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Introduction

Due to the disadvantages of using chemical materials as pretreatment before grapéhdypmication of
nonchemical methods that not only take the environmental issues into account but also increase the drying rate
and improve the quality of the produced raisins is vitally important. The {highidity hot air impingement
blanching (HHAIB) isone of the northemical methods that can be used as a suitable alternative for chemical
pretreatment in grape drying. In this reseatbkdesign, construction, and evaluation of a Higimidity hot air
impingement blanching systeanediscussed in termsf the drying kinetics of white seedless grap&he results
are compared againite control and chemical pretreatment.

Materials and Methods
High-humidity hot air impingement blanching (HHAIB) system

The HHAIB systemis composed of the steam generagigam transfer pipes, side channel pump, closing
and opening valvesair recycling channel, electric air heater, -hatnid air transfer channel, pretreatment
chamber, hehumid air distribution chambgnozzles, temperature and humidity sensors and ctersolThe
performance of the system depends on the humid air temperature, the output fluid velocity from the nozzle, the
distance of the nozzles from the product surface, as well as the diameter and arrangement of thie modeles

to achieveoptimal design of the nozzle array, the relationshépssted forthe heat transfer coefficient, air mass
flow, and blowing power were considered.
Application of the HHAIB pretreatment and evaluation of its effect on the grape drying process

Experiments were condted to investigate the effect of temperature and duratibtHéfiB pretreatment on
the kinetics of grape dryingA two-factor completely randomized factorial design with three replications was
used to analyze the data.

According to the studies, the air @mperatures of 90, 100, and 1102Gelocity of 10 m &, and relative
humidity in the range of 485% was applied to the product. Pretreatment duratib88, 60, 90, 120, and 150 s
were also considered. Experiments were condugtgd three replicags and control treatment and acid
pretreatment were used to compare the drying process. Due to the high quality efiréthdaisins,this
method was used to study the process

The effect of the pretreatment duration e drying kinetics of white seeeés grapes was assessed by
observingvariations in moisture ratio and drying rateer time, as well as determining the effective diffusivity
of water

For the color evaluation othe produced raisins, chrom&), hue angleH®, and total color differencé g)
parameters were calculatafter measuring’, a’, andb’ values

Results and Discussion
The comparison of the drying process amthvecontrol, chemical, and HHAIB showed the positive efficacy
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of HHAIB on the drying rate of grapes. Compared to frgistpes, the increase in drying rate under the influence

of HHAIB varied from 8% fora duration of 30 s at 9C to 68% fora duration of 150 s at 12C. The values of

the diffusion coefficient of grapes for the HHAIB pretreatment at temperatures of 90,ab@ 110C and
durations of 30, 60, 90, 120, and 150 s, as well as for the control and chemical pretreatments were determined.
The values of the coefficient changed from 2.28%¥167 s* for 30 s of applying pretreatment at°@Dto
3.53x10"™ m? s* for 150 s ofapplyingthe pretreatment at 130. The highest value of this coefficient (7.46x10

¥'m? sy wasassociated witlthe chemical pretreatment. The value of the diffusion coefficient increased with
increasing temperature and duration of the HHAIBtreatment. In general, this increase in the drying rate and
the diffusion coefficient can be attributed to the effect of the HHAIB pretreatment on the texture and destruction
of the cell wall, as well as the microcracks created on the skin of thesgiMpesover, the findings reveal that

in comparison with the hot air temperatutke duration of the HHAIB pretreatment was more effective in
enhancing the drying ratédditionally, based on the color analyséstemperature of 1€ anda duration rage

of 90-150 s were achieved as suitable conditions for applying pretreatment.

Conclusion

The HHAIB pretreatmentwhich combineghe benefits of hot air blanching with jet technolpgifects the
texture and skin of grapeaccelerates the drying processd increases the quality of the produced raisins.
However, the correct application of this pretreatntirgendson the proper design of the system and appropriate
conditions including duration, temperature, and relative humidity. The results of drimegids showed that the
drying rate increased withn increase ithe temperature and duration of the pretreatment. The findings indicate
that the HHAIB pretreatment could improve the color indices of the rargissltingin anincrease in the drying
rate and acceptable quality of the final produthis provides a basis fothe use of HHAIB on larger and
industrial scales.

