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Abstract

Producing any dried product with acceptable quality is one of the main processes in the postharvest engineering. Several
researchers reported the high quality of the product dried with new drying methods such as combined infrared-
convectional drying methods compared with ones dried with convectional dryers. Evaluation of drying method and their
effects on dried product could increase the quality of the final product and be used in designing and engineering of dryers.
In this research, a constructed combined infrared-convectional dryer was evaluated at the various drying temperatures for
banana slices with various thicknesses at the constant air temperature. The experiments were performed to calculate the
values for effective moisture diffusivity, shrinkage percentage, and rehydration ability of banana slices. The drying
duration of the slices with a thickness of 4 mm was 83 min at the infrared drying temperature of 75 °C, the air velocity of
0.7 ms* and the air temperature of 50°C. The effective moisture diffusivity was varied from 5.81x10%° to 2.14x10"° m?
s''; as a function of drying temperature and slices thickness. The results indicated that the effect of slice thickness was
significant on the rehydration ability of dried products. The drying temperature and the slice thickness had no significant
effect on the shrinkage of the slices. This property was increased linearly as a function of moisture content. Therefore, it
is not essential to consider the shrinkage as a function of temperature and thickness during the simulation process.
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Fig 1. Wavelength associated to absorb maximum
infrared energy of the main food components
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Fig 2. Combined infrared-convectional dryer and its
associated measuring system
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Table 1. ANOVA for the parameters drying temperature and thickness of slices on the drying time and quality indexes of
banana slices
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Table 2. Mean comparison of interaction effect of drying temperature and banana slice thickness on the drying time
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Fig 4. Drying rate of banana slices verse moisture content at different temperature and slice thickness
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Fig 5. Effect of drying temperature and slice thickness of banana on Det
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Fig 6. Shrinkage of banana slices as a function of moisture content at different drying temperature and thickness

Oy 4o 5 0als Jaamedy Il Sledo coge dluss o 0)l0
o5Vl Sy (ol s G28IS ol o se coaomae ik
b cwl SHL baige o S e 0 Sl Sleas
O A P PR T . VR
Joaz o s osle Laio o8 )b (65 pr Cualies Sl ¥ oo 5o
S i 39d o odmlive a5 (g sbjlen anl 0als &SI Y
F b 5ol 5 gle a2 0 00 Jlesay by ol Qi cud )b
Cdyb g0 laddyy Cualid (AIPIL Geizes adle ol

Bl Gl s Sis cole Laa>

Cadyb 595 3 Gl 489 Cwoliud FI (Silee g lio Y Jgur
S ool Las
Table 3. Mean comparison of slices thickness of banana
on the DHC
S oole Lad> o b (oso) 390 slodd g culiess
DHC Thickness of banana (mm)

0.0338 4
0.051 4 6

30,0 O Jloso | mdaw 50 510 Sxo glai 3g2g ,LS Wglise Bg >

same i sla Ly P
(DHC) S oolo Lai> ki (WAC) ol iz s s &l i
Al plasl 5l u 90 sload g (RA) Ol sazme o coblé 55
4575 b 5 pSojlal Lo by g Slge (S 50 0ud 53 by, Billas
Sazme 032 Cebl (g5 W)y Culns g Led Sl bgpe il )y
48,9 Cuoles g oo L5 aS ols Lis (V Jguz) a0 slodigei(RA)
S99l b adlioed Hlocne joShe winly slapsie ) L
o,F sl a0 00 lod 4y bgy o ol sazee i coil oy i
x> VO slosay bgyyo o] jlaie (028 5 ye e B s
KW NP TP SN E PR g+ W
2 Sald g oS Sad gles Sl uil)ly 458 @l ez e
(DHC) iz oole i bbb o (WAC) ol suzme i byl
VY Jgom 50 oo i G0 sladiges ol suze L Glles o
Loo 5551 Llie 51 g ol (31 45 ol )L gl aml o |
0 5V Jliml gl )3 o3 4 WAC &lss (59, Culis
S Gl Sl Culrs rzee il 6l gne o)
30 ages > wled mhaw (3SL sbddiges jo .0,ls 55 DHC
Jobs orlply allior Frased sladiged 5l i o py2 9>l
Sladiges ;3 oole wob e mhaw 5 05 Sl 51 G (o S
Jdots (998w Se JUSle )3 ks (UGl g Sl iy (S STL
S97y e sladigeity Cond Jyame | ytin g Sl



