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The effects of microbial transglutaminase (MTGase) on fish muscles of seven kinds of fish-species 
were studied to increase the basic knowledge of the preparation of the high quality frozen surimi. Be
cause of the full consideration of application, all tested samples were prepared in the surimi plants with 
the commercial manufacturing process. The textural properties of each surimi gel were measured by a 
punch force and punch deformation. The condition of setting was defined at 30 C and for 60 min. The 
accuracy of the data of the punch test was investigated by using the coefficient values of variation. The 
effects of MTGase on surimi gel varied with each fish species. The values of the punch force of all tested 
surimi gels increased with the addition of MTGase, but the values of punch deformation decreased with 
an addition of over 0.03% MTGase in general. Since, the value of the punch deformation is highly ap
praised by Kamaboko makers more than the punch force, about 0.03% of MTGase (1.1 unit/mg pow
der used) were recommended for the desirable concentration in the frozen surimi processing. However, 
there is a recognizable differences in the two kinds of walleye pollock surimi. The results show that the 
increasing effect of MTGase is not only controlled by the fish species but also by more complicated fac
tors such as freshness of the raw fish.

Key words: frozen surimi, transglutaminase, texture, setting, fish species

Two major research investigations have been made to 
improve the quality of frozen surimi. One is the study on 
the cryostabilization of protein in surimi. The other is the 
development of techniques related with the improvement 
of the functional properties of surimi gel. Chemical and 
physical bonding on the formation of the gelled protein 
network is the key technology for the latter, and our 

present trial will be classified into the latter technique. Us
ing the results of these investigations,1) considerable 
research has been expended on the formation of bonds of 

protein network for the improvement of the function of 
Kamaboko gel. For, example, Okada2) reported the in
creasing effect of potassium bromate, which is an oxidant 
that accelerates the intermolecular disulfide bonds of mus
cle proteins on the surimi gel formation. Potassium bro
mate as food additives had been permitted for the 
kamaboko making in Japan until 1982. As Simidu3) had 
suggested that the enzymatic reaction take part in the set
ting of surimi, the formation of inter and intra-molecular 
bonds by enzyme is another hopeful reaction which will be 
more readily accepted by regulatory authorities and the 
consumer from the view point of safety. One enzyme of 
potential use in the food industry is transglutaminase, 
such as the mammalian transglutaminase (EC 2.3.2.13), 
which is capable of introducing covalent crosslinks be
tween protein molecules and various related reported 
papers. 4-15) Recently, the new type of transglutaminase was 
purified from the culture filtrate of streptoverticillium 20) 
Mass production of Cat+-independent microbial trans
glutaminase (MTGase) enable the industrial and practical

use of MTGase for the food processing now. More recent
ly, some studies on the application of MTGase, and on the 

polymerization of several proteins have been reported.16-19) 
However, study on the industrial use of MTGase for the 
frozen surimi processing has not-been reported yet.

The objective of present study was to test the use of 
MTGase on the frozen surimi to extend a basic knowledge 
for preparing high quality frozen surimi. On the other 
side, in the processing of Japanese fishery products, the 
species-specificity is regarded as of major importance by 
not only the technologists in the plants but also fishery 
scientists. The seven kinds of fish species which are com
monly used in the commercial surimi production were 
selected as the test samples in the sense of the comparative 
study of the fish species. The characteristics or special 
merits of the present research were that all tested surimi 
samples were prepared in commercial plants with the gener
al surimi manufacturing process in full consideration of 
the practical application.

Materials and Methods

Enzyme Powdered microbial transglutaminase (1.1 

units/mg), prepared from the culture of storeptoverticilli

um sp. by the method of Ando et al.,20) was obtained from 

the central reseach laboratory of Ajinomoto Co., Inc. 

