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Introduction

The root part of red beetroot (Beta vulgaris) is a widely valued
vegetable around the globe, recognized for its rich nutritional
composition. It serves as an excellent source of essential nutrients,
including dietary fiber, natural pigments such as betalains, various
vitamins (A, Bi, B2, Bs, and C), antioxidants, and carbohydrates.
The continuous growth of the world population consequences in
the increasing demand for nutritious foods. Therefore, the
dehydration (especially vacuum drying method) of fruits and
vegetables has emerged as an essential engineering approach
within the food industry. This process aims to extend product shelf
life, ensure year-round market availability, minimize packaging
and transportation costs, and improve the overall quality of the
final product. However, drying operations are among the most
energy-intensive processes in food production. Consequently,
considerable research efforts have been directed toward
minimizing energy consumption and reducing production costs
while maintaining product quality. These efforts include the
development of innovative drying technologies and the
optimization of existing systems. In this study, the feasibility of a
novel drying approach based on periodic temperature strategy
under vacuum conditions was investigated. This tactic was
considered as a potential alternative technique for developing
advanced drying methods that can substantially decrease
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processing time and associated costs for the manufactured apparatus, while the quality
attributes of the final product were improved.

Method
In this study, the performance of an infrared—vacuum dryer in normal conditions and a newly

developed drying technique involving periodic temperature conditions was examined. The
novel approach was further supported by microwave application. The red beetroot samples of
60x40x4 mm in dimension were exposed under periodically applied temperatures (45, 60, and
75 °C), vacuum pressure (20, 50, and 80 kPa), microwave power (150, 300, and 450 W), and
microwave exposure times (0, 10, and 20 s). The study investigated the influence of drying
methods on response variables, including AL*, Aa*, Ab*, shrinkage, vitamin C, antioxidant
activity, Desr, and SEC. In the periodic drying method, a fixed temperature was maintained
during each run, while microwave power was applied every 10 minutes until the samples
reached the target moisture content. Experimental design, data analysis, and process
optimization were carried out using the software of Design-Expert 13.0.

Results
The lack of fit (P-value) for all studied variables in periodic technique method was found to be

non-significant between 0.09 to 0.94, indicating that the developed RSM models exhibited a
strong capability in predicting the variations of the response variables. The coefficient of
determination (R?) values for all proposed models ranged between 95.19 and 99.70, confirming
a high degree of correlation between experimental and predicted data. Furthermore, the low
coefficients of variation (C.V. < 6.93) for all models demonstrate good reproducibility and
reliability of the experiments. The optimal drying conditions were determined to be a
temperature of 50 °C, a vacuum pressure of 20 kPa, a microwave power level of 339 W, and a
microwave application time of 10 s. The selected desirability value obtained under the
optimized drying conditions was 0.816, indicating a good level of optimization. The found
results of vitamin C content compared to the fresh sample value of 7.53 mg/ml, indicates
relatively good retention of this valuable compound. To compare the response variable values
at the optimized points, an additional experiment was conducted using the vacuum dryer under
normal drying conditions at 50 °C and 20 kPa, with three replications. The obtained results for
vitamin C content (6.09 and 6.30 mg/ml), antioxidant activity (85% and 96%), color change
parameters AL* (21.49 and 18.15), Aa* (6.74 and 5.24), Ab* (3.38 and 2.62), shrinkage
percentage (37.57% and 40.75%), effective moisture diffusivity (2.43 x 107'° and 3.43 x 107
m?/s), and specific energy consumption (2138.48 and 1585.45 MJ/kg water) were obtained for
the normal and periodic drying methods, respectively. The comparative analysis of these
response variables showed changes of 34.48%, 12.94%, 15.54%, 22.26%, 22.48%, 8.46%,
41.15%, and 25.86%, respectively. Except for shrinkage percentage with 8.46% value, all
parameters showed improvement under the periodic drying method. This enhancement can be
attributed to the synergistic advantageous effect of microwave and vacuum drying, which
combines the efficient energy transfer of microwaves with the gentle drying conditions of
vacuum processing. Whereas, conventional vacuum drying is relatively slow due to the absence
of convective heat transfer, the incorporation of microwave energy significantly reduces the
drying time while simultaneously preserving product quality.
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Conclusion

The periodic drying technique in the infrared—vacuum drying process, when combined with
specific microwave pre-treatment, demonstrated remarkable superiority over normal vacuum
drying method. This periodic technique achieved a great improvement in effective moisture
diffusivity and reduction in specific energy consumption, while providing excellent
preservation of color parameters (closer to the fresh conditions) and bio—chemical quality
attributes. These findings confirm the significant advantages of the periodic infrared—vacuum
drying approach assisted by microwave application over the conventional vacuum drying
method. The results of present study revealed a great achievement due to simultaneous
enhancement in both product properties (physical, biochemical and thermal) and drying device
efficiency (SEC). Among these attributes, vitamin C content is particularly significant, as its
preservation generally indicates that other quality characteristics of the sample are also
maintained. However, the results are specific to red beetroot, and further investigations are
required to validate the applicability of this technique to other agricultural products.

Author Contributions

Nazat Hasan Jeejo: PhD student
Reza Amiri Chayjan: Supervisor
Hassan Sarikhani: Advisor

Jafar Amiri Parian: Advisor

Data Availability Statement
All data and results have been presented within the text of the article.

Ethical Considerations
The authors have adhered to ethical principles in conducting and publishing this scientific
work, and this has been confirmed by all of them.

Conflict of Interest
There are no contributions of interest in this article, and this has been confirmed by all authors.

How to cite this paper:
Hasan Jeejo, N., Amiri Chayjan, R., Sarikhani, H., and Amiri Parian, J. (2025). Optimization
of a new periodic strategy in vacuum-infrared drying of red beetroot: evaluation of quality
and energy indices. Journal of Research in Mechanics of Agricultural Machinery. 36: 39-61.
https://dx.doi.org/10.22034/jrmam.2025.15186.748
@ @ Authors retain the copyright and full publishing rights.
Published by Shahrekord University. This article is an open access article
licensed under the Creative Commons Attribution 4.0 International (CC BY 4.0)



https://dx.doi.org/00.00000/JRMAM.2025.00000.000
https://www.sku.ac.ir/
https://creativecommons.org/licenses/by/4.0

OFF) 3l Jad Y8 ola 1Y o)l NF ol (65,59LiS b miile Sl sl gidrg iy 4y pilis

4%

g‘]»&'{ﬂc{: t.f.(?m‘k;}’:/‘/

— &
)//—jjw))

‘5‘:"“95'2. dJlio
S TS b 0,8 iy (50, S Sl 50 waar (9ld (hgy Sy (3lwdinty
SiAly S sl () 308 g0ke
"ol @l yaxz 9 7 (Gl sle s Mol ly gl L) g2z s 03

Qlﬁl sQl..\.on e k51.4:5;' oKsls ‘6})5Lﬁ.’5 saSisls B R L oj)f ‘6)35.) 652:.’.".3|$ -\

Ol eplien s degy olKils ¢(65,5LaS 00SLasly pivuomgn (i 05,5 slbowl =Y
ol ehan s egs olSails «(55)5LaS 0aStils ( SLEL psle o5, olil ¥

Olpl el b e olBiils «(53,5LiS 0uSiils (piuopmge (wdige 09,5 JLoliwl - F

ouS

alio OleMb|

e 555l LIS Jgamme S plsie 4) o8 0 dlex 5l (65,5l DY game ()0 S S
N Slge s w315 sy )] ol azgi a4 sl Coanl 3l Loy VL Sleys 5 Sye5
@l Jgaze Vb CotS Judo 4 5o 8090k DS (S S oliws 5,15 0350l el Lo
S Bl 9 ] YL (351 Bpan Jine 2929 b Conbly cnl sl 4Bl (g0l by
Wl o ol ol loslitul o oz slahy) 6 258 4t Job LB oud Jol> Jasoxe
ol gy S pole Gadon Ll cpl g0 ams &l)l 092 ge O oy SLLE SS
708095k GBI (5 K olSis 15 5155,50be 2lsal 055 625,15 4 L plajen oz ailgss
Cole ) g o wlys ) (65l By olyes 4 ol Jyaze (e li ylei oo (Byme |,
) joyiiz ek sz g sskie oy 9gb e Sloidiy ol 0Ses digy abaks
Jolss Jaie o i 28,5 18 ) 050 0 S Sl aili8 50 (69,50 axlllas lgic
Slogly (JKubolS A g 00 Yo P o lid ugends 4z 0 VO 4 £ FO slales
WbV gV o 999,50k 6T )15 @ laple) Do 5 DIy FO- 5 ¥ e 100 515 S0l Jlosl
o0l Jol> slaosls Jeloxi g 4525 S 655 10 o5 0 b g ok mhaw by, el bl
G551 9 o = g ( (Sle ¢ Sud slo sl w4 S I 4 anld gileasgs
D 0C (glod ;o (30,5 Stz (gl dige L& 08,5 )18 o) 2 9550 diansly sl jiin Slgie 4y
fely o gy SaS 4 )8 59,00 Jleel by @ae 5 YYAW (lgs ¥ -kPa oDl Lus
Ol s MM/ e & ol g SAF SlownST 26T Codlad i bl i ) 50 10wl Caws 4
G55l s TEA VD SaSs,> ao,s YIEY 5 OIVF AAND 5 & Ab¥, Aa* AL* 5,
S g, o0 sliil 4 i zels @l ael caws 4 VOADIFOMI/KGwater 0319 3 pas
Soriidge ALLS o5 IS le yw i al Bl pae 5 Blae (0 S SaS Jgens (B9, b aulie )

\foflo"/’ﬂ :wlg')\b &)b
VPR [eSIVE 1o dy G,

i guals’ sWrojly
OO S S
29l oyl
o8 ez

& jlwasge

O 98 S § 35S annny
,J,fa.w.u
amirireza(@basu.ac.ir

ORCID:
I Y A AY

https.//dx.doi.org/10.22034/jrmam.2025.15186.748



mailto:amirireza@basu.ac.ir
https://dx.doi.org/00.00000/JRMAM.2025.00000.000
https://orcid.org/0000-0000-0000-0000
http://jrmam.sku.ac.ir

fY VFef 3l V8 ala IV o)l NF ol [ (6)5,9LisS sl miblo Sl gla gy 4 i

(Musielak & auidy dga |y ol wiles o ool guiils;
399,50k D 35, 8,15 a5 5,5k 4 Kieca, 2014)
@55l 003l g Jpame CuheS gt il gmd el
&5 8,k 5l (Figiel and Michalska, 2017) 53,5 e
Ol 5 ladssee STy Bk 5l ol
cel 5 0580 Jiiie oole 4 lopitas cumsboliieg 2SIl

(Rashidi et al., ssi 0 30]3 by pWSeix ials
2020)

GBS bayls a8 eole D S Sas

Syge s o 5l eslil o5yl (Jg S o 0 1, gl
4 299,50k g 508 H9sle (9,5 Sl o by, b (oS S
WJyaze gdie Sl 5 5 ) 5l opF b JJo
(Alwazeer and Ors, ol ouls zdly axgi 3,90 Lo