Ql)liwjdd.l.f.bd Y-

V Jiol maw jo (g4l s il bediges Culis g (g0 S Sis
g lales ;o 1 Jlade g ails Cagb, 5o Ll cu o g, w0
YVEx) e JIOIY ex) o7 ongame 4o addllas 8,90 slaculis

oogy) bl 5l les i b o Jladie g e ls 18 4l @oye i
5 50 D) Gilie slales ;5 (65l Jlab (65,5 oo 5,5 Carns
Jo5 oS FIVEY) o diw £ culies sl (o5 sl az,0 VO
(3o 52 J95 okS YYINY) o oo ¥ Cialis 5l yiin (Use
ladiges Cusb (s5ime @i joe sloadyy (F5g,2 el C oy
Shals’ (o &y ot Cogb, sgie RalS L ol jlade g osg
S35 5 s, 6l isine s aaiges culis g s g iy

S35 2 Sldsre Sl assS e 9,8 S i3S sles iz
O )‘Ob.l.u» g.j u.\} ;»..3).]9 9 S oole

Adak, N., Heybeli, N., and Ertekin, C. (2017).
Infrared drying of strawberry. Food Chemistry.
219: 109-116.

Ahmadi Gheshlagh, P., Seiiedlou, S., and Nalbandi,
H. (2020). Development, test and evaluation of a
combined infrared and hot-air dryer to determine
its performance characteristics during banana
slice drying. Iranian Food Science and
Technology Research Journal. 15(5): 623-634 (In
Persian).

Aktas, M., Sevik, S., Amini, A., and Khanlari, A.
(2016). Analysis of drying of melon in a solar-heat
recovery assisted infrared dryer. Solar Energy.
137: 500-515.

AOAC. (1990). Official Method of Analysis,
Association of Official Analytical Chemists
(N0.934.06).

Aysun, M., Sevim, K., and Medeni, M. (2002). Hot
air and sun drying of grape leather (pistil).
Journal of Food Engineering. 54: 81-88.

Chakraverty, A., and Poul, S.R. (2001). Postharvest
technology: cereals, pulses and vegetables.
Science Publishers, Inc. India. pp: 183-188.

Crank, J. (1975). The Mathematics of Diffusion.
London, Oxford University Press.

Del Valle, J.M., Cuadros, T.R., and Agulera, J.M.
(1998). Glass transitions and shrinkage during
drying and storage of osmosed apple pieces. Food
Research International. 31(3): 191-204.

Doymaz, I. (2010). Effect of citric acid and
blanching pre-treatment son drying and
rehydration of Amass yard apples. Food and Bio
Products Processing. 88(2-3): 124-132.

& 325 axpii ¥
S 5 SbperiaBigle (oSS Ghgydn oS S—is
Seples jebas Lo S Jsl o jo a8 e wl o buus sl oy,

30 05 50 Dygo 308090k zZlsel (il g 0,5 sler b ,> b
oSS a4y oo 3L Y (0SS as anlp G

5 OO S iz glales (0 05 (slop =508 (ygole (S S
sk uw‘)sl L l.(bo}:.a ud_..au_f_w UL") 0ol G ddy C-’L*J

G gl sme g gge sladd s Culs falS g (oS Sis
VO 0,85 S5 gloday by o o Sz Sl o 5L .0l 0
Lol culrs S 50 09 e doe F lwls g0l 5 il ax o
sloo e bl iolidl qu s i Kial dos il

&lw -0

Fellows, P.J. (2000). Food processing technology:
Principles and practice. Second edition.
Published by CRC press.

Johnson, P.N.T., Brennan, J.G., and Addo-Yobo,
F.Y. (1998). Air-drying characteristics of
plantain. Journal of Food Engineering. 37: 233—
242.

Karim, Md.A. and Hawlader, M.N.A. (2005). Drying
characteristics of banana: Theoretical modeling
and experimental validation. Journal of Food
Engineering. 70: 35-45.

Khampakool, A., Soisungwan, S., and Park, S.H.
(2019). Potential application of infrared assisted
freeze drying (IRAFD) for banana snacks:
Drying kinetics, energy consumption, and
texture. LWT - Food Science and Technology.
99: 355-363.

Lee, K.T., Farid, M., and Nguang, S.K. (2006). The
mathematical modeling of the rehydration
characteristics of fruits. Journal of Food
Engineering. 72: 16-23.

