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Fig 1 The schematic diagram of infrared heating
system used for determination of penetration depth of
infrared radiation on Carum carvi.
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Fig 2 The scheme representing the Carum
carvi’s sample and the device used to measure
the heat flux that crosses the Carum carvi seeds and

arrives on the black body.
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Table 1Infrared transparency of glass petri dish

Infrared Power Heat flux received by Black body (kW/m?) Infrared absorbed by IR transparency

(W) Without Petri dish With Petri dish the petri dish (kW/m®) factor (%)

222 0.92+0.03"" 0.54+0.01™ 0.38+0.05° 58.70+6.37¢
302 1.64+0.01%¢ 1.07+0.035¢ 0.58+0.03¢ 65.24+2.08¢
390 2.85+0.02% 2.16+0.015" 0.59+0.08° 75.79+2.53°
491 3.23+0.03%° 2.51+0.025 0.7240.05¢ 77.70+1.51°
601 4.67+0.02 3.64+0.01% 1.03+0.05° 77.94+0.89°
715 6.15+0.02%¢ 5.1340.025 1.02+0.06° 83.41+0.91°
845 7.74+0.027° 6.51+0.02%° 1.23+0.12° 84.10+1.39°
960 9.71+0.024 8.31+0.03™ 1440.17° 85.58+1.53"

The different capital letters in the same raw indicate significant differences between heat flux received by black body
with petri dish and without petri dish and the different lowercase letters in the same column indicate significant
differences among the treatments with different infrared power (p<0.05).
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Fig 3 Heat flux changes with respect to sample thickness of Carum carvi seeds with water activity values 0.24 (0),
0.56 (o) and 0.89 (A) at different IR powers.
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Fig 4 Heat flux changes with respect to sample thickness of Carum carvi seeds with water activity values 0.24 (0),
0.56 (®) and 0.89 (A) at different IR powers.
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Fig 5 Heat flux changes with respect to sample thickness of Carum carvi powder with water activity values 0.24 (0),
0.56 (o) and 0.89 (A) at different IR powers.
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Fig 6 Heat flux changes with respect to sample thickness of Carum carvi powder with water activity values 0.24 (0),
0.56 (®) and 0.89 (A) at different IR powers.
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Table 2 Parameters estimated and statistical results obtained from fitting the heat flux data to modified
Beer-Lambert model (Carum carvi seeds)

Infrared Power

Equation Parameters

s p2
(W) ay Adj.R RMSE
Q(kW.m?)  qokW.m?) K(mm™
0.24 0.66:0.00%  0.99+0.01™  0.38+0.02"° 0.99 0.01
222 0.56 0.63+0.00%  0.94+£0.02"  0.39+0.05™ 0.99 0.01
0.89 0.56£0.01%  0.94+£0.02"*  039+0.06™ 0.99 0.02
0.24 0.92+0.02"  1.66£0.03%  0.36+0.04>2 0.99 0.03
302 0.56 0.85+0.01® 1.64£0.01%  0.3940.02P° 0.99 0.02
0.89 0.80+0.02%  1.6540.03%  0.36+0.04°° 0.99 0.03
0.24 0.98+0.04%  2.87+0.05™  0.35+0.03“ 0.99 0.05
390 0.56 1.06£0.045  2.87+0.06™  0.36+0.04 0.99 0.06
0.89 1.00+£0.03%  2.87+0.06™  035+0.03 0.99 0.06
0.24 13240.06°*  3.20+0.05%  0.27+0.035 0.99 0.06
491 0.56 124+0.07%°  3.22+0.08%  0.30+0.0445° 0.98 0.09
0.89 1.10£0.07°  3.28+0.07""  0.29+0.03"%° 0.99 0.08
0.24 1.54+0.11%  4.81+0.12°*  0.26+0.05™ 0.97 0.07
601 0.56 1.67£0.12%°  4.7440.13°*  027+0.04*° 0.98 0.12
0.89 1.63+0.12%  4.75+0.10°  0.28+0.04"° 0.98 0.13
0.24 1.75+£0.10% 6.21+0.12%*  0.30+0.03% 1.00 0.12
715 0.56 1.58+0.12%®°  622+0.11°  0.27+0.03*° 0.99 0.13
0.89 1.5240.17%  6.24+0.16°  0.26+0.03"° 0.99 0.18
0.24 2.15+0.08%  7.78+0.11%  0.36+0.024% 0.99 0.12
845 0.56 1.71£0.16%°  7.76:0.16%  0.26+0.02"5° 0.99 0.16
0.89 1.52+0.14%  7.7440.13%  0.2440.02"5° 0.99 0.14
0.24 2.62+0.08%  9.8240.13%  (0.42+0.02% 0.99 0.13
960 0.56 201+0.12%°  9.93+0.15*  0.27+0.03% 0.99 0.12
0.89 1.92+0.13%  9.90+0.17%*  0.25+0.02%° 0.98 0.11

