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Introduction

Raisins are high-value-added products derived from grape processing. In 2022, Iran ranked fifth among
major raisin-producing countries, with exporting over 63,000 tons. In Iran, raisins are primarily prepared
using traditional methods, such as sun drying, shade drying, and lye solution dipping. Typically, these
traditional methods (drying in open or sun-exposed areas) result in prolonged processing times, causing the
raisins to darken. Sun-dried raisins may undergo additional processes such as re-washing and hot air drying
before packaging and storage. Higher drying temperatures in re-washed raisins can lead to non-enzymatic
browning. Therefore, it is essential to prevent browning reactions that cause color changes and undesirable
flavors in raisins. Commercially, sulfur dioxide gas or sulfite solutions were previously used as pretreatment
to prevent non-enzymatic browning during secondary drying. However, due to health concerns, the use of
sulfites has been restricted. Consequently, newer methods, including alternative pretreatments and hybrid
drying systems, have been proposed to enhance the quality of dried products. To date, the application of
ultrasound pretreatment in the secondary drying of re-washed raisins has not been studied. Therefore, this
research aims to explore methods for maintaining product quality during the current secondary drying
process in the packaging plants by examining the effects of the different hot air temperatures and ultrasound
pretreatment

Materials and Methods

Samples (golden or green raisins) were obtained from a raisin processing plant in Bonab County and
transported to the Laboratory of Biophysical and Mechanical Properties of Agricultural Products at the
Faculty of Agriculture, University of Tabriz. The samples were stored at room temperature. Upon arrival
at the laboratory, the samples were cleaned (removing all wood and waste materials) and then placed in
appropriate packaging to prevent spoilage and moisture loss. For each experiment repeat, 120 grams of
sample were used. Drying tests were conducted using a convective dryer at three different temperatures
(45, 55, and 65 °C) with a constant airflow rate of 1.5 m/s. The weight of the samples was measured every
10 minutes using a digital scale with an accuracy of £0.01 grams. Measurements continued until the samples
reached a moisture content of 12 to 13 percent. The quality characteristics of raisins (Color difference index,
browning index, shrinkage, acidity, and rehydration ratio) were measured during experiments. In this
research, experiments were conducted using a factorial design. The obtained data were analyzed with SPSS
software, and the means were compared at a 5% significance level using Duncan's test.

Results and Discussion
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The results from data analysis indicated that hot air treatment, both with and without ultrasound
pretreatment, caused significant changes in the color index of raisins. Hot air at 65 °C without pretreatment
and at 55 °C with ultrasound pretreatment were identified as effective methods for color preservation. The
rehydration ratio depended on the duration the raisins were submerged in water. Given the short overall
submersion time, the results were not significant. The average acidity levels across all treatments were
acceptable. The lowest shrinkage rate was observed at 55 °C with ultrasound pretreatment. The best
browning index results were obtained first with hot air at 45 °C without pretreatment, followed by 55 °C
with ultrasound pretreatment. Using ultrasound pretreatment has enhanced the drying rate and reduced the
drying time of the samples compared to those without pretreatment. Ultrasound waves induce cellular
disruption and increase cell permeability, which boosts heat penetration and moisture removal. This process
ultimately reduces the drying time of the product

Conclusion

The objective of this study was to propose methods to enhance the quality of raisins during secondary hot
air drying, which is the prevalent system used in most packaging and processing facilities. This research
examined the effects of hot air temperatures at 40, 50, and 60 °C, with and without ultrasound pretreatment,
on the quality indices of raisins. After considering all evaluated indices, hot air at 55 °C with ultrasound
pretreatment was identified as the most suitable method. As a result of this study, it can be said that the
ultrasound application may be used successfully for secondary drying of re-washed raisins.