Se ol 4 by cou o S SaS I (o8, 2019)
2l e @l Wl a5 20,5 oo (A alls 0ges
(Moses et al., 2014) sas &1 S0 sl g, b dunlie
axteas (YO = 70+) ol baad o5k sl oS Sas
63,8 55l JS 1LY B Y. g (Chua et al., 2019)
Sladl cde ol a4 S e By |, i mlis
b col oads Jodoo ail gl sloby, 28l sl o0l
Sy ) Jpaze CudeST g (6551 003k plejee asilyn
oS Sis G S ale,m anie Sl Go i
(Chupawa et al., 2023) suljan
5 Pl oS Sas ) baghy, ol 5l
Sligdizs 4l (Cao ef al., 2019) ol Cyliie 519,50
ol a8y plmil (S S Sis oKiws g3, 2 Slsly2
SrS e kg o ogee 5 Slmiin g5, 2 Wil abex
(Figiel and Michalska, 9,50 5 P S Ses
O35 S it sla ) 9 5008 sz 59, 2 2017)
&9, » « (Fathabadi et al,, 2020) D> g, alex;
(Zhang et g5,S0le 5 M5 gy & (2 (g s
#3055 M by, 4 e oLty 9, » 9 all, 2023)
Sladss Ll (Musielak and Kieca, 2014) 44,500
9y 2 025 S iide by, ;30 990 50 (Sl
(Liu et al,, 2022) cewl ool ploil 50,8 o coaS
PR CIST G S T AR C A LGN LIC R N
O3S Boad S5 mlie (o p olol 2 iz 00 3L
L o&iws ol 5l a5, o e jobaie 4 SRudos
R Jyame 695 2 92950k 9 (29l (o5 5,1,

doddo
Red beetroot (Beta vulgaris L.) g b 30,8 002> ady,
(Pei et al., <ol Lis 0 gmme 5 i sl
s 2l mlio o o] b slaailsss, 2023)
@bSbas 5 (cwgngnd ole> Sl el syl
A baling 5l e o (Bunkar ef al., 2020) ol
(Singh &Guar, 2020) el C ¢ Bs B2 By

L) Corex 3l Glabilo g 08, oz ol o o
WS Slyez Brae gy Gl Bl o &5 WIS o 25
4 wiige sl oy aisS o M plie mlis ol
Gl ) o e Lol cnl 4 psSaly sl
Gl 2l Jyame CodsS Sl 50655l 5wy slaai e
036 Slw w9 Wrogao .(Parniakov et al., 2021) so
Casb, Sdle @y pluil 2385 0 rpe A8 Ll o8, e
R e N e T R N 'S
ool Jlo sk jo Ll @ls asye shite 4 sal)lS
Ygame  oldjcugb, sl (Gaudel et al, 2022)
5 5058 93l el i D slapS Sas 5l (55,58
oo,S Sias (Hiietal., 2021) wgd oo ooliiwl 5359,5
el s slos 5 mmbianST alS s 4 S o
(Amiti o55 e Jpame pab 5 5, CuiS gy
Lyl jo Cugb, ialS' L 50 ¢ Chayjan et al., 2017)
s elS ) oy (Srae 56l Wlgiee ol jlas
3585 b 35 30,8 90l zlgel (Jafarizadegan er al., 2020)
OMESES Mgy g ped Sl iged Sl (gane Ges @
YU slales 3l oolaiwl pae cde 4y g, opl j0 005 0
(Rashidi e oS o o =85 )] 55 ol Jeame oS
al., 2020)

SlacaeY 5145 508 gole = P slapSSas
wS (oo ooliial LS adg e lpie 4 508 eole
ovgy 99, bl (Homayounfar et al, 2024)
siten s glojen 1) 503 Gole 5 B (05 S
ol eawe sblse ;I (Abdollahzadeh Delazi et al., 2024)
£5 GV Ul 5 SISy il S nl$ lej als
a LS ,o (Zhang et al, 2021) cwl g5, Jsl
2995k glael 5l polo Guiod )0 wlfws (nl 258
GO SeS Wiz e b eolital leS iy Olpre 4
2 5l e FarolesS el Wl gn segs ele b gy
ook Sl eslaul Jlul b o )5 aiged 5l cidu o595



308090k S (TS U 50,8 0y (0,5 Siis )0 50 wo (9l5 ) S (g3 lwainty ff

aiges (55lue5S 5 (g 3lwodlolcantd

Ohves Loy (Shgiledes Gl Sl ojl e
2 omlel Gzl sl el Glaoad wl gl 5
(Mella et al., 2022) aiois ol ojlail § S5, ol
2 SIS Sz g ol Sy S g g Azl b e
(Amiri Chayjan et (gaisaing olow (Soiwdly glaan.s
8o 5 18 F °C sl o Jxsu o g.al., 2017)
Ogelrm boee b oo Ledpa jolaie 4y (iulejl y plonl
oBltalejl slos jo 5 gl Jlu 5l 50,8 008 slaons
e (Pei et al., 2023) s5ods o 00ls 1,3 VY °C n
odld iy e e Hlaz Culxs a4 Sasdad JKlus b
(Liu et al., 2022) w0

W 9 adgl cugby (rund

gl Cagh) dnlone (gl 3o B jaiiz Aigei )5 )+ D90
c&le (Memmert, Type: UNE 500) sl oKiws o
o5 ainSes Gloy b oo el YE S @ oyl
(Peietal, ob ool 1,8 Lugeudw a0 V-0 slos ;o
feeN gl se8) 93l 5l eolaiul b s 2023)
sz 53 ) alat; s il &) s, sl 5 (2355
(Abdollahzadeh Delazi et al., 2024) 55,5 acwl>o
Mi (i ol Jpame sl aslo, MCay o] 55 o
Bged Wt 05 o> p diged 2le3 039 Mr g adsl ()39
S laialesl #,b gl FxFexf mm' slal o o5
Sl Sy o IV Y @ Jpazme Cugh, a5 Sloj g Mo
(Mitrevski et al., 2023) 05,5 oo a8ge

S 95wl dnsl (g S0 31l

L s 5 oM g, 51 oS pSol sl (30 (yeens (52
.Klein & Perry, 1982) sioslaw! oMol Sl
Cagb ) Fg0 Sedi cu pd

Vo dgaz o WY B Y gledsle SaS 4 asls
Ceoles cams oanlei L c¥oleo ol j0 a5 050 5 anlxe
dae S5 M S) o, S loj t (M) caws y diges
Comd MR (5) S50 Cash) Aoy 2o Derr oo
M 5 addgl Cugb, Mo ¢ Joles Cugh ) (slgiome Me cash,
At (Gwater/Bdry weight) abazd o o Zosb, (sl
—y ) ooy ke )3 Ln (MR) lages 15 o0 oo ren
Sgr dplg> b ol ki ol o a5 5 S

S ol (65 5 b 1 el 435 g
DO Sa Az by, b g g ool —sBlS
adllas ega99,0ke gloel (655,50 b plejen ool
ol 5l B el plonl 50 8 0 Jpaze 53 2 53,90
Sy g anye Bpo (e a5 S Ol Gl (g adlllas
el il 654 b oz olfiws cals gl Glsl
Sysl Cws a1y 2ol S las 59290 oKlws yles

S arld) Jyame b ey ok (n
ool «(SasSs,z aoys 5 AL¥, Aa%, Ab* i,
(Ot (8l 5 & (rasliyg (slgime) (ploonds = (G
S35 g (Cugb, oo Ll o) (Sealusge s ol
Tk lp oz 235 1B b)) 9yee oy (B pan
Gy s ooy 3l b eols Jlo g i g o iales]
5 loileyl ohb odipS 0 Loy, cnl b eolitul
Long et ) cuul g1,25 lo Jow slow p fewly (5 5lwaige
3Y o 5 o ilejl olass zals s 4 o (al, 2019
Silodse slp 480 4 95de slo)Sal) ooy 5 S
(Elkelawy et al., 2022) el

g g olge
Do e olis |y el &g o)lsz b N IS

[ TR RCE T Ry - ]

4dal Sl p57e Jlodl
[ 32995500+ (giled (3l D95 4 08 FaKiS ]

)
f{sz
b
T
v
& iy

0ylaz b wygo ay gy (A wigy —Y S



A VFef 3l V8 ala IV o)l NF ol [ (6)5,9LisS sl miblo Sl gla gy 4 i

DPPH of5] JISGol, jloe duoyo .o 81,38 yiagsghg xSl
&-Ag-’)-’ L) Ablank 9 Asample as J—"))f 4—-~‘L7f-° Y 4.'4.:‘) ‘j—b
Ly (o,lac w8ld) hie JyuS gojlac (5,5 i ol

Qa5 o olis |y DPPH of51 JGol, jlae a0

(DPPH) o131 JBG ol yleo v yo
3 sl 5 oliT SIS, Jlae aoy (8ol sl
Vo4 (Yeosho /) chale L) DPPH Jsibo Joloxo
Gae ds islesl sladlg) .o aBlol diges olac 5l yd Lo
Go9 I o 0D (5,0 6 xe y0 ag ST

93 30 oo ooliswl WYolze - Y Jous

é’-‘\-ﬂ aJolzo OJLm:)
. M; — My
Abdollahzadeh Delazi ef al., (2024) MCqp = M \
f
Suhanya et al., (2009 A
yoetat (2009 1% = (Apjank — ) v
Ablank
Santos et al., (2021) Shrinkage = (1 - A_> * 100 Y
0
AL" = |Lresh — Lprieal
Homayounfar et al., (2024) Aa® = |@presn = Aprieal o
Ab* = |b;resh - bZ)rl’edl
mp = 4= Me v
T My — M,

Leilayi et al., (2024)

Kaveh, (2017)

Abdollahzadeh Delazi ef al., (2024)
An et al. (2024)

Nanvakenari et al., (2022)
Ahmadi Ghavidelan & Amiri Chayjan,

k k k
j=1 j=1

00 2 5
Z 1 exp | — (Zn + 1) /A Defft A
b3 2n+1 412

n=0
8 ? A
Ln(MR) =In (F) - (EDeff. t)

2 o

ky = mDeff
Deff = 4L2k1/T[2 1
Egr=IRXt Y
Eyw = MW x t g
SEC; = Emw/my; ¥
E, =P Xt 10
Et = EIR + Ep ‘;
SEC, = E{/my, \\%
SEC, = SEC; + SEC, A
n= 2K+ 2k+ ¢ AL
Y.

i<j

¥ b 235> wtusw (CFM60)  o51,3Ls S
llas JLad g Lo S clod oalais 0B youd ejard (yg0le
291 (0,5 =L Sensys) g4 5

oolaiwl 0590 Wl jugxi 9 olws
(MM- Jxe  Toshiba 3199 ,50 L olSws
b o 3l 699, ol VY L EG34P(WH)/(BK)/(SL))
Sebiedy e 285 18 colaiul oj50 lg VO -
DSt olSs Sy ety sladiges oSSt
TUSE ad a5 4 elSnll seogle Bl
ooy Dl olSiws (plams o lis 1) oiws o)lg b