The capital letters indicate the comparison between different powers and the lowercase letters indicate the
comparison between different a,,. The same letters indicate no significant difference (P > 0.05).
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Table 3 Parameters estimated and statistical results obtained from fitting the heat flux data to modified
Beer-Lambert model (Carum carvi powder)

Equation Parameters
mﬂarfgvf"wer ay : . 1 Adj.R? RMSE
Qo(kW.m?)  qo(kW.m™) K(mm™"
0.24 0.66+0.01™  0.93+0.01™  0.36+0.06"* 0.98 0.02
222 0.56 0.66£0.01™  0.93+£0.01™  0.35+0.05> 0.98 0.01
0.89 0.66+0.01"  0.92+0.01"  0.37+0.05° 0.98 0.01
0.24 0.92+£0.02%  1.61+£0.03%  0.36+0.04°* 0.98 0.03
302 0.56 091£0.01%  1.6440.01%®  0.38+0.01°° 0.99 0.01
0.89 0.87+0.02%  1.6240.03%®  0.35+0.05>° 0.99 0.03
0.24 1.08+0.08"™  2.80+0.09™  0.33+0.06°™ 0.98 0.09
390 0.56 1.05£0.08"™  2.79+0.10™  0.33+0.06°™ 0.98 0.10
0.89 1.02+0.08™  2.78+0.10™  0.35+0.06°™ 0.98 0.09
0.24 134+0.07%  3.21+0.06™  0.26+0.03"% 0.99 0.06
491 0.56 125+£0.06%  3.18+£0.06%  0.28+0.04" 0.99 0.07
0.89 1.22+0.08%  3.15+0.08%  0.29+0.04"5 0.98 0.09
0.24 1.66+0.12°*  4.68+0.09°*  0.25+0.03% 0.99 0.10
601 0.56 1.69+0.10°*  4.63+0.08°*  0.25+0.02% 0.98 0.08
0.89 1.84+0.07°*  4.66+0.07°*  0.28+0.02%° 0.99 0.07
0.24 2.78+0.05%  6.18+0.06“  0.31+0.025% 0.99 0.06
715 0.56 2.72+0.05%  6.20+0.05%  0.28+0.015® 0.99 0.05
0.89 2.75+0.08%  6.23+0.08“  0.26+0.025 0.99 0.09
0.24 3.02+0.13™  7.70+0.14™  0.37+0.04" 0.99 0.15
845 0.56 2.88+0.14™  7.7040.09%  0.29+0.04™ 0.98 0.17
0.89 2.78+0.13%  7.81+0.16%  0.24+0.03 0.98 0.11
0.24 3.61+£0.08%  9.71+0.12°*  0.43+0.03® 0.99 0.13
960 0.56 3.60+0.09%  9.73+£0.12*  0.35+0.02°P° 0.99 0.13
0.89 346+0.12%% 9.68+0.11%  0.26+0.03°P? 0.99 0.11

[ Downloaded from fsct.modares.ac.ir on 2025-08-06 ]

The capital letters indicate the comparison between different powers and the lowercase letters indicate the
comparison between a,,. The same letters indicate no significant difference (P > 0.05).

Table 4 The results of analysis of variance for penetration depth values

Source of variation Sum of square Degrees of freedom ~ Mean square

Sample 0.040 1 0.040™

Power 24.043 7 3435"

aw 2426 2 12137

Sample x Power 1.249 7 0.178"™

Sample x aw 0.050 2 0.025"

Power x aw 11.818 14 0.844"

Sample X Power x aw 0.758 14 0.054™

Total error 12.975 96 0.135
Total 1595.673 144

** Correspond to significant at the 0.1% level
ns Correspond to none significant
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Fig 5 The penetration depth of infrared into seeds (A) and powder (B) of Carum carvi with water activity values 0.24
(g), 056 (m) and 0.89 (m) at different IR powers.

35 Gas (p i 32 B0k 018 o VL L) 5 5 S eslinl
)\ \)15 oalai! (Ve J‘-’\}JL;" GLZ: d'»"\ ))‘)fw [ \)
31153 Sl 5 el angs (05 5 Kt Al b5 e 30 sle
wwwﬁgjoj}ﬁQL:stkﬂ}&JMbo@oﬂ)

35,5 eslizal (g5 )1

@\JA -0

[1] Keshavarz, A., Minaiyan, M., Ghannadi, A.,
and Mahzouni, P. (2013). Effects of Carum carvi
L.(Caraway) extract and essential oil on TNBS-
induced colitis in rats. Research in
pharmaceutical sciences, 8(1): 1-8.

