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changes that can influence the quality of the final product. Traditional
thawing methods are time-consuming and can negatively affect the
quality of the product. In contrast, modern thawing strategies such as
microwave, high pressure, ohmic, and infrared techniques have been
shown to preserve higher nutritional value in the thawed product.
While extensive research has been conducted on meat freezing, there
is a lack of research focusing on the optimal conditions for thawing
using modern methods and their impact on meat quality. Therefore,
the objective of this research is to investigate the effect of using a
combined infrared-air circulation system to thaw beef, specifically
evaluating its impact on chemical properties such as pH, as well as
Article history: physical properties consisting of thawing loss, color, and texture of

Received: 2023-05-24 the meat.
Revised: 2023-09-12

Accepted: 2023-09-17 Materials and methods: First, the beef was cut into rectangular

cubes with dimensions of 5x3x3 cm and weighed. Then it was frozen
in a freezer at -18°C and kept there for 5 days. In order to thaw the
frozen samples, a combined infrared-air circulation system was used.
The thawing parameters included the power of the infrared radiation
power supply (100, 200, and 300 W), air temperature (30 and 40 °C),
and air circulation velocity (2.5 and 5 m/s). The effect of these
parameters on the thawing time, thawing rate, thawing loss, cooking
loss, water holding capacity, pH, color, and texture were evaluated.

Results: Regardless of the air velocity, increasing the infrared power
increased the thawing rate of beef. This value was raised more by
increasing the air temperature and its circulation velocity. The
thawing loss of the infrared treatment with 100 W was significantly
lower than the 0 W treatment, although increasing the infrared power
and the air temperature and circulation velocity increased the thawing

Keywords: loss of beef (p<0.05). The pH value of thawed samples in different
Thawing infrared powers at different levels of air temperature and velocity
;Iilrfrcairriilation parameters have a significant difference (p<0.05), although the effect
physical properties of infrared power itself on pH changes is not significant. As the air
beef temperature and velocity increased, the pH value decreased. Applying

\AN


mailto:kashani@gau.ac.ir

infrared and increasing its power, as well as air circulation, decreased
the expressible moisture of thawed beef and, as a result, increased the
water holding capacity and reduced the cooking loss. The use of
different levels of infrared power and air temperature did not cause
significant changes in the color brightness of the samples and color
parameter a* (p<0.05), but the color parameter b* of the samples
decreased with increasing air temperature. Meanwhile, the amount of
this parameter remained almost constant with the change in infrared
power levels and air circulation velocity (p<0.05). Increasing infrared
power without air circulation decreased the shear force of beef, but
by circulating air and increasing its velocity, the shear force generally
increased. Although at a higher temperature, with a further increase
in the air velocity and as a result of the drying of the meat tissue, the
shear force decreased.

Conclusion: The results showed that increasing the infrared power
and air velocity both increase the thawing rate and water holding
capacity and reduce the cooking loss of beef. No significant
difference was observed between the applied treatments on color
changes. The increase in air temperature and its circulation velocity
decreased the pH. Increasing the infrared power and air temperature
decreased the amount of shear force, but it increased with the increase
of air circulation velocity.
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Figure 1- Schematic of hybride infrared radiation-hot air thawing system. 1) Temperature and air circulation speed
regulator, 2) Watt meter, 3) Computer, 4) Electric element, 5) Infrared emitter, 6) Air circulation fan, 7) Sample, 8)
Temperature recorder.
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Figure 2-centrt temperature of frozen beef during thawing at different infrared powers at air with 30°C
temperature at different air velocities: a- 0 m/s, b- 2.5 m/s, c- 5 m/s.
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Figure 3- thawing rate at different infrared powers and hot air velocities: a- 30°C, b- 40°C
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Figure 3- thawing loss at different infrared powers and hot air velocities: a- 30°C, b- 40°C
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Table 1- Mean comparison of pH of beef at different thawing treatments

(W) 50 30550 0l 5 o8 Cs ©C) 15a sles
Infrared power (m/s) Air
300 200 100 0 Air velocity ~ temperature
5.3540.104a¢ 5.4240.164¢ 5.2440.094a¢ 5.3640.1944¢ 0
5.2240.12440 5.140.0044¢ 5.33+0.1444¢ 5.47+0.104 2.5 30
5.2240.064% 5.18+0.044% 5.07+0.047% 5.1540.114% 5
5.2740.104%* 5.25+0.064% 5.2240.104% 5.1740.084%* 0
5.08+0.054%* 5.06+0.074% 5.27+0.134% 5.3340.144%* 2.5 40
5.08+0.00% 5.1440.04A% 5.1240.174A% 5.07+0.08% 5
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Uppercase letters are comparisons between infrared power levels s and lowercase letters are comparisons
between temperatures; The Greek letters show the comparison between air velocities. Common letters
indicate the absence of significant differences, (M+SD).
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Table 2- Mean comparison of expressed moisture of beef at different thawing treatments