30580390l PSS s b 50,8 juliy (40,5 Sl )0 40 wae 9l gy S (g lwdingy 114

S X957 dmlxo )0 pgual (3105 9)
e S8 S e qad S Gl e bdigel
(Santos et al., 2021) o oolaiwl paai (o5l g, 5l
51610 ppgas (Scanlet G4050 hp) Swl S L
Jelod g 50,8 aiszr lahp oad Sis 5 0L sladiges
plil Python 3.13.7 ;5 OpenCV ailsuls S8 4 )]
VYoo dpi raog b oSl SO 5l shlop paal e 28l
ool 31 (Amiri Chayjan, et al., 2017) ayo,5 ool
39> pgal) diei ey Shol (i 90 4 pgal Ganasks
A oolaiwl jidu g0l SIS (gl A g (o

b ol Jpazme s iy silopbled (hg, ool 5o
u)..oJ..al} l) 0 J..al} ).19.»4.: )| @305& Sols .)L?u‘
ooyl b clbailaas olaws @iges Corluw 40,5] s
ham g B8 e Bpuiir slaghy colue iy (nl &
(Hafezi et al., 2016) a,5,5 aculxe olojcash, aul)d
51 (Shrinkage) Sa.Sg,> o, dewlrs gly e
Coluw: Ag o] jo a5 as soliiwl V oo jo ¥ alal,
dged Colue (A (mm?) 05 Sis 5l L8 aiges ayl
St ¢ (MM?) o0y Sis
Filr ey 3l e LD Ky slagasls Sl sl
aS i oo (Rashidi ef al., 2020) ob solaswl yguas
50 sadoslel gl maw sladiloas ples (b* g a* L*)
Python 3.13.7 ,o OpenCV ailuls lawgs ¢ 3 al> 0
Ny Ul 5l el e Sl plonil e S 5l 5
Aol V¥ Jgaz ;0 O BY SVoleo 5l ol SESS (6l
IRV

V) oldgy By a4y () S B L* T o as
Lol (VY ) (83,5 4 (VY )
o319 b ras 555
oy VY alaly 3l a8 Ggle sl ot pan (55,1
Sl 9 V0 alaly 5l S s Y alal) 5l g9,
A0 )5 dwle V Jgaz ;0 VP alal,) 5do oS (B yae

alaly 5 999,00 oKws lp ok (Bras 55

-1 mepdngol-gMs S Kis oylgrsb  -Y UK
—F ol cughy g oo Sews T (@ gl - 08,500
SV M Gl B —F jgmdlS -0 (oSS aldie

aliizo - (WSO ali —A (4 il Cagy g Lod oy jumnST [ Kms
(ol —1Y 9D ooy —1) (o g o Bk )0 (S Sl

9% 9,

- oattie sl 31 G o dBiws les ¥ S illas
SLL U Lo cpl ol a3 L 0 VOC sleo aisle oo
Joosl 5 smr 5 8 wised 055 wleee 2ol Gtalej]
i s Soshal (otalos] b 3he) 39,50l
40 ag 8o Ve QMgawjmﬁz}gomwd@%
s 20055 (55 Cash; (DS JLad 5 oles Lulyd ol
J9| 4\.1.>).o o o\.\..u‘al:;u‘ 6La)l5 9 C)L‘} Ko )| Agad
Sy (VEVC) gl ole5 Cagloy s digei b s 1,55
205 1SS 5 K8 slales (sl Jlg; en

38 e el
A

Al e N
| |

VALt P

e ‘:., g\ # #* - 3

es)

" |/
N\

35l s oy

ouls solaswl 29ld o9y o,lgz b -Y o




v VFeF b V8 ala [V o)l NF ol [ (6)5,9LisS sl muiblo Sl gla gy 4 i

) & 00 Sl sl il 25k Y Jgu s VY akul, 5l 58 eole D S Sis olfius N F
Tl Tl P9y 00 9 5 a8 o dewle V Jgam j0 VA abal, slasl s IS sl
(‘SMO)M c,.la.w) Jano ‘_gl.h).g.iﬁ.o C’b“ Ja.ws.: é).a.a t5))’| VY] Ep BEMW Er &Yoles u)‘
s - . e
s l; L SlgslsS) S ooy 199,50k e gl ialeS
J < & T
P el e o3l ed gole ras s cui s 4D g MW IR (cacls
299
\\% kP ) <.
(s) (W) (kPa) SEC: 4 SEC, SEC; «(asls 2 Q‘j) Sl 2 9 5-135)5-3-6
3 \. Y. . . \ - s : “ s
b ’ e Slr e A 9SS (Brae ohy 5
\ . £ Y. 0 \ P . .
\ . oo v v . 3Pl g 308 ople DB (SSas oy, 99,50k
\ v fa- v Vo . S5 My 9yt «(p,5 5k 55 5kS) JS odus (S e
) . fo- AV 5 Olej tetiges JS 9 3299,0ke b9y 4 (g5 Of oy
! ! e A F ? A ey (02 (r09
) Y \o A Vo v f s T d el s
\ . A @ A OO iS58 (g5l
\ .. .
\ 5. A £ N Jelod g 425 jshaie 4 uly gl g asdllas ol 5o
\ Yoo 5 .. ) Sla iy 0 S Sis g jludigs g sdal Caws 4 slasols
\ s o A Yo 3 Shooliiwl bl jiale;] 128,518 oolaul 090 0,8 0ias
| ) ¥ o Vo Y S o 7, JB o 9 VY aseus Design expert |33l o 5
‘ v oo ¥eve Jsaz ;518 alayl, 51 o i lo;T ol s Ly ya5 (655 50
\ " e AT YE o ole slass S0l K alobes ol 55 el ooty )
\ r . r £ ' da ole olaxs 5 o yui 50 el Cewoay
\ Y. v.. o I3 V& 5 kol bl & bgyye gloiole)l slass s i 4y YK
\ \ Yoo Y. 3 VY G o adady 1SS 6@@.@1 olaws saleic g (587
) v fo- v fo A O)go 4 Zmly gokaw pod ad e aloles IS IS0 s
) \ - b 5 Ve i) gm 5 ¥+ alad,
) \o- A Vo \ T
\ \o- Y. Vo Y SRy Ki 08 (st SRER TO0°
\ e v ey S 5l i s 55 by ¢ Joto i by o o Jies
) \0- A ¥ 1 b poxie blite OIS o pobij 5 pgo a0 Jule o po b
) Y \o A o ve e

b oo, SSis anli clatalesl b ¥ Jgam 4o

o S0 y8s oudigtnaf golos 7 Joox Ol 50 el oad Wl Gl e gy 4 (29l )

S To e 39 S5 olass 5 Jiteos (slojeita polie Jpaz

‘uﬁm °M‘ " Jiaano g puicio Uialeyl Yoo slaws el sl 00,91 Lialesl ,a o les
- . 5

s :a X1 (C) Isn glos Tl ol b s slogite o b (b

Yeoe A X, (KPa) R ,Lis Design Expert 13 ,138ls 53 gewly (slo psie 5 00l (g0

B T e Xa (W) sraesSale ol Sl el 5 w5 (b | b ialesT o5 el ols

v xSl sl ol oo &l 5l o)

) L3Le5 ol yad ) e (5l yuitio Cawsypd ¥ Jgar

20 a8 ams o Sl 1) LT polie 5 oo (sosse,leds zglamw
S8 eolital 9550 Fsl mhaw by, 0 lagilesl 25k



708030k B (S S b ja,8 iy 3, S 50 )0 iz (9l (he) K (6l fA

(9299550 Joe! so3Xi 3 3199, Lo (319X M5 LS X2 « f9a 5los X1) Gl (o pusicio 51 (295 SIS hgy 4 o8y (40 )5 SLlis > 030 42 )0 Sigmaw 5 ) Alolne s 00 (3311 Joo lp —F Jguzr

SEC
(MJ/Kgwater)  Der (m¥s)  SKG() Ab” Aa* AL’ AC (%) AA (ml/mg)

150/ —rY +Fa/10 VIV +Y/EY +HYY +ATY AYITE fawo 3 (e
SYAIEAT oYY A I0F —e AT VAT N TR —e ™ (b1) X1
—\v/agns —fey 158" seloAS selo¥™S N —e-™ —e e (b2) X2
VAN we Y Y. N el ey — eV Sl (b3) X3
Yy we oA VO A oo —IYVET —f AT —fq™ (bs) X4
FY/FES N Y —ofeqn o)y —efeyms o)y VR (b12) XiXz
FYAIVO™S el eyns welo AP —e- AP AL pefe oM pefeYmS —efe\mS (b13) XiX3
AN S — Iy ons we v AT —evo™ SR el ¥ (b14) X1 X4
+AIFETS R welV TS we oY welA™S TR wefe ¥ —efe ey (b23) X2X
_¥/AADS Y P Fofo Y —efeeayns Fofo NS RPN oo XS ol \DS (b24) X2X4
SAYAN wef o8 el —e et pofeyns N —of A" N (b34) X35X4
SVE/ YRS e YN Y — ] 0™ +eYDS A SN (b)) X2
—YY/05™S pofe ey oo 1S EVRRE —feyms +of o AT oy — (b22) X2?
MPLAL —f0™ RV o $0S #ofoAS S #ef) 1S —efeA™ (b33) X3?
£V LYY e AYIYY Y +efeq" +efeqns —VET — AT (bas) X2
Sy Ao LS o[- qns NS % -[FY™S Sy Lack of fit
(P-value)
ey ey eyt eyt ey R ey ey (P-IX:;:::;
/a014 -/3Y- -/a95Y <JAAVA -/303Y <JAFFA AFED -12200 R?
FIVY SVYAD VIOY /Ay YIYY \TARS - IASOY N (%) C.V.
AeleY oY - VY 0 o5 SN /A o+ Std.Dev.
No Transform  Base log  No Transform No Transform Square root Square root Square root Square root Transformation
Quadratic Quadratic Quadratic Quadratic Quadratic Quadratic Quadratic Quadratic Model type

5Aa* AL" e oS T 5T cud )b AC ol S ygKl Glgizma AA) i o sre ST 3929 pas IS o 70 Jloi g 5o jlo gme B Y Jlisl mhaw jo lo g OS] i e Jlais] mlaw )8 Sl gee NS Sl
(it o9 B pas 55 SEC 3 (SuS 5,2 vo,0 SKG oK, ;05 sla a5l Ab”




f4 VFef b V8 ala [V o)l NF ol [ (65,9LisS sl miblo Sl gla gy 4 i

sl bas b oot LU o 5 conlie cdadloe
.(Kumar et al., 2022) s |5 35 Jpame gdis SlaS 5
o 55 el 53,8 St 4zl 15 5o 5 y3eS]
S80S b 525550l 31 eolitul g e Syl
Al oo a8 o SaS eyl oole ol aas a4 ()l
a5 05 )0 g 3 UPA MG 056 90 Slagh y Soe 55l
(Jiang er al., 8l _zals JA/Y ;e b il 5l
ooy 53 gla g b aslllas ol 5l ol zls 2014)
(Ghasemi & Amiri o)l Jlgzpe Ko Sldlae
Jds 4 C sl M 9 S Sas o Chayjan, 2019)
(Soz b s boanlie o oSt (e oS
Lyl s doal ol 5 aiS o a5 |y 6505 w50
08:°C slos ol j90 b p CuieS Lad> (gl ainge
oS (Sujindaa et al., 2024) sl A-kPa S5 Lid 4
Cews 4y VekPa jlas Jg oo (rod po pols aslllas o

