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Drying Kinetics of Chicken Meat Slice by Infrared Radiative Heat Source

and Vacuum Technique
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Abstract

The objectives of this research were to study and simulate drying kinetics model for chicken meat
slice by infrared radiation (IR) and vacuum technique and to evaluate physical properties of dried chicken
slice in terms of brightness and hardness value. The experiment set-up was conducted with temperature
ranging between 80 and 140 °C and infrared radiation power of 1,000, 1,350 and 1,500 W. For vacuum drying
experiments, absolute pressures in drying chamber were fixed at 10, 15 and 20 kPa for drying chicken
meat slice. The experimental results showed that drying rate relatively increased with increasing of drying

temperature. Thus, the higher drying temperature evidence is, the lower specific energy consumption is
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achieved. The drying kinetics results also were concluded that the simulated data of moisture ratio for chicken
meat slice using Page model, Two terms exponential model and Verma, Bucklin, Endan, & Wratten (1985).
model had the best fitting to the experimental data for IR drying at 1,000, 1,350 and 1,500 W, respectively.
And the simulated data of moisture ratio for chicken meat slice using Approximation of diffusion model for
all vacuum drying conditions of 10-20 kPa had a good relation to the experiment data. Moreover, for physical
quality analysis of dried chicken meat slice were evaluated and showed that the percentage of chicken meat
shrinkage in all drying conditions was insignificantly different (p<0.05). However, the brightness value (L*) of
dried chicken slice increased with increase of drying temperature whilst the hardness value of dried chicken
meat slice with vacuum drying were higher than IR drying.

Keywords: Chicken meat slice, Drying kinetics, Infrared radiation, Physical qualities
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Note: IR means infrared drying, HA means Hot air drying and VC means vacuum drying

ﬂ’lW‘YI 6 Lﬂiﬂ‘]_lL‘ﬂH‘].Ia@li’m'l‘ﬂ‘ﬂﬁHHLL‘USQ@T]N%’WHBGL%E]\lﬂ‘ﬁm_l’m i”%’ﬂ\‘lﬂ’ﬁa‘]_lLWIG@’JHLLM@QW@N’MNGQ%WT]L?@
a;iytywmmasamawaqmms\lmiauLmdﬂizwm 80 °C
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NIRRT EUTUNEN SISPGSBS LaRITEaTEn
T 2 Wlafiansanen B2, RMSE way X2 ainenawsii 2 (n) WL R0IMIREA AR s NEaaT lavisne
UGN EASMTaULMAIE A BT 1,000, 1,350 Wag 1,500 W fa LULNRIIATIAFNERT2RS Page,
Two term exponential W&y Verma, Bucklin, Endan, & Wratten (1985) §nua@L LLa"mﬂGniNﬁ 2 () WU’AWLL‘LI‘U
mammqmmmmamfmmmuamﬂﬁmmmau‘wamamsﬂﬁauLL‘;@@?@am@u@ﬁmmmﬂmm@mﬁmmm 10, 16 uag
20 filathaema Aauuudiand Approximation of diffusion I@awmimmﬂm R’ ‘memﬂ@ m RMSE uay X* ‘Vm
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SarmseuuvsuacaNEw S nu e

5@mm‘saum;qLLamméumﬁaawé’Nmﬁwwammiaum;qLﬁa”l,ﬁ%umaﬁamagmiw@aaa@im IREN
Somrmiett 3 TunsdimaoumemSdBunnisaiitas 1000, 1,350 waz 1,500 W %Naqmmﬁ 100140 °C wum e
ammmumiaml,ﬁuﬁu%u ST NTOUWRRaY  THTSRTIN UMWY AN meeaRs
wammmwavma@ﬂmmmﬂﬂaﬁummLLu’ﬂmawaq I@mmsa‘uLmqmm@aauwmi@ wmaaiaaawhmm 1500 W

