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Effect of Alcohol and Pyrophosphate on Non-Proteolytic
Modori during Thermal Gelation of Actomyosin Sol

Shaowei Ni, Hisanori Nozawa, Nobuo Seki*

Laboratory of Food Biochemistry, Graduate School of Fisheries Sciences, Hokkaido University, Hakodate 041—
8611, Japan

Carp actomyosin sol containing 90 mg protein/g in 0.5 M NaCl (or 1 M NaCl) at pH 7.0 was heated from 5 to
80°C at heating rate of 2°C/min. The non-proteolytic modori (gel weakening) which occurred characteristically
during actomyosin gelation was detected at 53°C by measuring storage modulus (G’) of the sol. The addition of
ethanol and #-butanol to the sol did not suppress the non-proteolytic modori but shifted the modori temperature to
51°C and 42°C, respectively. Butanol greatly increased the G' and the breaking strength of actomyosin gel formed.

The addition of pyrophosphate-Mg (PPi-Mg) dissociated actin and myosin from actomyosin, and changed the
thermal gelation pattern of actomyosin sol to a myosin-like one. The change eliminated non-proteolytic modori,
though PPi-Mg did not increase the G or the breaking strength of thermally induced gel. PPi-Mg made no contri-
bution to a great increase in the gel strength of actomyosin gel formed by a two step heating method including
microbial transglutaminase-induced setting.
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Fig. 1. Effect of alcohol on the storage modulus (G') and loss modulus (G") of actomyosin sol during heating. (a) Carp actomyo-
sin sol containing 90 mg protein/g in 0.5 M NaCl-20 mM Tris-HCI (pH 7.0) was heated at 2°C/min from 5 to 80°C in the ab-
sence (C) and presence of 3% ethanol (E) or 3% #-butanol (B). (b)-(d) The actomyosin sols were heated by a two-step heat-

ing method including the incubation at 30°C (b), 40°C (c), and 55°C (d) for 60 min. ----- , Temperature (°C).
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Fig. 2. Effect of alcohol on the breaking strength and strain of actomyosin gels. Actomyosin sol prepared as in Fig. 1 with and
without alcohol was cooked at 90°C for 20 min after incubation at 30, 40, and 55°C for various periods. Each data value is ex-
pressed as mean + SD from four separate experiments. D, without the incubation; I, control without alcohol; [, 1% ethanol; I,
3% ethanol; B3, 1% butanol; O, 3% butanol.
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Fig. 3. Effect of alcohol on the proteolysis of actomyosin sol during incubation at 40°C. Actomyosin sols with alcohol were incubat-
ed at 40°C for 0.5, 1, and 2 h. HC, myosin heavy chain; Ac, actin; C, control without alcohol; 1E, added 1% ethanol; 1B, added 1
9% butanol; 3E, added 3% ethanol; 3B, added 3% butanol.
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Fig. 4. Effect of PPi-Mg on the storage modulus (G') of
actomyosin sol during heating. Actomyosin sols con-
taining 90 mg protein/g were prepared in 0.5 M NaCl
(black), 05M NaCl-5mM PPi-1mM MgCl,
(green), 1 M NaCl (blue), and 1 M NaCl-5 mM PPi-1
mM MgCl, (red). They were heated at 2°C/min from
5°C to 80°C. ------ , Temperature.
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Fig. 5. Effect of microbial transglutaminase (MTGase)-induced setting on the thermal gelation of actomyosin sol in the presence
of 0.5 M NaCl-PPi-Mg. Actomyosin sols containing 90 mg protein/g were prepared in 0.5 M NaCl in the absence (a) and
presence of 5 mM PPi-1 mM MgCl, (b), 5 unit/g MTGase (c), and 5 mM PPi~1 mM MgCl,—5 unit/g MTGase (d). They were
heated by a two-step heating method including setting at 30°C for 120 min or 40°C for 60 min. The changes of G'and G'were

recorded.
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Fig. 6. Effect of MTGase-induced setting on the thermal gelation of actomyosin sol in the presence of 1 M NaCl and PPi-Mg. The
experiment was carried out under the same conditions as shown in Fig. 5 except that 1 M NaCl was used in place of 0.5 M NaCl.

The symbols are the same as those in Fig. 5.
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Fig. 7. Effect of MTGase-induced setting on the break-
ing strength and strain of actomyosin gel in the
presence of PPi-Mg. Actomyosin sols containing 90
mg protein/g in 0.5 M NaCl (A) and 1 M NaCl (B) in
the absence (M) and presence of 5mM PPi-1 mM
MgCl, (E), 5unit/g MTGase (O), or 5mM PPi-1
mM MgCl;-5 unit/g MTGase (f4) were heated at 90
°C for 20 min after setting at 30°C for 120 min or at 40
°C for 60 min. The breaking strength and strain of the
gel formed were measured. Each data value is ex-
pressed as the mean +SD from four separate experi-
ments.
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