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Behaviour of connective tissue in fish surimi on fractionation by sieving
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Abstract

The surimis prepared from the three fish species, red barracuda Sphyraena pinguis, yellow sea bream Dentex tumifrons, and spotted
shark Mustelus manazo, were fractionated by sieving through a 30-mesh stainless steel sieve. Chemical analyses revealed significant dif-
ferences in the collagen content among the residual fraction on the sieve (fraction A), the passed fraction (fraction C), and the original
surimi before sieving (fraction B): the fractions A and B showed values 10–20 and 5–10 times higher than those of the fraction C, respec-
tively, for all the species examined. Histological observation indicated the richness of the thick connective tissues derived from myocom-
mata in fractions A and B, while thick connective tissue was hardly observed in fraction C. These results suggested that the present
fractionation method may have an effect of reducing the collagen content to about 10–20% of the original value, and that a large part
of collagen in fish surimi exists in the relatively thick connective tissue, probably derived from myocommata.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Connective tissues in fish meat have been histologically
classified as myocommata, perimysium and endomysium
(Bremner & Hallett, 1985). Myocommata are thick collag-
enous sheets which separate fish muscle into myomeres.
Perimysium and endomysium are relatively thin fibers
which surround the muscle fiber bundle and individual
muscle fiber, respectively. In Japan, many large-scale man-
ufacturers of surimi or surimi-based products have made
efforts to remove the connective tissues from fish meat by
mincing or sieving, mainly because it has undesirable effects
(unhomogeneity or granularity) on the texture of the final
products, and collagen, which is a major proteinaceous
component of connective tissue, is not an essential compo-
nent for the formation of the gel structure. On the other
hand, the removed fraction, which is very rich in connec-
tive tissue, is partially utilized as the material of surimi-
based products with unique texture. The residual matter
after recovery of surimi from shark meat by a meat separa-
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tor is called ‘‘Suji’’ in Tokyo, and the products made from
the ‘‘Suji’’ are also called ‘‘Suji’’, being one of the special
products of the Tokyo area in Japan. In this context, the
fractionation process appears to be very important for
the removal or concentration of connective tissues in the
manufacture of surimi, although there are small-scale man-
ufacturers who adopt a manufacturing process without the
removal of connective tissue. Few studies have, however,
centered on the characteristics of collagen in the conse-
quent fractions after the fractionating operations. In the
present study, we tried to construct a model experimental
system of fractionation of connective tissue in fish surimi
and to characterize partially the connective tissue and col-
lagen in the consequent fractions.

2. Materials and methods

2.1. Preparation and fractionation of surimi

Three species of fish, listed in Table 1, were obtained
fresh within 24 h after death from a local market. The
outline of the procedures used is shown in Fig. 1. All oper-
ations were carried out in a cold room at 4 �C. The flesh
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Table 1
Data of samples

Species Month of sampling Number of samples Average body length (mm) Average body weight (g)

Red barracuda (Sphyraena pinguis) October 20 297 224
Yellow sea bream (Dentex tumifrons) November 20 161 153
Spotted shark (Mustelus manazo) November 1 750 1200

hselF

em deppohc( deppohc )ta

retaw htiw dehsaw

tawed e irtnec yb der f tagu noi
em dehsaw( )ta

im cn de

niM c oitcarF( taem de )B n

tiw deniarts h lniats a eveis sse

eveis eht no eudiser p m dessa atter

)A noitcarF( )C noitcarF(

Fig. 1. Outline of the preparation procedure of surimi from the three fish
species.
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was dissected out, chopped with a knife (chopped meat),
washed with water in a polyethylene bucket, dewatered
by centrifugation (Model H-122; Kokusan Corporation,
Tokyo, Japan) at 1500 g for 40 min (washed meat), and
then minced by a hand mincer (Model C-1530; Pearl Metal
Co. Ltd., Niigata, Japan). The minced meat (about 200 g),
which was used as the surimi preparation in the present
study, was sieved through a 30-mesh stainless steel sieve
(Tokyo Screen Co. Ltd., Tokyo, Japan) with a plastic pad-
dle. The passed fraction (about 100 g) was referred to as
fraction C, and the fraction remaining on the sieve (about
100 g) as fraction A. The original minced meat prior to
sieving was referred to as fraction B.

