al. (1957). The pH of the samples 
was measured using a pH meter (Hanna Instruments, HI 
2211, USA).

Gel strength 

Textural analysis of gels was performed using a texture 
analyser (Model TA-XT2, Stable Micro Systems, Surrey, 
UK). Gels were tested at room temperature. Prepared surimi 
gels were cut into five cylindrical  pieces of 2.5 cm length. 
The breaking force (gel strength) and deformation (elasticity/
deformability) were measured for each sample by keeping 
the pieces of each sample into the texture analyser equipped 
with a spherical plunger (5 mm dia). The test conditions 
were; pre-test speed: 1.0 mm sec-1; post-test speed: 10.0 mm 
sec-1; distance: 4.0 mm; time: 10 sec with 50 kg load cell. 
The probe was pressed into the cut surface of gel 
perpendicularly at a constant speed, until punctured. The 
force in gram (g) required to puncture into the gel (breaking 
force) and the distance (in mm) at which the probe punctured 
into the gel (deformation), were recorded. Gel strength for 
each surimi gel was calculated from respective breaking 
force and deformation.

Expressible moisture

Expressible moisture content was measured according 
to the method of Benjakul et al. (2001) with slight 
modifications. Gel samples were cut to a thickness of 5 mm, 
weighed (X) and placed between 3 sheets of Whatman paper 
no. 4 filter paper at the bottom and 2 sheets on the top of 
the sample. The standard weight (5 kg) was placed at the top 
and held for 2 min. The sample was then removed from the 
papers and weighed again (Y). Expressible moisture content 
was calculated using the following equation:

         X-Y
Expressible moisture content (%) =                 x 100  

           X

SDS-PAGE protein pattern

Protein patterns of prepared surimi were analysed by 
SDS-PAGE, as per Laemmli (1970). To prepare the protein 
samples, 27 ml of 5% (w/v) SDS solution were added to 
the sample (3 g). The mixture was then homogenised using 
a homogeniser (Polytron, Kinematica, Switzerland) at a 
speed of 11000 rpm for 2 min and incubated at 85◦C for 1 h 
to dissolve total proteins. The samples were centrifuged at 
3500 g for 20 min to remove undissolved debris. Protein 
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concentration of the supernatant was determined by the 
Biuret method (Robinson and Hodgen, 1940) using bovine 
serum albumin as standard. The sample was then mixed with 
sample buffer [4 ml of 10% SDS, 2 ml of glycerol, 1 ml of 
β-mercaptoethanol, 2.5 ml of 0.5 M Tris-HCl (pH 6.8) and 
0.03 g bromophenol blue] at 1:1 ratio (v/v). Samples (20 μg 
proteins) were loaded onto the polyacrylamide gel made 
of 10% running gel and 4% stacking gel and subjected to 
electrophoresis at a constant current of 15 mA per gel using 
a Hoefer Mini Electrophoresis (San Francisco, USA) unit. 
After separation, the proteins were stained with 0.02% (w/v) 
coomassie brilliant blue R-250 in 50% (v/v) methanol and 
7.5% (v/v) acetic acid and destained with 50% methanol 
(v/v) and 7.5% (v/v) acetic acid, followed by 5% methanol 
(v/v) and 7.5% (v/v) acetic acid.

Folding test

Folding test was performed as per Lanier (1992). 
A 3 mm slice of the gel was subjected to folding test by 
folding between the thumb and index finger. Depending on 
the breakage; they were scored as follows: 1 = Breaks by 
finger pressure; 2 = Cracks immediately when folded half; 
3 = Crack occurs gradually when folded half; 4 = No crack 
occurs after folding half; 5 = No crack occurs after folding 
twice.

Whiteness

Whiteness was measured by using Lab scan 
XE - Colourimeter (Hunter Lab scan XE, U.S.A.) which 
gives acceptable level of surimi sample based on L*, a* and 
b* values. Whiteness was calculated as per the following 
formula:

Whiteness = 100 – [(100 – L*)2+ a*2+ b*2]1/2

Sensory evaluation

Sensory evaluation of surimi sausages was done by 
30 untrained panelists, based on method described by 
Meilgaard et al. (1990) with slight modifications. Sausages 
were evaluated for appearance, colour, taste, texture, odour 
and overall liking by the panelists. A nine-point hedonic scale, 
in which a score of 1 = not like very much, 5 = neither like 
nor dislike and 9 = like extremely, was used for evaluation. 
High score indicated good quality and vice versa.

Statistical analysis

Data were subjected to analysis of variance (ANOVA). 
Comparison of means was carried out by Duncan’s 
multiple-range tests. Analysis was performed using  SPSS 
package (SPSS 10.0 for Windows, SPSS Inc, Chicago, IL, 
USA).