[2] Zare, D., Bakhshipour, A., and Chen, G.
(2013). Physical properties of cumin and
caraway seeds. International Agrophysics, 27(4):
491-494.

[3] Pour-seyedi, S. (1994). Assessment of
germination and cytology of three Iranian
caraway genus: Bunium, Carum and Cuminum.
Tehran, Iran, University of Tehran, 89p .

[4] Staack, N., Ahrné, L., Borch, E., and Knorr, D.
(2008). Effect of infrared heating on quality and

va

Zz -

S S Ao —E
o) sl 5 (83 lad sl u"I Al Sl el s
025 O3 A0k 358 Gae p 30 3050k Y OI55 5 ol
5 ol Sl Ol jen Sl i 313 OLES il s S ey ol
e AITOW Sl 28 Olg a3 30 3053l Y Ol
Clad Ol s 5 Ol Pl B L Ll L ClAS 358 Gas 5 (sl
Sl sad 0503 3o FO3le 55 358 Gas p bz DI ]
S g0l (6l 358 Gas Olgae o iy &S5k 4y iy 6 3
VAW ol s (Y80 ol el o zaS L glils 5 g5
Lt pas ol 53 358 Gee Ol LRlpl b Lol s 8 edalise
A Tl Loy als 5 555 gl blis 5o il zalS
AMOW U5 B e 305k Y Olg Ll L 358 Ges
Slai sl gl 358 Gas Olpee (n i Salg 53 S0 Rl
L AOW Ol5 53 A/ T el b ooy glals 5 guns
3l ol s O V/ER A mm 5 /8RN Y/) el s
Glp Ol o ol Cdld woam 5 b das e Ol Gads

sle Gl Sl 50 3705k S50 Ges S 4 Oden)


https://fsct.modares.ac.ir/article-7-24483-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-06 ]

\YaA %JJ‘ N 6,93 g/\VA)L@.\i:

&U\_.o @\mﬂjr}l&

microwaves drying. International Journal of heat
and mass transfer, 47(19): 4479-4489.

[15] Staack, N., Ahrné, L., Borch, E., and Knorr,
D. (2008). Effects of temperature, pH, and
controlled water activity on inactivation of
spores of Bacillus cereus in paprika powder by
near-IR radiation. Journal of food
engineering, 89(3): 319-324.

[16] Mohsenin, N.N. (1980). Thermal properties
of foods and agricultural materials. New York,
USA, Gordon and Breach Science Publishers,
407.

[17] ISIRI Number 3345, Institute of Standards
and Industrial Research of Iran. (2004). Instant
coffee— Determination of free— flow and
compacted bulk densities.

[18] Florence, J. M., Allshouse, C. C., Glaze, F.
W., and Hahner, C. H. (1950). Absorption of
near-infrared energy by certain glasses. Journal
of Research of the National Bureau of
Standards, 45(2): 121-128.

[19] Pan, Z., & Atungulu, G. G. (2011). Infrared
heating for food and agricultural processing.
United States, Taylor and Francis Group, 300.

[20] Modest, M.F. (2013). Radiative heat transfer.
United satates , Academic Press, 904p.

[21] Dessev, T., Jury, V., and Le-Bail, A. (2011).
The effect of moisture content on short infrared
absorptivity of bread dough. Journal of food
engineering, 104(4): 571-576.

[22] Huang, M., Kim, M.S., Chao, K., Qin, J., Mo,
C., Esquerre, C., Delwiche, S. and Zhu, Q.
(2016). Penetration depth measurement of near-
infrared hyperspectral imaging light for milk
powder. Sensors, 16(4): 441.

[23] Almeida, M., Torrance, K. E., and Datta, A.
K. (2006). Measurement of optical properties of
foods in near-and mid-infrared
radiation. International ~ Journal of  Food
Properties, 9(4): 651-664.

[24] Collins, J., Change in the infra-red absorption
spectrum of water with temperature. Physical
Review, 1925.26(6): 771p.

[25] Afzal, T., Abe, T., and Hikida, Y. (1999).
Energy and quality aspects during combined
FIR-convection drying of barley. Journal of food
engineering, 42(4): 177-182.