Keywords: Drying rate, Grapes, Highumidity hot air impingement blanching, Nonchemical pretreatment,
Organic product
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Table 2- Analysis of variance afrape drying duratioaffected by pretreatmergmperature and duration
wccpma Uz Clvej i wbz %l
Sources of variation Degree of freedor Mean square

_—y -
w 2 41.867
Temperature (°C)

#ACERES | %W

) 4 128.633
Pretreatment duration (s)
\VECGE )
2VECC B d . 8 0.783™
Temperaturex Pretreatment durati
wO -
30 2.356
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Table 3- Comparison of drying duration mean affected by pretreatment temperature
wu # ¢y YASE -0 0l
Temperature (°C)  Drying duration (day)

90 30.60a
100 28.73b
110 27.27b

Yo puECY 0,12 yOWBKO PEOREE cvive vA w Mvz3dzl 3.3 C EQ dsd ¥ v %iE T Avié O
Values followed by the common lower case letter do not differ statistically at 1% problatvitiky
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Table 4- Comparison of drying duration mean affected by pretreatment duration
#ACYymES &wi # ¢y YASE -0 °jl
Pretreatment duration (s) Drying duration (day)

30 33.22a
60 31.89a
90 28.67b
120 26.56¢
150 24d

Yo paECY 0,12 yOWBKQ PEOREE cvive vA w Avz 3tz 3.3 C EQdsd ¥ v %iE T Avié O
Values followed by the common lower case letter do not differ statistically at 1% probability level.



. ACCIWaEWOED d | i 2wk i AUl y

CY%ULA %Lz xALOWWERV!EVAIAR BEGCY%NE Wz @k BWwiine
EEvALAvV ¥v®iL éWA caysvw LU 3@ DIAKD Yo we { AYEE & & wst A Y
oV xAAEL O340 MR-vkz Clve  %C 8§ MER Y R 1A LopbLI AL EL Bag Y A L E
13 wL £4 A XCGMLAF AR LBKEYWEZ CL®ZAO0Y% EawLi Qlwiia ° L
%L CCa,£+ AALIED BaiA LALWEYANEYD %R v i EW@-AA6 Wi WEAL %Pz U
6wLOaYv ¢v OLIW2ZCHl® phE LIVEAL Up 3V ° HBWAGAVE  (ktzviv Ol
UCEMEU, w CEWMPO %MWY R+ ¢ 0 WEL (CF WoAlk-4842 A UGS YIMBIEC £UVE C
U CLL p °0A®D LYA valb\AANIEERE v LAGyBAR3M+ 1§10 ¢V L 3Aw %, 2C ¥ Bz G%z £ A E
a g wLuaoy AEv ¢ AAERVIAE VARROORWAENRES beTwia | AASCA AR Wil O b
Deng$ O v Yawi U & VE 20yyBAwea® W & £ w ZCOWALEEWL BYWEER 136 2- § ¢ YAYA C ASEAV UA « %
0 v #velal201% V ALGE #GLD18 1 2 6 Ad OwWLzZI YV j°L0U EEyALAv
#vanget al., 20174 Ov%wLi Gad § dLyVy oA Qesiyyi i Edkiy FoGhsWIACS
CvVALA ECAMAVLIES (xaeddVICAT "0 ¢vHEupive C+ 0EAwi ©
y )CHwzx AO%U RvWCLz 0P IBDE Ei Kva %Y E AW
X ALO%U Rv?i ¢vALBC~C! %/

1

0.9

110 (°C) 100 (°C) 90 (°C)
08 =+ Control pretreatment ~+—# Control pretreatment -+ Control pretreatment
: = 308 —— 308 - 308