Result and discussion
Yield from whole pangasius

The yield of surimi prepared using different mince:water 
ratios is presented in Table 1. From the results, it was 
observed that surimi yield decreased with increase in mince: 
water ratio. Increased mince: water ratio resulted in removal 
of sarcoplasmic proteins, fat, blood and pigments which 
resulted in decreased yield of surimi. A 52.94% yield was 
obtained after fish dressing and a 38.69% yield of mince was 
obtained from whole fish after deboning. Separated mince 
was used for surimi preparation. Depending upon mince: 
water ratio, surimi yield varied. The yield percentage of 
surimi obtained with 1:2 mince water ratio was higher in 
pangasius surimi compared to surimi prepared from tilapia 
(Ninan et al., 2004). But yield was slightly lower than that 
reported for major carps (Sankar, 2000). Yathavamoorthi 
et al. (2012) reported 18.3% yield with 1:4 mince: water 
ratio in common carp surimi, which was quite nearer to our 
findings for pangasius surimi. 

Table 1. Yield percentage of surimi prepared from pangasius 
 using different mince: water ratios

Parameters          Treatments

Mince: water ratio 1:1 1:2 1:3 1:4
*Yield (%) 28.41 24.90 24.90 24.90
*Based on initial weight of whole fish

Proximate composition

Higher moisture content was noticed in surimi than in 
mince which could be due to hydration of protein during 
the washing process. Proximate composition of surimi is 
presented in Table 2. The moisture content of mince was 
76.50%, which increased with increase in mince: water 
ratio from 1:1 to 1:4. Observed percentage of protein, fat 
and ash content of mince was 18.90±0.00, 4.66±0.65 and 
1.10±0.01, respectively, which decreased with increasing 
mince:water ratio.

In tilapia surimi, moisture content was higher while 
crude fat, crude protein and ash content were lower with 
increasing mince:water ratio (Murthy and Rajanna, 2011). 
Previously, Sanchez-Gozalez et al. (2008) reported a 
moisture and protein content of sol and gel which were in 
agreement with the designed formulation of 75.5 and 17% 
in Alaska pollock surimi (Grade FA). The results obtained 
in the present investigation are in agreement with the 
above findings. The low fat, protein and ash content in the 
surimi obtained with increased mince:water ratio might be 
due to removal of those components during washing.

Optimisation of process for Pangasius surimi
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Gel strength

Effect of different mince: water ratio on the breaking 
force and deformation is given in Table 3. Breaking force 
values of pangasius surimi increased continuously from 
323.39±18.62 (g) in mince to 600.20±47.63 (g) in surimi 
obtained from 1:4 (mince:water ratio). However, deformation 
values increased continuously with increased mince:water 
ratio up to 1:3 and then decreased to 1:4 (mince:water 
ratio). Increasing trend was also observed in gel strength 
with increasing mince:water ratio (Fig.1). The gel strength 
of washed mince was superior to that of unwashed mince 
because of the sarcoplasmic protein in unwashed meat which 
coagulates during the heat setting of salt added sol and does 
not participate in the formation of gel network. Gel strength 
was significantly different in surimi obtained with different 
mince:water ratios. Gel strength of pangasius surimi in the 
present study was comparatively higher than that of Indian 

major caprs (IMCs) (Sankar, 2000), but lower than that of 
tilapia (Ninan et al., 2004).

pH

Effect of different mince:water ratio on the pH of 
surimi is depicted in Table 4. From the results, it was 
observed that pH value of surimi increased significantly 
(p<0.05) from 6.63 in mince to 6.82 in surimi obtained 
with mince to water ratio of 1:4. Such increase in pH 
approaching towards neutrality (pH=7.0) may be attributed 
to the washing away of acidic products like lactic acids 
which might have been produced in the post-mortem fish 
muscle by the anaerobic glycolysis of glucose.

Table 2. Proximate composition of mince and surimi prepared from Pangasius sp. using different mince: water ratios
Sample* Moisture (g 100 g-1) Protein (g 100 g-1) Fat (g 100 g-1) Ash (g 100 g-1)

Mince 75.05±0.27a 18.90±00d 4.66±0.65c 1.10±.01b

1:1 80.68±0.40b 15.94±0.50c 3.90±0.64bc 0.22±0.04a

1:2 81.02±0.33b 14.56±0.90bc 3.71±0.35bc 0.19±0.02a

1:3 82.08±0.33b 13.10±1.51ab 3.15±3.9ab 0.18±0.01a

1:4 83.84±1.25c 12.93±0.00a 2.66±0.62a 0.18±0.01a

Different superscripts in the same column indicate significant difference (p<0.05), (n=3)
*All values are expressed on wet weight basis