&
00}

$339LaS (gl sl

'\

2717-4107 : Sy S L
https:/jam.tabrizu.ac.ir :4 s o5 5o Pos] o ls

30 S CannS (695 Dol 8 jloud s 9 €15 (Glep (slod i axillae
(S S Ay ‘Sl.b&l.‘i)lf
' sobgtn 6 las s 9T W5 atis ilaae MY IS 508 soeow gy SV 2 le

VRN s gLl VWV e,k b VeV /o AloF bl s gyl

Olnl = 52y = 3y oIS = (65)5LiS 0aSLiils = gy (gwikige 05,5 - )
U‘)"l ‘ULJ sul.q olKisls g‘SM:..\.,.Q,o 9 ‘5._9 cuSiisls “_i..,li.a ‘5..3..\.4(0 05; -Y

E-mail: mohammadi.khosrow@tabrizu.ac.ir Jotmme 00iem g5 %

ouS
3 e ol 03lg0 (g ((soidiams AL IS 0 el (559118 S po 51 (K aid F i jg00 Sl ledllao plusl 5
a5 0l o0 Jgmammo CodnS dgude (o 9 1) 3lge 9 S 90,5 cddgl 0 S SlS 50 ol ool (o Leou Slgw (40 13 o
39 (S 19550 gl oS (G A (SLRALS HIS CMdro 31 (K ] (539 3 ihoniaS (43 95) Buizmo (30,5 Sl ¢y Claio
OO S gl €18 (slgp ailolus 31 (559158 Al )1 35T )0 039 pol ol (JuoldS 1 6 (40 ) LS 51 (g CrdnS 9 Cagbo,
Sl 18595 9 (YU Cood] 5l E10 glgd Ailoluw (g 5lawaiags 0,18 ;g5 0w diloluw &5 culro &) 4z 63l .09l o0 oOliinl 4 g6
b 4o 33 Eoslgn b (40 )5 Siis 010 (5l a5 3 (o bronsd (S 53 (o195 31 (ke F1 1 jlond iy 51 0liissl &5 (ol
oS oS ole 59y el B sloud e (39 9 L N/ O MIS Culi Glgd U o e g 01 w4z ;0 £ 09 OO FO
Gy gl olawl 1 2 )5 51,8 anlllan 5590 ((yols sloged (ALl 9 (SS9, 0T e i iy dul () (a5 LE)
Tk 33 (o SlogB § (TN 95 Ay sl SRS L (535 EIS Slgp (Slod g guol Lo iy Jilliio § (ol I il coukal
Suzme i (oL 53 axlllas 950 Loy 1092 HId Sme w0 ys gy Jledo! gl 50 S5y (LS (595 9 w0 yd S Jlosko |
O (Slogtd 9 (TS 9z (35 Ny SRS LD Ol ek (S (58,5 550 by IS b 40 (P >0.05) S lo ize o]
Sl o2yt Ol 4 ©g—ol 8 sload Gy b 01,5 (Hilow 4250 B8 €15 (slga b (30 S S—is caiy sl Jgu8 BB Hlade Bl 4

® @ This is an open-access article under the CC BY NC license oPET
@ (https://creativecommons.org/licenses/by-nc/2.0/) ACCESS
BY NC


https://portal.issn.org/resource/ISSN/2717-4107
https://jam.tabrizu.ac.ir/
https://orcid.org/0000-0001-5174-2264
https://orcid.org/0000-0002-2775-5994
https://orcid.org/0000-0002-7578-9013

