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Table 1- Mathematical models used to model the drying kinetics of Balangu seed gum
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Table 2- Results of analysis of variance for drying time parameters of Balangu seed gum during drying by infrared
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Sources of changes Degrees of freedom Sum of squares Mean square P
Distance 2 2817.9 1408.9 0.029
Thickness 2 18307.9 9153.9 0.000
Distance x Thickness 4 1805.9 451.5 0.275
Error 18 5822.7 3235
Total 26 28754.3
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Figure 1- Average of Balangu seed gum drying time at different drying conditions by infrared system
Means with different superscripts differ significantly (P<0.05).
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Figure 2- Variations of the natural logarithm of moisture ratio (Ln (MR)) values versus drying time of Balangu seed
gum at different samples distance (1.5 cm thickness).
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Figure 3- Variations of the natural logarithm of moisture ratio (Ln (MR)) values versus drying time of Balangu seed
gum at different samples thickness (7.5 cm distance).
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Table 3- Effective moisture diffusivity values (D) of Balangu seed gum at different infrared drying conditions

Distance (cm) Thickness (cm) Effective diffusivity (m%™) r

5 0.5 2.44x10° 0.981
5 1.0 7.03x10° 0.972
5 15 1.17x10°8 0.975
75 0.5 2.21x10° 0.976
7.5 1.0 5.67x10° 0.979
75 15 9.17x10°® 0.974
10 0.5 1.93x10° 0.983
10 1.0 5.52x10° 0.942
10 15 7.02x10° 0.972

m0.5cm Elcm m1.5cm
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Figure 4- Average of effective moisture diffusivity values (D) of Balangu seed gum at different infrared drying
conditions
Means with different superscripts differ significantly (P<0.05).
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Table 4- Page model constants for Balangu seed gum at different infrared drying conditions

Distance (cm) Thickness (cm) k n SSE r RMSE
5 0.5 0.0104 1.4770 0.0108 0.998 0.0168
5 1.0 0.0038 15477 0.0108 0.999 0.0122
5 15 0.0023 15577 0.0224 0.999 0.0148
7.5 0.5 0.0040 1.6387 0.0063 0.999 0.0106
7.5 1.0 0.0020 1.6513 0.0056 0.999  0.0080
7.5 15 0.0025 1.4953 0.0329 0.998 0.0160
10 0.5 0.0050 15930 0.0093 0.999 0.0066
10 1.0 0.0009 1.7970 0.0442 0.997 0.0239
10 15 0.0021 15090 0.1120 0.995  0.0213
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Figure 5- Comparison of fitted data by Page model with experimental results (7.5 cm distance and 1.0 cm thickness).
(wbuo s gl Ve g Aol ko ilw V/O) 2 @=L e Joe by X Wl d"’)’)" SLodld duwlio —0 IS

GO Gy e s ol el
4 W) g Al p mpesie BNEXN T

120313 151 (8l Jbo oyt pidet ! —

e Bpo b olgie ob) lodie g5 Ba L
olgisay (5 Sts ald ) e S0 4 a8 oloj
o dplms by Bl Casd 5506 (elopuito 5 onls
b 93 adlae 3)50 (slajla (oolod (gl Cusb) o
oy ) olital L) oSl 4l g 3,55 ]
G (5b)l3905 oo 3 51 Jols L& 55150 9 (V 0)les
2l @ o gl dhuga (lojmcag,
Shls Canliee Jo (e 8)5 )13 (y 3)90 e
Sl led polie J8las g s cops lade oy i
Gillao ((5lp YL L Jde (e 85 0 (LS s
Al gews 3,5 Sid 4] )8 3590 )3 cosd S Lalys b
ol gy Jo oL