2.2. Preparation and determination of collagens

The chopped meats and fractions A–C (each 20 g) were
homogenized in 5 volumes (v/w) of 0.1 M NaOH, and
extracted in the same solution for 24 h with gentle stirring
at 5 �C. The extraction was done to remove non-collage-
nous proteins and to prevent the effects of endogenous pro-
teases on collagen according to the previous report
(Yoshinaka et al., 1985). The residue after the alkali extrac-
tion (RS-AL) was thoroughly washed with distilled water,
extensively homogenized in distilled water by a microho-
mogenizer (Polytron; Kinematica, Luzern, Switzerland),
and then lyophilized. The lyophilized samples were hydro-
lyzed in 6 M HCl at 130 �C for 3.5 h. The hydroxyproline
content in the hydrolysate was determined by the method
of Woessner (1961). The collagen content in the samples
prepared from the yellow sea bream meat was determined
by multiplying the hydroxyproline content by a converting
factor, 8.6, which had been precalculated from the amino
acid composition of the Type I collagen from yellow sea
bream muscle (Yata, Yoshida, Fujisawa, Mizuta, & Yoshi-
naka, 2001). The hydroxyproline content in fish collagens is
known to vary among fish species (Sato, Yoshinaka, &
Sato, 1989), but the collagen content of the samples pre-
pared from the red barracuda and spotted shark meats
was also estimated by the same way using the factor, 8.6,
in the present study.

The RS-ALs, prepared as above, were also analyzed by
SDS-polyacrylamide gel electrophoresis (PAGE) as
described later.

2.3. Chemical analysis

Protein nitrogen in 5% trichloroacetic acid-insoluble
fraction was determined by the micro-Kjeldahl method.
The value of 6.25 was used as the factor for converting
the nitrogen content to protein content. Moisture was
determined by drying the sample to a constant weight in
an oven at 110 �C.

2.4. SDS-PAGE

SDS-PAGE was performed by the method of Laemmli
(1970) using 7.5% polyacrylamide gels. The samples (about
5 lg) were applied to sample wells and electrophoresed,
along with a mixture of standard proteins (SDS-6H, Sigma
Chemical Corporation, St. Louis, MO, USA). Gels were
stained for protein with Coomassie Brilliant Blue (CBB)
R-250 essentially as described by Fairbanks, Steck, and
Wallach (1971). The gel was initially stained by soaking
in 10% acetic acid containing 0.05% CBB R-250 and 25%
2-propanol for 1 h at room temperature. The first staining
solution was then exchanged for 10% acetic acid containing
0.004% CBB R-250 and 10% 2-propanol. After 2 h, the gel
was soaked in 10% acetic acid containing 0.002% CBB R-
250 for 2 h. Then the background of the gel was extensively
destained with 10% acetic acid. The collagen and related
peptides were stained metachromatically and non-collage-
nous proteins were stained orthochromatically (Duhamel,
1983; Micko & Schlaepfer, 1978).
2.5. Histological observations

Histological observation with a light microscope was
carried out essentially as described previously (Mizuta,
Yoshinaka, Sato, & Sakaguchi, 1994). The sample was
fixed in Bouin�s solution (Kiernan, 1990) for 6 h at room
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temperature and embedded in paraffin (Parahisto, Nacalai
Tesque, Kyoto, Japan). Sections (thickness: 4 lm) were cut
with a microtome. The prepared sections were stained with
Azan stain (Kiernan, 1990) and examined with a light
microscope (Optiphoto-2, Nikon, Tokyo, Japan).