VEF Jlo /) oled Vo 0,90 /55,5LES gmml 5lSe 4y 5

ol Kes 5 SYL> a7

hlides sloailel s ol japar (455 LisT (sl Lo iy 2
Ayoubi et al. :cé 3 )18 (liaoes w0 0,90 (0,5 Sl
ax oA Ve Fe) Sl mhwa s (56 tash ,5(2016)
5 (456 5 2 VI 1/0) Iga (b > o 95 5 (o5 UL
(ilmoolel Jlawiiny 3 o Jlaz 50 @5lmoslel
Oy 5 me—liy SlsyS g O €1 ST b g3lmoslal]
S5 97 Olie (8L (Fh) oS (AS elyS (g
oty ol pab S Saal g ((ud logd (a3Ld
pdlie g icosllnn 5 (b (sloged (Al o 5pS is S
iS4y (LMY ) (SaS 9,2 5 (g /YY) <l e
Syge daly i o j0 28,5 las £4°C los jo o Sis
Doz ey 05 s 5 poeliy SlipsS oy il
033 s Fwslhe Lyl i 7-°C glos 5 4l i VIO (slgn
]
GeiS (S ole p Fae sla el 6,0 (e o
Gl 52 S85 B (o) 0590 08 s o 56Kl I J—olx
T ) gl I ol Sy Sl gy
4z A Ve Fe b)) pled ghw )Lz g (45U n %
(s ib—woslol jaau ) g 3l—woslal slo yig, g (o5 il
570 ey Sl yS i +I0 paims aeS s 000 b (g jlwosle]
318 s gl s sy (B ST IF 55 s,
o Sl L g5lwoslel sla iy, bodel cws 4y o jiaiS
e dnS 9,008 oIV (g5 089y 9 10 peliy Sl S
WSl (6 S SOl S il a0 Ve gl jo 2 TUD
4, Dong et al. (2013) s.e>5 b .(Gholami et al., 2012)
Jsb 39 (yppmnels il o 5551 45 5, &l i i anlllas
S sy p adlas ol 5l Bas sl o S Sis anl)d
3005 S—i (> 50 el Al o 3 S ks
SrSojladl gl g ol )3 sl az o Fe g YO Ve slolos
5 0 oolitil CIE LAB gips 51 5553l by 5, el
OS Sis Sleo 0,90 j0 o (sloged a5 ools i gl

8 el g auisly 2als b g Lo slayielly a5 ole ol g5,
anld Job )0 S5y Slpss . cdly Gl 05 Sas Job o
57 O 2 45 ah hemogi Jae S Glsied G (sloged
i S5, Dol S ga b gL sle ey sl (g3l Jlud
5o Jse 2 Js5 oLS YAEF 5 TOIFY 5 YHYA 4 Fo0
lon glod 5 al Yo v e a4y 35,05l OF gl )8 Jlad iy
elo> sladss (o)l Laa> g9, (o) S il az o 70 JIF)

doddio—)
S50 DY gmaze Lad> sl b g, (n Femsd 5l (S
039 9 e oeelS doan | oo S
Gl Gl oyl a5 5 Jo g (6,100 ool S SY guaza
L oYg—ams 5l S« ie—iS .(Aghilinategh et al., 2015)
Al oo S 55l (555158 5l AT a il e Yl 00938l 35 )|
ouiSadgl case slo,g iS5 s o .(Patidar et al., 2021)
30 55 B 5l e Sholo b oLyl VY Jlu,s hetiS
olxl s .(Anonymous, 2022) ol 1,8 &l ol o woxy 4,

WESS ‘G’Lx_c 9

e S g, 5l 995 g0 Al (S D50ty Ldkes JhaiS
u_ﬂj',,.’; g Seis alw oSas ol 4 Ol o0 LieiS angs
Olpl 50 oy JletS OIS (p odes 3l (S5 0,5 o L
L Gl pace Jds 4 ol solal (3551 o oy
iy, 5l il ol ol cde a5 wib oo Sl oo labsl
o> 5 oyl (g (ol 55518 5 05 St enlials

(Khodabakhsh, 2006) s s

OS5 SES) (G Sla by, A (el agd )0 (S jsbay

S5y wald bey g FYsb Jdsan (LS,L L Gs 5
Uie—uS .(Gholami et al., 2012) o555 co 0,05 oS
8500 Sldes Cov ol S bl 5 a0 j0 oo Sis
S Bl laa b 0,5 i g saome (ge—ii—n b 3o
slpp sles b (19,5 S—as 05 )15 )bl 5 oy
O sloged cely Wilg oo coddai i & eSS o YL
el ply (Karathanos et al., 1995) o5& o iS5 cos il pué
GheaS 53y S g o5 b (sloged RSy 5 el Y
SRSz gt (oS )5 wgllasl pabs sml (izes
Jd ands o g,lw > o (Doymaz & Pala, 2002) 5,5
L sl s Slgo 5 5l agsili o S Sis a3 5
loged 5l 6 o> sl Lo Olpreds Cudlgn slaJole
s 5 o ool oS il
dgdze riaalg il ool wl cwedw clla>Mo Lo 4 654 50l

