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ABSTRACT

In this study, an ultrasonic-thermal concentrator under vacuum conditions was fabricated and the effect of
concentration variables for watermelon juice concentration was optimized. Concentration temperature
process in three levels (40, 50 and 60°C), vacuum pressure in three levels (20, 40 and 60kPa) and ultrasonic
waves power in three levels (36, 60 and 84W) were conducted. Statistical analysis of data and optimization
of concentration process were performed using response surface method and central composite design.
Results showed that the increase of concentration temperature has a positive effect on concentration process
time and total energy consumption and negative effect on lycopene content and the total color difference.
Decrease of vacuum pressure to caused increased lycopene content and decrease the total color difference,
concentration process time and total energy consumption. Also increased ultrasonic waves power caused
increase in lycopene content, total color difference, total energy consumption and decrease in
concentration process time. Optimization of watermelon juice concentration point was obtained on
concentration temperature 40°C, vacuum pressure 20 kPa and ultrasonic waves power 46.5W. Optimal values
of response variables in this condition include lycopene content, the total color difference, concentration
process time and total energy consumption in equal order 238 mg/kg, 25.7, 94.5 min and 0.727 kWh. The
use of ultrasound waves along with the concentration temperature and vacuum pressure could have positive
results on the watermelon juice concentration process.

Keywords: Lycopene, total color difference, concentration time, total energy consumption, concentrator.

“Corresponding Auth’sor Email: amirireza@basu.ac.ir


https://ijbse.ut.ac.ir/issue_10641_10642.html
https://dx.doi.org/10.22059/ijbse.2020.303016.665311
https://dx.doi.org/10.22059/ijbse.2020.303016.665311

ailgain of Ladss a3 50 M Lyl o s 7yl yo— guol 8 zlgol 6l & ;Khos g 5w dionge

T ol35 (5358 O dazo Slrlr (650l LS I M ol
U‘)"‘ su‘o.\.o.ﬁt aL».».w le.cy oKiils 56))5L~05 ouSiils ‘W?"" e ] 09; A
Q‘)’i‘ ‘Q‘)’Q" (WS w).: oKl ng))BL.MS ouSiials 6‘5)‘J$ é.)l.uo s 05; Y
OTRUANY s gl VTRAVIYA 16,5550 2,6 -V FAUTIY il o o )

PR

$ly ol ol Gl psie 51 g ol aislu D> byl )l cov I o-Sigeal 8 zlgel Ladss oliws S gy cpl Ho
aw 4w F°C 500 Fr Slo mhaw an )0 bbdigel sy a3 0l (g5luaigs alsaiac] omluas adgr anl)3
Laosls (Lol Juloes 5 435 2,5 & y0m AFW 5 8+ 8 gl 3 2ol s las a5 KPR 5 B WY+ s Led
sl oy p badss slos rol3dl ols lis gl ol plosl gl o (g, 5l eoliiwl b Ladss o] 8 (gjluaige 5
e D 2 20l5 s e 1 5, IS s 5 0055 slgionn 5 e 1 JS (e 5551 5 ekt
s 55 Sgld glyel ol Gl S (Brae (551 5 plej oSy LIS St GRS 5 (g5 (slyme Sl
0yl atpg alaki 0,5 Lelis anyl 3 o (palS 5 S (B (6551 oS5 (LIS i 0055 (sl (a3
6l yiiie digy polie delawsa FPIO W ool 8 zlgal lg5 o Vo KPa o> L F-°C Ladss glos 0 algain
A i 4 S Ban 555 5 Balis anl B olej oS, IS Sl (05 slgine Jols Ll cal 0 gl
Mo Lid g Ladss glos LS [0 gl )8 zlgal (6,8 S siaelcass 4 +/YYY KWh 4 4¥/0 min YO/Y YYA mg/kg

Voo Hler d o)lods DY 0,98 (ol ol pivmmmwigny (owiie OF

Al asls algasac] Ldis anld  ide mls ol

0 8L o JS (Bran 531 ladis an b o oS5, (IS St (5 i glS (slelg
doddo

sl Ll 95 s 0 S92 g0 Lle A543 9,15 3 95] .2001)
o5 DNA L5 Jslos s slo S350 31 sli s a5
@ Cailes oyl IS0l o 55 5 gl 5l o o> 5 o
sols ylas wlas>s (Hojjati and Razavi, 2011) s 5 o Jos
DIB9S () (o twd G0 g Gabaisy b &S
(Cohnet al., 2004; Edwardset al., 2003) b, o~
5 o 5Vl (lid 3 ) 5 lgain (ogs SLad & az g5
Lol @l (35l b adloe allsnia 55518 sl (229,
S S pd el ol ay gy Jlo plos po 5 oS Lai>
(59“5 UL.«&}«A}JJ La.l.!j faL?u‘ Jaa‘fu.: FLY Jw.:la(sa Lbows_j
b9y S (6 piamnes] Ladis el S 3G by 2l Jgazme
u_;l 6)Lwld~.’> (_)T ) aS ol Lbos.ms_j ha.l.!) Lg‘)" ngm
Jdo a0 GYoeb ey Sae sl YU ks o 2ol >
-0..\.3...“5‘ oy (\)))L.A) ‘5"-')-’] u..\...u 6‘09.9‘3 LSLQJHSB
Sl Sk g pab (S5 s o del S Sl
(Al-Maiman and Ahmad, 2002; Ozkan, 5% o Jsasw