Sl

Ol 5T

byt 5| a1 T ellad 6 iy b 0 JSs 5o
SSols Ab) IS 5 0@) S el ool ools lis et
5| IRV RCH Y N T DR [T P GRS
ol ial3al ) LT gams b po 43 5 alS |, o]
Il 31 Hog,lo gime oaims)lis Be) S e
sl 2 le al 65 2 99,50k Jleel (g5 0o
o 3 a3 3l s Al Ve el ey il
Sk p9gSole Jleel 0loj Sl prizen clls oaals
~B el aiiy 5 aneS polie g Gl Sl
TP A @i Gl )0 eadSis ladiges (Slans]
Gdiges sy a5 > o el caws 4 735 5 VY
Sl B 3T AFIAS 5 OMOA Gy 00l Sad jomdgs
(Kaveh o oo ol s99,50le Hlsi s Les Sl L aslo
& Abbaspour-Gilandeh, 2022)

OS5 sl 0a Sl oo culye F Jgoo
il s dily sl piite (1 Gl whan ) 51 ol
Shl Ty ool Ghyy gy 4 jey8 jairr (0,5 Sis
OYolae [0 culypo (pl e b Cude Cdle a2 0
eiie e p Jis pite e b Cute 38U Sole
(lack (ijly o Jole Jpaz & 4255 b asin Gl
0dls Ll gime dsllas 8,90 sl ynie  sled (gl Of fif)
o oo 45 sl ol il Syl 45 o /AF 51 530S
o o YL el glls (RSM) oo )|
(Rashidi ef al., 2020) siws ol sl e Ol s
onts #) o Jos soled gl (R?) cyued o po ypolie
el polie iz om0 Lol (1018 — AUV ) Cyn
Ol 4o o (solod sl (PIAY 1 568) Sl pesS 0 y5
d9)0 Jled 4 lajus (nl ox R3S 3L
C.V. S polis (Ghasemi & Amiri Chayjan, 2018)
adly plonil slogtalojl oliebl colils 5 cds Slas
o s bl 5 ele o gl g R? (YU polie o
Ailn sl Joe B g 0ud (Gain 9 Jol> polia
(Ahmadi Ghavidelan & Amiri Chayjan, cewl laosls
& oolin g lgimo
Jits (sloyeiie 5| & oualing 0,50 F S 5o
a5 by o (Dl JLed (oS Sis alaise sloo
e ol el o 00l Lt g390,50ke el g5
31w PIYY mlmg 5 /7Y & elhg anins
owlplas cal opl Silo ¥ @) JSKo asws o Sis
& eymeling slgiome Il 5 B+ (KPa) b Y+ 5l sPls Led
S5 ol watsn Sgage 151 VL jLad 3 5 mals )
Jlesl loj o g led a5 iy o sLis T @) 9 F ()
Lo 3l g W)l pasls ol 59, wsSme l sge,Sobe
Ly ol g99,0le Jlesl gl g oloy S 51 St
S el GBS pleerd STy 4 e Lo Gl
80,5 o0

e Jolme aling SO & paling 45 oLl
Sl e 0 diged Cusb) lyme Rals Lol
(Ghasemi g, oo YU 55 o] o596 Fp (o5 St
(& cymaling) s ysasl donsl &Amiri Chayjan, 2019)
A Sl boges 13 CuS She 5 e 2D S



JosB0y90le G (S LS U 5o )8 00sy (40,5 SlS 53 )0 wuer (9lS by S (g jbwddnte o

Ol (Slyione s (S (Shwgn (eizpa 2019)
—8l cad b (r=10.716) uliSly ¢ (r = 0.795)
&30 STy (Mellaetal., 2022 s )ls 0524 SlownS]
G S plgae 4 oS S alb s cash) (a8
aei ;S g o DS 5 e 9 S IS5 ey STk
(Chua et al, og¢i oo glouSl sl cdbd ol
2019)

SlaS 5 Vb Glpime Js 4 5o )8 jusin el
ol 1oy stz BB SlapsT il cod b ) LS
PPO 3l Jdo a4 cenl \Soe JS' 8 lgizme ials
5 Sl lafid ol GoslannST Jote o5 w2l
52 990,85 Jlad Jles Gugandas a0 ¥ (glos )0 wilgs o0
Loo oyl o IS 8 Glaimn 1o gu rals el culys
50 a8 Cewl 2ol alie a5 (Tan ef al., 2020) sq40
Sl 00l &Sl @) loges
AL¥*, Aa*, Ab* i, sl asli
(Chua e 355 o cogmaine Jyaima 535 a5l o5,
ol Job 10 Sy e g rogus S5, s al., 2019)
b sloged gla STy ol s Jodo 4y (0 S Sts
SlaS 5 595 2 led 5 5 (ollS a5 a3l
(Ahmadi cewl  bpelng  ale o a4 s
Ghavidelan & Amiri Chayjan, 2017)
AL* S, el Ol s
DL ALY 5y (asLi i sl 17 IS5
599,50k Jlael loj g oo blaze S17@) Lloge IREX S
Lo molislas sl yol (pl S ole 5 dvs oo lis |
ezed 3l (s (nl o) pedten ST Oloy M
L mog,Sole Jloel (g5 5 oy Rlite 317 () loges
Oley Ll as sl el ol Sole a5 aes oo lis
Slas 8 ALY a3y elS coge 999,500 Jles!
ol ogeiie b fole plo J1 51 sl ool 5 les Jele
Slotises AL 55, (a5ls aniy 5 aiaS polis
ol el Cawd @ YAAY 5 VEIAD )5 4 oo s
o)l cdl> o FY/FA 5l al Jeaxe lp azli
iy, 4 o SSas 1 oam OVYO L OFE/WY
PS5 slon 5 P 5199,5ke o8 gole s yo>
(Ismail et al., 2019) <l !l

yitamin €
(mg/m)

vitamin C
(mg/ml)

Microwave

power (W)

aliizmo sl (@) Bl ST 51 & crmoling 500y il —F S
299,500 ol Jbosl olsi g ooy () £ (s 5L 9 S St
299,k ole Jloe!l yloj o g aladxo glod (€) 9
oles 2ol LS 5 199,50k ol b (ial38l iz e
SLaS 5 59y HbogmST STy alS 4zl )0 g anl,
00,5 o oSl Bl Slio S 4 e L
(Khanlari et al.,2020)

i gos Sl 5T Slao 4o s IS & jg0
S A8 o Comd (M5 S lgie o Dl )
sl 00 oanlice LT oy (1 = 0.894) (o58 Stsgms
Lhlaggsn a5 &)l (LS g 0095 LS SlS 5155
(Vallespir e al., aas o ol31 laJIS5ol, 4 Slul &



Iy

1P+ 3ol /Y8 ola [V o)l NF als /65,9l b il Silo sla gy o pld
2 e O 29y

oS s ol oSl Ol 2 L S S
Q)|J.> d.;‘)s‘ 0 ‘Q.JYL».: 6L°° O uul...\o Lngo}:,fJ)
(Fathabad1 et al., 2020) d}w(sao w).?u @‘}!L’ Sy lJ

s

Temperature
({9

450

Time (s)

Microwave power
w)
oo g diizo glod (@) Jilio 1 AL gy iy il -5 Ui

2 2995k Jlesl (lgi 9 yloj (0) £ 9195,k Jlos! (yloj
o y8 a0 5 Sl

e 9958 (oS 5 (0 S SiS ey gl ]

s plas 0 5 sl g 299,0ke 0o 2 allginl lawgs

0 150

Jgame (olidg; Lo g s99,S0ke Ol (l¥l L a5
(Kaveh & Abbaspour- ol o als cobSis
(sl pil> aalllas s Sy o5 Gilandeh, 2022)
P s oole wlasin 4 S K, s )
oezed (Kaveh er al, 2021) o)ls 55 obSas
9 (S O3S SIS )3 alidy) alh Jle olyie
L S o 3 s ks 5t 5 4 S

Sy yets 0,5 Wyl 50 KTy psd (0 odee 50 (6055

Antioxidant (%)

s =

Temperature (°C)

(b)

Antioxidant (%)

Antioxidant (%)

Microwave
power (W)
0 150

Lo @) H1 31 I T slgimo 63 55T (8) S
ole) 5 oIy e 1 (€) 5 s )i (b) £ o5 S alidon
9299,k Jle!
N g5;.1.;.."*',5) Sl s | odwl Cawd &G @L:; JUET VS
wg) a5 cel ol Solas jo 8 jusiz oSS aul
Speh i b aS 0 sogre Ojge 4 olidy, Ol s
(bt obosl Je on Srtes 5 (So )0 SlsPpa pol>
3 &S Sl VL K5 50,8 0ole 0 0oy (59, il yuuss
sl Al juite sloule b lsjeoshs; w3
Oyl 5 Sl g eS| Ol PH wcosh,



30580390k PSS s b 50,8 juiiy (40,5 Sl 10 40 wae 9l gy Sy (g lwaingy oy

0aLs )0 st crge Culd yo g ALl Jgaze (65
(Rashidi et al.. 2021) oo;‘so Aa* g AL* ;ii)
ulﬁ...a:u 550 ol )So C"L‘“’ La J..ol:> G050 C"L"'

ol glg> e YU

941
825
7.08
.
g .
: o o "
591 — S — - S
- - zl
P
475
358
T T T
128806 198.806 268.806 338.806 408806 478.806

Microwave nower (W)

FLILASF
77
e a7 A oY

A1) t9299,00 ol @) 1 51A0" iy 3T -V UK
2% 239,52 ol Jlesl loj g (S s alhizro glod Jilixe
o Nz oo S SLS

AD" 5y ol &l i

O Ab® wily pste ol s (sla st STA SO
599,50k Jlosl o 5 Lo lice 1A @) loged ans oo
o los taldl a8 cal ol ol Sk 5 sms e bt 1,
Ab* a3ls el czge mog,ale Jlesl oloy S
Jlael oo 5 olss e 1A () Jlagad izt 23,5
il a8 el pal Gl e g S0 LAS ) 5299500
polie 0 5 Ab* pslis alS Coge Jule g0,
@ sdb i sladiges A" S5, asli ain g aeS
oS ol iags mls el Cass 4 AFY 5 VYA i
Slsren pols asdllas 5 Jols gl b ol saal 5 )0
o8 Sus o Rashidi ef al. (2019) Jle (ol o)l