‘| o oA

oli8l ol Jds e 4y (Karathanos et al., 1995) wiloas
3eslarul asile (g o sl g, cai Sl Jguame CodS
OO St gly g £l lgr Aol ol joras b jlos ion plo
(Gholami et al., 2012; Hamedani et al., 2014) wlows & ,lae



%

o heltS CehS (69, Dgeol B LS i 9 € slgr sled ST anlllae

5 &l lep gloo I oy p LA IS 0 4y glh o S S_is sd

59, 9 olgo-Y¥
Ggod dud V=Y

33 oS (65913 w515 5l (030 b (b jietS) Ldiges
Sl 5 (Sosuban el ol tulejl 4 g angs Ol Gl
g a8l JUSH 55 oKl (55)5laS 0aSails (55)0laS Y guas
B tglejl 4y JWsl 5l o ladiges 050 (6,l0gSS oo sloo o
13 it 3 (B30 i aiges Sluld ¢ ooz ales) 55LaSly
Cagby ool cws g ol Sl 6 T ol Cgz cmnbie uaiy
ooliiul 8,90 digas 0,5 VYo ¢ talej] 1T L (gl adas ools I8
95 B )90 slodigel doilejl plal (slpy (g 5 <25 )13
ool ol by ey ,S Stz sl yiolol asu3 ool 1,8 o
O IS5 28,8 ool 8 ,0m o5 525

gl Hlowd iy (9 9 b E1D Glga b o S Sl Y-V

Az PO 500 SO gleo a0 Eloslen L o ,S iz
S5 A o il e VB ol slen )b yo co Lol 5 sl
Ipo ol S 53 oSS It inlejl ol (sl 23,5 ol
Slod Gy Job a5l 9 905 oelas Sl 9590 sLad
o diged (39 .o oals J1 3 S Sis 2o bdiges o) Sis
W05 gySoslail /o) cBa b Jlimms (g5l bawgs adBs V-
S—o 3 W JNY Cush) & baaiged Goe—w) ploj b ladiges 33
Candemir et al., 2023; ) wo,5 s JuST b 0 g 505!
(Doymaz & Pala, 2002

oliws J&1s 50 ladiges Tol cbguol 3 Lo i Jloe! jglatods
i g adas oBiulo;] o 09540 (EIMa sonic S 60H) wgol b

Syl B glsel (2o 53 9 S oBls als pole 09 S plo b ay

NPT Y Sy PN AR S R 1~ | PP VIR L eg ot
S a5 ol i il 9 <85 18 (2 950 Slals
5559 o S Sas an s (b 50 Wil se aeliaibye jshay gl 3
Gladss o)) gL Ol o aas j0 g az8 3 1,8 colan l 0,90
, (Candemir et al., 2023) s,la Loyl oge i Jo—ame
s Em G iged (0 S S—iS (Saalindga s oly> (ot
S Si Sy o akBs Fr g Ve ) e Soe & g0l Lo S
iy oS il a0 Ve 500 (Fe Slos mhaws 4 (o Els glsn
Oboj emg—olyd (lg Jlagl log g Les aol33l b ols i gl o
aslllas o (Kaveh et al,, 2019) 55 oy, gals o 5 8_as
R e O3S SIS sl Sgeol B gl Lo i 58U 65500
o8B L gaaBo Y. gV Ve Do as adiged Guod ol jo Wi S
Jlesl ol lis gl asas ools 13 Ggusl 3 plox ;o 35,24LS YO
23,5 (b S plej gaue ;5 VY el cuely gl 3 Lo iy
(Nowacka et al., 2012)