29 sCucurbitaceae oolgils 51 (Citrulus Lanatus) aslgaus
6315 5 2 45 ol ailoa gl 5 s B Gt e S bls
(Prohens o0ei co S Joias o5 slgp g o b ablie o
Sl me DY same 5| S olpl o alsacs et al., 2008)
ol ESe e WY 5l s aldle g ead Ggane
(Jafari and b oo (olais] algain cuis 4 HgiS (65 ,5las
0uiS ol pegw 4S5 g e 3l aw ol Jalali, 2015)
-o3l S 4 ailgusa(FAO, 2020) el ez o dilgais
(Wani et al., 558 oo ooliiwl 0,8 5 LSS wogaml (5,55
8 haume S ol 7 AY Lali algais sgee 2008)
(Quek ol lapasling 5 o5 do 4o p,55,500 VY- oYY
asle 283, b olié Slge (sl ailgain ows, et al., 2007)
(Feizy et al., 2020) wib oo Sone dlgo g 2y (g p
78K, ele &5 wil oo w3955 Sy (CAOHSE) (55
a5 Canl SlaST 5T caols sl s el ailgase
S dlgain aas Lol | laglb w5l (0 59 Sl (Ses
(Perkins-Veazie et al.,, cesl s8] b sboacs 3

amirireza@basu.ac.ir :Jgius 0diu o



BY o gl gl olfiws 5 Shas (65l ding 1oy Kad 9 D

CotnS eS (godd sl sles o 4y ool o ogdle g oo
b 4 Sgol b e slaan T 4 S sael Caws 4 Jgaze
(Dehsheikh and Dinani 2019; Cao et sg g (6 o>
al., 2018; Peng et al., 2017; Musielak et al., 2016;

GilwXer sl Gl @ 5l puen Sabarezet al., 2012)
(Aernouts et al., 2015) 545 oo ool H13& dlge

-CallB g ailgaie O Syl Ldss o)Sie 4 axgi b
gt oy n Gb sl spsl8 50 sezae lslE sl
53 (a3ld LiSy Dol as alius 5l Sledlbl
algase ol Ll glp M Jlad g o)l> LS o Ll
oiws udod cpl o Lo aad 4 0,lad 5ag 0l colatl
Plhie S Ll cos Gleogels Lals
5 O Las Ll sles pakaw polass colli L alKiyle]
G onl 5l Basab sl 5 Ak Sgol b Elesl oy
» Ogali ol ol g M led dadis sles b g
@ ol poliie 4wl leaige 5 algars Of Llis
Oley oK) (IS Dlids (0S5 (oS Slgoms o i
Ailee JS a5l 5 iy a3

L gy 9 dlge

Laiged gjlwodlel g amgs

e oo 513l 5l edn; glaailgaie dazolel bl jslae 4y
00 (6 S Cogy el L 520 5 o 03,5 (ol B s
5,5 a8 Coway oS 15 el By 5o lac olkiws b g
Ol s plosl KT 6)Led by, 4 CIP-0L Jow mgix
alewy @ e OIS glulas gl ssnl s @ wlguis
o5 o ool el (o b g apo 3 Blo slaz )y Lo
(Martins et al., 2018) w osls |1 3-YA °C

M bl cod ()l - gl 8 glgel Lanlds oliws b
el Ldss alfaslesl olfiws o baiabe;l pbsl (sl
JS2) as asle 5 (Al M Llyl cod ()l mogal
Dyl alewgds a0l S TV W58 L gl p gloal ()
ol 0 a5 bl jeiS EIma 5,5 cale S xSl
SeS L gl Ol g WS el 0l cead i aladon
Laplss alaios 90 51 )l ol J STy e 98155 JUSom
b abaises slod ol el ly YO+ olg b ctall galiws 4
JraS Gliwge s g abhame [0 odds cuad Lo K> S&S
Lo JB-285 D aay 5 alaizs 1o 55 slmy! gy 05,5
Sz g 4y abize jlad ol ool Syl jeaS
Leleo) CBo by g 05 iS5 el PSCh0001 BCIJ
S s e a3 58S e alwg @ 5 (65505l

RS

29 e L3S SO Jpame ol ) e ren 45 .2002)
Blom a1y o Ol Glie b g canl olae sloos] s
(Vadivambal and Jayas, 2007) sil.,

0 Rl (he> sabadi g sl L3S a5
Sl 0 &5 Sl @la)ol; (n 5 ge 51 (S by, crl b
ool 9 Vb (plde 151k Jgame addsi )3 oy 4 les
g SLid s ol b g, ol 50 098 oo solaiul ()l > 4
2 5 o0 pis jeS L b mle 5 wliee (U mbe
&35l Srae Jyame (J)l> B 5l xS slr (ped
Ll b (Rao et al, 1984) wb oo rals Ll anld o
ol Jsame o2 5 @l ol alS Lo @ doogeas]
9 O9bge Al ()l g (silwe S (gLl laasse
WS oo g el ez JB jsb 4 JE g Joo slaan e
Pn oy mlo )0 G55l WYL anze 4 axg b e
e 036 ogaonl (sl 0 5LusS 5l ooliiwl 4 bled coguesl
(Heldman et al., ool oo yiio o] dwl> dlge YL so o
2018)

