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Prediction of Quality Change during Thawing of Frozen Tuna Meat

by Numerical Calculation |
—Studies on Metmyoglobin Formation—

VR I R & 4 F I N
Natsumi MURAKAMI Manabu WATANABE ~ Toru SUZUKI

BT KR F BB R A F T 7e R R B e R 2R A F I (108-8477 SRELHER AKX ¥ vy 4-5-7)
Course of Food Science and Technology, Graduate School of Marine Science and Technology, Tokyo
University of Marine Science and Technology (4-5-7 Konan, Minato-ku, Tokyo, 108-8477)

Summary

A numerical calculation method has been developed to determine the optimum thawing method for minimizing the
increase of metmyoglobin content (metMb%) as an indicator of color changes in frozen tuna meat during thawing.
The calculation method is configured the following two steps: a) calculation of temperature history in each part of
frozen tuna meat during thawing by control volume method under the assumption of one-dimensional heat transfer,
and b) calculation of metMb% based on the combination of calculated temperature history, Arrenius equation and the
first-order reaction equation for the increase rate of metMb%. Thawing experiments for measuring temperature
history of frozen tuna meat were carried out under the conditions of rapid thawing and slow thawing to compare the
experimental data with calculated temperature history as well as the increase of metMb%. The results were
coincident with the experimental data. The proposed simulation method would be useful for predicting the optimum

thawing conditions in terms of metMb%.
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Oxymyoglobin
Red, Fe?*
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Brown, Fe3*

Deoxymyoglobin
~| Purplish red, Fe?*

}’gena 1‘1

Fig.1 Color change of various forms of myoglobin
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NOMENCLATURE

T : Temperature, ‘C

Ty : Freezing temperature, C

r : Frozen ratio

Ca : Specific heat of tuna meat, kcal/(kg- C)

Ch : Specific heat of frozen tuna meat,
keal/(kg-C)

Ly : Latent heat of fusion of ice, kcal/kg

Oa : Density of tuna meat, kg/m3

Op : Density of frozen tuna meat, kg/m3

Aa : Thermal conductivity of tuna meat,
kecal/(m-h-C)

Ay : Thermal conductivity of frozen tuna
meat, kcal/(m-h-C)

t : Time, second

metMb, : Initial metmyoglobin formation, %

metMb, : Metmyoglobin formation after time ¢ in
seconds, %

A : Frequency factor

E, : Activation energy, cal/inol

R : Gas constant, 1.987 cal/(K - mol)

y : A ~exp(-E,/RT) of time ¢ in seconds

h : Heat transfer coefficient, kcal/(m”+h-C) -




x : Distance, m
S : Surface area and cross sectional area, m’
Tini : Initial temperature, ‘C
Tvater : Thaw media temperature of water, ‘C
Toir : Thaw media temperature of air, C
T : Thawing final temperature, C
n : Numbers of cell
q : Heat flux, kcal/( m*+ h)
Treww : Temperature after time ¢ in seconds, C
k. : Reaction rate, h™
sumk, : Integration value of k., h!
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Table 1 Thermo-physical properties of big-eyed
tuna
Specific heat [kcal/(kg- C)] c, 0.82
¢y, 046
Density [kg/m’]- ©Oa 1080
Oy 1020
Thermal conductivity A, 073
[kcal/(m-h-C)] Ay 127
Latent heat of fusion of icefkcal/kg] | Ly 56.80
Freezing tenperature ['C] I, -15 '
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Table 2 Apparent activation energy (F,) and
frequency factor (4) for the rate of
discoloration in the muscle of skipjack

(Katsuwounus pelamis)

Temperature range E, A
[C] [cal/mol] [hour']
Above -2.0 2.521%X10°  2.239%x10"
=20 to -5.0 9.054X10*  1.321X10"
Below -5.0 1.829X10*  1.836X10"
Tuna meat 15cm /
/8% -
s K type thermo
5cm couple
(®1.4mm)
(a) Styrene foam
Temperature

control unit

(b)

Fig.2 Method of water thawing at 35C.
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Table 3  Heat transfer coefficient of water and air
. Heat transfer coefficient (/)
Thaw media 2 . g
[kcal/(m™-h-"C)]
Water 170
Air 10

Table 4 Initial condition for simulation

Thickness x 5X10”[m]
Surface area and cross 4 2
) S 16 X107 [m"]
sectional area
Initial temperature T -40[C]
Thaw media temperature
. g Tywer  35[C]
in case of water
Thaw media temperature o
. p Tair 5 [ C]
in case of air
Thawing final temperature T 0[C]
Numbers of cell n 50
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Fig.3 Time-temperature curves of tuna meat
during water thawing at 35°C.
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Fig.4 Time-temperature curves of tuna meat

during air thawing at 5°C.

‘Table 5  Experimental and calculated results of
thawing time of tuna meat
Thawing Water, at 35°C Air, at 5°C
time [min] [hour}]
Calculation 63 19
Experiment 61 19.5
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Table 6 Experimental and calculated results of

metMb% of tuna meat after thawing

metMb % Water, at 35°C Air, at 5C

[%e] Surface Center Surface Center

Calculation  32.3 8.8 15.8 14.9
Experiment  35.7 11.2 18.5 11.1

Surface: Smm depth, Center: 20mm depth
Initial metMb%  Surface: 8.6%, Center: 8.6%
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Calculate temperature
after At seconds (T

n ew)

I Declare the parameters |

| Calculate y from temperature I

l Calculate constants l

[ Calculate k,_ from y l

[ Open the file for out put l

l Calculate sumk_fromk, ]

Input the initial temperature

] Calculate metMb% from sumk_ |

I Calculate the erzen ratio (t) I——-———

Write times, metMb% and

- - temperatures into the file
Calculate the thermo-physical properties

(c, p, 1)
e U
False >D
I Calculate the heat flux (q) l True
[ Close the file |
End

Flow chart of numerical calculation for Visual Basic

PHERE Tini C FUERTER pa [10s0 ke/m'3
ERE T © REREE ob [0 le/ma
35 x [o0zs m BRI Ca [Qm keal/kgC

T y m RESIRELS b [0z keal/keC
4c z m RENAGER ha o7 keal/mh
B o B RBRAEEE b [77 kG
BfElaa At [0 s REBR L[5 kelke
BRI TIRETL D C RS T [-15  C
T AmetMo0 % %iﬁ%ﬁwmr ho [0 keal/nfn'C
IR RKOD [ooss _E%J . - _
BRH  [oa50min e ECOEM 0

felmetMot [ 7120008 %

PNEE Trew® {00024 C . -
' . PilmetMot [ 101506 % &7
FEEBE Tnew® | 200466 °C ' i

Window of calculation