0ealS o Los iol3dl as wsls (5158 5,845

Omely Sloze Jodo 4 lglsS 5 590 b analie ;o (e jc
FpS (63 e (iSTy SralS axil ;o 9 Vb Cogb 9 0i3
S5 alaizs 13 l9a 3924 pac (Kumar et al., 2022) el

ole Slsins 5 55 5o J| osmlinnST 5l 5ol
(Amiri &S oo 6,5 9l> (oL dgu> U con Sz
Chayjan et al., 2017)
Ad" Sy ol Ol s
i 80 uly yeite 1y Jis (sla e 51V S5
s Lialial a8 el ol ol Sl V@) g s oo
O )0 (APl (59 pedis il esa99 500 ol
ol |y 299,50k Jlosl e 5 Los hlite STV (0) jlages
Oley B> 3 Lo li8l aS cel ol (] e g 920 0
3 00,5 Ad" sl Gl e sugssSale Jlosl
anlp e aeleS g wiea bl ey ls
Mg 03y 50 (Sl (Sib cxrge o S S
4 Jdels o s sk slaasd sileslil
SS e (Bl 50 pedS (nodes) uiimgid
Jelse il o gugg,Sulem > (0,5 S Lyl s
Li> joanlB 090 9 jLid (Ber les (ST Ghals
5 0SS (Vsb ploj o)ls b oles Jparme S
W Jodg IS a5 Jelse ) 99 (5eeST (o me 50
55, el aiiy g aeS olie (Chua ef al., 2019)
Cowd 4 AMYY g F/5F iS5 4 oo Sias slodiges Aa”
B 5 a3ls cpl S polie 5 Canl oS Lins a5 ]
Jyaze YL cuas Solas 5 0% 5 LY sla asls
(Ghasemi et al., 2019) el soin Siis

(555 ogee Sladkiged (10,5 SAS )0 diged sl
WAL S, Lo e Lo il L aS o ovalis
s byles woled o WY a4 N Sl ek
(Khakbaz Heshmati & Seifi Moghaddam, 2017)a.%
Jles o S5y digas il jo Jedg)lS iy B> L
el GV (S e S (oo by S50 8 4 55
(S SaS les Bl sl Jgaze S 55058

oole w;?u 9 Q}‘w“)’j"jf‘ LSLQJAAS‘s é;;.w.: ;«.Cl)



oY VFeF 5l 175 sl 1T o3les 11F alr [ (55,5LE8 (5o cymible ScuilSlo 5o img 3y 41 ol

Aoz 5| aaliS, oS S s & col (Sas
GiAl e 0 GFeS ol e &S wil s
wa>ls (Pu & sun, 2017) wilesgs &yly> 5 5399,500
I 525 o 3556 (o5 (0,5 K053 B9 595
(Kaveh & ols ol 1, cdl 595,50k g5 5 Lo
Abbaspour-Gilandeh, 2022)
SS9,z doyd
A SaSem aeye $35685 4 UKD slajlages
A(C) S Sias alaims sles A(b) (DS [Lzs 4 (@)
ﬁﬁﬁ)iﬂl‘“ Q‘93 JL""" QL“} Ad 9 9‘1991‘:’-[‘ «5”’""‘ 0‘93
Ol bjloged aes go 0las ) 508 jaisn (5,5 Sas o
w29 Jie piie Yz o (RIPENAS ates (nl S
dlie oS oo (FSgr weoyd Fol e GRlS
@ ol Sl sbadigel (SuuS g,z do)yd aldin g dipeS
LS 05game 10 45 el Cawd 4 PYN) 5 YYIYY S 5
S 0 (SS9, oy a5l Ko laass
oo b osls g, 4 2V —AF/AY 408 oS
(Amiri Chayjan ef al., 3,3 ool D& oS Sas
IEVY G LERIY NS by, 4 sla slasp 2017)
5l S,50gs sl {Amiri Chayjan & Alaei, 2016)
LUl slaasls (Borquez et al., 2017) /YYIYO G Y&/Y)
(Alaei 78+ B Ve o Sl juw g ogeo 9 YT L Y
995 sbrdiges S g,> 0l 3,155 & Chayjan, 2015)
4 Cod FoRm Sk, sl o Ll cle 4
izl a9 50 Ol o] cde cal Ko O¥game
(Amiri cwl bo)S Lawg dges ;0 Candlg sl calisee
Chayjan et al., 2017)

oo pol B slaosls b slatash b
Foo XFe @ ya0 5l 599,50k ol ol Lol Sles
O 5 TV YIA Glie & &0 (SaS oz Sy Qe g
L 1,3 (Dehghannya et al., 2018b) cdl jualS ws o
Slalod & ) 42 50 3 299,500 Ol el (158
ol ol g 0gdge JolisS HubSis anld oley YU

(Dehghannya et al., 555 o SaSg,> sl coge
2021)

&S5 eSSl ek (49,0 @le (G Slse

2 S o Jleel Jskos o lss 1, (Turgor pressure)
o5 Ll 5 @ sk Sl ol (alojash; anld b
dphen oo (FaSgr com amE 0 5 S9die

oSly Sle 4 (o8 5 03l Wiged (m Ab® S5, ey
GlaS 5 0 SSis 0 aol ued 90,8 O Dbl sl
(Khakbaz Heshmati & Seifi Moghaddam, 4.5
(Ghasemi et S5 ,34> 95 (sladd g 0 S Sz 5 2017)
a5 4 ol Jds 3T 8,90 50 0wl caws @ al., 2019)

adosls bli )l olends sla jiiSTy awg laaslass,

({9

270 Microwave
210 power (W)
Time (s)

aliizo oo (@) Jlio 1 51 AD" (gl -A JSo
oy 9 ooy (D) ¢ 9199,k oy Jlasl ploj 9 S Sis
o By (38,5 SUS 53 929900 (Jlasl
)5 Salb S5, a5 conl (pl Sl gy s
8 b S, 5l gl o8 jasm 50 sz
S, Y chle carge (S cnl g wies (YY)
L oawlis ;o cad S Japame mhaw ;0 8,5 slaals
@icub, 0 ADT pwyn @S 3sdse ofl diges
Gial3l A ols Las Mo Ll 18 e 3 i sladiges
agad pYL slales jo 1y as Jole pl rals cow Lo
WS 39 355 o0 JB LS (Brmeyd 650 by D
35 Ky & G ) 508 slaailaSS, Sl s S Slaws
s:aises (Fathabadi ef al., 2020) oS o Iy e
P JLad 5 gg,Sle VL ol 50 & 1y 00

L)"‘ g9 oy 6‘)3‘}“) S ua;-l.w 6‘)‘0 PRI U



7080900 B (S K b ja 8 0idy 3, iS50 )0 iz (9l (he) K (85l of

@

com —|

SKG (%)
i
&
|

am —
coo |
T T T
@ 2 @ » o
Vacuum pressure (kPa)
o —|
(®)
aomn —|
S8
w ="
000
som —|
T T T T T T
z @ @
Temperature (°C)
2 —|
(©
@m—

am |
e -
T T T T T
- 20 EN = - -
Microwave power (W)
(@
oo
g
T
Z
Z
oo
o]

T T
is E)

w
Time (s)

S (@) S 51 (FaSy 7 oy iy U -8 U5
3299550k Jlosl olgh (€) oS Suis aliimo slos (b) 1P

o8 ydz (30 S SUS )3 9199, L oly Jlesl loj (d) o

Cugbyyige Lisll oo po

(Ahmadi Ghavidelan & Amiri Chayjan, 2017;
SS9, 4 e b sloles Rashidi et al., 2020)
Sguzee | JUSH sloodssy (SS9, 9 99d o0 S
ol ale (Ko 555l mle I eolaiul ojle oo
ol SlEoe oS5 Syge @ a8 oesle 5 99,500
(Dehghannya et al., wles Gyby |, lacgsgame
S5 Jibsie (lezslo M5 5 4199,50k <S5 2018a)
Ly S e Sbml sl Sis Jame o 1) 65
5 @ Sl obolS slml cel 519,50k 58
S )L plol S sl el B g, 65 S
(Monteiro e al., 35,5 oo aiges ,L5lu o 8L il 4
e 5 g299,50ke Ol 5 150 slos (laje (2al381.2021)
(Ahmadi Ghavidelan & wl33l o digad SouSg,>
Amiri Chayjan, 2017)

s99ele Olgs SRl L an (0 S Sas anld o
.(Kaveh et al., 2021) cél,

F RO R PO P T N
Sl V2 @) Hloged apd oo lid |y s sla piie
@ g 10 mhw o s Jlad il a5 el ol oyl
oS S abaase sloo Jliie 1S sas oo eV +(b)
ol Gl Gl cel gag9Sole Jlosl ploj e
& oodlive J.A| UJ‘ )...: g_g)ihb B.JJU 5 ) aS \.\49.....1(540
ol g Lo slejee ialiél 15 (Liu et al., 2019)
5 ol @3 il Lid als L o5
iy bl 5 00 YU |y Of sl JsSUge iz 4z
b g abaioes 50 S5 aal3dl ams o ialidl 1) Cugbs,
iged Jb g s o jBou lad apal Lol S ol
(Amiri Chayjan sas oo Lial33l 1) coghb, JEsl Kial
etal.,2017)

Oleg pley Gaw blate 31 Slo V4 (C) Lloges
Ol 3 (6,500 BBz )0 .yl0 Al piie (53, el
Jlesl gloy 5 ol oo ialidl a5 ol GlSl geo90
(Dehghannya azas e (iolidl 1) S5s onl 599,500
etal., 2018a)



80 VP 5wl Y8 ol 1T oyles NP Al /65 53LiS (sl cymiilo KuilSco oy 4 pii

Slge LzolS L jsbiyon (Sedani ef al, 2021)
slodlg (Sl s 4 55 Cusb) Fge cups Cosb,
Gl Sl o B8 g (el A Gl dge
b

3 Sasby Cund (oanb (o) (S 2 B8
AR @ s SaSexr B 4 wlsiee ol blie
ol sle (Dehghannya et al, 2018b) ol Cugb,
gr oRlBl cel oan Jleel gmigoile ol Al
osgaze (Golpour et al., 2020) 5,5 o yoiSis
VY 7 M/S Sl Cush, ige Ll cups Sl
0SS gl 4 Sy 4 3 AIYYx) - mPs
G99, 4 VYO - B A/ ) T mPs 5l S cenl gaS
a5 58 gele (M (S s olfitws b gl
(Amiri Chayjan et al., 2017)
039 (B ras 55!
Slopitio 313l oy (Sran 551 syt V) USS
Flite S SKlo VY @) loges ars o plis 1) Jdis
2 ssaele Jlasl oloj S Gl 85 amse ol
sl enlols asls cpl p caals Sldes il M
oo (Il L Brac ohg 6550 &S el ol Jds
515 (1o 5 aiyad o Sl JUi (ol S 5
(Jha et al,, 2021) 5,5 o0 395 & Jg3 <> calaas
b Cos Dub & g ele S lpie 4 (B pae (555
Wl b jo Cugb, olocass e SSis leg
6‘5—*—"“’ 9 o)‘dal I.Ja;) 6.;‘..\.: 0‘}4 s_JL...a}.a} ).»L....\
3,181 Les aiile (30,5 Sis Loyl s joboyuod o ((Ssbo,
(Dehghannya et al., 2018b)

oles Do 5 ol blize 51 Sz V(D) Jloged
12y w05le oy (Brae 55l 9, 2 28 Sl
wged ;o FYL lales sl b gggySale Gly Gl
W5 oo cdale Lol g ol Jlid ioli8l Cege
pr JUsl Gl Jdo @ o S S ol cnlnle
oy (Bras 5 (IS cge g WS (o0l RalS
!y (Zhang et al., 2024; Kaveh et al., 2021) 53,5 oo
ipl Sy e @ ¥l g9 S0k (g (Al diged
(Dehghannya ols zalS ZYAN lie 4y 1) 059 (8 paao
o L s gle 138 Slgs iz en et al., 2021)