Vo 5l VL 2 L (See glasl wgald glel
L 3 L3S Jsb 3 Ggo glyel aiibise 3,05k
b S sl |, aLEl 5 Ll sl Sl
oM S5 5l e a5 050 o0 Slul mbe yo slacls Ll
e b (@ bl 2) le slacar 5 w5 oo (M
Sl s 45 (gl laas o Sl s g S 0 05 VL
PR Geizmen el By pre (grnlingll oy 4 o5 090 oo
30,5 o bl glos (balS 0T 55 50 0 ol o (A0
39 9 00 39h i po Bl At )3 g Les (28, Vb el
Dgol eSS pd dedes oy JEEI Gl cel cole
Sye glsal 23,5 oo osle il 510 Pl 5 3585 canm
985 0,55 1) (Sielsn (Jeke o)lens Wl oo gl Sl (b
o5 plpls sl Lol 1 gl S0 Olgize o ol
9 Olgie 4 eS glales jo wde oy JWl g Jobo wallS
lakie wies Syo glyel b zlienl o Lol g5
Zlsol Slasein g 0,8 gojlul cusb, Hlade aile Jeame
Sl SRS E Sl oloy 5 Ol (ol asle gl b
.(Romdhane and Gourdon, 2002; Shotipruket al., 2001)

el 8 el ) slas sl Sl S Syold
@ ol Gla Shg b (2l olse (gl 5 oS l
(Dolas et al., 2019; Knorret sgi o bogeas! siile &)l,>
Sl liisme Lawgs ond asl)l gmls Julos o 43 al., 2011)
2lad slge o SSis glp Dol Bl eolaiul a5 s
I Grae s5l el g padSis ploy adeliss el



VPeo slee ) oylols B 090 (3l o pimpwgm (owiite OA

guol b 59155 —F (S piSIlg j guol B - Y cclodl -Y bl galidoe —)) M bl pl Cxi (FHlpe - Ogeol 1 zlgel udai olliws (A5 glei - JSCU
(Lo Ko -8 M K= A M oy =Y M 508 s —F (S 58I Ol g 5 -0

S5 S Tl 8 RO el s By olaT el 5 4355 5 il
Sloiie g e lopiie ;U Gt slr CODY s s oo s Jies sl e caslllas ) 5o
CCD b bl eIV o lajlegdadonn e aal o kpa 8. e o as jo M5 28 84°C 500 e oo
o9l () Jgoz) 90,5 iy pa L»S)SJ“’ abail o S5 7y ol bz g AFW 5 £+ Y% mhaws 4w o Dgold lsel ol
H3ley 5l eolatl b Ladss anl b (g5lwdige 9 gl zolam s o5, IS i (MIKG) 55 (slyimn s ol el

2% pleil Design-Expert 11 w3 F L s (KWh) S 5 pae 5,0 5 (Min) Lis al

Gy b gy 41 wlgais OF Blii w3 g1 Frwly gl it 31 (omo) 2 (6 o0 plnil (sl o3l Y Jouir

NS5 (945 T 5taus) Jhio (518 yuiio g sha hilesT ojlas
(W) &gl zlgel olgs (kPa) S5 ,Lid CC) budis glos
s $4) ) B \
) Y5 (-) 0) 8¢ Y
) 0! $o+1) B ¥
\ Fe(s) Fels) £e(+)) ¥
\ AF(+Y) Fo(+)) fe(-) o
) AFG) YY) $4(+1) 5
\ AF(+Y) Fe(+)) Fe(+)) \s
\ AY(+Y) fel+) Be(+) A
) Y5 () Y1) $o(4) q
) 5 () YY) o) R
) ¥5(-) $o+Y) Fe (1) "
) AFG) YY) o) W
) 0 Z0) Fe (1) Wy
) 0! YY) b ¥

) Y#-Y) Fe(+)) Fe(+))

—
>4




[} e guol 13 Zlgol olwd o Slos (5 5bw a1 )00 9 S

ol zlgol cox dilgain] iy o3luil 5ol

S gs¥l y Ladss olfiws gl gl b o ssbiieds
Sl e Yoo o3lail b pladiges cilgain Ol oasms JuSis
s h a5y Lolis alias j0 5 005 4 ailsatac]
20055 s lgaincl yomd 5l S sl (gl alaims 00
aw 56 ot e a4 baiges il Jlad 5 YO°C sleo
4885 Ve e a4y AFW g £+ ¥F) g0l )8 zlsel g mlans
03 3o oo b jad Leope el SO e 5l 28,5 103
@l adye Voo b Sl 5Sg S alowy 4y 5 00
dlgars Of Gadyl Gugel oS b az wd )l peSe
(Campoliet al., 2018; Kuboet al., 2013) x5,5 awslio