6 5 Ao
B3P p ¥l e Aol Bl damgh cpl )
doo (PSS Syt p diges Cwlsus g & g

dy90 Eronp il (SSis S p SL als

Sl Fi5n 33 > dpslone g5 -
Sl oSl ab e sladiged cubus iliél L

aS 13,5 odalie oo le VO 4 ) 3l g ) 4 +/0
L YN Ml g 4 Casby dsb ups
a4 FlvT ot oG, sl mist
2l 5 Lise ol e Ll AT msT
ol cwl hKen 5 Mohamadi gls L Lwlyes
5 Cush) She D5 cups iledine ol Sdngh
ogee SLIR (PSS Sitipw (0l gile e
2 calbes Gl L oS W) ()1 5 ey ] A"
L9y Shls Cagb) 3585 o pd cddllansyge slales oles
BB (VYY) o)Sen 5 AMINT ol o3 i)}l
Phsge (pad SbS Sl 2 Eywgd (95 Suis
A6 s cpl 13 08 ayp ) g b (2ewo)
Ero98 g5 Jold E g yp oS St g sl yial)ly
Seitigw 2 Swge b g ¥ gaw I goo alold
Erogt S SUS s D gy0 &I Gowo (b SUiS
o« Wlos)S )l ol Sdmghy cnl canl odd oy
oY olg Gl L (Detr) Cagby Fho 3905 lawgie
ey VOIS & /5T ) g YVO 4 VD
¥ 5| reo alols 1580 b Lol il 4l Liulsél 4t
B G0 pews Cwlbus ials g e Sl WY 4

¥ "'ON / 6T "IOA / 2202 I1ed / uonanN 7 ABojouyda ] pood

Y

369 37 6 arre | A (03 [ [ e [ evorfa 3




¥ 'ON /6T "[OA / 2202 Iled / uoninny % ABojouyds] pooo

fy

S 0@ 6 prrie | AFE (o3 [ e[ Klee® [yl 3

Ohas g (SuogF g

temperatures. Journal of Food Processing and
Preservation 35 (2), 280-289.

Farokhpour, F., Roomiani, L. & Zarinabadi,
S. (2021). Experimental investigation of fish
fillet drying process using IR radiation.
Research and Innovation in Food Science and
Technology, 10 (1), 83-94.

Khodadadi, M., Rahmati, M.H., Alizadeh,
M.R. & Rezaei Asl, A. (2017). Investigating
the effect of air temperature and paddy final
moisture on the crack percent and conversion
coefficient of Iranian rice varieties in fluidized
bed dryer. Journal of Food Science and
Technology, 13 (60), 81-91 [In Persian].

Mohamadi, M., Pour Falah, Z., Nahardani,
M. & Meshkani, S.M. (2015). Mathematical
modeling and otimization of drying kinetic of
quince (Cydonia olonga) fruit slices. Journal of
Food Technology and Nutrition, 12 (1), 49-58.

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.

Ratti, C. & Mujumdar, A. (1995). Infrared
drying. Handbook of Industrial Drying, Ed.
Mujumdar, A. S., Second edition, New York,
NY, Marcel Dekker Inc. 1, 567-588.

Salehi, F. (2020). Recent applications and
potential of infrared dryer systems for drying
various agricultural products: A review.
International Journal of Fruit Science, 20 (3),
586-602.

Salehi, F. & Satorabi, M. (2021). Influence
of infrared drying on drying kinetics of apple
slices coated with basil seed and xanthan
gums. International Journal of Fruit Science,
21 (1), 519-527.

Satorabi, M., Salehi, F. & Rasouli, M.
(2021a). The influence of xanthan and balangu
seed gums coats on the kinetics of infrared
drying of apricot slices: GA-ANN and ANFIS
modeling. International Journal of Fruit
Science, 21 (1), 468-480.

Satorabi, M., Salehi, F. & Rasouli, M.
(2021b). Effect of edible coatings on the color
and surface changes of apricot slices during
drying in infrared system. Food science and
technology, 18 (112), 21-30.

Senadeera, W., Adiletta, G., Onal, B., Di
Matteo, M. & Russo, P. (2020). Influence of
different hot air drying temperatures on drying
Kinetics, shrinkage, and colour of persimmon
slices. Foods, 9 (1), 101.

Wong, J.Y. (2001). Theory of ground
vehicles. John Wiley & Sons.

Cap 45 B3l Ui Limah ol ol cd )5 5 adllas
@ GedS Sy g (S SUS plej (il JBlas 4y
Aol 5 gal Cusliess glayeiS o3, SSits ] b
9wl wnlp b o)bliae S o395, auie | diges
S b S G jes S (bl
obej rFGke 5 g e 9> (pl & Eywg)b
VO Colbus b diges s bosye (42dy VAY) il Sis

oY v | gyte il Ve alols ) oS 59 yie b
o (4 YY) 00 K8 glag i g cally 5
alold > a8 by o Sl +/0 Culbus b diges 4 bgyye
Aol ials b sl )5 oY aaw 1 gy ke O
owl38l U 4 dadiges cuolbus iol38l g ColY 5l diged
Gopd )l JUl e Jl38l g Eywo)d 5y S9i
Aol el Lol asl (il cogb) S5 20
&S )5 odnlie cpo lw & 4 Ve 3l Yl diged
Tmst 4 FAYY T Ml cugb, dei cup
S St Sl sl il il V/eoxy
23,5 odlatwl alise gla Jao 1 oL aily pews (i
ard a3l oo Y o 4 g Jae il o

&l

Amini, G., Salehi, F. & Rasouli, M. (2020).
Drying process modeling of basil seed
mucilage by infrared dryer using artificial
neural network. Journal of Food Science and
Technology, 17 (106), 23-31 [In Persian].