v v DA

ammuammuﬁu 140 °C Na@ﬁ']ﬂ']‘i@llLL‘VNﬁﬁﬂ@LLa”ﬂﬁa‘]_lLLVNG]’]Haﬂﬁa%&la@]iﬂﬂﬁaﬂLmWﬂ“ﬂﬁ@ mmiamma

v v

mmamammmmmaumamwmmumwavmmwmiauLmqmammﬂammwmmm”iqaammLi@ @num@‘u
mmﬂﬁamu;a%wmmmmmwmﬂw@mmuﬁummmamammmiauLmammmmwmmummm LaeWU
MATSIFBUNTIIA 1500 W Qmwguaun,l,wal,ﬂu 140 °C mmsaﬁimamwawﬂmmanﬁ

ansef 2 (n) NSNS A ML AU AR TaULTMIED N T eSS BunIan T

28959581UNT150 1,000, 1,350 1a% 1,500 W Mgy Hauums 80-140 °C

Vacuum 2 2
Model Constant of model R RMSE X
pressure

Newton k=11.017exp(20089.055/T) 0.9951 0.0249 6.39E-04
Page k=12.780exp(21308.537/T), n=1.060 0.9960 0.0226 5.41E-04
Logistic k=16.129exp(20178.635/T), a=1.950 0.9952 0.0247 6.46E-04
Henderson and Pabis kz0.0lQSexp(lO'WT), a=0.999 0.9389 0.0882 8.24E-03
1000W Logarithmic k=-0.001exp(19548.6825/T), a=-4460.520, c=4461.384 09115 0.1062 1.23E-02
Two term exponential k=11.570exp(10°/T), a=0.0017 0.9389 0.0882 8.24E-03
Approximation of diffusion | k=1.967x10"exp(10°/T), a=0.0165, b=104.390 0.9392 0.0880 8.46E-03
Verma k=164.695exp(10°/T), a=0.001, g=0.020 0.9389 0.0882 8.49E-03
Wang and Singh a=-0.013, b=4.145x10" 0.9076 0.1085 1.25E-02
Newton k=20.819xp(21675.766/T) 0.9944 0.0271 7.56E-04
Page k=27.696exp(23700.989/T), n=1.094 0.9964 0.0217 5.51E-04
Logistic k=31.017exp(21761.213/T), a=1.973 0.9955 0.0244 6.30E-04
Henderson and Pabis k=21.058exp(21622.944/T), a=1.020 0.9952 0.0251 6.70E-04
1350W Logarithmic k=-0.001exp(21200.376/T), a=-5561.680, c=5562.546 0.9064 0.1111 1.35E-02
Two term exponential k=26.390exp(21700.787/T), a=1.578 0.9964 0.0217 4.98E-04
Approximation of diffusion | k=14.136exp(21782.274/T), a=12.583, b=0.965 0.9962 0.0223 5.42E-04
Verma k=0.024exp(-14.948/T), a=-1521.405, g=0.024 0.9964 0.0219 5.26E-04
Wang and Singh a=-0.015, b=5.003x10° 0.8932 0.1187 1.49E-02
Newton k=13.411exp(20200.058/T) 0.9962 0.0222 5.08E-04
Page k=15.351exp(21332.894/T), n=1.059 0.9970 0.0196 4.48E-04
Logistic k=18.371exp(20076.399/T), a=1.951 0.9956 0.0239 6.06E-04
Henderson and Pabis k=13.491exp(20172.573/T), a=1.011 0.9964 0.0216 4.95E-04
1500W Logarithmic k=-0.001exp(20998.888/T), a=-4758.165, c=4759.028 0.9196 0.1018 1.13E-02
Two term exponential k=15.782exp(20149.842/T), a=1.498 0.9972 0.0191 3.88E-04
Approximation of diffusion | k=9.281exp(20240.857/T), a=8.706, b=0.952 0.9975 0.0181 3.59E-04
Verma k=0.024exp(-24.441/T), a=-859.028, g=0.024 0.9978 0.0169 3.13E-04
Wang and Singh a=-0.015, b=5.335x10" 0.9033 0.1116 1.32E-02
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[ v
ANNOUFNYIU 10, 15, 20 ﬂIalhﬁmﬂ PEUNHNNDULLIAS 80 °C