Fig. 1.  Gel strength of heat set gels prepared from mince and surimi 
 of pangasius obtained with different mince:water ratios
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Table 3.  Breaking force and deformation of gels prepared from 
 mince and surimi of pangasius obtained with different 
 mince:water ratios

Sample Breaking force (g) Deformation (mm)
Mince 323.39±18.62a 4.99±0.05a

1:1 439.64±20.90ab 6.94±2.04abc

1:2 578.96±36.20b 5.68±0.11ab

1:3 460.81±30.20ab 10.10±1.45c

1:4 600.20±47.63c 8.66±2.70bc

Different superscripts in the same column indicate significant difference 
(p<0.05), (n=3)

M. A. Hassan et al.

Table  4. The pH of mince and surimi of pangasius obtained with 
 different mince: water ratios  

Mince: water ratioMince
1:1 1:2 1:3 1:4

pH 6.63±0.01a 6.72±0.01b 6.74±0.05 6.80±0.08c 6.82±0.02c

Different supercsripts in the row indicates significant difference (p<0.05), 
(n=3)

Expressible moisture

Effect of different mince: water ratio on the expressible 
moisture of surimi gel is given in Table 5. From the 
results, it was observed that there was inverse relationship 
of expressible moisture with gel strength of surimi, i.e., 
higher the gel strength, lower the expressible moisture. The 
lowest expressible moisture was found in mince water ratio 
of 1:4 which correlated with the maximum gel strength. 
This is in accordance with increased gel strength of surimi 
with increase in mince: water ratio and number of washing 
cycles. A good surimi gel is a three dimensional network 
of myofibrillar protein stabilised by various covalent and 
non-covalent bands and water is entrapped in it. If the 
gel is weak, higher expressible moisture will be found 
and vice-versa. Expressible moisture is found to increase 
as the amount of entrapped water decreased (Ramirez 
et al., 2007). Lowest percentage of water extracted means 
highest water holding capacity. 

Whiteness

Effect of different mince:water ratio on the whiteness 
values of pangasius surimi before and after heat setting are 
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Table 6a. Whiteness of mince and surimi of pangasius obtained 
with different mince:water ratios  

Sample L* a* b*

Mince 45.57±0.13a 16.13±1.14c 19.69±0.77a

1:1 60.53±0.48b 6.74±0.544b 23.48±0.48cd

1:2 64.68±0.79c 4.91±1.00a 23.81±2.01d

1:3 64.70±0.74c 5.25±0.35a 21.68±0.0.53bc

1:4 64.59±0.86c 4.64±0.46a 20.89±0.33ab

Different superscripts in the same column indicate significant difference 
(p<0.05), (n=3)

Table 6b. Whiteness of heat set gels prepared from mince and 
surimi of pangasius obtained with different mince:water 
ratios  

Sample L* a* b*

Mince 65.70±0.34a 5.24±0.48c 19.77±0.19b

1:1 75.47±0.52b 1.27±0.29b 18.18±1.62ab

1:2 76.52±0.37c 0.96±0.48ab 17.11±1.78a

1:3 77.51±0.29d 0.53±0.32a 16.95±1.08a

1:4 78.86±0.35e 0.31±0.28a 16.20±0.62a

Different superscripts in the same column indicate significant difference 
(p<0.05), (n=3)

Table 5. Expressible moisture of mince and surimi of pangasius obtained with different mince:water ratios  
Mince: water ratioMince

1:1 1:2 1:3 1:4
Expressible moisture 22.92±1.92d 17.85±0.35c 13.06±1.44b 10.50±1.02a 8.60±1.05a

Different letters in the row indicate significant difference (p<0.05), (n=3)
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Fig. 2.  Whiteness of surimi and heat set gels prepared from mince 
 and surimi of pangasius  obtained with different mince:water 
 ratios

Table 7. Mean scores of folding test of heat set gels prepared from mince and surimi of pangasius obtained with different mince:water ratios  
Mince: water ratio

Parameter Mince 1:1 1:2 1:3 1:4
Folding test 1.40±0.54a 2.20±0.44b 2.40±0.54b 3.40±.54c 3.60±0.54c

Different superscripts  in the row indicate significant difference (p<0.05), (n=3)

