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Fig 2. Effect of osmotic solution concentration and sonication time on weight reduction after drying of apple samples
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Fig 3. Effect of osmotic solution concentration and sonication time on rehydration of apple samples
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Fig 4. Effect of osmotic solution concentration and sonication time on hardness of apple samples
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Fig 5. Effect of osmotic solution concentration and sonication time on surface shrinkage of apple samples
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Fig 6. Effect of osmotic solution concentration and sonication time on overall color change of apple samples
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Fig 8. Display of two-dimensional discrete wavelet coefficients for freeze-dried apple samples: (a) Approximation sub-band (LL), (b) Horizontal
detail Sub-band (HL), (c) Vertical detail sub-band (LH), and (d) Diagonal detail sub-band (HH)

Olojine g Graml Jslmo clile a4y Jglite gl GlagSIl «Srge hood wibypj Lz &5 ol plas Guibyly 5T b
5 (LL) s by » Sgol B by S g sl Jolone Cbale jiite 90 0 gl guls Gillae w)lo Dgol 3 e A
Jeloee cdale 20158l LL wiliy; 10 a5 (sysb 4 .aing o Jae ae)0 0 liebl mhaw 0 (HL) (s9g0e S35 wili
b Gl Sl e g0 e HL wibnj jo g cudls (o e (il 51 gl d loj (a8l g (s e (ialS S (el
33 Somsl Jolome cdale Jlo e 15U cow Ls (HH) (s,kad olsia Wby a8 ols olis Liagh gl eiees waisls olis
S g el Joloee clale gla e 1 G e uizren b o] oS el cdale olidl g 28 5 18 ws s 0 mlaw

el ghls gxe JILH) 88l Olsim Wby p ogel b
5 ok BLEl 4 pmie 00,8 i 1y Lo s 51 Ol g5 VL (ramsl L8 (Lol S sl b (g haml Jolone il il
1) b 9 mg S (625 2 Sl 5355 5 b Joboim slaliad « 550 S5is logen [F] 29 0o ool (F055 2
S5 b d8lie 5 Lo JUSTy S sl Cely SctwsST gamliagls &5k 5l Dgol b Lo i (lie j0 ams o0 RalS
O3l b el s S5 bl Silo a5 LL Wil [VF] atse o 0o 1) oo Jlisil g onds glael el gbwl, jo Ll
Sl Dl gldl @ S8l (ol Sep 5 (Jsbe LBl 4 a5 sl plas a3 s lelS W) el Jolme il
Sl o eSS e bas sauasplis a5 cudls Wby onl p cede (ol3El 1 Sgol 3 [YE] 095 o sols cas
ols plis pite 90 5o (IRl L (gl g a3 GIBIHL by egh gl Gillae uigres Sl ()Ll (LA oS
bl g sreml sl 5150 b Joke o linel (oLl 5l 250 s, cpl ool ogee sla sSeal 5 laad woss Kby o5

20



Journal Pre-proofs

4555 (ot 9,90 03game > Sl oS cul Tl Sl iy cal oy ot el Dpold lagi g3508 (sla JUlSs S
O e 4 a5 il b s falS el Jole lale AalE L HH Wby ol oopn 5 g3 lag ;) Sl s gl
Ol Dsel B Gle) Dow o e )..;L: pac L¥] Sgu g0 00ld Cnnd 3y liae ol g 3L 3685 Sy mlaw Lsley,
by LYF] a2l bogere il ae yo o A1 38505 5 (5Smgie uldie 58 Sgalp Sk g A Wl go b
GrS iz QB 5 o SBL LS Lg, (IS (B0 4 518 Gl ol plis g (pme ol b ate 5l Sumee 4 LH
S5 Baee Dgold 5 jeml anlp bugs oadlill Sl (i 9dioe 03l s babe ()T 5o (e

LF] sl olon sigznS 5 Seodle lagis b soloasl (3,5 St Comle 5 351 s39ae

o (gikw aoe MY

cnlne Hli8le 5 lawgy Jaae sla pate digy polie sl ool Caws & el ;2 slpaS sle o leslatwl b g, cpl o
coyo bl a4 el CS 5 a4 ol e all Sglite pa b Slho Cawal a5 S50 40 Sl ol 50 ad dcslre OS]
oo iz 39,5 S g el 55Nl 5l am (9 (R gty ol yo el cal ol I8 ka0 j0e 03l p0 b g (3
Slho a5 axgi b ol g daii wiad a5 b o Plas IS K5, s g daw S0Sg,> g iSTas B g ol
Sl o g9 ol Gl ganT B i el Caws 4 4iBs VA Sgol B ley S g do s OA (G ew] Jele clale (g5 e
eSS VOFAY s g ao,o VY/P Gl sazme Gl o0 YA (0,5 i 5l o o559 GlS g 0oy FIV (6l (6,501
g dalss VY saiecals, Gliae s VA IS S5, psd X1V o S0Ss 2 ey

