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Abstract

Kiwi fruit is one of the most important export products of the country and Gilan province. The export of this product is
often for fresh consumption, while dried kiwi can bring a lot of added value in addition to significantly reducing the cost
of storage and transportation. One of the requirements for success in the field of dry kiwi production and export is to pay
attention to the quality indicators of the product after drying, which is considered in this research. Aim of this research is
the investigation of temperature (55, 65 and 75 °C) and Phase Change Material (PCM) effect on four quality indicators
of thin slices of kiwifruit including color changes, pH level, shrinkage percentage, marketability and consumer
desirability. A total of six treatments were obtained by combining the independent variables. The drying process was
carried out under the pretreatment of infrared power of 250 W, infrared time of 10 minutes, microwave power of 400 W,
microwave time of 4 minutes and enzyme removal in a layered fixed bed dryer. This study was conducted as a randomized
complete block design with four replications. Data analysis was done in IBM SPSS Statistics 26 software. In the end, in
order to find the best treatment, Copeland integration technique was used. The results showed that the best treatment in
terms of color changes is 75 °C - PCM, in terms of pH level is 65 °C - PCM, 65 °C - no PCM and 75 °C - no PCM and in
terms of shrinkage percentage is 75 °C -no PCM, 55 °C-no PCM and 75 °C - PCM. The superior treatment in the
marketability section is 75°C- no PCM. The overall best treatment in terms of four quality indicators is 75°C- no PCM.
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Fig 1. Infrared dryer used in the pretreatment section

Sl ol iy (5 S F-Y

b ol s (S Sis olKins Sl eslainl by oo S Sas

MB; ﬁl?u‘ L)}Lf oKisle PSWIURT OERIINN VI 05; PR aslo
Sl Joee 50 &5 0 Gl el et by le S e
O S bauwgy Sl Jae ;o 0ad adsi 0,5 (sler el 0uls 4
Slop slos 09d oo Jiine ) Sis SEUI 2l 4y 356 5l 58
Oloyd g ool pulay Leo J s SOl eolaul b S S alhame

Dgdice yolo J S pllawgs 15 5ml5 Jade (ol (g g bgels

Sl e 0 0,00 (6515 Jgamo ,0 alie Slalllae S0 b asllae
J3S 1 ilitn S 5 oS sl e s ples! 51 iilen, el
WS Uh) 9 89S Jpazme 50,8 i wlp s (S la SRy »

Sl oals &Sl Jles oy i Sl g ol

o gy 9 Olge-¥
Syl oolof 9 dupd—Y-)

Lo 55 8,5 plnil il jlond agd il 655 (59, 2 Lo stales]
i (6l ool plmil loj s o ¥OC (sles 5 Jla 5o
a4 b wad g Jwu 5l bl bl 5l 8 celo ¥ ladigas
Gholami Parshokohi et al., ) s laswe gloo b Jobss <>
ab Sas Slo del5 b oyl pmhaw 5 atecs O b lass.S (2018
V Cwles b o55.S ¢ 05 Camgs 5l ms (YOUsefi et al., 2016)

A oold b (Jwd S d8ys SO awg e s

sl cugb ) i =YY

039 895 adgl sl (pal jolate ) (3,5 SaS anl 35l )3
& Khayati, 2016) el cuvs a4 Jyame adsl cosb) 5 Sis
S lasilinl ol ladiges adsl cushb, slsi=e .(Amiri Chayjan
Ozgen &) <é5 pbxl (V) ojles abal; 3k 5 ' (o (sl ol !
«(Celik, 2019

— (mwet - mdry) Q)]

dwb x 100

Mary
03l 51 B ez MypeetSis 4l » Casb, dWD o] o &5
(2l £52) IS 051 5l a2 Mary (2,9 (sl p,2) 5,5
(e

) lows’ - Y=Y
Sy el Jlosl a5 ols olzs Azadbakht et al. (2019) zags
& (Apgh 4 azs b mizes 0eb ploxl il S zaen) 5l S
o el Ahmadi Ghavidelan & Amiri Chayjan (2017) Lwgs
T 3 B mae oy lesiiny Jlosl coul g a5 00 el
Bgod &g 1l Lo iy Jlol o 3 S et 4.5 5 alosll
St 5 ggary olKiwd ;0 ol A G 5 0 eyl ARl Cos
YO« &b Ol a5 05 ol 5l (S gl ools )18 &g b S
Voo o oley o ly Fre moenn, Olos adedo Ve Zimg 8 oy el
o9 Erae $55! Ol (S G Gher STl 0 3l g 4k
.(Sheykhani Nejad Fallah etal., 2023) cowl loss Gias oy 50 9