Lewicki, P.P. (1998). Some remarks on rehydration
of dried foods. Journal of Food Engineering. 36:
81-87.

Lewicki, P.P., Witrowa, D., and Mariak, J. (1997).
Changes of structure during rehydration of dried
apples. Journal of Food Engineering. 32 (4): 347
- 350.

Mayor, L., and. Sereno, A.M. (2004). Modeling
shrinkage during convective drying of food
materials: A review. Journal of Food Engineering.
61: 373-386.



AR

w308 gole S 5 S SiS digs (69,5es oyl by unes

Minh-Hue, N., and William, E.P. (2007). Air-drying
of banana: influence of experimental parameters,
slab thickness, banana maturity and harvesting
season. Journal of Food Engineering. 79: 200—
207.

Mohsenin, N.N. (1986). Physical properties of plant
and animal materials. Gordon and Breach Sci.
Publ, New York.

Nuthong, P., Achariyaviriya, A., Namsanguan, K.,
and Achariyaviriya, S. (2011). Kinetics and
modeling of whole langan with combined infrared
and hot air. Journal of Food Engineering. 102:
233-239.

Pan, Z., and Atungulu, G.G. (2011). Infrared heating
for food and agricultural processing. Taylor &
Francis Group.

Pan, Z., Shih, C., Tara, H.M., and Hirschberg, E.
(2008). Study of banana dehydration using
sequential infrared radiation heating. Food
Science and Technology. 41: 1944-1951.

Ponkham, K., Meeso, N., Soponronnarit, S., and
Siriamornpun, S. (2012). Modeling of combine
far-infrared radiation and air drying of a ring
shaped pineapple with/ without shrinkage. Food
and Byproduct Processing. 90: 155-164.

Ratti, C. (1994). Shrinkage during drying of food
stuffs. Journal of Food Engineering. 23(1): 91 —
105.

Rzca, M., and Rajchert, D.W. (2009). Effect of drying
method on the microstructure and physical
properties of dried apple. Drying Technology. 27:
903- 909.

Seiiedlou, S., Nalbandi, H., and Bidaghi, A. (2020).
Determination of performance parameters of
infrared dryer to increase drying performance
and uniformity of heat distribution. Innovative
Food Technologies. 7(2): 313-326 (In Persian).

N0

nc/2.0/)

Sharma, G.P., Verma, R.C., and Pathare, P.B. (2005).
Thin-layer infrared radiation drying of onion
slices. Journal of Food Engineering. 67: 361-366.

Talla, A., Puiggali, J.R., Jomaa, W., and Jannot, Y.
(2004). Shrinkage and density evolution during
drying of tropical fruits: Application to banana.
Journal of Food Engineering. 64: 103-109.

Thuwapani chayanan, R., Prachayawarakorn, S., and
Kunwisawa, J. (2011). Determination of effective
moisture diffusivity and assessment of quality
attributes of banana slices during drying. Food
Science and Technology. 44: 1502-1510.

Thuwapani chayanan, R., Prachayawarakorn, S., and
Sponronnarition, S. (2008). Drying
characteristics and quality of banana foam mat.
Journal of Food Engineering. 86: 573-583.

Togrul, H. (2006). Suitable drying model for infrared
drying of carrot. Journal of Food Engineering. 77:
610- 619.

Timoumi, S., Mihoubi, D., and Zagrouba, F. (2007).
Shrinkage, vitamin C degradation and aroma
losses during infra-red drying of apple slices.
Journal of LWT-Food Science and Technology.
40: 1648-1654.

Umesh Hebbar, H., Vishwanatham, K.H., and
Ramesh, M.N. (2004). Development combined
infrared and hot air dryer for vegetables. Journal
of Food Engineering. 65: 557-563.

Yan, Z., Sousa-Gallagher, M.J., and Oliveira, F.A.R.
(2008). Shrinkage and porosity of banana,
pineapple and mango slices during air-drying.
Journal of Food Engineering. 84: 430-4.

Zirjani, L. and Tavakkolipour, H. (2010). Study of the
possibility of producing banana leaves by the
method of combined drying of hot air and
microwave. Iranian Food Science and
Technology Research Journal. 66(1): 58-67.

This is an open access article under the CC BY NC license (https://creativecommons.org/licenses/by-