3. Results and discussion

Table 2 shows the water, protein, and collagen content
of the material meats and fractions A–C presently prepared
for the three fish species. The flesh from red barracuda, yel-
low sea bream, and spotted shark showed collagen content
of 0.49%, 0.42%, and 0.73% of wet sample, 1.78%, 2.07%,
and 3.19% of dry sample, and 3.05%, 2.65%, and 4.52%
of protein, respectively. The fraction A from them showed
collagen contents of 0.89%, 0.80%, and 2.8% of wet sample,
4.08%, 4.72%, and 13.8% of dry sample, and 6.05%, 5.46%,
and 14.0% of protein, respectively, which were approxi-
mately 2–2.5 times higher than those of the fraction B
(0.35%, 0.37%, and 1.24% of wet sample, 1.63%, 2.33%,
and 7.08% of dry sample, and 2.52%, 2.61%, and 7.42%
of protein). While the collagen contents of the fraction C
(0.07%, 0.07%, and 0.11% of wet sample, 0.30%, 0.41%,
and 0.66% of dry sample, and 0.46%, 0.46%, and 0.71%
of protein) were about 1/5–1/10 of those of the fraction
B. These results suggest that the present method of frac-
tionation may have the effect of reducing the collagen con-
tent to about 10–20% of the value of the original surimi
(fraction B). Incidentally, collagen was effectively concen-
trated in the fraction A showing collagen content of more
than twice that of the original value.

Fig. 2 shows the SDS-PAGE analyses of the fractions A–
C along with those of the RS-AL and fleshes. The RS-ALs
of the three fish species (Lanes 1) showed SDS-PAGE pat-
terns of typical Type I collagen. Little difference was
Table 2
Moisture, protein and collagen contents of the surimi portions

Samples Moisture (% wet sample) Protein (% wet sample)

Red barracuda

Flesh 72.6 ± 0.89 16.0 ± 0.33
Fraction A 78.1 ± 0.63 14.7 ± 0.05
Fraction B 78.4 ± 0.14 14.0 ± 0.19
Fraction C 78.5 ± 0.14 14.0 ± 0.36

Yellow sea bream

Flesh 79.7 ± 0.19 15.9 ± 0.25
Fraction A 83.1 ± 0.28 14.6 ± 0.18
Fraction B 84.0 ± 0.10 14.3 ± 0.16
Fraction C 84.2 ± 0.17 14.2 ± 0.09

Spotted shark

Flesh 77.1 ± 0.35 16.2 ± 0.34
Fraction A 79.7 ± 0.29 20.0 ± 0.27
Fraction B 82.6 ± 0.04 16.7 ± 0.16
Fraction C 83.8 ± 0.24 14.9 ± 0.29

a Significant differences (P < 0.05) were observed between fractions A–C for
b Calculated from the present results for moisture, protein, or collagen cont
observed among the patterns of the fractions A–C in the rel-
ative staining intensity of the bands of myofibrilliar proteins
as myosin heavy chain (MHC) and actin (Ac). On the other
hand, the staining intensity of the main band of collagenous
components, a1(I), showing metachromasy was much more
obvious in the fraction A than those in the fraction C, while
the fraction B exhibited an intermediate level of staining
intensity. These results reflected well the estimated collagen
content of these fractions as shown in Table 2. In spite of
the difference in the content of collagen, the electrophoretic
pattern of the collagenous components was essentially
similar among these fractions, suggesting the similarity of
constituent collagen types among them. In the present
SDS-PAGE analysis, we used Tris–HCl buffer containing
neither urea nor 2-mercaptoethanol as a sample preparation
buffer, although these reagents are usually used to solubilize
the muscle proteins. This method showed an effect of pro-
moting the predominant solubilization of collagen, resulting
in the advantage of tracing the behavior of collagen.