15 2ol gl g, doos & ool (slaosls LT b
50 0ol alyl (o bl polie b azgi bl ool 00 ,9] ¥ Jga
P90 A>3 e ,S ) Aol 4y oul o3l b Jus seles
meols, gl saSonk R (0905, a5 Cuwl <147 51 5YL
PJ" ujA)T ] 00 LJ"’)‘)" JJ.A » l.buw.:lA)T L;Lmo\o u..?u
“o hogi ond Gl Jae s |y laesls @i Y gl
o sme geyl cpl il sats (b3le o9 4 Jow STl
> @ b g () @ esddl)] glaoe s L
QS S ) el e Ol s Jlade wilatiiles
bosls Olpxs oo 9 Sl Jo> bools SuST,
» aools )L..uo J‘JJU‘ M )‘ L G)LAM (CV(%))
FaS el 90 ol ojlal jo gl oo s 4y lasols (. Klee
9 ol Ol ol dales ieS Laosls ‘;..\..5‘)4 Ol el
25 Jgd BB (o) 2 9)90 Gl slapsite pled sl a2 Ld

(Ghasemi et al., 2018)

Algaid ol 6 yilwaS o 95 (glguixe
Lls Lll o (YOVY mO/KY) (peSd (slgime oy yiion
uyal)ﬂ C‘y@‘ (_)‘9“ 9 Y. kPa HI> )Lm.‘! ¥f-.°C 6Lm> L: uo;
35 (VPEIF MOIKG) 65 (Slgiome o S delaws AT W
Zlsol lgs 9 £+ kPa D> Lid F-°C glos b Lylys cow
SalS b bl o Ladss ol b selowss AP W ogol 3
Gl e Jslma sl Slse Gl 5 b, (slyie
(Arocho et al., 2012) sqd y395] (slgizo

sboo s jlas ol ssalie ¥ Jouo mli aazg b

295 slyixo 5 531

S ySeslulFishetal. (2002) yig, 4 yiegidy Sl b oS
o 1990 o 5 ol 4y (6 8ol g, (Fish et al., 2002) o
s B Jali )b o1, o angg alpaza o LS 0
e e Ve 5 Al gl i da B 780 Jb
Sdeds 480 10 490 VAL Cae iy b S0l (g9, 3,0 0l adlS
4 loaze jlate Of il oo ¥ a9 28,5 )13 430 10
Al Ay B b glaiged ( oYL B 51000 )5 adlol laaiges
oiws abewgay o] iz egll 00 gaedsb o g
sailyz (IS 50] )5S Voo (6,5 Juao (plls) yregidy Sl
A dulre (V) alayl) lagy il (o5 (glgiome Lo

A_,x0.0312 () alad)

Lycopene (mg/ kg ) =
Ky 5ol

8 (ctalojl gladiges (S glaaslis g pSojlail jshats 4,
L@’ b)) o ile iS5, ol (galomsy & Lol jlomy
(2ligy slaie) L (K5 polie omz 558 ol HP Jow (
o5l (0,5 4 oI S5y Jlade) b7 g (o )8 dr e T, Jlake) @
soslinl b bdiges (AE) K, (I Olpess 0505 6,5
(Alagi o ale La'h (S, sl ol )b o 3 (V) Jgo,8
and Amiri Chayjan, 2015)

M=, L)+ (a0 ) +(b)-6;) (¥ akal))

9 Ny sl yal,l adsl polio 2, Ly by Jse ol 5o

* ok

- uT Godsladss LSL“"U}“"; (;3) 6&’)1“)[1& ﬁ.OL.EA a, L bI

a L,
RO PPH PRV

Balis wiaT 3 oo (g S0l

ey B (MINY 488y s p algasncs] sladiges Ladss anl 8
hy aelsl o alosl plad o0 Fr oS 2 b (pled Sbalé a4y (o
51 oslawl b ailgasacs] o psluaS Jgloe sl dlge yl5me 20,5
DRI101-60 oo KrUss o5 1o cole) Jlumms yiogis 3,
A 6 pSojlasl (LT g8

5 (B ran &5 5 pSoslul

JiSs (Brae @55l ol Ladss oiws S (B pan 6551
Sliwgeyi g (Gl caall oS pSlgrn gald g 6055
~051l (gl il o ,Lid S s 5 D ey ¢ Sy Sl
@ anld e 50 Ll ol plad (JS (B rae 6550 58
EMS-EU Juas Efergy o8 i cilu) 5301k olfzws

oS o S (Brae 551 w05 Jog (QLedSSH jeiS
Al Cawsdy (KWh) el g

1.Lack of fit test



VP 5k ) oyl ABY 0)90 ‘O‘l‘.’.' (Ot G o Sl g

(Lianfu and Zelong, <l eals (3,155 Sgol 3 zlsel lgs b bl Jl puimon «gal )8 Zlgel lgi 9 D Lidcladss
SV S g o cae ailgaiacs] o iilusS 195 (slgie
05 Glgime Dol B leel (g g LS sles Jlite

2760 sanlive IS5 ol 4 drgi b am o s |, ailgain o il

L% ::, Dol glsel Olgs Gl g Laelss sles alS a5 99l e
- . 35,5 e Wyt o5l (S e 5 o
8 m =T 0SS (gt LS s Ladis slos iyl
E v (Sharma et al., 2008) o J,l> co,ps Jdo 4 asglain
il D jLed rals b algasacs] o pluaS 065 slgie