Vacuum 2 2
Model Constant of model R RMSE X
pressure
Newton k=0.015exp(37.905/T) 0.9768 0.0513 6.58E-03
Page k=0.450exp(7484.0247/T), n=0.790 0.9929 0.0283 2.00E-03
Logistic k=0.018exp(-92.621/T), a=1.817 0.9700 0.0583 8.50E-03
Henderson and Pabis k=0.013exp(61.232/T), a=0.940 0.9846 0.0418 4.37E-03
10 kPa Logarithmic k=-3.831x10-6exp(13.333/T), a=-942.119, c=942.918 0.8793 0.1170 3.42E-02
Two term exponential k=0.080exp(0.504/T), a=0.149 0.9921 0.0300 2.25E-03
Approximation of diffusion | k=0.007exp(-8332.132/T), a=0.185, b=0.098 0.9948 0.0242 1.46E-03
Verma k=2.583exp(101019.910/T), a=0.068, g=0.018 0.9834 0.0434 472E-03
Wang and Singh a=-0.010, b=2.834x10" 0.9373 0.0843 1.78E-02
Newton k=0.012exp(-47.013/T) 0.9944 0.0261 1.71E-03
Page k=0.082exp(4745.161/T). n=0.931 0.9958 0.0227 1.29E-03
Logistic k=0.016exp(18.748/T), a=1.882 0.9914 0.0324 2.62E-03
Henderson and Pabis k=0.0116exp(19.147/T), a=0.973 0.9960 0.0220 1.21E-03
15 kPa Logarithmic k=--3.09x10-6exp1051.412/T), a=-1794.946, c=1795.801 | 0.9344 0.0894 2.00E-02
Two term exponential k=0.206exp(2.230/T), a=0.054 0.9971 0.0185 8.49E-04
Approximation of diffusion | k=0.2026exp(0.036/T), a=0.054, b=0.055 0.9972 0.0184 8.48E-04
Verma k=0.202exp(1.62x10°/T), a=0.054, g=0.011 0.9972 0.0185 8.48E-04
Wang and Singh a=-0.009, b=2.194x10" 0.9800 0.0494 6.10E-03
Newton k=0.9976exp(77.229/T) 0.9976 0.0165 6.81E-04
Page k=0.010exp(6.099/T). n=0.993 0.9976 0.0165 6.77E-04
Logistic k=0.013exp(25.584/T), a=1.928 0.9945 0.0250 1.66E-03
Henderson and Pabis k=0.009exp(11.044/T), a=0.994 0.9977 0.0162 6.56E-04
20 kPa Logarithmic k=-3.98x10-6exp(-27.865/T), a=-941.454, ¢=942.358 0.9583 0.0688 1.18E-02
Two term exponential k=0.023exp(-11323.113/T), a=0.008 0.9977 0.0163 6.66E-04
Approximation of diffusion | k=0.707exp(12227.358/T), a=-5.364, b=0.974 0.9977 0.0160 6.44E-04
Verma k=0.544exp(11947.380/T), a=0.956, g=0.009 0.9976 0.0165 6.81E-04
Wang and Singh a=-0.008, b=1.593x10° 0.9926 0.0290 2.11E-03
Gl'ﬁ']\i“?; 3 5mwmiamm;@m§a LLﬁZﬂ’J’]M%‘%LﬂﬁadWﬁNW%ﬁWLW’]SSL%miE)‘]_ILL‘%@Lﬁa\lﬁéuﬂ’ld‘ﬁlﬁﬂ’]’Jﬁﬂ’li%@aaﬁ(ﬁ’m‘]
. . . Specific energy
Drying L Initial (Final) . .
Temperature/ Drymg.; time moisture content Drying rate consumption
Pressure (min) (% dry-basis) (kg/h) (MJ/kg of water
evaporated)
Infrared Power 1,000 W
81.3°C 230 308.96 (12.82) 1.76 0.43
99.8 °C 160 301.43 (11.65) 3.10 0.30
121.1°C 140 300.89 (11.08) 357 0.22
140.3 °C 90 309.54 (10.27) 5.72 0.17
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; . . Specific energy
Drying L Initial (Final) . .
Drying time . Drying rate consumption
Temperature/ X moisture content
(min) . (kg/h) (MJ/kg of water
Pressure (% dry-basis)
evaporated)
Infrared Power 1,350 W
80.9 oC 220 296.78 (12.43) 2.09 021
99.1°C 150 301.89 (12.31) 3.29 0.18
120.3 °C 100 296.26 (12.36) 416 0.16
1411 °C 85 314.32 (11.36) 5.73 0.13
Infrared Power 1,500 W
809 °C 210 302.57 (12.90) 2.32 0.22
1014 °C 130 300.43 (11.03) 397 0.21
1203 °C 95 307.04 (12.04) 5.41 0.17
1411 °C 80 297.38 (11.88) 6.06 0.09
Vacuum 80 iC
10 kPa 200 308.96 (12.42) 2.21 0.35
15 kPa 240 301.78 (12.63) 2.08 0.39
20 kPa 270 305.44 (11.95) 1.78 0.42
Hot air
80.7 °C 420 301.55 (11.89) 0.85 0.67