1AOAC
2 Victor



AR

. MTP P S &S sle wls L)

obo plyre 4 ARSI S J8lS Gl (e ool o
cole gly a8 18 colauwl 0y90 S Sz j0 cdimd 3B o
ooy ol yod 4y pune IV (sl 15 )5L3], S IPCM Lo 57 e
0aia3 58 i olge Glgie 4 il ] jo a8 ab soliiul eguisegl]
wlo pll 1y @l > g5k 0,058 Sldas

00, S Wil ,5-0-Y

S95p5 P 035 b alaaisad 00,8 Sas an ) alosl car
00l (et 18 5l (glaBge jo Y ST Djg0 4y (S SiS (s
ISy o Jlesl 51 L aigdo Ve s ool 3 o5 Ses clib )
G i (6 ,Fojlul sl jo LSS Lyl ol e dalens
ools allos ol pladl S Sis olKiws (050 (pdgy (glp diunls
4 lotisai b 28,5 plodl glaio ¥e Sloj Lol 5o (35 5,10
FAO-AGS, 2007; Gholami) wuiwy asye 10 Cogb,
.(Parshokohi et al., 2018

K Ol udi (2L 3,-7-Y

N S5 ol alewgay 30,5 SiS lan g B ladiges K,

3 55, Ol sl Ghosd jsbaieds 03 (6 wSo;lwil TES — 135 Jus

alal)) ws oslazal (AE) JS &5, &l pss (aslis 5l o0 S Ses Jsb
:(Tabatabaei kolor et al., 2019) (v

AE = \/(L’a—L:f)2+<as—az‘>2+(bs—b;‘>2 M

55 Sy b 30,8 Ky @ s Gliigy e L] jo a8

5036 695 K, sleaasin Sl cosy 41 50 Gl

A 00 S
PH ()l jm0-Y-Y

Glaaiges 5oy Ve Jolre Sy ol PH (g5 Seslal sl

Joe Jlzms yio PH S 5l ooliial b s 5 0 4l oub Stz

Tabatabaei kolor ) us sl (5 ,.503lail s ys +/+ ) cds LATC
(etal., 2019

TSS9 oo A-Y

planel S8 s 4 dadiges (SuuSg 2 w0 s s pSoslul sl n
‘51).: o9 U"‘ o A eolail vb)Lo @L’>4JL’> L)‘)ﬁ) )‘ ‘L“’uT
b ol Ol slras (39ls8 5l laaiged bawsi male i 5l 555 sl>

3 Liquid displacement or Water displacement

Celbes LY Lol G 5l oiws (J3 s ainy ol e b
l)o):q‘sjl.? d)s o )‘ )..u Ko ‘515),».) o)‘.).? ] J':Akﬁl':'c <10
Gle 3l olSiws ojlazgo el aliaSle o doe <10 Culs
2 oS A STy el ¥ caliid b Bl Sa oty
LS bis cpr aelio gan@le U cwl sadoslainl caSs o
oo J2lo [y ailyp dae dw S ol (S S aladss (9,0
Iy oS Sz alaass 1o gl (glgn (30 5 aslsg a5 cosl codaws
S s JiB8 alrazeo (o lgo S > e s (Y JSK) 0510 00ge 5
Jore slos &5 laas 2 13 (33,5 (535, 9 (hgels Boyb 5l Latd g
Ol Gl38l b a8 sadiceal e Chlw (59, 50 gk e slen
aS Sloj LS co gb o (slor adss 4y pladl daame 1o Cughs
a5y 8 Wy ey VO B 4 S S albase Sl Cagb
PS5 o wlyn 505 Sl S e Cled osbye (Slge

ol o osly HLas Y S yo Els (slga

248 cm

170em / i
y

y

188 cm

90cm

150 cm

Gl ol g (5 S g o> b =Y U

Fig 2. The outer scheme of the Semi-Industrial Fixed Bed

Dryer
g Wi gy k.
| 1/
| rd
|
e g 540 *
[ i =Y E
iy S
‘-:i falne s
[ —+
g — —L |
[T ? ‘::\ JEX TR
| —
.
£a g i ) ?