Jeds e Sile Oy YL polie yo ogdleay
G5y S e ol Gl sSse (dss (gl
Ol b awlie o D Jlad gals cul cusb,
(Hameeda .o )I..xf,..,b S ol Gl 50 599,50k
5o b ele plo 5l St Lo 5l ax ST er al., 2023)
S E PR SRRV OV IWRLININ ZJ PR 4] RUSPRW-t Y .|
L s al33l sl e yiand 5o 65,30 talal b 3V
dpin prr JESl Sial (38, YU a0 5 Cugh,

(Darvishi et al., 2016)

@)

Dy (m¥s)

2>
CHRLARLS
0020200 96 %
062062090 <
LRECASLEHLELARLIK KL
P BESe
SERLS

D (m*/s)

0.
=
=

o
)

9989
OGS

00“0"0"0:

/4

RSB
DI

K000

()

9090999999099
9%

Dy (m¥/s)
BB
5
X
OB

‘o’:
&%
\/

4
‘\0

Microwave
0150 power (W)

S @) 1 31 gy 5o o b 60480 -1 U
Jloel o g alisme glos Juliio y51(b) oS i alaiono
929955k Jlasl ylei 9 gloy Jilixe J1(C) 9 929950k BlgF
a4 OMESas Sl wush) glpe (el L
ol a0 g S STl culh ol cews 5l Lo
Dybiee FS bases bug ggs,b 35 oo



JosB0y90le G (S LS U 5o )8 00sy (40,5 SlS 53 )0 wuer (9lS by S (g jbwddnte o

(Abdollahzadeh .o o i 4 (5,9,0 LSSz
Delazi et al., 2024

oIl dlize plio ;o Bua G Spee 094l
P50 6,56 ales l alise sla g, 5l solaiwl !
Gl e a5 (33 S S wl B 50 595,50k sl
Ol ) Sl eelin U ol 05 5 (o0 (5551 S pae
.(Jindarat et al., 2015)ccl o
Silwaiay
039 9 Tl Sl it aeS 5 il O Jour slaosls
i ledig jshie 4 Ll Coeal oy b
b ol gl gy 4 o By glaghp (o5 Sas
3 Sl Sl 4 axgi b aslllas ol jo aes o 4l
e O Sueal Gups eBiuia oS SiS sl
G p2 o SIS 5,7 ln ) 9 ) sl sl
b i8S a3 ohg (Bras 555l g Cusb) She

4 LT ool o 56 3 Ganly (b ko 03900 —0 Jgur
4 308 iz slogh p (50 S SiS a3 (g5l jgline

Tl o 09
Copd G oS Lo o
LD

5 ¥y FEY iy @ oalizs
(mg/ml)
0 s Al anin (1)l 5T
¥ YAAY VEIAD  aaS AL*
¥ AIY 2T Aa*
¥ o/Ya VYA as Ab*
oy

) SYNY YY) aes _
SS9z
VooOMYYEY WEYEY ana 2*“
(m*/s)
Y OTIVEA N FSY SECtotal
(MJ / kgwater)

oS5,y yess sloasli(AbT jAQ° ) ALY
Casb) e Gy ys Deff
oy rae 55 1SEC

2 gl e iy 4 ool angy abai £ Jsan
sl e e plas 1) pepdiaee o S Sis

9 eload (( Sl (b Slao (59, 2 (2ldjiagh,

9290 So Sl (69 Slge by glgl i b g aiten
G ple)S 4 i &S oo 232 ) (VL (555
) B @55l 5 bply e Jb slales ;o 098 o
oley pRals cde 4y 5 (Brae 655 Lol i YL
Sl ol (Lol S Gl T s ol oo rals a8
Sedise (2l osle J210 50 mle (b sz Al ge &5
iS5 oy Saal Gl 4 anld gl rals S
(Ahmadi oo 65 im Coodl waebly Jgame

Ghavidelan & Amiri Chayjan, 2017)

SEC gtal
(MI/KEyater)

SEC total
(MI/Kgater)

Microwave
power (W)

210
Time (s)

0 150

@) Jiliio 15l 0319 b pan 5551 5 205G 1) U
() 9 929950 L o5 Jlasl ploj 9 S alaimo slod

o8 ydy (0,5 SUS 10 9199,k Jlesl Bl g o)

Gipl parles Oless edgasme daslllas ol o

Cowd 4 WYY /FY (MI/Kgwater) = YIVEIA+ 0539 8 paan
s gl o) e cp 3wl g oYL aS Jl> 5o ol
5 o 4 (kWh/kgwaer) VATY/-# g OFVI/AY o
P JLas A °C o5+ kPa D5 Las FOC Layl,s
(Abdollahzadeh Delazi ol 135 JSul oS # - kPa
sl S Sz o e sl ezl 5l (655l et al., 2024)
o0 yedyy (Gaio 03l bl 5 s5sleS Y gae
(Kumar et al., 2022; Singh and Guar 2020) o435 o0

P ohy Srae 5Pl pals Jledsa i nlplo



oy VFef b V8 ala [V o)l NF ol [ (65,9LisS sl miblo Sl gla gy 4 i

(YOIAZ FVND AT YYITA YYIYE AO/0F AY/AY
(SHSsyz woy jl pd &S wes e Gl ) s
L 0o,SSis 1) oiiad gl 04 S 50 (S
299,50k (555 Jl sblse S Ll o 5299,S0Le
S 53 oS o S 5 S o TS wdle Ll L,
sl 0gs Jds a4 Jloy (o, 4 S5 (30,8 Stz a8
s9bas s299,50le (555 el WS L (S8 y00 &)
Jyazme CoieS plojen g anls | wald ol 655 i

(Lietal,2024) &S o Laa> |,

& 5 Ak

L 0,8 oygole — S (0, S Sas ail 3 jo ool U3,
S8 a5 Jledie Olsre @ s, Eleel (55 54
o I 0 slagty; plo b oawlie o lal>
TEVNO dgue 0 oliws b gy DS o0 S Sis
G55 Gl )0 LYOINF wlash, (idy fhe caypd yo
5 Ny ety | ol cdidle 505y (B ra
GP9) & S S S i S5 2 gilerd - (S Olao
pApEz sl P pba laaidl o5 ST, by
ool iz Slideg 4 5L DY game plo gl g cul

OB s g @8lo oL
s (pl g 0,005 0929 x8lie oLy a3 allas ol jo

Sl o gh den Al 550

Lodls dy (guw yiwd
el o &l Alie e y0 b g Oledbl aan

OB Mo g 5 Lo

Syge & g onl el jo Bain g o) Lie 055
el 533

S8 ol iz G O

Losal, sl : 5l (6 el Lo,

e sbiwl s Sl sl

ST Jsl
wode Pl el lasil g plosl jo 1y (WS Jeol B aiung
WLQJ] dod ..\.ula Sy90 &5;49.0 U"‘ 9 ..\5‘0.)9.4..; WLC)

bl Joaz ool 4 arg b og 5,86 (Sealnoga s
s Gad B0°C gleo o oS Sus gl any
w18 55,500 Jlasl flej e s YFAW 15 .Y - kPa
Jade Cnglhe a0 wal Caws 4 RSM by, SS
#IY e mg/ml Jlade & el g Slgiome ol Jol> < JAVE
olb cll Jlaie L oawslie o0 a5 sl caws w
L oobe ol 5l o3 Lions cliblons 51 oLes V/OY mg/ml

30 Fwlb o Jogy 50 cubolll oy aadi -F Jous
9L ey b jo 8 uiss (o S SUls

5o w>lg (o e
Jiuno gl puicia

&) (°C) los

Y. (kPa) i sLad
¥ (W) 299,55L ol

. (s) Lo
wmily (5l o

FIVY (mg/ml) © ol
A0/7D (%) s (HI cadlad
VAIYY - AL
DIYY - Aa*
Y/fY - Ab*
£1/AA (%) 597
YY) (m*/s) Casb) Fho iy ey
VOAY/-Y MV kgne) 039 (B yran 55
SAYY - Cungliae

bla 0wl slo e polie anslas jolaie 4

2 Pl 5 Sis olSis (595 2 5,53 Gtale)] gy
YokPa P> Jlad 0-°C les o Jbs s,
O Omally polie ol el IS5 4w 5o 5 b
5 AD ) SlanST BT cdlas (£ 4 #/+Q mg/ml)
FIVE) Aa* (VAN § YV/FR) ALY S5, &l i « (3
S5y doys (YFY 5 YIYA) Ab* . (OIVF
m?/s) Cogb, iy Jie cups (FIVO 4 YVIOY)
oy Spas &5pl g YIEYXVT 5 Y/FYXY Y
k5‘)? A (O OAD/TO 3 YAYYAISA MJ/kgwater)
FSYIEND) sy @ oals o)lil Aol sl e sl



JosBgdle (S o Sis U o 8 juiir (40,5 Siis 53 )0 Wi (29l by Sy (5)lwaiuge OA

(2019). Antioxidant Activity, and Volatile and
Phytosterol Contents of Strobilanthes -crispus
Dehydrated Using Conventional and Vacuum
Microwave Drying Methods. Molecules, 24(7):
1397. https://doi.org/10.3390/molecules24071397
Chupawa, P., Inchuen, S., Jaisut, D., Ronsse, F., and
Duangkhamchan, W. (2023). Effects of Stepwise
Microwave Heating and Expanded Bed Height
Control on the Performance of Combined
Fluidized Bed/Microwave Drying for Preparing
Instant Brown Rice. Food and Bioprocess
Technology, 16: 199-215.

https://doi.org/10.1007/s11947-022-02933-x.

Darvishi, H., Zarein, M., and Farhudi, Z. (2016).
Energetic and exergetic performance analysis and
modeling of drying kinetics of kiwi slices. Journal
of Food Science Technology, 53 2317-2333.
https://doi.org/10.1007/s13197-016-2199-7.

Dehghannya, J., Bozorghi, S. & Heshmati, M.K.
(2018a). Low temperature hot air drying of potato
cubes subjected to osmotic dehydration and
intermittent microwave: drying kinetics, energy
consumption and product quality indexes. Heat
Mass Transfer, 54: 929-954.
https://doi.org/10.1007/s00231-017-2202-5.

Dehghannya, J., Farshad, P., & Khakbaz Heshmati,
M. (2018b). Three-stage hybrid osmotic—
intermittent microwave—convective drying of
apple at low temperature and short time. Drying
Technology, 36(16): 1982-2005.
https://doi.org/10.1080/07373937.2018.1432642.