- @ 38,5 o Jlms gz dlaii 2alS o D5 L2d alS il
”%%/6‘8 0™ “ ; (Amiri Rigi et al., aso e LalS |, 5> e Sl g
x%@/- NN i AL s Wilg5 o Dyl 3 sl s ilél 2015)

ol 5 o970 (s ile ST 5 alsaiac] Gy glacdl

: Igixo g gl zlgol olgs g Ladii slod Joline 51 -¥ JsCi il a & . v\ &
R Slgime g golyd glgel (g 9 balis' lod Joliie JS1-F o Sl L (5558 4 sF o sSd zlymeil (sly polis gl 00,5

Al ol o yilwas

(gl Zlgel olgi Xa g oM 5 LIS Xp Laglidh 152 4250 X1) Gy sl i 532 pg0 4250 (Sgam ) Adlao & 00 (ol Joo el ¥ Jgur

Joe calys Slyss mls
KWh) s 3yae &35 MiN) Llss anl 8 olo; Sy B Spes MG/KY) 55 slyione
[EOSIN
+YA/Ax) +AA/D Y +YVV/A (bo)
b ole
—$/%x) . T —aye +f/.8 y.p.R (b1) X1
wBfaxy . 1 +a/v8 +y)ve —apyd (b2) X2
+F/Ax) - Y —o/v2 +Y)\ 2 £V eye (bs) X3
Lilize 51
SA/fxy - D _yvP £/« ¢ VML (b12) X1X2
AV ex) e TC Ry +ox) . TS R (b13) X1 X3
L Ry AV +v/- 8™ (b23) X2X3
p9o 4y Ole
SN fex)e TS _ypy.ns YR _s1Y© (b11) X42
Y. TP R SV¥© SEENS (b22) X2
RS +Y/2° AV - TS RN (bss) X5?
N VS -y S\ Lack of Fit
(P-value)
.. .. .. .8 Model
(P-value)
CJAAYF SAAVE -[AvYS C[ASA- R?
VIO \A YIY \A C.V. (%)
VN /Ox) - T Y/ AVIOYx) - £I0Y Std. Dev.

Wl o0 10 Lo BB pAeNS g 7.0 50 o Smo BMSIC Y o Hlo Sro BMSID e /Y Jlosia | g j0 510 e B Kilu a

5 Yo kPa s Lasd F-°C sloo b Lol o 35 (YO)) Sy IS Oy
Ll o 50 (FY) wlgasac] S5, IS Ol s Jlade oy i
glsel Olgs 5 # kPa s ,Lad £4°C los by 0,8 Lalis

Ky IS Ol ke (eSS awliwsa AT W gl 3

5 sk, Glyie Sials deliws AYF W Sigol b zlsal lgs
Jpame S5) Ol sl com ..\31556,0 it 03_:_&_‘)" L Lis
sanlie ¥ Jsax zls 4 4>95 L (Wibowo et al., 2015) sgi



$Y e gl glgel oliws 3 Sdas (5 5le e iyl o g D

Gl Sl S s 4 Sy S Sl ogl
S Lalis sles L35 (Oberoi and Sogi, 2017) wb
e a5 35 S5, S Sl Sgol ) glsel Ol 5l i
Sl bawgs ool w8 ()l 65531 Oliee wslas 5l A6 ]
(Ricce et al., 2016) wib oo G iSlg5m Sgolyd o )l
5 Jles Ubsz abis jrals s 4 5 Lid falS rizmes
M Sy S Sl Gl e S e 5

(Yilmaz and Ersus Bilek, 2017)

Ky NS Ol s

(o)

gl Zlaal s 5 S lasiladis slos s 1 45 u
e i 515 55 L5 5 Llis slas M 1 e
2 NS LE8 pgd 4z O)le 5 Dol b gl Gl g M
Wdg o pme Ll anl 3 o dlgweo! K, W5 ol s
g Ldsd gloo blie il iy 4 (@) ¥V g (@) Y sla St
2 Sgolp gleel ol 5 L Jlas Llize Sl g oSS Lid
e oo las |y sy ol o algasn ol S5y IS ol s
glysl Oly 5 Laelss slos (BG83 0 Jlatl a5 j5boylen

(KN
ol b gl g7 9 M HLid Jiliio 1 (&) g Lanlis winT 8 50 Wlgai ol 0 ylacs’ Ky S Ol a1 M HLad g Laalis glos Jlixe 51 (QIN-F S

Bl T8 9 W35 o 5SS 15 Sl

Fomly M lad 50 o1 g e g g algazact og Jlw
Ole 5l s s sles isli8l (Adnan et al., 2018) wil
55U algaac! bl anl 3 Gley jials 5 Sgold zloal
> S5 ads wlie ol gl Dglis I (S8 &5 sl

(Ricce et al., 2016) sl o oy

S (Brae 555
algrac] Ll wnls J5 Brae @5yl jlbe (nyie
S L8 F+°C clos b 10,8 Lalis Lyl 45 (+/A¥A KWh)
ok a8 elass 4 AF W &gl 5 2lsel o)lsi o £+ kPa
§+°C sloo b Lyl s o 3.5 (+103) KWh) IS 3 e (55
L delass P W Sgol 8 zlgel olgs Yo kPa 5 Lis
sl b Jl a5 ol csslie F Jaoo mls 4 axgs
slos bl il (izmen (Dgol 3 Elgel g5 5 D jladlales
Syl zlsal (155 g Lt gloo blie i1 9 235 jLid g Lo dss
Llis a3 S (8yae o550 p M5 Lad pgs 4z 0 & )le g
iy (@) 0 5 (WO sl S aingy o sime algasac!