Sl 69“‘"‘3"""’“‘“’ Wi ,,...o_...S W 6«.\.».!4.»......! s 6[.@4.:[?)[5 )Q o)’jfa‘

gl 50 S Sis )0 oand oolaiwl glond Slge 00 w5l sl
&l €l glan ailols 3l Lilaio g 4283 alowl Wl olge g S 9 5,5
Oz sl s alolis log o ooliinl 4yl (o S Sz
Oeizeed 5 Vb aie 5 (65l B pae (o Sis loj gy (SYsb
ol (0 Sl ey GedS CobS g Cugh) 0 SBIGSS 8
alolws Laa> b Sl o)l o paly g0 (M i (ol J> sl ol
S8 b g (5,5 S85) (23l Aol gy et 5 95750
9 3058 Ogole il ol il aS oD s )F i )0 (0,8 gole
oty 51 ooliciasl 0 0 L5l YU o a5 jshailan 28,8 |5 v
Lis uomen 5 el e a Sloged 5l 6T sl 0 wilgs o
3> Dol i g 3 ool ol 55 5 a5l jign Sk
Ol acul sais axlllac condain s o iS a4y gill oo ,S St
09y 00 Je—ame CuaS Lis o g, aslllas tagh pl Bue

o

=
3 5 8

S SiS S (B Cagby 3 Lod (g 031031 b yguaniow (F S5 Sis JUIS (F J S anlg (F ouiod () 1 o3 o oF Sl —) JSCo
S S alhizmo s (A Il G315 (Y S 0 ylag S O (8

Fig. 1. convective dryer: 1) Fan, 2) Control Unit, 3) Drying Channel, 4) Sensors for humidity and temperature, 5) Drying
plates, 6) bracket for drying plates, 7) Digital balance, 8) Drying chamber door
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Table 3. ANOVA results for effects of hot air drying and ultrasound pretreatment on the color difference index
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Fig 3. Compare mean results for the color difference index under influence of different drying and ultrasound treatments



7

Ce OedS CaS (69, Q}a‘)é )L;..Ju...u 9 éb 6‘5"!’ sl )J axdllas

& bty aizsl Joie 058 5 Jlass sty 00 °C gls (slye
S e azgi b ot oo o i 0994 00 °C €l (slse Loy
Sgaol il Lo ion Jlosl ol il az 0 £0 4 FO sloles o F
o b oaslie jo anagnl glie j0 o g Slpess cge
O olesilin Osn Sl o Grizes Wi e s
AL ol 5 il a0 OO 5 FO £l len L o S S
Oliee yiSlas iadS (55918 il 15 jo . cblai 0gzg o e
Spdbiee 485 Sl )3 WY Glie 4 (B BB anal
solie cplpls (Gholami, 2007; Gholami et al., 2012)

Dbl e Jod BB o> yo lajled el jo aapl (Sl

2 Ogolyd jlowd g 9 £15 Glgpr Glod Jibi ¥-Y
oS 453 S]] 0

ol Gl p Jlediihn g5 5 Gilweslel g,

SIF Jgaz 4 a5 L (Gholami et al., 2012) col |38 56
&9, gl blite 51 uizmen 5 Sgol L in 5 Elga sleo
¥ USE 0y o siae 2o )0 Sy Jleio | o j0 el asyanl
—so ol |y ananal (g9, Alizee gl Lo (o (2Kl anslie

Slewd 4y Doy e ayannl jlade p ion FUSE 4 am g b awo

GeaitS aig il Gliee g ool lowd Gy 9 10 Slgp slod FT (il )l 41 3a gl —F Jgur
Table 4. ANOVA results for effect of hot air drying and ultrasound pretreatment on the Acidity of raisins
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Fig 4. Compare mean results for raisin acidity under influence of different drying and ultrasound treatments
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Table 6. ANOVA results for effect of hot air drying and ultrasound pretreatment on the browning index of raisin
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Fig 5. Compare mean results for raisin browning index under influence of different drying treatments
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Table 7. ANOVA results for effect of hot air drying and ultrasound pretreatment on the shrinkage of raisin
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Fig 6. Compare mean results for raisin shrinkage index under influence of different drying treatments
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