wamsmaauqmmwL&ﬂiﬁéuuwawé'anwsaum;a

HAMSMARBUNITMARIUAAIA LS

mamimmﬁnmma”lmmmmaqmiaumemmummmm (Length, L) UAsAYMY (Thickness, W)
LLﬂmm(ﬂﬁN‘V} 4 wmmammmsammqmq '«aumaaaumimmmﬂmwLmammmmmmm mmmmaqmﬂ
miammwammmm fmevemasilolrvnssfadulnuiemmes: slndelnfunidimavedsleves
PNMIMARRININ e UL EULA MV A AN AT N 1 aw”[snmmmamﬁuamm
'Jmez‘mmmLLﬂiﬂﬂuImaﬂmm&nagammaaazmiﬁn@mmmLuavl,ﬂémmamz@ummLﬂﬁammaaax 95 il soes
mam@”rmaaLﬁaiﬁ%umqﬁamﬁmﬂLméqwﬁmuﬁﬁmmLmﬂeﬁqﬁuam;’jﬁaﬁﬁm (p<0.05)

¥

aafl 4 uanssasasmavaduazmenauiaaila lnfunsiisaazanumamen

Shrinkage (%)
Drying temperature/Pressure Hardness (N)
Length (L) Thickness (W)

Infrared Power 1000 W

81.3°C 39.0142.18° 34.36+2.24° 28.36+0.90°
99.8 °C 33.2+1.30" 26.52+3.16° 23.25+1.83"
121.1 °C 29.4+2.13" 26.33+2.76" 22.78+2.62"
140.3 °C 24,9242 82" 24.08+2.0" 16.46+3.65"
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Shrinkage (%)
Drying temperature/Pressure Hardness (N)
Length (L) Thickness (W)
Infrared Power 1350 W
80.9 °C 33.7041.62 33.8042.04° 26.66+0.85°
99.1°C 33124138 27.80+1.47° 24.80+0.93°
1203°C 22.52+1.70" 27.38+1.68° 25.7040.98°
141.1°C 23.96+1.39" 25.87+1 44° 21.71+0.86"
Infrared Power 1500 W
80.9 °C 33.81+1.25" 33.50+1.17° 28.2442.06"
1014 °C 24.24+1.92" 26.35+1.65° 28.86+1.60°
1203 °C 24.35+1.88" 28.46+1.10° 22.84+1.07%
1411°C 20.83+0.98° 27.81+1.62° 21.49+1.17%
80 iC, 10 kPa 19.85+0.92° 25.35+1.21° 33.5241.25°
80 iC, 15 kPa 21.25+0.78" 21.36+1.33 32.2540.98°
80 iC, 20 kPa 21.2041.12" 21.2140.98" 32.3620.78°
Hot air
80.7 °C 21.56+1.70% 26.28+0.68° 29.4240.74