-

Cals i o S (I3 9,5 03 5 1S Sl Y U
Sl

Fig 3. The internal structure and air circulation of the Semi-
Industrial Fixed Bed Dryer

1 Colorimeter
2 Shrinkage Percentage



VEY Lo /Y ol @ 0,90 1055 )9LaS gl ilSe 4y

Oy g (Sl vy

Ao 5 (o5 (hd iCadn 4 5 s D 4T, o b Jsd
Jlod il SISE @ (S o pdy 9 JSS oS sl g pab w2l

A 5 yglae inlejl 0590
Losle fdoxi o by lous-1-Y

5 e b SBolas oS slacSsl b B s ragsy o
oaiad;ld s olge g Leo Jiue yuiio 90 Liolesl pl jo o plel
oS5 5l slesd b Egeme 50085 B esliinl 590 Jule plgre 4
pis lg‘ S9>9 9 (VOOC 9 70 OHO) ‘9@ LgLoo a.law A JAL.: 053 J.A‘}:
o, PH e oS5y Ol i) 0.5 sladdg ol S 4
L gy (005 B pae Congllae e 5 Gy ik 5 (SS5

o oolatwl IBM SPSS 26 1581 6,5 51 eools Judoxs g 45305 (gl

AMIri Pour ) s acule (F) alal, 5l eolatul b SauSy,> soy0

«(etal., 2017
Vo=V
Sh=-"""x100 \
Vo
w2 Vodadiges adsl pox Vot SouSg,> doyo h :C)] 40 aS
lodisges ol

oS S pan Copgllio (3o 9 (Goum 515L-4-F
0aS Brae Caglae (lie 5 ey il (b)) sk 4
Sloaiges OFanS Bras 5l 8 Ve lawgs 5 (b glaslin
oo 51 ool b E0iS G e (5 0 LoaSS (5905 oo St
e 190 45 15 By 1Sy 45) gl e e & S b
JB w45, (sl BB ke 4, (Jed B U cans an 4,

L lond' (8 yre =Y Jgur

Table 3. Treatments introduction

wles Slows
Sign Treatment
T PCM 5424 - 06°C sleo
Temperature 55 °C, Presence of PCM
Tz PCM 5454 - £0°C oo
Temperature 65 °C, Presence of PCM
T PCM 5424 - YO°C sles
Temperature 75 °C, Presence of PCM
T PCM 5455 pas - 00°C slos
Temperature 55 °C, Absence of PCM
Ts PCM 5425 pac - #0°C slos
Temperature 65 °C, Absence of PCM
Ts PCM 5455 pas - YO°C slos

Temperature 75 °C, Absence of PCM

oy g g Li-Y

adgl Cugby (i)=Y
APIYA jaoly p g #IVA i by 1 505 adgl (ol (slgione

A e do o

2 Copeland's method

G ) 136 4 gy o sladslicin  sloools Jodos g 4y 520 (6l
Doy oy e (o Weosls astyl s 4 oS G pae copgllac 4
Slass aS ‘_,’Jbu‘ 31 oolaiwl udly JBws,S (6 yial b g Oyoﬂ 3
e B sk 418 09y sue ez anlllas 350 dinly (sla it
ab oolitl Yol o8 el bg, )l cJelse ples Sl les
S0 L1550l o e 4ol JJo 4 (Razavi Seyed et al., 2021)
plesl lp 5 o onl )3 g Gglite (ainng 5k slajbre 51 S5
Al ey Sl Gl @l RS e s mS
REJPUL S RSN RO 2P JEN g TR

1 Likert Scale



Yy

. .;,J)s P 6eS &S sle jale oLl

) Ol i (b 5,-Y-Y

2y (I Dl plesd Sl (e oF) Jsoz (o) b
duaglio ol i lo pxe Sl Sl 0gd g0 anl VY zhw
Jsiz 0 @l 5 28,5 Ojs0 (Sl (ye5] 5l ekl L b Sile
095 i 5o 1y bajlens (Sl L')e.a)’T s cwl ool ools las (V)
1 (e gl oo b g bl i I T2 3 TL Jlas 0,8 (s 4l
Ol (S 9 TO Lo & by o S5 ot oo (3 yidi il
Sy o Ol S Sl az g bl T3 oy ) s
o el T3 e o i ol JT ol 048,5 Kis o] )3 50
Syl 0,030 g 0w 5B s ool 9529 puizen 5 YL sleo
ol Jeds a a0 e Rl pad Sl ol
NS o0 )8 el Slor Brme 10 65 Dloy D (555 slaad g
SR 93 )3 D9b o LA LaS (4525) 0,55 el ol
wlie gl 4 lide 0b ploxl jo )3 Jaiiz 5 (6925 0900 59y 2 &S
Mojtaba et al., Tabatabaei kolor et al,. 2019) sl e
(2019;