Figs. 3 and 4 show the light microscopic images of the
samples presently prepared from the three fish species. In
the flesh, the connective tissues of myocommata, perimy-
sium, and endomysium were observed to be arranged in
an orderly manner. Partial disintegration was detected for
these connective tissues and muscle fibers in the chopped
meats, while the washed meats seemed to be swollen by
the absorption of water during washing. As shown in
Fig. 4, the relatively thick connective tissues, probably
derived from myocommata, were frequently observed
along with the thinner one in the fractions A and B. In con-
trast, the thick connective tissue was hardly observed in the
fraction C, much thinner ones being exclusively contained
in it. These results indicate that the thick connective tissues
can be effectively removed by fractionation with a 30-mesh
sieve.
Collagen content

(% Wet sample)a (% Dry sample)b (% Protein)b

0.49 ± 0.10 1.78 3.05
0.89 ± 0.11 4.08 6.05
0.35 ± 0.07 1.63 2.52
0.07 ± 0.01 0.30 0.46

0.42 ± 0.06 2.07 2.65
0.80 ± 0.11 4.72 5.46
0.37 ± 0.06 2.33 2.61
0.07 ± 0.01 0.41 0.46

0.73 ± 0.17 3.19 4.52
2.80 ± 0.06 13.8 14.0
1.24 ± 0.12 7.08 7.42
0.11 ± 0.01 0.66 0.71

each fish species.
ent per wet weight of samples.



Fig. 2. SDS-PAGE analysis of the fractions A (lane 3), B (lane 4), and C (lane 5) from the three fish species, along with the RS-AL (lane 1) and flesh (lane
2). Lane M, molecular weight standard containing myosin from rabbit muscle (205 K), b-galactosidase from Escherichia coli (116 K), phosphorylase b
from rabbit muscle (97 K), albumin from bovine serum (66 K), albumin from hen egg (45 K), and carbonic anhydrase from bovine erythrocytes (29 K).

Fig. 3. Light microscopy of the flesh, chopped meat, and washed meat prepared from the three fish species. R, Y, and S, red barracuda, yellow sea bream,
and spotted shark, respectively.
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Collagen has received increased attention as an impor-
tant proteinaceous component that contributes greatly to
the textural development of raw or cooked meat of fish
and shellfish (Hatae, Tobimatsu, Takeyama, & Matsum-
oto, 1986; Mizuta et al., 1994; Sato et al., 1997; Sato,
Yoshinaka, Sato, & Shimizu, 1986). Therefore, it is consid-
ered that collagen or connective tissue may play some
important roles also in the textural development of pro-
cessed foods such as surimi-based products. According to
Shiba (1994), flesh from a large size shark are usually frac-
tionated in large-scale manufacturers by mechanical meat
separator (hole size: 4 mm/) to be divided into the ‘‘Suji’’,
which is the fraction rich in connective tissue, and the
sieved surimi fraction. The product manufactured from
the ‘‘Suji’’ fraction, also called ‘‘Suji’’, is famous as a spe-
cial product of the Tokyo area. It has very firm texture
in a refrigerated condition, but shows a unique soft texture
when heated in soup due to the characteristics of gelatin
(Shiba, 1994). It can be considered that the gelatin in the
connective tissue in ‘‘Suji’’ may form a firm gel structure
in the refrigerated condition and that it is disintegrated to
sol in high temperature. Little fundamental information
is, however, available concerning the variation of collagen
content and connective tissue size in fish surimi fraction-
ated with sieves or other mechanical meat separators. In
the present study, the surimi from the three fish species
were fractionated into two fractions (A and C) by sieving
with stainless steel sieve, showing a marked difference in
their collagen content and connective tissue size. Therefore,
the present study may represent the first model experiment



Fig. 4. Light microscopy of the fractions A–C prepared from the three fish species. R, Y, and S, the same as in Fig. 3.
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on the behavior of connective tissue in the fractionation of
fish surimi.

Further studies are now in progress to elucidate the roles of
collagen or connective tissue in the textural development of set
and heat-induced gels prepared from the fractionated surimi.
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