Laplis w758 (4l
L0 OYOIY min) wlgssao! badss 0ol oyloj Jlade oy yien
Ol g Fe kPa S Led F°C slas b 10,8 Lakis Ll
ail,d ley Hlade op e delwws 4 Y8 W Sgol b zlge!
kPa oMz ,Lis #+°C sleo b Lol oo oy 55 (YA Min) Ladss
S Gz b oaelcawsaht W Sgol)d zlgel olgs 4 V-
Ol 5 M Ladeanlis gloo a5l aS uh oanlie ¥ Jgaz
Aleds Las g s glos it Jl (izres (gl b sl
D Lad hlite Jil g Dol b glsel Gles 5 Ldis sles Jline
gloel Ols 5 M= JLad pos az )0 &)le 5 Dgal B 2laal Ol 5
- U5 isg ls e ailgaiacl Ladis a8 ol gl b
e g Lelss gles bl Sl sy a (@) ¥ g (WD F o
al b olej 2 Dgeld glsel ls 5 D e flis 5l g M
Ol 9 Ladss glos (il b aims oo plid | ailgain ol Ladss
algaac] Ldes anl b by 5 jlad zals § &gl zlsl
Tlael Ol g Ladis gloo Iy M Lid el )y .28l rals
e 4 il po a5 05 IS A1 Lalis an T loj gl b



anl oley 04z BB el b Jgo 8 5 |y M casy
gleel Oy RlPl cdl eSS (Srae 5l Lelss
Jeds ar Leleols (Ral8l ) gl 553155 (8 pae (6550 g0l
(Sl coell s Dpal 3531535 Gl (Brae slaglss
2ty B S Bl dfs Gl ple g S ey

(Magerramovet al., <l oo (5,155 ogec| Ladis o
2007; Nindo et al., 2004)

130
120

110

Al 0L
s
(=]

(min)

60

22 30
C/ 44 5
S, 36 20 N\
7

(<)

4 5 0l

(min)

VP 5k ) oyl ABY 0)90 ‘O‘)i' (Ot G o Sl Y

9 Lol slos Jlie Jlg D jlid 5 Lades slos Jlie S
algaiact Lolis anl)d J5' (8rae 555 p osel b glsel o5
5 D Las gals 5 Lalis sles ialidl b ases e olii T
algaiact Lalis anl ) S (brae o5 Ssal® glsel ol
SErae ol Gl co Blis gles ol il rals
Srae &5 Ldis T8 ooy el L Ll )l el
09 Opdgy Gley D 5 M jlad malS ol el S
Srae g a5 ol Al Ll anl b e )0 D ey

60

&7
s 20 40 O
7%
(&N

Blis 42T 5 0loj 2 gl glgel olgh 3 U 5Lid bliza 1 () 5 &yl Blih a2 T,9 lag 2 S5 5L 5 Bl slos bliza i1 (l)-F S5

PHERCT Y|

(kWh) JS' b ae 55

(&)
G551 2 Sl laal ol 3 Balls slod lize 51 () 5 &ilgainl ks whyT 5 JS (o8 o 5551 2 55 ,Lid g ki glos ylita 31 (-0 JSC

(kWh) S 3 ,mae 555!

sss==u
e

S
SoS=S

S

20 40

(AN



FY gl B zlgel oliws 8 ySlos (g 5lw a1y K0 g (SO

algainol o uluaS sl b o ol a5 sas e olis
Zlosl lgs 9 Yo kPa o5 jLid F-°C Ladis glos Laylys jo
aige e Luld ol oo sl TR0 W Sgold
Ol o5 (IS Sl (98 sl Jol raly sl e
Mgkg b ply w4 S (Brae il 5 Lol anl)
= el Cews 4 +/YYY KWh 5 AF/0 min YO/Y YYV/A
gloal olss 5 S JLid Lalis sled) el Lauls cou

w55 apsllae (L Gl oo Gioml Syl b

Tlgol Lulis oliws 0 ailgwiacl Ldi auy byl

S byl e (Il - gl
gl Gy ol Bk slessie plejee sileange sk 4
4 plio (pyhien g (S ad ool Congllas &b 5 &by
sl pie slp byl Cowal coyo g b ioles] 5l oasleawss
b9y 5l 0olitul b ilons 05T Y Jgazr ;0 (qwy 2 9590 Geasly
2> ot b ag abail wnglle b 5 Gl o
00 e ailgain] Laglis anyT 3 alowl (gl +/AVA Caypllae
F Jgoz 5l sanliws a4 mls sl ool Il F Jgom jo a5

Coly s gy 4 ailguid T Lt T 3 (g 5lwaionts S oyl Camndl o 36 3 anly Sl ko (s0090x0 9 S Y Jgur

oot e IRV

LRV Gl sl i

va

\SF
Yo/

<162

LT

(MY/KY) 55 (slgimea
Sy IS Sl s
Min)Ledis anl 3 le;
KWh)JS' 8 yae 55,

Eowly o b9y 4 dilguis O L' wiaT )3 aiegy byl pb 3 Gy 9 Jiliwmo (b it (Gouid St sy 23l F Jguor

ot Sl

[S 5

wil 3 gl
(min) Ludss

B a0 555
kwh) Js

el

&lgixo

S
(kPa)