Note: Different superscripts in the same column mean that the values are significantly different at 95% confidence level (p<0.05)

Tl 4 WaRansonmenauds (Hardness, H) 9adidio infutnsfouunslaelaSsddunsusadimmas

v

WAITUAMIEY WU WerEwasSdtunmisadiaa  die lntuiasiimenaudennnirassdtuniade

! =3 [ A ”U Aaa ! > ‘d ' [ ! A v o W :S‘ o
aendlsfenununemenuudadelsSdunnaadumasenamen  luflenuuaneivesnediiivdfy  fvssu
emidadiusauas 95 (p<0.05) waswunideauumslaslmmediogyanmeazilmenaudsgsnnidoo
SunTusaLarlaNuLAnNMITReETiuE e (p<0.05)

a9l 5 Andaaite INTuLNmMERUUMITIRNMIEMIMIAaR I

v v

Drying temperature
Energy Source Lightness (L*) Redness (a*) Yellowness (b*) Ag+
|/ Pressure

81.3°C 43.05+1.08™* 6.96+0.47° 24.24+0.87" 13.95+0.81"°
Infrared Power 99.8°C 41.82+1.64°° 7.68+0.31°° 24.24+0.74% 15160617
1000 W 121.1°C 44,2941 27" 7.78+0.39° 27.66+0.88" 16.81+0.87°
140.3°C 50.28+1.23" 11.88+0.37° 30.78+0.80™° 22.762+0.79%
80.9°C 39.4120.73° 8.87+0.58" 23.3240.36° 13.57+1.3%°
Infrared Power 99.1°C 45.40+1.08™* 8.57+0.56" 25.74+0.68° 16.23£0.46°7
1350 W 120.3°C 47.15+1.04™% 10.70+1.11" 31.2620.80" 21.810.69™
141.1°C 51.66+0.96" 11.42+0.76° 32.89+0.79° 22.26+0.89"
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Drying temperature
Energy Source ying temp Lightness (L*) Redness (a*) Yellowness (b*) Ag+
|/ Pressure
80.9°C 3959+1.17° 8.35+0.35"% 24.06+0.71% 145240617
Infrared Power 101.4°C 46701247 9674041 28.15:+0.76™% 1753+0.96™
1500 W 120.3°C 517741 06° 11.06+1.03” 28.78+1.07°* 2164+098™*
141.1°C 41.29+093* 15.7840.93" 29164072 24.86+0.85™
80°C, 10 kPa 55.08+0.96" 8.35+0.35" 34.73+064° 24.10+0.89°
Vacuum 80°C, 15 kPa 50.61+1.506 7.3140.36™ 2714047 23714062
80°C, 20 kPa 48.54+0.85™ 7.78+0.39"° 29.77+1.07° 1946+1.02
Hot air 80.7°C 51.08+0.78" 51.08+0.78" 51.08+0.78" 51.08+0.78"

Note: Different superscripts in the same column mean that the values are significantly different at 95%
confidence level (p<0.05)
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1,000 W,1,350 W kg 1,500 W ARTIoAR N Page Two term exponential Lhag Verma Bucklin, Endan, & Wratten
(1985) MNMAU NG LLauﬁmsumiamme&Jm@uﬂammwmﬂmmmmmmm 10, 15 LAy 20 kPa @aLL‘]_I‘]_J
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