A%

microbial decontamination in paprika
powder. Journal of Food Engineering, 86(1): 17-
24,

[5] Jihéne, L., Amira, T., Saber, C., and Fethi, Z.
(2013). Impact of Infra-red drying temperature
on total phenolic and flavonoid contents ,on
antioxidant and antibacterial activities of ginger
(Zingiber officinale Roscoe). IOSR Journal Of
Environmental Science, Toxicology And Food
Technology, 6(5): 38-46.

[6] Rastogi, N.K. (2012). Recent trends and
developments in infrared heating in food
processing. Critical reviews in food science and
nutrition, 52(9): 737-760.

[7] Eliasson, L., Isaksson, S., Lovenklev, M., and
Ahmé, L. (2015). A comparative study of
infrared and microwave heating for microbial
decontamination of paprika powder. Frontiers in
microbiology, 6: 1-8.

[8] Krishnamurthy, K., Khurana, H. K., Soojin, J.,
Irudayaraj, J., and Demirci, A. (2008). Infrared
heating n food processing: an
overview. Comprehensive reviews in food
science and food safety, 7(1): 2-13.

[9] Erdogdu, S. B., Eliasson, L., Erdogdu, F.,
Isaksson, S., and Ahrné, L. (2015). Experimental
determination of penetration depths of various
spice commodities (black pepper seeds, paprika
powder and oregano leaves) under infrared
radiation. Journal of Food Engineering, 161: 75-
81.

[10] Almeida, M., Torrance, K., and Datta, A.
(2006). Measurement of optical properties of
foods in near-and mid-infrared radiation.
International Journal of Food Properties, 9(4):
651-664.

[11] Ginzburg, A.S. (1969). Application of infra-
red radiation in food processing (Chemistry &
Process Engineering). United Kingdom, London,
Leonard Hill books, 412p.

[12] Sandu, C. (1986). Infrared radiative drying in
food engineering: a  process  analysis.
Biotechnology progress, 2(3): 109-119.

[13] Skjoldebrand, C., Ellbjir, C., Andersson, C.
G., and Eriksson, T. S. (1988). Optical properties
of bread in the near-infrared range. Journal of
food engineering, 8(2), 129-139.

[14] Salagnac, P., Glouannec, P., and
Lecharpentier, D. (2004). Numerical modeling
of heat and mass transfer in porous medium
during combined hot air, infrared and


https://fsct.modares.ac.ir/article-7-24483-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-06 ]

JEST No. 86, Vol. 16, April 2019 ABSTRACT

Effect of sample properties and infrared power on the penetration
depth of infrared radiation into the Carum carvi L.

Hasani, M. 1*, Kashaninejad, M. 2, Khomeiri, M. 3, Sadeghi, Al

1. P.hd. Student, Faculty of Food Processing Engineering Department, Gorgan University of Agricultural Sciences &
Natural Resources, Iran.

2. Professor, Faculty of Food Processing Engineering Department, Gorgan University of Agricultural Sciences &
Natural Resources, Gorgan, Iran.

3. Associate Professor, Faculty of Food Science and Technology, Gorgan University of Agricultural Sciences &
Natural Resources, Gorgan, Iran.

4. Assistant Professor, Faculty of Food Science and Technology, Gorgan University of Agricultural Sciences &
Natural Resources, Gorgan, Iran.
(Received: 2018/08/27 Accepted:2019/02/13)

In recent years, infrared radiation (IR) has been considered as one of the suitable methods for drying and
decontamination of different spices. However, the low penetration depth of the IR limits its use for food
processing in the industry. Due to the importance of Carum carvi as a spice with medical properties, this
research aimed to determine the effect of the sample’s structure (powder and seeds), water activity (0.24,
0.56 and 0.89) and the power of IR emitter (222 to 960W) on the penetration depth of the IR into Carum
carvi For this propose, the heat fluxes received by copper black body that placed under samples with
different thickness was measured. Afterward, the penetration depth was calculated through a mathematical
model. The results indicated while aw of the sample, the IR power, and their interaction had a significant
effect on the penetration depth of the IR, the structural properties of the sample had no significant effect
on it. Increasing the infrared power to 601 W enhanced the penetration depth in all of the samples. The
highest penetration depth into the powder and the seeds of Carum carvi with aw 0.24 was achieved at the
IR power of 601 W, and was recorded 4.07+0.27 and 3.85+0.23mm while the samples with aw 0.89 were
shown the highest penetration depth when they were irradiated by IR power of 845W (4.12+0.18 and
4.09+0.13mm). According to the results, determining of IR penetration depth in the spice can be used to
determine of their optimal thickness during the infrared food process.

Keywords: Carum carvi, Infrared radiation, Penetration depth, Water activity
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