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Prediction of Quality Change during Thawing of Frozen Tuna Meat by Numerical

Calculation

-2nd report: Influence of thawing condition on the Myoglobin oxidation in tuna meat-
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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 change in tuna meat during
thawing. In this paper, the effects of different thawing media, such as warm water or cold air, is investigated in
terms of increasing metmyoglobin content predicted by numerical calculation. Subsequently, we carried out
the validation of so-called thermal equalize thawing, i.e., the combined thawing method using both hot water
and cold air as thawing media, which is popularly used by professional chefs. As a result, it is confirmed the
thermal equalize thawing reduces thawing duration without spoiling the quality of fish meat. In addition, we
attempt to evaluate the improved thermal equalize thawing that employs three times repeating of placing into

hot water and cold air.
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T : Temperature, C

r : Frozen ratio

c : Specific heat, kcal/(kg- “C)
Ly : Latent heat of fusion of ice, kcal/kg
0 : Density, kg/m’

A : Thermal conductivity, kcal/(m+h+C)
A : Frequency factor
E, : Activation energy, cal/mol
R : Gas constant, 1.987 cal/(K-mol)
metMb  : Metmyoglobin formation, %

S
f : Freezing
water : Water
air : Air
L : Final
a : After thawing
b : Before thawing
0 : Initial
t : Time
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c:cb+(ca—cb) T—'f—Lf-(Tf)2 2
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~ 7 0 AOBWMEMEITE RS Pk D AN
F~ 7 v (Big-eyed tuna, Thunnus obesus)DE %
A7z, 2% Table 1,
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Table I Thermophysical properties of
big-eyed tuna
Specific heat Ca 0.82
[kcal/(kg- “C)] I 0.46
Density 0a 1080
[kg/m’] Ob 1020
Thermal conductivity Aa 0.73
[kcal/(m-h-C)] Ab 1.27
Latent heat of fusion of L¢ 56.80
ice [kcal/kg]

Freezing temperature [‘C] Tt -1.5

Table 2 Condition for simulation

Thickness [m] X 5%107
Surface area and cross S 25x10™*
sectional area [m?]
Initial temperature [C] Ty -40
Thawing temperature Tater 3~35
by water ['C]
Thawing temperature T 3~35
by air [C]
Thawing final Ty 0
temperature [C]
Numbers of cell N 50
Interval of time [s] At 0.1
Initial metMb [%] metMb, 10

22 A MEEEHER
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2.303~1og[100'_"“ﬁﬂﬂ5°j [a { }a&(5)
100 — metMb , 0
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ZZ Ty, yi yo toce s Vaots Yo (ZIFH] o[s]
28T D A-exp(-E/RTDIEA . LRIz k-
TA MEREZHRE T H7-0121F, A MERIGHE
JEZBEF 237 A—% E,8 LU0 OBFAERTZIC
BILT—FRRBELRDLN, ANRNF< T
(Big-eyed tuna, Thunnus obesus)IZE89 27 — &
WEfF S TWRWeD, RIFFETIIN Y F
(Skipjack, Katsuwounus pelamis){Z -2\ THEHIAMN
K7 2V A F N7~ (Table 3).

Table 3  Apparent activation energy (£,) and
frequency factor (4) for the rate of

discoloration in the muscle of skipjack

(Katsuwounus pelamis)
Temperature E, A
range [C] [cal/mol] [hour™']
Above -2.0 252110 2.239x10"
-20t0 -5.0 9.054x10*  1.321x10"
Below -5.0 1.829x10*  1.836x10"
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Fig.1 Influence of media temperature on thawing

time in case of water thawing.
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Fig.2 Influence of media temperature on thawing

time in case of air thawing.
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Fig.3 Calculation results for metMb in the tuna
meat after thawing in water at different

temperature.
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Fig.4 Calculation results for metMb in the tuna
meat after thawing in air at different

temperature.
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Table 4 Condition for simulation

Thickness [m] 5%107
Surface area and cross sectional area 4
(] 25X10
Initial temperature [‘C] -40
Thawing temperature by water ['C] 35
Thawing temperature by air [C] 5
Thawing final temperature ['C] 0
Number of cells 50
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Fig.5 Time-temperature curves in tuna meat

during O water thawing at 35°C.

ORI CIIREEE T 1 DR TOCLLEE
TEHIT BN, PLREN 0°CIZET S E T
01 B> TN DL FORIFREEIE 20~

303



304

30CIZBE SN TWA 20, FEED A Meoitk
1T, BEEED A MERIL 358% & 7eo 7.

Temperature [C]

0 180 360 540 720 900 1080 1260

tmme [om)]

Swface

= = = Center) = = = Thawme media

Fig.6 Time-temperature curves in tuna meat

during @ air thawing at 5°C.
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Fig.7 Time-temperature curves in tuna meat during

@ thermal equalize thawing.
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Fig.8 Time-temperature curves in tuna meat during

@ improved thermal equalize thawing.
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Table 5 Calculation results of thawing time of

tuna meat

Thawing
Method .
time [hour]

(D Water thawing at 35°C 1

@ Air thawing at 5°C 22.6
(@ Thermal equalize thawing 20.4
@ Improved thermal equalize 129

thawing

35 M surface
30 - O center
r—=| 25 Il
520

b=
o 15 -
€
10
5

@ &) @

@

Fig.9 Calculation results of metMb of tuna meat

after thawing.
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