~o7 —= 60S —= 60S —_ —= 60S
o [N 90 o 90S
Eoo 1208 1208 206_ ¥ 1208
z = 1508 = 1508 z = 150S
B 0s 4 RN -e—- Chemical pretreatment -e—e- Chemical pretreatment 'g -e—e- Chemical pretreatment
[~ ) [~
g g
S04 2
.2 2
Sos §

0.2

s
R
g, N s
o1 SN o1 4 - -
O+—T—T7T7T T T T T T T T T T T T OF—T—T7T 7T T T T T T T T T T T T T T 0

0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38

Drying time (day) Drying time (day) Drying time (day)

#$ Hh$ #$
V-4t l+¢Gvwa Az x AO%0 Rv U °EwEE € eavAzl SeEWME &6 1wz C ¢ m
AACES A Fhavd wawiwi+ y ACy ws
Fig.6. Variation in moisture ratio with time for pretreatments of control, chemicalhiytehumidity hotair
impingement blanchingt durationof 30, 60, 90, 120, and 150 s and temperatures of a) 90°C, b) 100°C, and c) 110°C

y wLUu! UCLEEY%!i @bp CALCAWERYILRGY wE2ZC Ul T3k EA ¢ w
6waYv j°ou | xAdRr WG Yoy & PIUELE &A% I+ 8%E WAMNICT A AED
Y OQIEWzZOC LE 1 E- ¢ YA ECAARm A é § O &&»p 0 BHGABI X é &
Ev¥Lz °EE€wz 6 NUIY V¢ ARG GAREHNOME (RO DYEWNIAGIEA BYg WALz

YL AE A2AROICAACRIYE 1 E- ¢V %AA #:zvw 8w Ul 1A A3

CL A v aGudy V)BLGISWRE § & LA d:



A %dp CPVE PG Chy WaR Ey Ei- @@ | Cé 10 fw K

1 =

0.9

0.8 4

=07
g g
—0.6 —0.6
2 2
S 0.5 S05
So. Sos
o o
I £
ELZE Fo4
-2 2
o o

3 3 4

E 0 E 0.3

J

o
n

o
=

Moisture Ratio (MR )

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32
Drying time (day)

1
0.9 09
0.8 0.8
0.7 07
g g
—0.6 4 0.6
° o
% 0.5 g 0.5
- [~
o o
So4 504 4
2 2
Eo 0.3 - § 0
02 02
0.1 0.1
0

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34
Drying time (day)

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36
Drying time (day)

#$

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Drying time (day)

#$

Gval y  AA GiESAC W& wed L

51

|||||||||||||||
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Drying time (day)
#$

x AORM~ R&V %L vIARWR OUWEA - ¢z

A, COJ - 8HLI + 1+
Fig.7. Variation in moisture ratio with time fdrigh-humidity hotair impingement blanching pretreatmeait
tenperatures of 90, 100, and 110 °C and durations of a) 30 s, b) 60 s, ¢) 90 s, d) 120 s, and €) 150 s

A~

a2 LOED AL € & it SAHAME ES WU A« %L E v %L z U8 O%LEz vigaz

o+ ¢v ¥l BAL Gyww § ¢3RNz U, ReA Gveou R VvertAvé v AAE G2 %A -
OB G WLE AABGLECA: Hawly CHAEHws ¢ WAL U VA LAY J‘Et’) )
A8 WOECYH! 6 w8 CLACAGE w80 WzE UizA -%oWdy Eawi 0 )

, '8 » AL ey yé %R unwCaR £uNVAGERYA QD 210)aE & P9 Aid &% A @p
Y1 AEC~1AkzOQ@/WU@A’@C}W%@EWZE%UI%u Gwug¢ €
LvALU »ALaEy" wi &dli ¢ & 3y oyAL yolsz Ao Wiiammiv oAt v
#)adamba, Driscoll, & Buckle1996b ° Ly lyvl  ViBETCOREA AL\ ET ¢ EA ¢
VAE 0! % ©%w- WwWECx AOwa YR vIuCEMABzt BEULLBANE A V%
y i wLEA& ¢vic LzdyOyy oWMdevbw ue BvA Ary vedAépva

