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Heat-gelling Properties of Fish Sarcoplasmic Protein¥

Katsuji Morioka,*?:* Kenji Kurashima,*** and Yutaka Shimizu*®

Heat-gelling properties of sarcoplasmic protein (Sp-P) from Pacific mackerel were studied
under different conditions of protein concentration, temperature, pH, and NaCl concentration.
Species variation in the gelling capacity of Sp-P was also examined with 9 fish species, includ-
ing Pacific mackerel. The results obtained were as follows.

(1) Gels which could be subjected to a puncture test were obtained at concentrations of
109, Sp-P or more. With an increase in concentrations the puncture strength of the gel in-
creased progressively, while the breaking dent changed little in a range of concentration from
10 to 20%. (2) Gelation was observed at temperatures of 60°C or more. The strongest gel
was obtained at 65°C. (3) NaCl had a favorable influence upon the gelation of Sp-P. Jelly
strength increased progressively with an increase of NaCl concentration up to 2.5%. (4) Opti-
mum region of pH for gelation was found to range from 7.5 to 9.0. (5) The jelly strength
order of Sp-P gels from 9 fish species was as follows: skipjack, yellowfin tuna»rainbow trout,

red sea bream >Pacific mackerel, sardine>tilapia, crucian carp, carp.
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Oncorhynchus mykiss, 5 7 © 7 tilapia Oreochromis
niloticus.
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Fig. 1. Relation of protein concentration to
puncture force and maximum dent of Pacific
mackerel sarcoplasmic protein (Sp-P) gel.

The white muscle of Pacific mackerel was
homogenized with 5 volumes of phosphate
buffer (I=0.05, pH 7.0) by a non-bubbling
homogenizer, and centrifuged at 12,000xg
for 15min. The supernatant was used as
Sp-P solution after filtrating through absorb-
ent cotton. Concentration of the Sp-P solu-
tion was adjusted to a fixed level by de-
hydrating with polyethylene glycol (# 20,000).
To make Sp-P gel, Sp-P solution was poured
into a glass cylinder (1.5 cm in diameter, 1.5
cm in height, 0.1 cm in thickness), wrapped
with polyvinylidene chloride films, and then
heated in a water bath at 80°C for 10 min.
Gels produced were immediately cooled in
ice water to stop any further action of heat,
and brought to room temperature, where-
upon they were put to a puncture test. The
puncture test was performed by using a
Rheoner RE-3305 (Yamaden Co., Ltd.,
Tokyo) equipped with a 3mm diameter
cylindrical plunger. The speed of the stage
on which the test piece was placed was set at
1mm/s. From the force-deformation curve
recorded, puncture force (g) and maximum
dent {cm) were calculated. The product of
puncture force and maximum dent was ex-
pressed as “jelly strength”.
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Fig. 2. Plunging pattern of Pacific mackerel Sp-P gel in the puncture test. Preparation
procedure of the gel was the same as described in Fig. 1.
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Fig. 3. Load-deformation curves of Pacific

mackerel Sp-P gel, ovalbumin (Ova) gel, and
threadfin bream myofibrillar protein (Mf)
gel obtained by a puncture test (A) and a
tensile test (B). Arrows in the figure re-
present the breaking point of each gel. Gels
(159 protein) were prepared on conditions of
2.595 NaCl and pH 7.5. Puncture test was
performed by the method as described in
Fig. 1. Tensile test was carried out by the
Shimizu method,” using a ring-shaped test
piece.
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Fig. 4. Effect of heating temperature and heating
time on jelly strength of Sp-P gels prepared
from Pacific mackerel. Preparation proce-
dure of the gel was the same as described
in Fig. 1.
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Fig. 5. Effect of pre-heating on jelly strength of
Pacific mackerel Sp-P gels. Gels were pre-
pared by the same procedure as described
in Fig. 1.

MELTEBLhEFAD Y= ) —iiES Fig. 4 RL
720 Sp-P DBEIL 40°C 7 BIRE » b, ¥ ALIREF]
Bich o tce Sp-P @ 4 kit 60°C pbigE b 65°C T
eV —RERRKE T, i, 70°C HLEOSEIR
TREEY EF T Y= ) —BBCEEA FELRRS
high ot =43 Sp-P B L 70°C CTREINIEE
TT59,? Th) EREY EFCh o= ) —HBEC
EHRRD ORI oD EELZ BB, RIZ Sp-P D
U ) —HECRIETAREOPEC OV TR,
Fig. 5 X&M< 40, 50, 60, 3 X 65°C ¢ 10 43R
B, #E T 80°C T 10 HHEIFEMA L THE LRI S
DY = ) ~BEOERYR UL, ME L LT 80°C 10
DB LD Y = ) —BRERR LT, 40~80°C jfn#k
s LR 50~80°C Ik A D = U —BREEIIIR &
HATEL, 60~80°C ks 38 X UF 65~80°C fnsh
FADY = ) IR E AR TE L ho Tt BRE
% H* 12 Sp-P OBBERHECOWTIH, Sp-P XKL
DL > TRETABREH VR - TWBT EXHEL
12040, 50°C TH LM LBME LI ¥ VT, ZORE
HCRET B —E OB E TR LIy BS LRk
UCBE L TLE » kb ORO A TOREHE L
T, Fokby = Y —BIEN f&'FLt}:%
Zbhd,

FAERICRET pH OXE SpP Oy ABRCR
i3 pH oz o\ T~ pH OR% L 1N HCI
F ik IN NaOH # W TfT o7, Fig. 6 WRLA-X
S =) —BER pHT7 225 9 ORICR A LR,
pH6 LNF TRy ADOY = V —RERIFRCEL LD
BANBLLBZ oo pHI U ETYL o=V —8ED
ETHRD BRI,

R, EK® k=3, =7 Y, =<0 Sp-P ik pH
52 &b T3 pH4S 7B 6.5 OERTEE SIE
THERELTCWBZ LD, 0 pH K To Sp-P
FADY Y —HEDETR, EROEMIDPR 2y
AV BATORKBENEZCRE o fched 7 VO
NS eEEe Y, BREOE:, HBurarkizofl
LB EELBhE, ¥, pHI U ETCOrArDy
=) —HECKTFIXpHDO ERIL b2 v 27 BD
BOAOBMMREL LD, ChABESWRE N Lo
T, 22 BERTFRIOHEE N[O D THS Ll
gahi,

-

S 100

[o)]

=

>

& 5o

1o

@

>

S olle 1 1 1 1 1
5 6 7 8 9 10

pH

Fig. 6. Effect of pH on jelly strength of Pacific
mackerel Sp-P gels. Preparation procedure
of the gel was the same as described in
Fig. 1.
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Table 1. Heat coagulability and gel-forming ability of Sp-P prepared from nine fish species

Fish Puncture Maximum Jelly Heat
Species force dent strength coagulability
F (g) d (cm) F-d (g-cm) at 90°C (%)
Skipjack 264 1.00 264 98.0
Yellowfin tuna 219 1.10 241 96.7
Pacific mackerel 135 1.06 143 95.7
Sardine 106 0.94 100 94.2
Red sea bream 172 1.00 172 96.2
Rainbow trout 193 1.12 217 93.0
Carp 62 0.62 38 76.4
Crucian carp 61 0.67 41 66.6
Tilapia 51 0.96 49 78.0

Preparation method of gels was the same as described in Fig. 1,
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Fig. 7. Effect of NaCl concentration on jelly
strength of Pacific mackerel Sp-P gels. Pre-
paration procedure of the gel was the same
as described in Fig. 1.
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