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Abstract

In the present investigation attempts were made to
extract phenolic compounds from seaweed which is
abundantly available along the west coast of India
and to use it as cross-linker in Japanese threadfin
bream surimi. Brown seaweed (Sargassum
tenerrimum) was extracted using water and water
seaweed extract (WSE) contained 16.24 mg tannin
gl of dry seaweed powder. Effect of WSE at
different levels on Japanese threadfin bream
(Nemipterus japonicus) surimi was investigated in
comparison with surimi gel without seaweed extract
(control). Gels added with 0.02% WSE showed 30%
increase in gel strength, when compared with
control. Lower expressible moisture content was
observed in surimi gels incorporated with 0.02%
WSE. Slight decreases in whiteness and insignificant
increase in pH were observed with increasing
seaweed extract concentration. However, significant
difference was observed in the sensory properties of
Japanese threadfin bream surimi gel added with
0.02% seaweed extract. Thus, the seaweed extract
could be used as surimi gel enhancer without
affecting its sensory properties.
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Introduction

In recent times, total utilization of fish landings,
including underutilized fish species as human food,
has been realized because of the diminishing marine
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catch and increasing consumer interest in fish
products. Surimi technology has been recognized as
one of the most successful techniques for low cost
fish utilization. The textural properties developed
during surimi gelation are normally expressed in
terms of gel strength, which is the basic parameter
for determining the quality and price of surimi
(Benjakul et al., 2004). To increase the gel strength
of surimi, various food grade ingredients and
protein additives have been used. However, the
addition of these ingredients poses adverse effect on
flavour and colour of surimi gel (Rawdkuen &
Benjakul, 2008). Recently, interactions between phe-
nolic compounds and proteins have been paid more
attention in the processing of certain food products.
There have been a few studies describing the cross
linking ability of phenolic compounds with proteins
(Rawel et al., 2002; Strauss & Gibson, 2004).

Brown seaweed (Sargassum tenerrimum) is very
common along the west coast of India. Phenolic
compounds make upto 20% of dry weight of
seaweeds phenol level (Connan & Stengel, 2007).
Tannins with phenolic character occur in marine
algae in the physodes of Phaeophyta, such as
Sargassum species (Vimalabai et al., 2004). Pharma-
cologists, physiologists and chemists have been
paying increasing attention to marine organisms
particularly seaweeds for bioactive substances
(Arunkumar et al., 2010). Phenolic compounds,
mainly phlorotannins are found at high level in
marine brown algae (Ragan & Glombitza, 1986).
Preparation of seaweed extract containing phenolic
compounds could increase the value of these
seaweeds and the novel natural additives can be
applied in food industry, especially surimi industry.

However, there is little information on the utilisation
of seaweed extract as cross-linking agents in food
proteins, particularly myofibrillar proteins. There-
fore, the objectives of this research were to extract
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phenolic compounds from seaweeds and to use the
crude extract as gel enhancer in the surimi of
Japanese threadfin bream.

Materials and Methods

Brown seaweed (S. tenerrimum) species were hand-
picked from Ratnagiri coast washed with fresh
water, sun dried for 14 days, ground (Kenstar,
Senator, Japan) and then sieved with Test sieve
(Jayant scientific, India) of diameter 0.07 mm.
Seaweed extract was prepared according to the
method described by Zahra et al. (2007) with slight
modification viz., prepared extract was evaporated
directly on flame and final water seaweed extract
(WSE) was collected in glass bottle.

Quantification of total phenolic compounds in
seaweed extracts was carried out according to the
Folin-Ciocalteu method of Kuda et al. (2005). Extract
was measured in triplicate against a tannic acid
standard curve, and the results were expressed as
mg of Tannic acid equivalent (TA) g dry sample.

Japanese threadfin bream (Nemipterus japonicus)
surimi was purchased from M. D. Naik, Pethkilla,
Ratnagiri, which was prepared without any addi-
tives. Surimi gel was prepared according to the
method described by Balange & Benjakul (2009a).
While preparing surimi gel in a mincer, 3% salt and
seaweed extract containing 16.24 mg tannin g of
dry seaweed powder, at different concentrations viz.,
0.02, 0.04, 0.06 and 0.08% were added. Prepared
surimi sol was stuffed in krehlon (UK) casing and
subjected to setting at 40°C for 30 min, then sausages
were chilled in ice for 20 min and stored in incubator
(Metalab, Mumbai, India), overnight at 20°C prior to
analysis. The control gels were prepared in similar
way, without addition of seaweed extract.

Textural analysis of gels was performed using a
texture analyser - RHEO TEX (Type: SD-700, Japan).
Gels were tested at room temperature. Prepared
surimi sausages were cut into five cylindrical
shaped pieces of 2.5 cm in length. The breaking force
(g) and deformation (cm) were measured by texture
analyzer with spherical plunger (5 mm diameter; 60
mm min? plunger speed). Gel strength for each
surimi sausage was measured from respective
breaking force and deformation.