Dehghannya, J., Seyed-Tabatabaei, SR., Khakbaz
Heshmati, M. et al. (2021). Influence of three stage
ultrasounds—intermittent microwave—hot air
drying of carrot on physical properties and energy
consumption. Heat Mass Transfer, 57, 1893—-1907.
https://doi.org/10.1007/s00231-021-03074-1.

Elkelawy, M., El Shenawy, E. A., Bastawissi, H. A.
E., Shams, M. M., & Panchal, H. (2022). A
comprehensive review on the effects of
diesel/biofuel blends with nanofluid additives on
compression ignition engine by response surface
methodology. Energy Conversion and
Management: X, 100177.
https://doi.org/10.1016/j.ecmx.2021.100177.

Fathabadi, M., Tabatabaekoloor, and R., Motevali A.
(2020). Modeling and comparison of color changes
and shrinkage of thin layer drying of red beetroot
in different dryers. Journal of food science and
technology, 93(16): 127-142.
https://sid.ir/paper/72023/en (in persian).

Figiel, A., and Michalska, A. (2017). Overall Quality
of Fruits and Vegetables Products Affected by the
Drying Processes with the Assistance of Vacuum-
Microwave. International Journal of Molecular
Sciences, 71: 1-18. doi: 10.3390/ijms18010071.

Gaudel, N., Gaiani, C., Harshe, Y. M,
Kammerhofer, J., Pouzot, M., Desobry, S., &
Burgain, J. (2022). Reconstitution of fruit

&b

Abdollahzadeh Delazi, M., Amiri Chayjan, R. &
Kaveh, M. (2024). Optimizing the GHG emissions
and energy consumption of power plants in the
industry of vacuum drying using a controlled
atmosphere method (case study: apple pulp). Clean
Technologies and Environmental Policy, 26:
2899-2918. https://doi.org/10.1007/s10098-024-
02778-2.

Ahmadi Ghavidelan, M., & Amiri Chayjan, R.
(2017). Modeling engineering characteristics of
hazelnut kernel during infrared fluidized bed
drying. Food  Measure, 11:  460-478.
https://doi.org/10.1007/s11694-016-9414-0

Alaei, B. & Chayjan, R. Study on thin layer drying
parameters of pomegranate arils in a solar-vacuum
dryer. (2015). Journal of food science and
technology (Iran), 48 (12): 27-36. (in persian).

Alwazeer, D., and Ors, B. (2019). Reducing
atmosphere drying as a novel drying technique for
preserving the sensorial and nutritional notes of
foods. Journal of Food Science and Technology -
Mysore-, 56(8): 3790-3800. https:// doi. org/ 10.
1007/ s13197- 019- 03850-2.

An, J., Xie, H., Yan, J., Wei, H., Wu, Y., & Liao, X.
(2024). A review of applications of energy
analysis: Grain, fruit and vegetable drying
technology. FEnergy Reports, 12, 5482-5506.
https://doi.org/10.1016/j.egyr.2024.11.037

Amiri Chayjan, R., & Alaei, B. (2016). Comparison
of short and medium infrared radiation on drying
parameters of peach slices under vacuum
conditions. Journal of food science and
technology, 58(13). 107-116 (In persian).

Amiri Chayjan, R., Dibagar, N., & Alaei, B. (2017).
Drying characteristics of zucchini slices under
periodic infrared-microwave vacuum conditions.
Heat Mass Transfer. 53:3473-3485. DOI
10.1007/s00231-017-2081-9

Boérquez, R., Melo, D., and Saavedra, C. 2017).

Microwave—vacuum drying of strawberries with
automatic temperature control. Food Bioprocess
Technol, 8(2): 266-276. Doi: 10.1007/s11947-
014-1400-0

Bunkar, D.S., Anand, A., Meena K K., Goyal, S.K.,
and Paswan, V.K. (2020). Development of
production technology for preparation of beetroot
powder using different drying methods. Annals of
Phytomedicine, 9(2): 293-301. doi:
10.21276/ap.2020.9.2.29.

Cao, X., Chen, J., Islam, N., Xu, W., and Zhong, S.
(2019). Effect of Intermittent Microwave
Volumetric Heating on Dehydration, Energy
Consumption, Antioxidant Substances, and
Sensory Qualities of Litchi Fruit during Vacuum
Drying. Molecules, 24(23), 1-11.
https://doi.org/10.3390/molecules24234291.

Chua, L. Y. W., Chua, B. L., Figiel, A., Chong, C.
H., Wojdyto, A., Szumny, A., & Choong, T. S. Y.



https://doi.org/10.1007/s10098-024-02778-2
https://doi.org/10.1007/s10098-024-02778-2
file:///C:/Users/MIQDAD/Desktop/Article/وکیوم/مقاله%20وکیوم%20نزت/مقاله%20وکیوم%20پلکانی/Journal%20of%20Food%20Science%20and%20Technology%20-Mysore-
file:///C:/Users/MIQDAD/Desktop/Article/وکیوم/مقاله%20وکیوم%20نزت/مقاله%20وکیوم%20پلکانی/Journal%20of%20Food%20Science%20and%20Technology%20-Mysore-
https://doi.org/10.1016/j.egyr.2024.11.037
https://doi.org/10.1007/s11947-014-1400-0
https://doi.org/10.1007/s11947-014-1400-0
https://doi.org/10.3390/molecules24071397
https://doi.org/10.1007/s11947-022-02933-x
https://doi.org/10.1007/s00231-017-2202-5
https://doi.org/10.1080/07373937.2018.1432642
https://sid.ir/paper/72023/en

AR VFef b V8 ala [V o)l NF ol [ (65,9LisS sl miblo Sl gla gy 4 i

Rehydration. Athens Journal of Sciences, 6(3):

155-168._https://doi.org/10.30958/ajs.6-3-1.

Jafarizadegan, M., Amiri Chayjan, R., & Karamian,
R. (2020). Optimization of a combination dryer
(Vacuum-Infrared) operation in production
process of edible button mushroom powder.
Agricultural Engineering (Scientific Journal of
Agriculture), 43(2), 141-161.
https://doi.org/10.22055/agen.2020.31903.1528.

Jha, P., Meghwal, M., Prabhakar, PK. (2021).
Microwave drying of banana blossoms (Musa
acuminata): mathematical modeling and drying
energetics. Journal of Food Process Preserv,
45(9): el5717. https:// doi. org/ 10. 1111/ jfpp.
15717.

Jiang, H., Zhang, M., S Mujumdar, A., and Limd. R.
X. (2014). Comparison of drying characteristic and
uniformity of banana cubes dried by pulse-
spoutedmicrowave vacuum drying, freeze drying
and microwave freeze drying. Journal of Science
Food Agric. 94: 1827-1834. DOI
10.1002/jsfa.6501.

Jindarat W, Sungsoontorn S, Rattanadecho, P.
(2015). Analysis of energy consumption in a
combined microwave-hot air spouted bed drying
of biomaterial: coffee beans. Experimental heat-
mass transfer, 28: 107-124.
DOI: 10.1080/08916152.2013.821544

Kaveh, M. (2017). Using artificial neural networks
(ANNSs) method in investigation and estimation of
some drying characteristics of eggplant and turnip
in a combined microwave — convective dryer.
Journal of Food Science and Technology, 70(14):
27-46. (In Persian).

Kaveh, M., & Abbaspour-Gilandeh, Y. 2022. Drying
Characteristics, Specific Energy Consumption,
Qualitative Properties, Total Phenol Compounds,
and Antioxidant Activity During Hybrid Hot Air-
Microwave-Rotary Drum Drying of Green Pea.
Iranian Journal of Chemistry and Chemical
Engineering, 41(2): 652-669. doi:
10.30492/ijcce.2020.127111.4114

Kaveh, M., Abbaspour, Y., & Nowacka, M. (2021).
Optimisation of microwave-rotary drying process
and quality parameters of terebinth. Biosystems
Engineering, 20(8): 113-130. DOIL:
10.1016/j.biosystemseng.2021.05.013.

Khakbaz Heshmati, M., & Seifi Moghaddam, A.
(2017). Application of intermittent microwave —
convective hot air technique on quality and
nutritional characteristics of dried kiwi slices.
Food research journal. 27(1): 111-126. (in
persian).

Khanlari, A., Gu” ler, H.€ O., Tuncer, A. D., S, irin,
C., Bilge, Y. C., Yimaz, Y., et al. (2020).
Experimental and numerical study of the effect of
integrating plus-shaped perforated baffles to solar
air collector in drying application. Renewable
Energy, 145: 1677-1692.

https://doi.org/10.1016/j.renene.2019.07.076.

powders: A processstructure function approach.
Journal of Food Engineering, 315. 110800.
https://doi.org/10.1016/j.jfoodeng.2021.110800.
Ghasemi, A., & Amiri Chayjan, R. A. (2018).
Optimization of Pelleting and Infrared-Convection
Drying Processes of Foodand Agricultural Waste
Using Response Surface Methodology (RSM).
Waste and Biomass Valorization, 10, 1711-1729.
https://doi.org/10.1007/s12649-017-0178-5
Ghasemi, A., & Amiri Chayjan, R. A. (2019).
Numerical simulation of vitamin C degradation
during dehydration process of fresh tomatoes.
Journal of Food Process Engineering, 42(6).

https://doi.org/10.1111/jfpe.13189.

Ghasemi, A., Amiri Chayjan, R., and Azizi Tabriz
zad, M. H. (2019). Study on Drying, Powdering
and Compression Processes to produce Healthy
Tablet from Fresh Tomatoes. Journal of food
science and technology (Iran), 90(16): 201-216.
(in persian).

Golpour, 1., Kaveh, M., Chayjan, R. A., and Guiné,
R. P. F. (2020). Optimization of Infrared-
convective Drying ofWhite Mulberry Fruit Using
Response Surface Methodology and Development
of a Predictive Model through Artificial Neural
Network. International Journal of fruit science,
20(2): 1015-1035.
https://doi.org/10.1080/15538362.2020.1774474

Hafezi, N., Sheikhe Davoodi, M. J., & Sajjadieh, S.
M. (2016). A Study of Drying Rate of Sliced
Potatoes during Radiation-Vacuum Drying
Process using Regression and Artificial Neural
Network Models. Iranian Journal of Biosystems
Engineering, 47(2): 279-2809. doi:
10.22059/ijbse.2016.58777. (In persian).

Hameeda, A., Maana, A.A., Khana, M. K. I., Khanc,
Imran, M., Niazic, S., Igbald, M. W., Riazd, T.,
Manzoore, M. F., & Abdallac, M. (2023).
Evaporation kinetics and quality attributes of grape
juice concentrate as affected by microwave and
vacuum processing. International journal of food
properties, 26(1): 1596-1611.
https://doi.org/10.1080/10942912.2023.2218062.

Hii, C.L., Ong, S.P., Yap, J.Y., Putranto, A., and
Mangindaan, D. (2021). Hybrid drying of food and
bioproducts: a review. Drying Technology, 39(11):
1524-1576.
https://doi.org/10.1080/07373937.2021.1914078.

Homayounfar, H. & Amiri- Chayjan, R. (2024).