G aoeis ¥

DB s Slobp (b LBl 5 (S slo Ty el § R0l oS 5 e i L GiRgR nl 5o
5 A AE el Jolme cbale a5 sl Glas @l 3 1B wyn 950 b e By, ) eslinal b solesd
cxge §ose b (el Jolme clale il oS o Ll (olo Jparme (A sla Sy ST 09mte 50 (SlodisS s
G2l 5 e (SaSsz ol G2l WSy ST Sl (asls (elS ol izl el el 5 <l Gl
ools Cund Ladlne S5 Sl Slml g (Jobwim slaldd 4 501 3585 4 CleS Sene cnl oS ad JuloS sl il
(s Sl s atiie jsboay a5 2l (650l 5 (Su5b sla Sy 2 ) Sl Dyl b e i (e o 05 00
Jos Jdog 098 o 00l cond ol laoslgs Sim o i Jold el gls sauay (Sle Sl 3l 4y 4 wys )8 cdl
Jsloe ke (35 oo s HH il cpaicie 90 50 528 o HL 5 LL (slansl 5 45 ol i 525 stmgs dtmnS’ S50
cbile b jlesiin Ll walelxl gove il ol Grizren Wog Sl pe et G LH b 9 s5e]
L s 8l ol ceaS Las o Jols o oenlis @ids VA Sgold nley Doe s o, OA Ssaz (5ol Jsloxe
Ssed Sl F3e il Ko plsiear Wlgie sieml xRl b Dgold il S5 T psbar o pslce wal B 1wkl
5 6oL o Shg dete Sreml Jobre lale aS (5 ek 05 I8 osliinl 3550 (oleml oab SiS o Slatp Sl
a3 oo Rl ) oS Brae (B pdy g SBpae SulilB 8l (e a5 L DgolB g 0350 e | (S5

! Desirability

21



Journal Pre-proofs

&b

[1] Mujumdar, A.S. (2006) Handbook of industrial drying CRC press

[2] Ciurzynska, A. &Lenart, A. (2011) Freeze-drying-application in food processing and biotechnology-a
review. Polish journal of food and nutrition sciences 61, 165-171

[3] Torreggiani, D. (1 (44YOsmotic dehydration in fruit and vegetable processing. Food Research International
26, 59-68

[4] Lewicki, P.P. &Porzecka-Pawlak, R. (2005) Effect of osmotic dewatering on apple tissue structure. Journal
of Food Engineering 66, 43-50

[5] Mierzwa, D. &Kowalski, S.J. (2016) Ultrasound-assisted osmotic dehydration and convective drying of
apples: Process kinetics and quality issues. Chemical and Process Engineering 37,

[6] Fernandes, F.A., Galldo, M.l. &Rodrigues, S. (2008) Effect of osmotic dehydration and ultrasound pre-
treatment on cell structure: Melon dehydration. LWT-Food Science and Technology 41, 604-610

[7] Carcel, J. et al. (2007) Influence of ultrasound intensity on mass transfer in apple immersed in a sucrose
solution. Journal of food engineering 78, 472-479

[8] Shamaei, S., Emam-Djomeh, Z. &Moini, S. (2012) Ultrasound-assisted osmotic dehydration of cranberries:
Effect of finish drying methods and ultrasonic frequency on textural properties. Journal of texture studies 43,
133-141

[9] Zheng, C ,.Sun, D.-W. &Zheng, L. (2006) Recent developments and applications of image features for food
quality evaluation and inspection—a review. Trends in Food Science & Technology 17, 642-655

[10] Kashaninejad, M. &Razavi, S.M.A. (2020) Influence of thermosonication treatment on the average size of fat
globules, emulsion stability, rheological properties and color of camel milk cream. Lwt 132, 109852

[11] Vega-Galvez, A. et al. (2012) Effect of temperature and air velocity on drying kinetics, antioxidant capacity,
total phenolic content, colour, texture and microstructure of apple (var. Granny Smith) slices. Food chemistry
132, 51-59

[12] Kashaninejad, M. &Mohebbi, M. (2018) Detecting Adulteration in Camel Milk Using Color Change
Modeling by Image Processing and Mixture-process Variable Experiment. Research and Innovation in Food
Science and Technology 7, 89-104

[13] Batchelor, B., Hill, D. &Hodgson, H. (1984) Automated visual inspection .

