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1 Introduction

Recent soft robots are becoming elaborate with studies
of the manufacturing methods [1–3]. These methods are
ever-improving, and further versatile manufacturing method
will be needed for advanced soft robots.

Most soft robots are produced by molding in which
highly flowable silicone is poured and cured. However,
when we manufacture a complex soft robot with many el-
ements, it requires too much efforts to design some molds
for each element. Furthermore, there are some restrictions
such as a time limitation from mixing resin until curing and
a design restriction by considering the resin flow. In this
research, we aim to propose a moldless method to manufac-
tur squishy machines. For example, a silicone-like material
having shape retaining ability even before curing will make
various manufacturing possible, such as 3D printing.

The goal of this research is to develop a novel manu-
facturing method of elastic materials for soft robots. This
article shows a manufacturing of hydrogel that is made from
fish muscles. It is known that a kind of elastic hydrogel
can be produced by heating salt-soluble myofibrillar pro-
teins (myosin and actin) which is obtained by adding salt
to screw-pressed fresh animal muscles. This phenomenon
has long been exploited in the field of food manufacturing,
and a wide variety of fish jelly products (e.g. Kamaboko,
Chikuwa, Crabsticks) has been made from whitefish that is
high in the myofibrillar proteins [4]. In this research, we
show two unique advantages of the fish hydrogel; a shape re-
taining ability before curing and a tunable mechanical prop-
erty by adding additives. Two manufacturing method (wrap-
ping and deposition modeling, by hand for now) are demon-
strated to verify the shape retaining ability of the whitefish
paste, and a few tensile tests are conducted as an initial in-
vestigation of the tunable elasticity.

2 Fish Jelly Products

Most fish jelly products are made from whitefish mus-
cles which is composed of approximately 80% water, 15 to
25% proteins, 1 to 10% lipids, 0.5 to 1% carbohydrates, 1
to 1.5% minerals [5]. Among them, a key component for
curing the fish jelly products are the myofibrillar proteins
(myosin and actin, they also contributes to actuate the fish
muscles). Fish jellies are produced by adding salt and heat-
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Figure 1: Hydrogel made from fish myofibrillar proteins.

ing the screw-pressed fresh fish muscles as shown in Fig. 1.

In manufacturing process of Kamaboko (a typical fish
jelly product in Japan), fish guts and bones are removed and
remaining fish muscles are minced. The minced muscles in-
cludes water-soluble sarcoplasmic proteins (myogen), salt-
soluble myofibrillar proteins (myosin and actin), and insolu-
ble matrix proteins (collagen and elastin). The water-soluble
proteins that inhibit curing are removed by water washing.
The washed meat is dehydrated and screw-pressed with ap-
proximately 3% salt (it is called the Surimi). In this process,
the salt-soluble actin and myosin filaments are dissociated
with sodium ions, and actomyosins are generated by bind-
ing the dissociated protein monomers each other. Finally,
by heating the Surimi, myosin protein molecules in the acto-
myosins form fine 3D network structure that retaining water,
and as a result, an elastic hydrogel is obtained.



Figure 2: Hydrogels manufactured by wrapping and deposition modeling method.

3 Surimi as Soft Robot Material

The fish hydrogel which is made from the Surimi has
some unique properties. The fish hydrogel is shape retaining
before curing, and it does not cure until heated. Therefore,
we can form the Surimi without a mold and cure it by heating
at any time. Moreover, the mechanical property of the fish
hydrogel (before and after curing) is adjustable by adding
some additives. In this paper, the shape retaining ability of
the Surimi is verified by demonstrating two manufacturing
method for soft machines (wrapping and deposition mod-
eling, by hand for now) Additionally, we conducted a few
fundamental tensile tests, and the young’s modulus with dif-
ferent percentage of additives.

3.1 Recipe
To manufacture the soft machines, we added 6% salt

and 10% starch into Frozen Surimi (NICOH SHOKUHIN,
warazuka from Hokkaido) and screw-pressed it using a pes-
tle rod and mortar. In the wrapping method, we pressed the
Surimi on a wax paper and wrapped a robotic finger. In the
deposition modeling, we put the Surimi in a piping bag and
layered by hand.

The tensile test is conducted with a digital force gauge
(IMADA ZTS-20N), and the young’s modulus of fish hydro-
gels is calculated by the measured force while 5% strain. We
prepare six samples (H 5 mm, W 10 mm, L 100 mm), and
two each samples has different three percentage of additives
(0%, 10%, 20% starch in mass ratio).

For curing the soft machines and samples, we apply a
two-step heating method [4] using low-temperature cooker
(ANOVA Precision Cooker). The two-step heating increases
elasticity of the gel. The primary heating was 3 hour at 25
◦C, and the secondary was 30 min at 90 ◦C.

3.2 Results
Fig. 2 shows the developed hydrogels by wrapping and

deposition modeling. The wrapping and deposition model-
ing worked well thanks to the shape retaining ability of the
Surimi. The height of 3D printed structure is 40 mm, and

Table 1: Young’s modulus (MPa) of the fish hydrogel with
different percentage of starch.

0% starch 10% 20%
Sample 1 0.094 0.154 0.275
Sample 2 0.090 0.167 0.203

the number of layers are 18.

Table. 1 shows the caliculated young’s modulus. Com-
paring the young’s modulus of silicone elastomer (0.8 MPa
and 1.4 MPa for Smooth-On Ecoflex 00-10 and 00-30 [6]),
the fish gel is softer, and 10% and 20% starch effectively
increase the elasticity.

3.3 Concluding Remarks
This article described an initial investigation of the fish

hydrogel. However, a breaking test for current version
recorded significantly smaller 80% (6.8 N) than 900% for
Ecoflex 00-30 [6], and it is similar to 80-170% for Sylgard
184 [7]. Removal of air bubbles that cause the breaking at
the small elongation is needed, and also, automatic 3D print-
ing is a future work for further precision manufacturing.
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