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Article Info ABSTRACT

Article type: Background and objectives: Thawing food products leads to

Research Full Paper 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

Article history: properties such as pH, as well as physical properties consisting of

Received: 2023-05-24 thawing loss, color, and texture of the meat.
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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

Keywords: infrared power and the air temperature and circulation velocity
Thawing increased the thawing loss of beef (p<0.05). The pH value of thawed
Infrared les in different infrared t different levels of ai
air circulation samples in different infrared powers at different levels of air
physical properties temperature and velocity parameters have a significant difference
beef (p<0.05), although the effect of infrared power itself on pH changes
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is not significant. As the air temperature and velocity increased, the
pH value decreased. Applying 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 2050k 0155 P CC) 15n slos
Infrared power (m/s) Air
300 200 100 0 Air velocity temperature
5.35+0.10"% 5.42+0.16"% 5.24+0.09"* 5.36+0.19"% 0
5.22+0.12"% 5.1+0.00"% 5.33+0.14"% 5.47+0.10"% 2.5 30
5.22+0.06"% 5.18+0.04"% 5.07+0.04"% 5.15+0.11°% 5
5.27+0.10"* 5.25+0.06"> 5.22+0.10°™ 5.17+0.08"™ 0
5.08+0.05* 5.06+0.07 5.27+0.13™ 5.33+0.14"™ 2.5 40
5.08+0.00" 5.14+0.04"P 5.12+0.17% 5.07+0.08" 5
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(MiSD) A.LZLZL;G)‘:L{'M Q}w S (a.LO eMJQLﬁJ ijm;.& &_5)]'» "U’;gj‘ QL.Z; b \_5.& Ql.lf- C,.&j.»

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) 56 30550 ol 5 o o °C) 1ya gles
Infrared power m/s) Air
300 200 100 0 Air velocity temperature
12.47+0.86%  12.74+1.37°%  14.71+1.50°%  18.24+1.02" 0
10.32+0.48  10.68+1.155“®  11.82+0.22%%  12.06+0.38"% 25 30
13.1241.10°%  11.39+0.32%°*®  13.19+1.46%*  13.56+0.52"% 5
11.00£0.99**  10.47+0.04%°™  11.70+0.41%™  15.11+0.90"" 0
9.90+0.44°" 9.53+0.938¢ 8.37+0.36°" 11.44+1.20" 25 40
7.80+1.43%%  11.52+41.35%°F  10.99+0.63%°F  13.29+0.94"*° 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) }‘)-;U}’L" C;""";J oy [FERGVg O \j,a: sles
Infrared power (m/s) Air
300 200 100 0 Air velocity temperature
37.44+1.41%°  39.06+1.36°“  39.17+0.08"%%®  43.23+1.97" 0
35.55+1.99%%  37.59+2.65%%  37.70+1.28"%%  38.98+2.61"% 2.5 30
35.79+2.03%%  36.44+1.97%%  37.15+2.417°%%  37.93+1.73"% 5
37.03+2.13%%*  37.62+1.58%™*  37.92+2.00"®"™  41.29+2.20""™ 0
35.68+0.87%%  37.24+0.46%"  37.43+2.13"%  37.08+2.63"% 2.5 40
32.46+1.585%"  33.10+0.71%"  33.92+0.79"%"  32.85+1.96"" 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) 50 30 53L 0155

[BY-XGI20

Infrared power m/s) o '}_A sl N L
) Air Color
300 200 100 0 Air temperature  parameter
velocity

39.51+0.54"%  39.82+2.25"  40.36+1.87°%  43.54+0.377 0

37.74+1.02°%  38.09+1.17°%*  37.12+0.66"*  37.77:0.16"% 25 30

38.95+1.17°%  39.03+2.79"*"  36.85+2.11"%"  37.13%1.75"% 5 N

37.36+1.08"  38.86+2.62°°*  39.23+2.59"°  40.78+2.17°™ 0 L

37.33+0.11"%"  38.70+1.52°%  35.82+0.93"""  35.6+2.16"%° 25 40

37.54+2.21"%  38.80+0.35""  35.42+2.93"%  34.85+1.56"" 5

40.22+1.46"*  39.91+0.52"%  39.84+0.28"%*  38.78+0.66"* 0

40.9441.92°%  40.23+1.29”%  40.01+0.21"%  38.35+1.99"% 25 30

40.48+0.16"**  40.81+2.38"**  41.49+0.08"**  40.75%2.09"*" 5 N

39.64+1.04"%  40.26+0.18"%¢  39.87+2.38"%  41.83+0.86"% 0 a

39.19+1.73%%¢  39.70+2.40¢  38.42+0.86"%  41.16+2.02°% 25 40

39.94+1.24"%¢  38.41+2.30%¢  37.32+1.46"%  39.42+0.84"% 5

11.69+0.94%¢  9.71+1.35%*  0.81+1.34%%®  10.86+0.08"%** 0

10.74+1.66™*  9.56+0.14%%  10.47+0.865%*  9.74+1.347B% 25 30

11.60£1.51"*  9.05+1.8%“  9.71+0.57%*  10.32+0.96"%* 5 -

10.1741.17%°*  9.25+0.98%™*  8.53+1.80%™*  10.95+0.625™ 0

9.39+1.44"  9.23+0.01%  8.72+1.06%°*  10.32+0.917Bb¢ 25 40

11.15+0.98"°*  11.02+0.785°*  7.51+1.05%°¢  8.25+0.61°B" 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, (MSD).
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Table 5- Mean comparison of warner-bratzler shear force values of beef at different thawing treatments

(W) 50 30530 Ol Isp s CCO) 15 e
Infrared power (m/s) Air
300 200 100 0 Air velocity ~ temperature
62.15+3.56°%  73.70+8.04% 77.33£5.415%% 84.38+5.74"% 0
71.79+7.11%%  81.14+8.28“* 95.56+1.34%%  99.88+1.97/% 2.5 30
44.00+2.53°%*  102.92+4.95°®  122.25+5.33%%  122.26+3.69"% 5
64.1745.75°%  68.11+3.96°¥ 74.0045.27%"  96.01+3.33"% 0
03.48+4.82°%  100.59+2.86%%*  113.03+7.11%%*  122.31+7.39%% 25 40
42.53+0.91°%  84.19+1.62%% 92.93+1.67%%  100.53+4.50"% 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, (MSD).
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