Expressible moisture content was measured accord-
ing to the method of Balange & Benjakul (2009b) by
using the equation: Expressible moisture content (%)
=100 [(X - Y) / X].
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Whiteness was measured by using whiteness meter
(MINIOLTA, Chroma meter CR-400; Japan). The pH
was recorded by using a pH meter (Sentex,
California, USA).

Japanese threadfin bream gels without and with
seaweed extract were evaluated for appearance,
colour, taste, texture, odour and overall liking by 10
trained panelists, in comparison with the control
gel. A nine-point hedonic scale was used for
evaluation (Meilgaard et al., 1990).

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

Results and Discussion

It was observed that the extract contained 16.24 mg
tannin g' of dry seaweed powder. Hwang et al.
(2010) reported that, freeze dried hot water extract
from Sargassum hemiphyllum contained 0.240 mg
phenolic compound ml? of extract. Zahra et al.
(2007) found total phenolic compounds in Sargassum
boveanum water extract was about 17 + 0.492 mg
catechin equivalent g of dry sample.

Surimi gel with 0.02% WSE showed 30% increase
in gel strength, than control (p < 0.05) (Fig. 1).
Generally multidenate mechanism requiresa  much
lower phenolic compound / protein molar ratio and
thus a lower concentration of phenolic compound
is needed (Haslam, 1989). In the present investiga-
tion, 0.02% concentration of WSE improved the gel
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*Different letters indicate the significant difference (p <
0.05); + Standard error of mean (n=3)

Fig. 1. Effect of seaweed extract on gel strength of
Nemipterus japonicus surimi
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strength and this might be attributed to the
multidenate mechanism. However, with further
increase in the concentration of WSE above 0.02%,
decrease in gel strength was found. This decrease
may be associated with self-aggregation of phenolic
compounds, leading to the loss in capability of
protein cross-linking.

The lowest expressible moisture content was found
in surimi gel with optimum WSE of 0.02% while it
was high in control gel and in surimi gels prepared
with 0.08% WSE (p < 0.05), but, was lower than
control values (Fig. 2). During setting, proteins
underwent some denaturation and aligned them-
selves gradually to form the network, which can
imbibe water (Benjakul & Visessanguan, 2003). The
decrease in expressible moisture contents of surimi
gel added with optimum WSE concentration was
found in accordance with increased gel strength and
indicate greater water holding capacity. Balange &
Benjakul (2009a) reported the lowest expressible
moisture content of mackerel surimi gel with
optimum water kiam wood extract and the increase
was found above optimum level. Balange &
Benjakul (2009b) also reported lowest expressible
moisture content in gels with addition of 0.50%
oxidized tannic acid.
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Fig. 2. Effect of seaweed extract on expressible moisture
content of Nemipterus japonicus surimi

Progressive decrease in whiteness of Japanese
threadfin bream surimi gels was observed as the
levels of the WSE increased (Fig. 3) (p < 0.05), which
may be attributed due to phenolic compounds.
Phenolic compounds were responsible for
discolouration in cheese products (O’Conell & Fox,
2001). Most of the phenolic compounds are stable
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at neutral pH values and are suitable colourants
(Asen et al., 1979).
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Fig. 3. Effect of seaweed extract on whiteness of
Nemipterus japonicus surimi

In the present study, addition of WSE showed
insignificant increase in pH (p > 0.05) (Fig. 4), with
increasing concentration in surimi. The WSE added
in surimi contain higher amount of phenolic com-
pounds viz., polyphenols, possessing one or more
aromatic rings bearing hydroxyl substituent (Parr &
Bolwell, 2000), which resulted in increase of surimi
pH. But the WSE quantity added in surimi was very
less, hence insignificant increase in pH was found.
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Fig. 4. Effect of seaweed extract on the pH Nemipterus
japonicus surimi

The lowest overall acceptability for Japanese thread-
fin bream surimi was found in control surimi gel
(Fig. 5). Decrease in overall acceptability was found
in surimi gel prepared with WSE concentration
above optimum level. Among the WSE, the extract
added at 0.02% to surimi obtained highest overall
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acceptability (p < 0.05). Balange & Benjakul (2009a)
also reported the highest overall acceptability for
surimi gel prepared with 0.15% ethanolic kiam wood
extract, which exhibited highest surimi gel strength.

=0.00% ®0.02% 0.04% ®0.06% ™0.08

1 . va* & Looe
4 2%a'a bbb b a o

so | DELEE  ELEE i

8.7 ; ’ . [ I i

brhy. @ 4

e, y I

83 Ly . i

8.1 5 F

7.9

77

75

7.3

7i - - - '

Colour Appearance Odour Taste Texture Overall
Acceptability

Organoleptic Score

Attributes

*Different letters indicate the significant difference (p <
0.05); + Standard error of mean (n=3)

Fig. 5. Sensory score of Nemipterus japonicus surimi gels
with and without seaweed extract

Water seaweed extract had a potential in strengthen-
ing the gel of Japanese threadfin bream surimi when
the optimum level (0.02%) was introduced with no
detrimental effect on sensory properties of surimi
gel. Thus, the extract from seaweed can be used as
a natural gel enhancer for fish surimi industry.
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