Som) s (V) 036 (1) ©jpar oo 5 4 diged i guai —F S0
o e Jloe! 31 g (F) 9 (039l 51 (38597 92

Fig 4. Pictures of samples based on (1) fresh, (2) dried (after
oven) and (3) after pretreatment respectively

Sy Ol gundd’ il ylg 49 38 b -F Jou

Table 4. VVariance analysis results of color changes

solilax o

e Sluye (Sike Sl e
The significance level df Mean Square Source
e A fr0/-72 o Pbal Jae
Corrected Model
oo | 11avY/-q Joe fase 5l oo pe
Intercept
[ooon o FAVISY L
Treatment
[EOANS Y A7AR! Ssb
Block
VO Y- A Uas-
Error
Y¥ VYYOOIYY Eyoe
Total
Yy FYAN T oMol £geme

Corrected Total

Aoy ) mhaw )0 o g gl Seag s

s 5 e85 & g0 S (yge)] 5l eoliiul b o o SKils dulie

o0y byles «SSls Q}cﬂ s cwl oads osle las (Y) Jgam o
)|)3 05;).1)’ ‘S'." g T6 5T5 a2 6Lmb .Q; & =\.£b.]a 05;)%
s (| a0 b (5,10 e iglas sl (5ol sl g wslass S
O S Al oo 4 g aiogs PH s Gl 0558 il jles
o, Lows oyl el JT ol Jguame (40,5 Seis ylog 50 &yt e
a5 TL o pH Ol e s Sl jleud o it Olose &

el i Lo

s gre Solis 5429 pas NS

1RV =00l 3w (sl oy y5) 159 = pnsd 5 @

PH ol ja0-Y-¥
S5 PH Slis p les J1 65l (e ) Jgozr (osn b
1SS b il ly 5w a8 bl s b7 e o L]
Sy90 (3ol SelS b B o PH &l i 1 595 I cne sy
PH oless JolS culive g5090 cnl ol Jds w85 )18 Lo
Egorme (M5 o Sl &5 39y (w2 3550 laSsl 51 G e s

B TY ool Uas u_:l:.lfo



VEY Lo /Y ol @ 0,90 1055 )9LaS gl ilSe 4y

Ol 5 (St Ve

PH Ol ydd (il slg 42555 gl -0 Jgu=

Table 5. Variance analysis results of pH changes
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Table 6. Variance analysis results of shrinkage percentage

& Foe solilax s Sl ye game OlyadS aie
The significance level df Sun of Square Source
ofe e A Vo o/FY-2 00 2ol Jue
Corrected Model
oo ) VAYAE-/0F0 Jowe e 5l oo
Intercept
[oo % 0 IRINART e
Treatment
JAAE"S Y YV Sl
Block
VO YA/ AY Uas
Error
\At VAYYYY/YFA Egecna
Total
Yy VWEIV-Y oaddol ggazma

Corrected Total

doy ) )0 o Jme Sglas Sgamg s lo gre glal 3929 pas NS

CIFOY =oads hasd sl g 0) WYY =i g 0@



Yo

Sanl 8 0 695 S sle asls b))

oS Anly b e 5l (SIS (g 4 (ke Ao S -V Jgua
Table 7. Results of mean comparison by Duncan's method for quantitative dependent methods
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Table 8. Ranking results of marketability indicators and consumer desirability
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Table 9. The results of the Kruskal Wallis test of marketability and consumer desirability
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Table 10. The results of pairwise comparisons and the number of wins and losses of each treatment
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Table 11. Final ranking of treatments by Copeland method
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Table 12. The results of pairwise comparisons and the number of wins and losses of each treatment
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Table 13. The final ranking of the treatments in terms of four quality indicators with the Copeland method
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