(Tokyo, Japan). Enzyme activity was measured by the 

hydroxamate procedure with CBZ-L-glutaminyl glycine 

by the method of Folk and Cole.21) The enzyme activity 

was defined as one unit causing the formation 1ƒÊm of

•õ To whom offprint requests should be addressed.
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hydroxamic acid/ minute. Ca2+ concentration of the used 
MTGase powder is 0.063%, and there is no addition of 
Ca2+ to the enzyme powder.

Preparation of Surimi with Microbial Transglutaminase

All tested surimi samples were prepared on the factory 

ship or shore plants according to the general and commer

cial surimi manufacturing process reported by Toyoda et 

al.22) Powder of microbial transglutamminase was blended 

with cryoprotectants and mixed with the washed and de

hydrated fish meat in the silent cutter. After mixing, 10 kg 

surimi was, packed into a polyethylene bag and frozen 

with a contact freezer to a center temperature of -25•Ž. 

After the freezing was completed, surimi samples were 

packaged in the corrugated cardboard carton. The frozen 

surimi samples were stored at -25•Ž or below during 

holding and shipping, until the measurements of function

al properties could be made.

Walleye pollock Theragre chalcogramma was harvested 
at the Hokkaido coast in February, stored in the vessel 
with ice and unloaded within 2 weeks of capture. Fillets 
were processed into surimi in the local surimi processing 
plant at Monbetsu, Hokkaido, Japan. Surimi samples 
were made with 4% sucrose, 4% sorbitol, and 0.25% poly
phosphate.

For the preparation of high grade surimi sample, 
walleye pollock were harvested by a factory ship in the Ber
ing sea in October. Eleven hours after harvesting, fillets 
were processed into surimi by the general and commercial 
processing methods. Surimi samples were made with 4% 
sucrose, 4% sorbitol, and 0.25% polyphosphate.

Southern blue whiting Micromesistirns australis was har
vested off the coast of South Islands of New Zealand, by a 
factory trawler, and in September. Ten hr after harvesting, 
the fillets were processed into surimi by the commercial 
processing methods. Surimi samples were made with 4% 
sucrose, 4% sorbitol and 0.25% polyphosphate.

White croaker Argyrosomus argentatus, largehead hair
tail Trichiurus lepturus, lizard fish Saurida undosyuamis , 
bigeyes Priacanthus macracanthus, and hachibiki Erythro
cles schlegelii were harvested in the East China Sea in 
February. In the trawler, raw fish were stored in a wooden 
box with ice and unloaded within a week of capture. Fillets 
of these fish species were processed into surimi in a local 
surimi processing plant at Nagasaki, east part of Japan. 
Surimi samples of these species without white croaker 
were made with 4% sucrose, 4%, sorbitol, 3% liquid egg 
white, and 0.2% polyphosphate. White croaker surimi 
was made with 4% sucrose and 4% sorbitol.

Surimi Gel Preparation

Three months after the day of sample preparation, suri

mi packages were removed from frozen storage and kept 

at room temperature to reach -5•Ž. Samples ware 

chopped and placed in a bowl of silent cutter, then salt 

equal to 3% of surimi was added, and blended into the sur

imi' paste. About 150 g the surimi paste was packed into a 

48 mm diameter folded vinylidene chloride film , and 
bound on both ends. The filled tubes were incubated (set) 

at 30•Ž for 60 min. to a final heating (cook) at 90•Ž for 

20 min. Cooked gels were cooled in an ice-water bath and 

stored in a cold room (5•Ž) overnight prior to the punch

test.

Measurement of the Jelly Strength by Punch Test
Test samples were allowed to reach room temperature, 

cut into round-shaped slices of 25 mm height, then re
moved from film and used as a test specimen. The break. 
ing force strength or punch force (g) and the depths of 
depression or punch deformation (mm) were measured us. 
ing RHEO TEX (Sun science Co., LTD, Japan) with a 
spherical plunger (5 mm diameter).

