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Background of research

" “WASHOKU"added to UNESCO Intangible Heritage.
“”Sashimi” is the main dish in the traditional Japanese

cuisine.
*The culture of eating of raw fish is globally spreading.

-

Raw fish: fresh or frozen treated?
Parasites issue

Regulation
1)EU : Freezing requirements for fishery products intended

to be eaten raw or lightly cooked
2)NYC: New York City requires restaurants to freeze raw

fish before serving




How effect dose “frozen and thawing” on fish meat?

Denaturation of myofibril protein

» Softness (low texture)
» Drip

Oxidation of myoglobin
» Discoloration

Solution 7?7
» Deep freezing storage* *High cost



Background of research

Changes in amount of export and import countries of Yellowtail
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Export and distribution of yellowtail
[Technical issues]

» Color of dark muscle changes to brown from fresh red during frozen
storage at -20°C.

» The color of CO-treated fish muscle does not change during frozen
storage. USA permits CO-treatment. ( transport by frozen)

» EU, Japan, Australia, China etc. ban the CO-treatment of fish.
( transport by chilled — air transportation = high cost)

» We have to develop new technology instead of CO-treatment.
Our research target!



» Color of dark muscle changes to brown from fresh red during frozen
storage at -20°C.

Why amberjack could not be transported and stored by
frozen at around -20°C. This storage condition causes rapid
progression of autoxidation of myoglobin and browning of
dark muscle, reducing the commercial value of fish for
sashimi.

Amberjack fillet
quick-frozen at -40C Stored for a month at -20C




Background

Change of fish Mb.
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Research objectives

Development of a technology for suppression of autoxidation of fish
oxymyoglobin to metmyoglobin stored at -20°C without CO-treatment




Background

Function of ATP

Suppression effect of ATP on the denaturation of fish Mf

protein .
@ Suppressing effect of ATP on freeze denaturation of fish myofibrilla protein
OGATA et all. Bull Japan Soc Sci Fish 2012;78:461-467

(@ Stabilization of squid myosin subfragment-1 and myofibrils
YOSHIOKA et all. Fish.5¢ci.2002;68:222-226

@ Re-examination of Protective Effect of ATP on Thermal Inactivation of Myosin Ca-ATPase
YOSHIOKA et all. Bull Japan Soc Sci Fish 1991;57 :143-147

!

Does ATP prevent the discoloration of tuna Mb?




Ribose
(5C Sugar)

ATP = energy currency of life
Concentration in muscle: 8-10 mM




Changes in muscle state after death
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Preparation of southern bluefin tunaMb = —
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Purified myoglobin 14,300




Effect of ATP and pH on the autoxidation rate (Kmet) of
tuna Mb at 25°C.
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We found suppressive effect of ATP on autoxidation of
tuna oxymyoglobin to metmyoglobin.




What mechanism of suppressive effect of
ATP on autoxidation of Mb

How effect of ATP on Mb structure

» Visible absorbance spectrum

» Circular dichroism spectrum

» Fluorescence spectrum

» Analysis of molecular size in
solution and protein charge



Effect of ATP on the Soret region (380-440 nm) and the visible
spectra of Mb

Condition 0.1M KCI,20mM Tris bufer (pH6.5, 7.5), Mb 0.5mg/ml),5°C
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ATP-induced changes in CD spectra of native Mb
Condition 0.1M KCI,20mM Tris-HCI pH7.5, Mb (0.7mg/ml), 10°C
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The changes in fluorescence emission of native Mb
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ATP-induced changes in intensity of maximum
fluorescence emission at 330 nm of native Mb
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Effect of ATP on the size distribution of

native Mb
OmM ATP . 5mM ATP
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Measurement condition 0.1M KCI 20mM Tris-HCI (pH 7.5) 15°C
Mbs;1.65mg/ml

Analyzed by malvern zeta sizer nano (dynamic light-scattering).



The molcular size and zeta potential of
tuna Mb with or without ATP

Zeta-potential measurements for Mb in 0.1M KCI,20mM Tris-HCI (pH7.5)

ATP concentration (mM) molcular size (kDa) Zeta potential (mV)

0 15.5 -4.50

5 11.3 1.32

Measurement condition 0.1M KCl 20mM Tris-HCI (pH 7.5) 15°C
Mb;1.65mg/ml
Analyzed by malvern zeta sizer nano



Conclusions
1) ATP prevents autoxidation of Mb from oxyMb to metMb

2) ATP induces the changes in molecular state of tuna Mb in solution.
* Visible absorbance spectrum
The decreasing absorption of native Mb at soret region spectra.

* Circular dichroism spectrum
Increase in amplitude of maximum ellipticity in around 260nm
with ATP.

* Fluorescence spectrum
The ATP-indeuced decrease in intensity of maximum fluorescence

emission at 330nm.

* Molecular size in solution and charge of Mb surface
The molecular size and surface potential for tuna Mb changed by

the presence of ATP.




ATP prevents discoloration of amberjack dark meat at-20 C ?
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The progress of autoxidation of myoglobin was suppressed in the
fillets containing high concentrations of ATP.

INOHARA et al. Nippon Suisan Gakkaishi 80: 965-972



Development of stress-less harvest system from crawl and automatic high-speed fish
treatment machine for cultured yellowtail

Electronic shock
treatment

(Dstress-less harvest and instantaneous killing system
(High conc. ATP, High quality meat, manpower saving)

(@automatic high-speed fish treatment machine

(high speed treatment, manpower saving. high efficiency.
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Make global distribution

possible

-Without CO-treatment
High quality as sashimi <:| Make distribution of

*Distribution at -20~-25C yellowtalil fillet possible
—produce high value at at -20C

anywhere in the world Frozen fillet contained ATP
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