Ybaietal.,202d6 °CaI! Eawi v %

6 #Baoefo01$ VOHR &4V € WUCEME ¢
y Cé wCHCL EEC V & ik A& it 8
OCVvHULE AV %k z x ADILIU RE W



. ACCIWaELWOED d | Ci 2wk i ARYEREY

0.3 4

Control pretreatment
»=p> 30 S
a=—a 60 S
=+ 90S
E—N 120 S
= 150 S
@—@ Chemical pretreatment

0.25 A

e
o
1

Drying rate
(g water/(g solid* 3day))
° e

\.

—
\,."‘\::s%
‘\N\ N — —
\H§J‘\ N — —
od i i i i i i i hd §7—~,~_§=='s——'-'¢—'¢ﬁ

T T v
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Drying time (day)

cwiul %t xAO%ECRV I ChV AEC § L 1'GRAWKEN GBIV JR@®FE (O w
AGCYows 4tdl+1+¢wal § AAGES A A« bt
Fig. 8. Variation in drying rate with time for control treatment, chemical pretreatraedhigh-humidity hotair
impingement blanching pretreatmextttemperature of 110 °C and durations of 30, 60, 90, 120, and 150 s

0.05 4

0 v ActAn CMING /-8 (EA Q A 2 VilE/6@ E wLz » AL ayw lyd ¥ALIKE V314
Al lywt®VEeo yCh Yigiksewal, 20106 x AL O%uvsAR vz CeeveBaBnfC £ © U

T ®E VA A WE¥HABE miva UL E ey IARCR {ABA @ a)ac Av al i\
C*a1 e AolivaByNevL 6 WA LI- 13- ¢ Likj Udtvin yoh&BirAtil EasiCaE A L 2
A9 witGRE wA iear @7 mea + Vy &»ihat BB AR iy, OB EAwi v
UAL K wa@:Nav y@4R liigasy ! § © “AgbubivBadaghat, & O v ¥Qw WAITEG 3L% 1 I %
BYCh LG VIYEC YD ° U & o §4E4A 0 v x CVEOHIC & 30500 (CALB Hashanimetd, 2015
% LG Yo oy AVEEL i A B W » Adsbby © é at YO LILyBALB R WL Bl B L Bl L y
F vl 1\ £yeAE Adggalegccl AL ¢ LARwEz Bl tivELR &

cwil po@mom: ax A@&HU Rv: CvBE&~CEVHz @&y Yo Béew
AACAE)A +A « Wt
Table 5 Values of grape diffusion coefficient fapntrol, chemical andigh-humidity hotair impingement blanching
pretreatments at different durations and temperature of@10

#ACYWEEELSO WL Adrtwbu UGCCPE #ACy wslT, k5 UzA%
Pretreatment duration (s) Equation R? Diffusion Coefficient (x10%° m? s?)
o 3 - 1
AaWE W | vpe 441x10740.0824  0.9858 2.19
Control treatment
30 LNMR=-4.95x10°t+0.0432 0.9955 2.46
60 LnMR=-5.09x10°-0.0063 0.9985 2.53
90 LNMR=-5.67x10°-0.0527 0.9982 2.82
120 LnMR=-6.23x10°-0.1145 0.9899 3.10
150 LnMR=-7.11x10°-0.1537 0.9808 3.53
CEwWCHCE | o 150140%+0.0201  0.9939 7.46

Chemical pretreatment
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Table 6- Values of grape diffusion coefficient foigh-humidity hotair impingement blanchingretreatment at
different durations and temperature of 2@

#ACYymES &HwI Aot wbu UGUCCPE #ACYywsl, %z WzA%
Pretreatment duration (s) Equation R? Diffusion Coefficient (x10'°m? s?)
30 LNnMR=-4.79x105t+0.0365 0.9962 2.38
60 LnMR=-4.83%105t+0.0042 0.9978 2.40
90 LNMR=-5.32%x105t-0.0447 0.9974 2.64
120 LNMR=-5.79%105t-0.0973 0.9938 2.88
150 LNMR=-6.47%x105t-0.1419 0.9833 3.22
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Table 7- Values of grape diffusion coefficient foigh-humidity hotair impingement blanchingretreatmenét
different durations and temperature of°@d