Amini, G., Salehi, F. & Rasouli, M. (2022).
Effect of infrared drying on drying Kinetics and
color changes of wild sage seed mucilage.
Journal of Agricultural Machinery, 12 (1), 67-
79.

Amini Rastabi, J. & Nasirpour, A. (2019).
Effect of drying temperature, heating treatment
and gum concentration on functional properties
of farsi gum. Journal of Food Science and
Technology, 15(85), 233-244 [In Persian].

Doymaz, I. (2007). The kinetics of forced
convective air-drying of pumpkin slices.
Journal of Food Engineering 79 (1), 243-248.

Doymaz, I. (2011). Drying of eggplant
slices in thin layers at different air



Erw3 b SUL &ls dowo (49,5 S (£5L Silwe 9 Cusb) Hi50 Sgdi b rmdd

Zojaji, M., Mazaheri, A.F., Namayande, S.
& Abolhasani, M. (2016). Investigation of
black mulberry drying kinetics and energy

consumption under microwave oven. Journal
of Food Technology and Nutrition, 13 (3), 57-
64.

¥ "'ON / 6T "IOA / 2202 I1ed / uonanN 7 ABojouyda ] pood

R

369 37 6 arre | A (03 [ [ e [ evorfa 3




¥'ON /6T "IOA / 2202 I1ed / uoninN e ABojouyoa ] pooH

369 37F7 6 arre ) HFE (03 [ e Floa [ oyfe 3

Abstract of Persian Articles

Determination of the Effective Moisture Diffusivity
Coefficient and Mathematical Modeling of Balangu Seed
Gum Drying with Infrared

N. Godini?, A. Gohari Ardabili®”, F. Salehi

& MSc Student of the Department of Food Science and Technology, Bahar Faculty of Food Science and
Technology, Bu-Ali Sina University, Hamedan, Iran.

® Assistant Professor of the Department of Food Science and Technology, Bahar Faculty of Food Science and
Technology, Bu-Ali Sina University, Hamedan, Iran.

¢ Associate Professor of the Department of Food Science and Technology, Bahar Faculty of Food Science and
Technology, Bu-Ali Sina University, Hamedan, Iran.

Received: 8 February 2022 Accepted: 29 April 2022

Abstract

Introduction: Today, drying of agricultural products is a developed method that removes part
of the moisture leads to physicochemical stability of the product, also, produces different
products with new qualitative properties and different nutritional and economical value.
Moisture diffusivity coefficient is the most crucial property in drying calculations.

Materials and Methods: In this study, drying kinetics modeling of Balangu seed gum in an
infrared dryer was investigated. The effect of samples distance from the radiation lamp in
three levels of 5, 7.5 and 10 cm and the effect of gum height in the container in three levels of
0.5, 1.0 and 1.5 cm on the mass transfer rate and effective moisture diffusivity coefficient
during the dry process of Balangu seed gum was investigated. Standard models (Wang and
Singh, Henderson and Pabis, Approximation of diffusion, Page, Modified Page, Newton,
Midilli, and Logarithmic) were fitted to experimental data to study the drying Kinetics and
was analyzed.

Results: The results showed that samples distance from the radiation lamp and samples
thickness had significant effect on the mass transfer rate during drying of gum. By increasing
samples distance from the heat source from 5 to 7.5 cm and from 7.5 to 10 cm, the drying time
of Balangu seed gum increased by 21.49% and 15.20%, respectively. The effect of sample
distance from infrared heat lamp and sample thickness on changes in effective moisture
diffusivity coefficient of Balangu seed gum was investigated and results showed that this
coefficient values were increased with decreasing in distance and increasing samples thickness.
By reducing sample distance from the lamp from 10 to 5 cm, it was observed that the effective
moisture diffusivity coefficient increased from 4.82x10° m%™ to 7.05x10° m%™,
Conclusion: In drying process modeling of Balangu seed gum, the Page model with the
highest coefficient of determination and the lowest error, had closer results to the
experimental data than the other models.

Keywords: Balangu Seed Gum, Effective Moisture Diffusivity Coefficient, Mass Transfer,
Page Model.
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