Lol glos
cC)

Zleol oylgs o ylos

(W) O,u:l)é

(mg/kg)

+1AYA AR af/o YOIy

YYA

510 Y. f

yion gl 3l gl b zlsal ol Gilzdl 5T P S as
LS oo azgs |y Ladss ol 8 j0 ailgaiacs] LU 5 oy e
og LIS lads a..ﬂ)s e Ajlsm;ﬂ S, L ol

(Kuboet al., 2013; Campoliet al., 2018)

Oguol b zlgol e ailgusdol ©lyd olail 5ol
5 U Syl gl o lgaza Ll Sl 5 e
Obas 7SS 5o Jlezms gy S dlowg 4 it la
=03l s g dilgaie AL @l adanl Sl Ll o oold

0338 dall diges b dslin jo Dgol 3 Zlgel olgr iul38l b LS

3
R
200pm 200pm
—_— L
-
200pm 200pm

g0l b Zlgol Gilio Gyl i Jlummyd GaSwg Samo g1 3 dilgaidsT Slyd 03Il goRI-F JSi



5 IS rae il i wnlp ooy oS5, IS s
o ol gl ol 5 s (55 Syt Sl
3 JS e 557155, IS Sl g5 sl il
glosl g Giali¥l Geizmen 0,8 Lelis anld ey als
azgs b o ailsangsl CIL olyd oglusl mels caw g0l ,8
slos b Sgol b zlgal 51 Glosen soliiwl ool Cavsdy gl
0 yiluS CodS ailgasacs] Ldss w18 o s jlad g Ldis

1o dgupa |y wlgaia O Ladss axl,8

20,15 9929 (B W g r @8 (B, AigSaren

REFERENCES

Adnan, A., Mushtaq, M., & ul Islam, T. (2018). Fruit
Juice Concentrates. In Fruit Juices (pp. 217-240).
Academic Press.

Aernouts, B., Van Beers, R., Watté, R., Huybrechts, T.,
Jordens, J., Vermeulen, D., & Saeys, W. (2015).
Effect of ultrasonic homogenization on the
Vis/NIR bulk optical properties of milk. Colloids
and Surfaces B: Biointerfaces, 126, 510-519.

Alaei, B. & Amiri Chayjan, R., (2015). Drying
characteristics of pomegranate arils under near
infrared-vacuum conditions. Journal of Food
Processing and Preservation, 39(5), 469-479.

Al-Maiman, S.A. & Ahmad, D., (2002). Changes in
physical and chemical properties during
pomegranate  (Punica granatum L.) fruit
maturation. Food Chemistry, 76(4), 437-441.

Amiri Rigi, A., Yosefi, G., Yosefi, S., & Emam Jomeh,
Z. (2015). Effect of vacuum and microwave
concentrating techniques on Color stability and
antioxidant properties of black and red raspberry
juice. Food Science and Technology, 13(56), 181-
192.

Arocho, Y. D., Bellmer, D., Maness, N., McGlynn, W.,
& Rayas-Duarte, P. (2012). Watermelon pomace
composition and the effect of drying and storage
on lycopene content and color. Journal of Food
Quality, 35(5), 331-340.

Campoli, S.S., Rojas, M.L., do Amaral, J.E.P.G.,
Canniatti-Brazaca, S.G. & Augusto, P.E.D.,
(2018). Ultrasound processing of guava juice:
Effect on structure, physical properties and
lycopene in vitro accessibility. Food Chemistry,

268, 594-601.
Cao, X., Zhang, M., Mujumdar, A. S., Zhong, Q., &
Wang, Z. (2018). Effects of ultrasonic

pretreatments on quality, energy consumption and
sterilization of barley grass in freeze
drying. Ultrasonics Sonochemistry, 40, 333-340.

Cohn, W., Thirmann, P., Tenter, U., Aebischer, C.,
Schierle, J. & Schalch, W., (2004). Comparative
multiple dose plasma kinetics of lycopene
administered in tomato juice, tomato soup or
lycopene tablets. European Journal of Nutrition,
43(5), 304-312.

VP 5k ) oyl ABY 0)90 ‘O‘)‘.’.' P T LY ) 41

=

ailgarac] Ladss sla bl 5l saslcws a el gyl
S Lyl Cod ) Sgol b lgel Laglis oK Al 4y
seise d yo it glstul LB ey ool 5l 25 @bl
dod p Sgold glosl Gl g S jLad Ll sles Jits
s Gl Jols allaincl Llss muly leyesie
- JS (Bras 65 g Lais an] )b lej oS5, S Sl i
Oley eonsSd lyioes (Lol o Laglis slos Rl gyl
Sy A5 Dl Gal¥l g IS B 5yl 5 Lelis anl )
ool o D> Lid palS s F algaeo] o luas

Dehsheikh, F. N., & Dinani, S. T. (2019). Coating
pretreatment ~ of  banana  slices  using
carboxymethyl cellulose in an ultrasonic system
before convective drying. Ultrasonics
Sonochemistry, 52, 401-413.