Optimisation of process for Pangasius surimi

depicted in Table 6a,b and Fig. 2 respectively. From the 
results, it was observed that whiteness values increased 
continuously with increase in mince:water ratio up to 1:4. 
This is very well correlated with reduced redness values, 
i.e., a* with increased mince:water ratio. Highest values of 
whiteness were observed in surimi after setting. More mince: 
water ratio resulted in the removal of most of the pigment, 
blood and impurities and improved the whiteness of surimi. 
Alaska pollock surimi comparatively had higher whiteness 
(Jin et al., 2007). For surimi processing, myoglobin plays an 
important role in the whiteness (Chen et al., 1997), which is 
one of the most important factors in determining the quality 
of surimi (Jin et al., 2007). Whiteness of surimi in the present 
study was comparatively similar to that of big snapper surimi 
(Julavittayanukul et al., 2006). Folding test

Scores of folding test for surimi obtained with different 
mince:water ratios are given in Table 7. It was found that 
mince sample had the lowest folding test score of 1.40, 
compared to surimi obtained from 1:3 and 1:4 mince:water 
ratios respectively. This is in accordance with the higher gel 
strength and lower expressible moisture in the surimi obtained 
with high mince:water ratio. Folding test is very subjective 
and can be considered as a preliminary test to differentiate 
high and low grade surimi. However, it lacks the sensitivity 
to distinguish different functional properties of surimi such as 
gel strength (Reppond et al., 1987).

SDS-PAGE protein pattern

Effect of varying levels of mince:water ratio on the 
protein pattern of surimi is elucidated in Fig. 3. It can be 
seen that myosin and actin are the two major myofibrillar 
proteins in the mince and surimi obtained with varying levels 
of mince:water ratio. Myosin heavy chain (MHC) band 
intensity increased in the surimi obtained with 1:3 and 1:4 
ratio (mince: water), compared with other treatments. Further, 
it can be seen in Fig. 4. that the MHC band intensity reduced 
in gels of all surimi samples after heating. Nevertheless, 
MHC band intensity of surimi gels, obtained from 1:3 and 
1:4 mince:water ratios, disappeared almost completely 
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Fig. 3. SDS-PAGE pattern of proteins from mince and surimi of 
pangasius obtained with different mince:water ratios 

 Lane 1 - marker, Lane 2 - mince and Lane 3-6 - surimi 
obtained with  mince:water ratio of 1:1 to 1:4

1           2           3           4          5           6

Myosin

Actin

1            2             3             4             5

Myosin

Actin

Fig.4. SDS-PAGE pattern of proteins from heat set gels of surimi of 
pangasius obtained with different mince:water ratios 

 Lane 1 - marker, Lane 2 - 5 - gel obtained with mince:water ratio 
of  1:1 to 1:4

Table 8. Mean sensory scores of heat set gels prepared from mince and surimi of pangasius obtained with different mince:water ratios  

Treatments
(Mince:water ratio)

Attributes

Colour Appearance Odour Texture Over all

1:1 5.00±1.73a 5.40±0.54a 5.20±1.30a 5.40±1.51a 5.20±0.83a

1:2 5.80±1.64ab 6.60±0.54b 6.10±1.24ab 6.00±1.41ab 6.20±0.83b

1:3 7.40±0.54bc 7.2±0.83b 6.90±0.89bc 7.00±0.70b 8.00±1.22c

1:4 8.80±0.44c 8.60±0.54c 8.00±1.00c 8.00±0.70c 8.00±1.22c

Different superscripts  in the same column indicate significant difference (p<0.05), (n=3)

M. A. Hassan et al.

indicating very good polymerisation. The results correlate 
well with the high breaking force and deformation in surimi 
gel obtained from 1:3 and 1:4 mince:water ratios. The SDS-
PAGE pattern of total protein revealed multiple bands in 
the high and low molecular weight ranges. Thick bands 
are MHC and actin, which correspond to high molecular 
weight of myofibrillar proteins. The electrophoretic pattern 
of Fig. 3 and 4 showed clear difference between unwashed 
and washed mince with respect to high and low molecular 
weight proteins. After washing, low molecular weight protein 
were lost. Myosin heavy chain concentration increased with 
increasing mince:water ratio. The loss of myofibrillar protein 
increased with increasing mince:water ratio (Park and Lin., 
2005). The higher MHC band intensity in surimi obtained 
with high mince:water ratios is in accordance with higher gel 
strength of the same.

Sensory evaluation

Sensory evaluation of prepared surimi with different 
mince:water ratio by demerit scale system showed 
acceptability of surimi  from different treatments. Improved 
colour, appearance, odour, texture and overall acceptability 
were observed due to increasing mince:water ratio (Table 8).

Among the different mince:water ratios, 1:3 and 1:4 
were found to be better since they gave very high gel strength 
to the surimi as compared to other treatments. Nevertheless, 
yield of surimi was higher in 1:3  compared to 1:4 ratio. 
Therefore, from the results, it can be concluded that a 
mince:water ratio of 1:3 is ideal for obtaining a good quality 
surimi from pangasius.
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