[14]Singh, C.B. et al. (2010) Wavelet analysis of signals in agriculture and food quality inspection. Food and
Bioprocess Technology 3, 2-12

[15] Rastogi, N.-K. et al. (2002) Recent developments in osmotic dehydration: methods to enhance mass transfer.
Trends in Food Science & Technology 13, 48-59

[16] Simal, S. et al. (1998) Use of ultrasound to increase mass transport rates during osmotic dehydration. Journal
of Food engineering 36, 323-336

[17]Rastogi, N., Raghavarao, K. &Niranjan, K. (2005) Developments in osmotic dehydration. In Emerging
technologies for food processing, pp ,Y£43-YYY Elsevier

[18] Garcia-Noguera, J. et al. (2010) Ultrasound-assisted osmotic dehydration of strawberries: effect of
pretreatment time and ultrasonic frequency. Drying Technology 28, 294-303

[19] Rastogi, N., Raghavarao, K. &Niranjan, K. (1997) Mass transfer during osmotic dehydration of banana:
Fickian diffusion in cylindrical configuration. Journal of food engineering 31, 423-432

[20] Tomasz, H. et al. (2025) The Effect of Pre-Treatment on the Rehydration of Dried Apple Cube. Applied
Sciences 15YYVY |

[21] Gornicki, K., Choinska, A. &Kaleta, A. (2020) Effect of variety on rehydration characteristics of dried
apples. Processes 8, 1454

[22] Yitayew, T. &Fenta, T. (2020). The Effect of Drying Method on the Texture, Color, Vitamin C and B-
Carotene Content of Dried Mango Slices (Cv. Apple and Kent). International Conference on Advances of
Science and Technology. Springer

[23] Aguilera, J.M. (2003) Drying and dried products under the microscope. Food Science and Technology
International 9, 137-143

22



Journal Pre-proofs

[24] Krokida, M. &Maroulis, Z. (1997) Effect of drying method on shrinkage and porosity. Drying technology 15,
2441-2458

[25] Tortoe, C. (2010) A review of osmodehydration for food industry .

[26] Fernandez, L., Castillero, C. &Aguilera, J. (2005) An application of image analysis to dehydration of apple
discs. Journal of food engineering 67, 185-193

[27]Bharati, M.H., Liu, JJ. &MacGregor, J.F. (2004) Image texture analysis: methods and comparisons.
Chemometrics and intelligent laboratory systems 72, 57-71

[28] Quevedo, R. et al. (2002) Description of food surfaces and microstructural changes using fractal image
texture analysis. Journal of food engineering 53, 361-371

Effect of Combined Osmotic—Ultrasound Pretreatment on Physical Properties
and Surface Microstructure of Freeze-Dried Apple Cubes Using a

Two-Dimensional Wavelet Transform Approach
Samira Baratian Ghorghi? Morteza Kashaninejad®™', Mohsen Heydari®, Khashayar
Sarabandi®, Alireza Vasiee®

1. PhD student in Food Engineering, Department of Food Science and Technology, Ferdowsi
University of Mashhad (FUM), Mashhad, Iran
2. Assistant Professor, Department of Green Technologies in Food Processing, Research Institute
of Food Science and Technology (RIFST), Mashhad, Iran
3. Assistant Professor, Department of Food Chemistry, Research Institute of Food Science and
Technology (RIFST), Mashhad, Iran
4. Assistant Professor, Department of Food Safety and Quality Control, Research Institute of
Food Science and Technology (RIFST), Mashhad, Iran

Abstract

Osmotic solution concentration and ultrasonic pretreatment duration are crucial parameters influencing process
efficiency and product quality in freeze-drying. Investigating the combined effect of these factors on the
physicochemical properties of freeze-dried fruit is therefore essential. This study evaluated the impact of varying
sucrose solution concentrations (40-60 wt%) and ultrasonic pretreatment times (10-50 min) on several
characteristics of freeze dried apple cubes, including water loss after osmotic dehydration, weight loss after drying,
water absorption capacity, textural properties (hardness and adhesiveness), overall color change (AE), surface
shrinkage, edge parameters (EL and ED), and two-dimensional wavelet transform coefficients (LL, LH, HL, and
HH). Response Surface Methodology (RSM) analysis revealed that increasing osmotic concentration significantly
reduced surface shrinkage, overall color change, and edge parameters. Ultrasonic pretreatment duration significantly
decreased hardness, while adhesiveness was unaffected by either variable. Wavelet analysis indicated that LL and
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HL subbands were significantly responsive to both factors, HH responded only to osmotic concentration, and LH
showed no significant response. Overall, osmotic solution concentration played a dominant role in preserving visual
quality and surface microstructure, whereas ultrasonic pretreatment primarily affected textural properties.The
combined application of these two pretreatments may therefore improve several quality attributes of freeze dried
apples simultaneously.

Keywords: Freeze-drying, Ultrasonication, Osmotic Dehydration, Image Processing, Wavelet Transform.
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