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Optimum Heating Conditions for Pan-Frying Beef
Saori Kamna, Masaaki Tamacawa” and Shoko SHiBukawa

Faculty of Education and Human Sciences, Yokohama National University, Yokohama 240-8501
“Tokyo Gas Co. Lid., Minato-ku, Tokyo 105-0023

The optimum frying conditions for beef were determined by heating a 20 mm X 50 mm dia. piece of
beef in a pan at various temperatures (120, 160, 180, 200 and 220°C). The respective heating times that
were necessary to make the center temperature of a samples reach 55, 70 and 85°C were measured.
After heating, the weight loss, thickness, surface color and hardness were also measured.

The results indicate that the hardness and thickness were directly related to the center temperature,
regardless of the pan temperature. On the other hand, the pan temperature had strong influence on
the surface color, and the range of time for good browning at various pan temperatures could be
defined. The heating time calculated by applying the unsteady heat conduction in a semi-infinite plate
and the surface browning time range were used to determine the optimum heating conditions for beef.
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Table 1. Thermal properties of sample
Fried Therrr}all Density Spe(:lfllc ’I"hermgl
sample conductivity (kg m-?) heat diffusivity
k(Wm K1) e C(Jkg 1KY «*? (m?st)
Raw 0.467+0.009 1,053.1 3,412 1.30%x1077
Well-done*? 0.475+0.018 1,076.5 3,404 1.30X1077
Surface layer** 0.436=+0.020 1,133.2 3,087 1.25%10°7

*ICalculated by the method of Choi and Okos. *? ¢ =k/(C - p).**Heated until the center
temperature reached 85 C in a 200°C pan with the surface layer removed. **Surface layer
of heated beef until the center temperature reached 85C in a 200C pan.
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Effect of heating temperature on the thick-
ness shrinkage of fried beef

Each value is the average of four samples after cooling to room
temperature. [1,40-55C ; B, 45-70°C; [],60-85C. Each bar
shows the standard deviation of four samples.

Fig. 2.

Weight loss (%)

120 160 180 200 220
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Fig. 3. Effect of heating temperature on the weight
loss of fried beef

Each value is the average of four measurements just after
heating.[W],40-55C ; lB,45-70C;[],60-85C . Each bar shows
the standard deviation of four measurements.
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Fig. 4. Effect of heating temperature on the surface
color of fried beef

Each value is the average of 4-7 determinations after cooling
to room temperature. [11,40-55C ; l,45-70C ;[1,60-85C.
Each bar shows the standard deviation of 4-7 measure-
ments.
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Table 2. Comparison of calculated and observed heating times

Measured

Pan Estimated Difference
Heating terap. heating heating time (X 100) (%)
temp. (C) C) time
A (s) B*(s) c*(s)  (B—A)/A  (C—A)/A
120 303+ 8 323 298 6 -2
160 206422 223 211 8 3
40-55 180 188+ 9 188 178 0 -5
200 165+ 8 171 162 4 -2
220 160+ 8 163 155 2 ~3
120 330422 370 332 12 1
160 235424 241 229 -2
45-70 180 211+15 211 202 0 —4
200 184+15 180 180 -2 —2
220 159+ 6 167 164 5 3
120 548412 589 543 8 ~1
160 303430 324 308 7 2
60-85 180 276+18 275 260 ~1 -6
200 251+ 14 239 227 -5 -9
220 206415 221 210 8 2

*1Calculated by Eq. (6), which is the solution for unsteady heat conduction in a semi-infinite
plate. *?Caluculated by SPRET/AC ver. 2.0 software.
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1 2 3 4 5 6 7
Heating time (min.)

Fig. 6. Effect of pan temperature and heating time
on the surface color of beef

Each value is the average of 4-7 determinations after cooling
to room temperature.4,150C; B,170T; A,180C;X,200T;
®,220C.
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Fig.7. Heating time versus pan temperature for
optimum color
Center temperature : [,407C; X,45C; ®,60C. G value:
A 45; ,55.

Table 3. Optimum heating conditions for frying beef
(thickness : 20 mm)

Heating temp. Pan temp. Heating time
(C) (C) (min :s)
40-55 180-200 3:10-2:50
45-70 170-190 4:20-3:20
60-85 150-180 5:50-4:30
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