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Fig 1 Schematic diagram of designed IR heating
oven used for cooking the chicken nuggets: 1)
cooking chamber; 2) sample holder; 3) computegs)
4) electronic balance; 5) IR lamp; 6) variable.

2. Infrared Heat Lamp (FIR)
3. Variable
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Table 1 Models used for thin-layer drying
during cooking of chicken nugget

Model name Model equation

Logarithmic
Khazaei

MR = aexp(-kt) + ¢
MR = a + b exp(-ct)-d.t
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Table 2 The effect of IR cooking on moisture and fat contents of the chicken nuggets

Physicochemical properties

Cooking conditions

Moisture content

Fat content (db

Power (W) Time

47.12+0.17°
61.42 +0.48"
59.66 + 0.19%
57.87 +1.15%°
59.08 + 0.56™
56.67 £2.16*
54.45+0.21°
56.71 + 1.53%
55.73 + 1.49"
48.87 + 4.28¢

11.87 +0.82°
3.87+£0.07°
3.01 £0.12¢
2.81+0.01¢
3.06 +0.14°
2.78 +0.08%
2.29 +0.12¢
2.83 +0.04%
2.64 +0.05%
2.18+0.01¢

- contr
420 5
520
620
420
520
620
420
520
620

O O O 33U Wn

Same letters in each column indicate no significant difference (P >0.05).

Table 3Theeffect of cooking time and IR power on some physicochemical aspects of the chicken
nuggets processed using IR cooking - post frying (IR-PF) method

Physicochemical properties

Cooking conditions

Moisture content (wb  Fat content (db Power (W) Time
47.1240.17% 11.87+0.82° - Control
57.4142.19° 10.82+1.69® 420 3
55.5242.45® 10.06+2.48™¢ 520 3
52.61+0.19%° 5.09+1.37° 620 3
52.41+0.45"° 9.38+1.41% 420 5
51.13+6.39° 9.59+2.69% 520 5
49.87+1.37°¢ 5.99+0.924 620 5
54.21+0.44%® 11.48+0.79° 420 7
50.32+0.59 7.32+0.91°¢4 520 7
45.45+0.58° 6.52+0.16% 620 7

Same letters in each column indicate no significant difference (P> 0.05).

YA


https://fsct.modares.ac.ir/article-7-20074-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-17 ]

MR (Dimensionless)

\vq\/ﬁag\o n)‘})c/\' b)Lq.:r

61\.1.'9 Glﬂp}(}l&

Table 4The effect of pre frying - IR cooking (PF-IR) method on some physicochemical properties of

the chicken nuggets
Physicochemical properties Cooking conditions
Moisture content (wb  Fat content (db Power (W) Time
47.1240.19% 11.87+0.82° - Control
56.49+0.76® 11.62+0.15° 420 3
57.47£1.21° 8.04+0.01¢ 520 3
54.01+3.14™ 8.34+0.43" 620 3
54.97+1.56™ 11.19+2.52%® 420 5
51.4145.91%° 8.19+1.75¢ 520 5
53.53+]1.33%° 8.54+0.08" 620 5
54.15+0.83%® 9.52+0.19%¢ 420 7
49.86+3.53%¢ 8.31+1.62° 520 7
44.57+2.98¢ 8.75+0.21% 620 7

Same letters in each column indicate no significant difference (P > 0.05).
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Fig 2. Effect of different power of IR cooking on
moisture ratio (MR) of the chicken nuggets (IR
method).
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Fig 3 Effect of different power of IR cooking on
moisture ratio (MR) of the chicken nuggets (IR-PF
method).
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Fig 4 Effect of different power of IR cooking on
moisture ratio (MR) of the chicken nuggets (PF-IR

method).
Table 5 Statistical results obtained from the selected models for cooking of c)hicken nuggets
Khazayi Logaritmic Tir.ne Power Treatment
SSE R’ SSE R (min) (W)
0.0021 0.9882 0.0019 0.9893 9 420 IR
0.0008 0.9950 0.0018 0.9895 9 520 IR
0.0036 0.9794 0.0023 0.9869 9 620 IR
0.0002 0.9974 0.0005 0.995 7 420 IR-PF
0.0001 0.9989 0.0002 0.9983 7 520 IR-PF
0.0008 0.9997 0.0003 0.9985 7 620 IR-PF
0.0021 0.9882 0.0019 0.9893 7 420 PF-IR
0.0008 0.9950 0.0018 0.9895 7 520 PF-IR
0.0036 0.9794 0.0023 0.9869 7 620 PF-IR
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Table 6 Effect of different IR cooking on Effective moisture diffusivity of chicken nugget.
Treatment Power (W) Time (min) Degr (m*/s) R
IR 420 9 1.282x10° 0.996
IR 520 9 1.601x10% 0.998
IR 620 9 2.487x10® 0.992
IR-PF 420 7 1.378x10% 0.996
IR-PF 520 7 1.748x10% 0.999
IR-PF 620 7 2.373x10® 0.997
PF-IR 420 7 1.099x10* 0.979
PF-IR 520 7 1.873x10% 0.988
PF-IR 620 7 2.692x10® 0.987
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Chicken nugget is one of the popular ready to eat food in the world. Due to high fat content in nuggets
cooked using conventional method and obesity and corresponding disease, different methods such as
partial frying and other final cooking method have been considered recently. In this study, chicken
nuggets were cooked using several cooking methods including deep-fat frying, IR cooking,
Pre frying - IR cooking (PF-IR) and IR cooking-post frying (IR-PF) using various IR power and
process times. The effect of each treatment on moisture and fat contents and moisture loss kinetic (Des
andE,) of the chicken nuggets was investigated. The results revealed that fat content of samples
reduced from 11.78% (control) to 2.18-11.62% in infrared, pre frying-infrared and infrared-post frying
methods. The moisture and fat contents of the nuggets decreased when the higher IR power and longer
process time were applied. The minimum moisture content was observed during PF-IR method (620
W-7 min). Moisture diffusivity value enhanced by increasing power of IR and the highest amount
(2.69x10™)was obtained in the sample prepared using pre frying-infrared process in 620 W and 7 min
cooking time. Finally, cooking process modeling was conducted using Khazaei and Logarithmic
models and the best model for describing each process was chosen. Logarithmic model was better for
infrared cooking and Khazaei model was selected for describing pre frying-IR and IR-post frying mass
transfer kinetics.

Keywords: Chicken nugget, Cooking, Frying, Infrared, Mass transfer
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