Improving Orange Pomace Dehydration Process
through a New Controlled Atmosphere Dryer
under Vacuum Conditions: A  Bioactive
Compound Investigation and Optimization.
Iranian Journal of Chemistry and Chemical
Engineering  (IJCCE), 43(3): 1252-1266.
https://doi.org/10.30492/ijcce.2023.1999762.5955
Ismail, O., Seyhun Kipcak, A. S., and Doymaz, I.
(2019). Drying of Okra by Different Drying
Methods: Comparison of Drying time, Product
Color Quality, Energy Consumption and



https://doi.org/10.1111/jfpe.13189
https://doi.org/10.1080/10942912.2023.2218062
https://doi.org/10.1080/07373937.2021.1914078
https://doi.org/10.30492/ijcce.2023.1999762.5955
https://doi.org/10.30958/ajs.6-3-1
https://doi.org/10.22055/agen.2020.31903.1528
https://doi.org/10.1080/08916152.2013.821544
https://doi.org/10.1016/j.renene.2019.07.076

JosBgdle (S o Sis U o 8 juiir (40,5 Siis 53 )0 Wi (29l by Sy (5)lwaiuge Fe

Microwave vacuum drying of Pereskia aculeata
Miller leaves: Powder production and
characterization. Journal of Food Process
Engineering, 44(2): 1-12.
https://doi.org/10.1111/jfpe.13612.

Moses, J. A., Norton, T., Alagusundaram, K., and
Tiwari, B. K. (2014). Novel Drying Techniques for
the Food Industry. Food Engineering Reviews,
6(3): 43-55. https://doi.org/10.1007/s12393-014-
9078-7.

Musielak, G. & Kieca, A. (2014). Influence of
Varying Microwave Power during Microwave—
Vacuum Drying on the Drying Time and Quality
of Beetroot and Carrot Slices. Drying Technology:
An International Journal, 32:11, 1326-1333, DOI:
10.1080/07373937.2014.924135.

Nanvakenari, S., Movagharnejad, K., Latifi, A.
(2022). Modelling and experimental analysis of
rice drying in new fluidized bed assisted hybrid
infrared-microwave dryer. Food Research
International, 159, 111617.
https://doi.org/10.1016/j.foodres.2022.111617.

Parniakov, O., Mikhrovska, M., Wiktor, A., Alles,
M., Ristic, D., Bogusz, R., Nowacka, M.,
Devahastin, S., Mujumdar, A., Heinz, V, and
Smeta, S. 2021. Insect processing for food and
feed: A review of drying methods. Drying
Technology, 40(8): 1500-1513.
https://doi.org/10.1080/07373937.2021.1962905.

Pei, Y. P., Sun, B-H., Vidyarthi, S. K., Zhu, Z-Q.,
Yan, S-K., Zhang. Y., Wang, J., and Wei Xiao, H.
(2023). Pulsed pressure enhances osmotic
dehydration and subsequent hot air-drying kinetics
and quality attributes of red beetroot. Drying
Technology, 41(2): 262-276.
https://doi.org/10.1080/07373937.2022.2031209.

Pu, Y.Y., & Sun, D.W. (2017). Combined hot-air
and microwave-vacuum drying for improving
drying uniformity of mango slices based on
hyperspectral imaging visualisation of moisture
content distribution. Biosystems Engineering, 156:
108-119.
https://doi.org/10.1016/j.biosystemseng.2017.01.0
06.

Rashidi, M., Amiri Chayjan, R., Ershadi, A., &
Ghasemi, A. (2020). Modeling and optimization of
vacuum-infrared dryer performance in the
production process of compressed tomato tablets:
chemical properties. Biosystem Engineering of
Iran, 51(3): 571-584. (In Persian). doi:
10.22059/ijbse.2020.292861.665245

Rashidi, M., Amiri Chayjan, R., Ghasemi, A., &
Ershadi, A. (2021). Tomato tablet drying
enhancement by intervention of infrared - A
response surface strategy for experimental design
and optimization. Biosystems Engineering, 208:
199-212.
https://doi.org/10.1016/j.biosystemseng.2021.06.0
03.

Klein, BP., and Perry, AK. (1982). Ascorbic acid and
vitamin A activity in selected vegetables from
different geographical areas of the United States.
Journal of Food Science, 47: 941-945.
https://doi.org/10.1111/].1365-
2621.1982.tb12750.x

Kumar, A., Kandasamy, P., Chakraborty, I., and
Hangshing, L. (2022). Analysis of energy
consumption, heat and mass transfer, drying
kinetics and effective moisture diffusivity during
foam-mat drying of mango in a convective hot-air
dryer. Biosystems Engineering, 219: 85-102.
https://doi.org/10.1016/].biosystemseng.2022.04.0
26

Leilayi, M., arabhosseini, A., Akhijahani, H.S.,
Kaveh, M., nezamlou, N., & Aghaei, M. (2024).
Energy and exergy efficiencies of batch paddy rice
drying  with  liquefied  petroleum  gas
dehumidification: A comprehensive analysis using
adaptive neuro-fuzzy inference system and
artificial neural networks approaches. Energy
Conversion and Management. (under press). doi:
https://doi.org/10.1016/j.ecmx.2024.100826.

Li, J., Huang, Y., Gao, M., Tie, J., & Wang, G.
(2024). Shrinkage properties of porous materials
during drying: A review. Frontiers in Materials,
11, 1330599.
https://doi.org/10.3389/fmats.2024.1330599

Liu, S., Zhu, W., Bai, X., You, T., & Yan, J. (2019).
Effect of ultrasonic energy density on moisture
transfer during ultrasound enhanced vacuum
drying of honey. Journal of Food Measurement
and Characterization, 13(1): 559-570.

Liu, Y., Sabadash, S., Duan, Z., Deng, C. (2022).
The influence of different drying methods on the
quality attributes of beetroots. Eastern-European
Journal of Enterprise Technologies, 3 (11 (117)):
60-68. https://doi.org/10.15587/1729-4061.2022.

Long, X., Cai, L., & Li, W. (2019). RSM-based
assessment of pavement concrete mechanical
properties under joint action of corrosion, fatigue,
and fiber content. Construction and Building
Materials, 197: 406-420.
https://doi.org/10.1016/j.conbuildmat.2018.11.15
7.

Mella, C., Vega-Galvez, A., Uribe, E., Pasten, A.,
Mejias, N., Quispe- Fuentes, 1. (2022). Impact of
vacuum drying on drying characteristics and
functional properties of beetroot (Beta vulgaris),
Applied Food  Research, 2: 100 -120.
https://doi.org/10.1016/j.afres.2022.100120.

Mitrevski, J., Panteli'c, N.D., Dodevska, M.S.,
Koji'e, J.S., Vuli'e, JJ., Zlatanovi'c, S.,
Gorjanovi'c, S., Lali“ci'c-Petronijevi'c, J.,
Marjanovi'c, S., and Anti'c, V.V. (2023). Effect of
Beetroot Powder Incorporation on Functional
Properties and Shelf Life of Biscuits. Foods, 12,
322. https://doi.org/ 10.3390/foods12020322.

Monteiro, R. L., Garcia, A. H., Tribuzi, G., Mattar
Carciofi, B. A., & Laurindo, J. B. (2021).



https://doi.org/10.1111/j.1365-2621.1982.tb12750.x
https://doi.org/10.1111/j.1365-2621.1982.tb12750.x
https://doi.org/10.1016/j.ecmx.2024.100826
https://doi.org/10.15587/1729-4061.2022
https://doi.org/10.1111/jfpe.13612
https://doi.org/10.1080/07373937.2021.1962905

4| VFef b V8 ala [V o)l NF ol [ (65,9LisS sl miblo Sl gla gy 4 i

Tan, S., Wang, Z., Xiang, Y., Deng, T., Zhao, X.,
Shi, S., Zheng, Q., Gao, X., & Li, W. (2020). The
effects of drying methods on chemical profiles and
antioxidant activities of two cultivars of Psidium
guajava fruits. LWT - Food Science and
Technology, 118, Article 108723. (In press). doi:

https://doi.org/10.1016/ j.1wt.2019.108723.
Vallespir, F., Rodriguez, O., Eim, V. S., Rossello,
C., & Simal, S. (2019). Effects of freezing
treatments before convective drying on quality
parameters: Vegetables with different

microstructures. Journal of Food Engineering,
249: 15-24.

https://doi.org/10.1016/j.jfoodeng.2019.01.006.

Zhang, F. J., Wang, X., Xin, L. D, Li, L. X., Dai, J.
W. and Zhou, J. (2023). Moisture diffusion
modelling and effect of microwave vacuum drying
on drying kinetics and quality of yam.
International Food Research Journal, 30(3): 626 —
639. https://doi.org/10.47836/if1j.30.3.07.

Zhang, W., Chen, C., Pan, Z., and Zheng, Z. (2021).
Vacuum and infraredassisted hot air impingement
drying for improving the processing performance
and quality of Poria cocos (Schw.) Wolf Cubes.
Foods 10(5) :345. https:// doi. org/ 10. 3390/ foods
10050 992.

Zhang, Z., Chen, Y., Peng, J., Huang, S., & Wu, H.
(2024). Study on drying characteristics of
combined microwave-hot air drying of paddy.
Case Studies in Thermal Engineering, 64. 105539.
https://doi.org/10.1016/j.csite.2024.105539.

Santos, K.C., Guedes, J.S., Rojas, M.L., Carvalho,
G.R., Augusto, P.E.D. (2021). Enhancing carrot
convective drying by combining ethanol and
ultrasound as pre-treatments: Effect on product
structure, quality, energy consumption, drying and
rehydration kinetics. Ultrasonics Sonochemistry.
(under press). doi: https://
doi.org/10.1016/j.ultsonch.2020.105304.

Sedani, S. R., Pardeshi, I. L., & Dorkar, A. R. (2021).
Study on the effect of stepwise decreasing
microwave power drying (SDMPD) of moth bean
sprouts on its quality. Legume Science, 3(4), e¢84.
https://doi.org/10.1002/leg3.84.

Singh, P., & Gaur, M. K. (2020). Review on
development, recent advancement and applications
of various types of solar dryers. Energy Sources,
Part A: Recovery, Utilization, and Environmental
Effects, 46(1), 14471-14491.
https://doi.org/10.1080/15567036.2020.1806951.

Suhanya, P., Juzaili, B., Azizi, R., Ismail, S.,
Sasidharan, S., and Mahsufi, M. (2009).
Evaluation of antioxidant and antibacterial
activities of aqueous, methanolic and alkaloid
extracts from Mitragyna speciosa (Rubiaceae
family) leaves. Molecules, 14: 3964-3974.
doi:10.3390/molecules14103964.

Sujindaa, N., Saengsuwanb, T., & Chaichana, N.
(2024). Study on drying characteristics, color, and
vitamin ¢ preservation of green banana slices using
a vacuum heat pump system. Agricultural
Engineering. 28(1): 167-184. DOI:
10.2478/agriceng-2024-0011.



https://doi.org/10.1002/leg3.84
https://doi.org/10.1016/j.jfoodeng.2019.01.006