Results

Walleye Pollock Surimi
Tests were run on the two kinds of walleye pollock surf

mi, namely land-processed and ship-processed samples. 
The changes in two textural properties, punch force, and 
punch deformation, as the results of several concentra
tions of MTGase are shown in the Figs. 1 and 2. The textur
al properties of the land-processed walleye pollock surimi 
gel is shown in Fig. 1. Moisture of the land-processed 
walleye pollock surimi was 77.4% and pH was 7.30. The 
textural values that changed depended greatly on the con
centration of MTGase. The punch force increased with the 
concentration of MTGase, and at the concentration of 
0.03% MTGase the value of the punch force increased 
from 550 g to 1250 g. However, more increases of the 

punch force were not determined even if adding over 
0.03% of MTGase. On the other hand , the values of 
punch deformation increased slightly at 0.3% MTGase 
but decreased at higher concentrations. The changes of tex
tural properties of ship-processed MTGase added surimi 
are shown in Fig. 2. Moisture of the ship-processed surimi 
sample was 73.7% and pH 7.30. The punch force in
creased gradually with the concentration of MTGase, and 
at the concentration of 0.06% MTGase the values of the 
punch force, increased from 1149 g to 1536 g. However, 
higher increases of the punch force were not found even if 
over 0.06% of MTGase were added . The values of punch

Fig. 1. Functional properties of land-processed walleye pollock surimi

 gels produced at different enzyme concentrations.
Closed circle indicates the punch force and open circle indicates 

punch deformation.
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Fig. 2. Functional properties of ship-processed walleye pollock surimi 

gels produced at different enzyme concentrations.

deformation did not change with the concentration of 

MTGase.

White Croaker Surimi
Moisture of the white croaker surimi was 77.58% and 

pH 7.16. The changes of two textural limits as a result of 
using several concentrations of MTGase to croaker surimi 
is shown in Fig. 3. The values of the punch force increased 

gradually with, the concentration of MTGase, but the 
Value at 0.09% of MTGase was limited under 1000 g. The 
values of punch deformation did not change with the con
centration of MTGase. The quality of white croaker used 
in the present preparation is assumed in the intermediate 
grade as not high from the results of MTGase free surimi.

Bigeye Surimi
Moisture of the bigeye surimi was 77.86% and pH 7.59. 

The change of two textural limits was the result of using 
several concentrations of MTGase to bigeye surimi is

Fig. 3. Functional properties of croaker surimi gels produced at differ

ent enzyme concentrations.

Fig. 4. Functional properties of bigeye surimi gels produced at different 

enzyme concentrations.

shown in Fig. 4. The values of the punch force increased 
from 550 g MTGase free samples to 880 g at 0.03% 
MTGase, but decreased at higher concentrations. The 
values, of punch deformation increased from 0 to 0.01% 
MTGase, but decreased slightly at higher concentration 
slightly.

Lizard Fish Surimi
Moisture of the lizard fish surimi was 78.7% and pH 

7.42. The changes of two textural limits as a result of using 
several concentrations of MTGase to lizard fish surlmi is, 
shown in Fig. 5. The values of the punch force increased 
slightly from 800g, MTGase free sample, to 1100g, 
0.06% of MTGase, and did not changed at higher concen
trations. The values of punch deformation did not change 
from 0 to 0.01 % MTGase and decreased at higher concen
trations.

Fig. 5. Functional properties of lizard fish surimi gels produced at differ

ent enzyme concentrations.
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Largehead Hairtail Surimi
Moisture of the largehead hairtail surimi was 77.27% 

and pH 7.53. The changes of two textural lmits as a result 
of using several concentrations of MTGase to largehead 
hairtail surimi is shown in Fig. 6. The values of the punch 
force increased slightly with the addition of MTGase. The 
values of punch deformation did not change in the low con
centration of MTGase, from 0 to 0.03%, but decreased at 
higher concentrations.