#ACymwES &wi A6t wbu R? #ACy wsT, %z bzA¥%e
Pretreatment duration (s) Equation Diffusion Coefficient (x10%°m? s%)
30 LnMR=-4.58x105t+0.0432 0.9953 2.28
60 LnMR=-4.71x105t+0.0268 0.9960 2.34
90 LnMR=-5.16x105t-0.0071 0.9964 2.56
120 LnMR=-5.41x105t-0.0655 0.9963 2.69
150 LNnMR=-5.74x105t-0.1402 0.9884 2.85

¥ i clLl  CL Oy %zG widtey EX0e-8miss$ YavICEC CHAWEBE WE tav €0 ABA
GwLUYv j°L0O yO0WLORI 6 L0FWERL %4 I e B ° & w
) CA D 0-P DAL %10 yIEA (CUR %o U v Yedvw L uY v LWEIGE a awlEW?!: ) %G
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Table 8 Analysis of variance of color indices of raisins affected by pretreatraendrature anduration

i ) . . . 3/, 1 . ~ X 2
BCCAE Uzv ¢E1vgij i whbz%u GCoyy
. Mean square
Sources of variation Degree of freedom C O H () o
YIRR
w 2 817.886 523.138 113.375 142.608
Temperature (°C)
YVEICGE ; © |
A VECC E_ i 4 82529 13591 22189 16.173
Pretreatment duration (s)
Vo vIEIC G . N
AVELCE B W wit 8 181.999 7.248 15949 2611
Temperaturex Pretreatment duratior
WO - 60 0.332 0.331 0.974 0.188
Error

ol waes@pamOAN BT vl
"Significant difference in 5% probability level
Yo pbo ARE® i vAGFVAAL Al CAEWHIEYCE2 | way %i y CE£ %E Az
C,L",H, aBate clpoma, lightness, hue angle, and total color difference, respectively.
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v CRzPIWED JOMIApHo O, v, v8vwil ) L AAL AACIKED KU Ak LELBWH aiwik
ZINWWC Al vasvduanez +6¥A0 0 0% AR idhoos)ert Esmaiili, 20086 © GBwZ6 O U
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Table 9 Color parameterk’, C, H a n ¢E ofgproduced raisins under influence of different conditionisigii-
humidity hotair impingement blanchingretreatment

wut #AGyYws

* o
Temperature (°C) Duration (s) - c HO) 9
- - 48.483 35.02a 86.64a 0a
90 30 32.32h 17.15h 44.99¢fg 29.74i
90 60 34.20fg 16.56hi 44.28fg 29.10gh
90 90 34.25fg 16.84hi 45.93de 28.60fg
90 120 35.14ef 17.29h 43.76ghi 28.55fg
90 150 35.49de 16.85hi 43.96gh 28.47f
100 30 33.30gh 16.13i 46.01de 29.30hi
100 60 34.37fg 17.05h 42.65hi 29.26hi
100 90 35.19def 18.20g 40.78j 29.09gh
100 120 35.87de 19.27f 42.37di 28.11f
100 150 36.30d 19.87f 45.87de 26.74e
110 30 35.75de 23.24e 46.76¢d 26.07d
110 60 36.08de 24.71d 48.07¢ 25.25¢
110 90 38.89c 28.14b 45 .55def 24.90c
110 120 38.10c 25.31cd 46.63d 24.84c
110 150 41.47h 25.50¢ 51.17b 21.71b

Yo baELCY ! 02AQARN PAARNA WA Aw 34t AAWEE CXERIOY WET WAD
Values followed by the common lower case letter in the columns do not differ statistically at 5% probability level.
Yo pua/&a acweE BAoyv Az OAz%u %OA Géev %
™ Values of this row are for fresh grapes
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