(W) 5o possle 0158

Infrared power

300

200

100

12.47+0.86¢
10.32+0.48@
13.12+1.10C2#
11.00+0.99¢%*
9.90-0.44b
7.80-1.43¢F

12.74+1.378C
10.68+1.158Ca
11.39+0.328C
10.47+0.048Cb
9.53+0.938Cbr

11.5241.358CH

14.71£1.508a¢
11.82+0.228
13.19+1.465%
11.70+0.418%
8.37+0.365%

10.99+0.638%

o e CC) Iya slos
(m/s) Air
0 Air velocity ~ temperature
18,241,027 0
12,060,382 2.5 30
13.56:£0.52 5
15.11£0.90Abe 0
11.44+1.208% 2.5 40
13.29-0.94A0F 5
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Uppercase letters are comparisons between infrared power levels s and lowercase letters are comparisons between
temperatures; The Greek letters show the comparison between air velocities. Common letters indicate the absence of
significant differences, (M+SD).
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Table 3- Mean comparison of cooking loss of beef at different thawing treatments

W) 0 30s5le minis Ol 5
Infrared power

300

200

100

37.4441 41Bac
35.55+£1.99B4p
35.79+2.03B
37.03+2.13Bbe
35.68+0.875%
32.46+1.58Bb7

39.06+1.36B
37.59+2.65B4
36.44+1.978%
37.62+1.58Bbx
37.2440.468%
33.10+0.718b

39.17+0.08ABax
37.70+1.28ABap
37.1542.41ABay
37.9242.00ABba
37.4342.13AB
33.9240.79AB

s s CC) 1pa sl
@m/s) Air
0 Air velocity ~ temperature
4323419750 0
38.98+2.61% 25 30
37.93%1.73A0 5
41.29+2.20b0 0
37.08+2.63A% 25 40
32.85+1.96Ab 5
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Uppercase letters are comparisons between infrared power levels s and lowercase letters are comparisons
between temperatures; The Greek letters show the comparison between air velocities. Common letters

indicate the absence of significant differences, (M+SD).
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Table 4- Mean comparison of color parameters of beef at different thawing treatments

(W) 52 3055k 0l e s les A
Infrared power m/s) °C) S
300 200 100 0 Air Air Color
velocity  temperature  parameter
39.51+0.544% 398242 2543 4().36+]1.8743¢  43.544(.3744 0
37.74£1.024%F  38.09+1.174%  37.12+0.66%%F  37.77+0.164% 2.5 30
38.95+1.174%  39.03+2.79A%  36.85+2.114%  37.13+1.754%P 5 L
37.36£1.084%¢  38.86+2.624%%  39.23+2 59Ab¢  4(.78+2.17A 0
37.33+0.114%  38.70+1.524%  35.82+0.934%  35.6+2.167% 2.5 40
37.54+2.214%  38.80+0.354%  35.42+2.934%  34.85+1.56A% 5
40.22+1.46%%  39.91+£0.524%  39.84+0.284%  38.78+0.664% 0
40.94+1.9243  40.23£1.29%  40.01+£0.214%  38.35+].994% 2.5 30
40.48+0.16%  40.81+£2.38%%  41.49+0.084%*  40.75+2.0943¢ 5 %
39.64+1.044%  40.26+0.1842*  39.87+2 384 4] .83+(.864% 0 a
39.19+1.734% 39 70+2.404%  38.42+0.86%4  41.16+2.024 2.5 40
39.94+1.244%  38.41+£2.30%% 373241464 39 .42+( 844 5
11.69+0.944% 9 7]1+] 358« 9.81£1.34Ba¢  1(.86+0.08ABac 0
10.74£1.66%%  9.56+0.14B2¢  10.47+0.865%2¢  9.74+] 34ABa 2.5 30
11.60£1.514 9.05+].8Ba 9.71£0.578  10.32+0.96ABac 5 b*
10.17+£1.174%  9.25+(0,98Bb 8.53+1.80B%  10.95+0.624ABb 0
9.39+1.444%¢ 9 .23+(0.01Bb 8.72+1.065%  10.32+0.91ABb 2.5 40
11.15£0.98%  11.02+0.78B%  7.51+1.058%  8.25+0.614Bb 5
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Uppercase letters are comparisons between infrared power levels s and lowercase letters are comparisons
between temperatures; The Greek letters show the comparison between air velocities. Common letters
indicate the absence of significant differences, (M+SD).
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Table 5- Mean comparison of warner-bratzler shear force values of beef at different thawing treatments

(W) 32 30530 015 |32 S
cC) Isa les
Infrared power m/s) .
) Air
300 200 100 0 Alr. temperature
velocity
62.15+3.56P> 73.70+8.04C 77.33+£5.41Ba 84.38+5.744 0
71.79+7.11Pa 81.14+8.28Ca 95.56:+1.34Ba 09.88+1.974 2.5 30
44.00+2.53P%8  102.92+4.95CF  122.25+5.33B8  122.26+3.694% 5
64.17+5.75 P 68.1143.96% 74.00+5.27 Bav 96.01+3.334% 0
03.48+4.82 P2 100.59+2.86%*  113.03+7.11B2¢  122.3147.394 2.5 40
42.53+0.91 P2p 84.19+1.62C4P 92.93+1.678 100.53+4.5044P 5

o dlis SUgr Gg sl 0051 lales cpw aiglie S S 50 Gy 5 50 3050k o)y w dmalis S5 ol B >
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Uppercase letters are comparisons between infrared power levels s and lowercase letters are comparisons between
temperatures; The Greek letters show the comparison between air velocities. Common letters indicate the absence of

significant differences, (M+SD).
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