Hachibiki Surimi
Moisture of the tested himedai surimi was 79.3% and 

pH 7.28. The changes of two textural limits as a result of 
using several concentrations of MTGase to hachibiki suri
mi, is shown in Fig. 7. Little increase of the punch force 
was determined with the addition of MTGase. The values 
of punch deformation decreased from 0 to 0.03% MTGase 
and did not change at higher concentrations.

Fig. 6. Functional properties of largehead hairtail surimi gels produced 

at different enzyme concentrations.

Fig. 7. Functional properties of Hachibiki surimi gels produced at 

different enzyme concentrations.

Southern Blue Whiting Surimi
Moisture of the tested southern blue whiting surimi was 

76.8% and pH 7.46. The changes of two textural limits as 
a result of using several concentrations of MTGase to 
southern blue whiting surimi is shown in Fig. 8. The value 
of the punch force of MTGase free gel was over 2000g, 
and the value of punch deformation was over 23mm. The 
high values of both limits showed that the southern blue 
whiting surimi sample had the superlative functional quail. 
ty in the surimi market. The values of punch force in. 
creased slightly with the addltion of 0.03% MTGase, but 
decreased at higher concentrations. On the measurements 
of punch deformation, the values of all tested surimi gels 
decreased with the addition of MTGase.

Discussion

Present experiments show that the effects of MTGase on 

the properties of surimi gels varied with each fish species. 

Though it was reported that the effect of MTGase on the 

textural properties of Kamaboko gel of walleye pollock19) 

changed by the setting temperature, the results of the 

present investigations using various kinds of fish species 

under the setting condition at 30•Ž for 60 min. could be 

summarized tentatively. For example, the marked increas

ing effect of MTGase on the punch force was confirmed in 

the land-processed walleye pollack surimi, and a moderate 

increasing effect was, confirmed in the surimi samples of 

white croaker, lizard fish, largehead hairtail, bigeye only a 

slight and the ship-processed walleye pollack surimi. 

However, increas on the effects of MTGase on the punch 

force were observed in the surimi samples of southern blue 

whiting and hachibiki. Especially, the remarkable rubbery 

texture of southern blue whiting surimi was lost by the ad

dition of, MTGase.

The accumulated experiences of the processing of

Fig. 8. Functional properties of Southern blue whiting surimi gels pro

 duced at different enzyme concentrations.
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Japanese fishery products let us know that each species 
shows its own characteristics in each process. Because of 
the above reason, Japanese technologists and fishery scien
tists have great interests in the species-specificity of raw 
fish. The characteristic of the present study with various 
kinds of fish species is to take notice of the species-specifici
ty of raw fish. Many studies on the reactivity, of Ca2+-de

pendent TGase to the various muscle proteins have been 
reported by Tsukamasa and Shimizu,231 Tsukamasa et 
al.,24) Kamath, et al.,14) and Chan et al. 13) What can be sug

gested is that these results proved that the rates of reactivi
ty of cross-linking were different according to the source 
of fish species or animals in general. Recently, Araki and 
Seki25) reported that the content of Ca2+-dependent TGase 
and the conformational factor of the substrate actomyosin 
are changed by the species of fish. Moreover, they suggest
ed the importance of the strong relationship between the 
low level of TGase activity of chum salmon surimi and the 
high concentration of anserine, which is known as a inhibi
tor of TGase, in the chum salmon muscle.*1 It is consi
dered satisfactory that the present phenomena with Ca2+ 
independent MTGase could be concluded from the results 
of the above reported basic-research. However, there is 
recognizable differences in the two kinds of walleye pol
lack surimi, in the present experiment. This results show 
that the increasing effect of MTGase is not only controlled 
by the fish species but also by more complicated factors 
such as freshness of the raw fish.

In the commercial plant, the positive countermeasures 
against the varied raw fish with complicated factors should 
be prepared. For instance, the delicate preparation of the

food additives including MTGase adjusted to the condi

tion of each raw fish in the surimi plant will be able to be 

of practical use and useful. In the present experiment, the 

values of punch deformation decreased with the addition 

of over 0.03% MTGase in all tested surimi made from vari

ous kinds of fish species. At present, the value of punch 

deformation is highly appraised by the Kamaboko makers 

more than the punch force. Considering the above results 

of the punch test, we recommend that about 0.03% of the 

MTGase powder is the desirable concentration of the en

zyme for the frozen surimi processing, in general.

Many arguments on the degree of accuracy and the 

difficulty of analysis of the punch test have, been present

ed. The accuracy of the data of the present punch test were 

investigated by using the values of coefficient of variation. 

In the present punch force measurements, the ranges of 

the coefficient of variation were from 4.0 to 11.4%. In the 

punch deformation measurements, the ranges were from 

2.7 to 10.7% as shown, Table 1. The calculated values 

from the present data are relatively low. This statistical 

data enables one to compare the functional properties of 

MTGase added surimi and MTGase free surimi samples at 

least semi-quantitatively, and to obtain the sufficient trend 

curves of the functional changes under each conditions.

In the present preparation of surimi gel for the punch 

test, the condition of setting was defined at 30•Ž and for 

60 min. Because of restrictions in the present experiment, 

only one setting condition was firmly selected. The setting 

condition of 30•Ž•}2•Ž for 60min. was defined in 

Japanese standards of quality inspection for frozen surj

mi.*2 Recently, Abe19) reported the setting conditions of

Table 1. The values of coefficient of varietion of the measured values of punch test

Punch force and punch deformation of the suritni gels made from various kinds of fish species.

*1 Land-processed walleye pollock frozen surimi.
*2 Punch force.

*3 Punch Deformation.
The value of coefficient of variation of each sample was calculated with 6 pieces of specimen, and the mean values of each sample were shown in the Figures.

*1 Tsukamasa et al.: Abst. Metg. Japan. Soc. Fisheries Sci., April, 1994, p. (in Japanese).
*2 The standard was notified by Japanese Fishery Agency at April first 1994 (6 Sui Gyo No . 1065) to surimi and kamaboko makers, and was also 

proposed at the meeting of joint FAO/WHO food standards programme, codex alimentarius commission, as code of practice for frozen surimi, Ber
gen, Norway, 2-6 May 1994.
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MTGase added Kamaboko gel prepared from the commer
cial frozen walleye pollock surimi. His data supported that 
our condition is included in his proper setting condition. 
The present setting condition is of practical use and useful, 
especially for surimi of walleye pollock. However, it is 
well known that the rate of denaturation of muscle protein 
is varied with fish species by many reported papers,26) and 
also well known that the desirable setting temperature and 
time are varied with each fish species.3,27) For more detailed 
information, the studies on the setting conditions of 
MTGase added surimi made from various fish species is 
needed, though the present experiment could not offer the 
related data.

The whiteness of each sample gel was calculated by the 
optical values of L*, a*, and b*. However, clear differ
ences were not determined between MTGase added gel and 
MTGase, free surimi gel in all tested surimi samples (not 
shown).

The safety of food additives is the most important. Vari
ous studies on the introducing covalent, crosslinks into 
food proteins by transglutaminase have been reported by 
Cohen et al.4) and many reserchers.5-9) Moreover lately, 
transglutaminase in fish muscle tissue has become of in
terest in connection with the setting of surimi, and many 
related studies have been reported by fishery scientists.10-15) 
In general, this research work lets us know that trans
glutaminase is widely distributed in a natural food materi
als. The presence of transglutaminase in natural foods 
which have been eaten by people for a ll time support 
the safety of the enzyme. Fortunately, MTGase is consi
dered as a legal food additive from the standpoint of safe
ty. In Japan, transglutaminase is included in the list of the 
natural food additives (Notification No. 207 of the 
Japanese Welfare Ministry 1989), and the use of MTGase 
is permitted.
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