Dolas, R., Saravanan, C., & Kaur, B. P. (2019).
Emergence and era of ultrasonic’s in fruit juice
preservation: A review. Ultrasonics
Sonochemistry, 58, paper# 104609.

Edwards, A.J., Vinyard, B.T., Wiley, E.R., Brown, E.D.,
Collins, J.K., Perkins-Veazie, P., Baker, R.A. &
Clevidence, B.A., (2003). Consumption of
watermelon juice increases plasma concentrations
of lycopene and [-carotene in humans. The
Journal of Nutrition, 133(4), pp.1043-1050.

Feizy, J., Jahani, M., & Ahmadi, S. (2020). Antioxidant
activity and mineral content of watermelon
peel. Journal of Food and Bioprocess
Engineering. 3(1), 35-40.

FAOSTAT. Food and Agriculture Organization os the
United Nations. Available from:
<http://www.fao.org/faostat/en/#data/QC>.
Acessed: Mar. 09, 2020.

Fish, W.W., Perkins-Veazie, P. & Collins, J.K., (2002).
A quantitative assay for lycopene that utilizes
reduced volumes of organic solvents. Journal of
Food Composition and Analysis, 15(3), pp.309-
317.

Ghasemi, A., Chayjan, R. A., & Najafabadi, H. J.
(2018). Optimization of granular waste production
based on mechanical properties. Waste
Management, 75, 82-93.

Heldman, D.R., Lund, D.B. & Sabliov, C. eds., (2018).
Handbook of Food Engineering, CRC press.
Hojjati, M. & Razavi, S.H., (2011). Review on lycopene
characteristics and role of microorganisms on its
production. Food Science and Technology, 8(29),

11-25.

Jafari, P. & Jalali, A.H., (2015). Comparison of Three
Methods of Planting Watermelon (Citrullus
lanatus) in Varamin. Journal of Crop Production
and Processing, 4(13), 15-24.

Knorr, D., Froehling, A., Jaeger, H., Reineke, K,
Schlueter, O., & Schoessler, K. (2011). Emerging



PO gl B gl oliws 8 Slos (g5lw a1y K0 g (SO

technologies in food processing. Annual Review of
Food Science and Technology, 2, 203-235.

Kubo, M.T.K., Augusto, P.E. & Cristianini, M., (2013).
Effect of high pressure homogenization (HPH) on
the physical stability of tomato juice. Food
Research International, 51(1), 170-179.

Lianfu, Z., & Zelong, L. (2008). Optimization and
comparison of ultrasound/microwave assisted
extraction (UMAE) and ultrasonic assisted
extraction (UAE) of lycopene from tomatoes.
Ultrasonics Sonochemistry, 15(5), 731-737.

Magerramov, M. A., Abdulagatov, A. ., Azizov, N. D.,
& Abdulagatov, I. M. (2007). Effect of
temperature, concentration, and pressure on the
viscosity of pomegranate and pear juice
concentrates. Journal of Food Engineering, 80(2),
476-489.

Martins, C.P., Ferreira, M.V.S., Esmerino, E.A,,
Moraes, J., Pimentel, T.C., Rocha, R.S., Freitas,
M.Q., Santos, J.S., Ranadheera, C.S., Rosa, L.S. &
Teodoro, AJ., (2018). Chemical, sensory, and
functional properties of whey-based popsicles
manufactured with watermelon juice concentrated
at different temperatures. Food Chemistry, 255,
58-66.

Musielak, G., Mierzwa, D., & Kroehnke, J. (2016).
Food drying enhancement by ultrasound-A
review. Trends in  Food  Science and
Technology, 56, 126-141.

Nindo, C. I., Tang, J., Powers, J. R., & Bolland, K.
(2004). Energy consumption during Refractance
Window evaporation of selected berry juices.
International Journal of Energy Research, 28(12),
1089-1100.

Oberoi, D. P. S., & Sogi, D. S. (2017). Prediction of
lycopene degradation during dehydration of
watermelon pomace (cv Sugar Baby). Journal of
the Saudi Society of Agricultural Sciences, 16(1),
97-103.

Ozkan, M., (2002). Degradation of anthocyanins in sour
cherry and pomegranate juices by hydrogen
peroxide in the presence of added ascorbic acid.
Food Chemistry, 78(4), 499-504.

Peng, C., Ravi, S., Patel, V. K., Momen, A. M., &
Moghaddam, S. (2017). Physics of direct-contact
ultrasonic cloth drying process. Energy, 125, 498-
508.

Perkins-Veazie, P., Collins, J.K., Pair, S.D. & Roberts,
W., (2001). Lycopene content differs among red-
fleshed watermelon cultivars. Journal of the
Science of Food and Agriculture, 81(10), 983-987.

Prohens, J., Nuez, F. & Carena, M.J., (2008). Handbook
of plant breeding. New York: Springer.

Quek, S.Y., Chok, N.K. & Swedlund, P., (2007). The
physicochemical properties of spray-dried
watermelon powders. Chemical Engineering and
Processing: Process Intensification, 46(5), 386-
392.

Rao, M.A., Cooley, H.J. & Vitali, A.A., (1984). Flow
properties of concentrated juices at low
temperatures. Food Technology, 49, 876-881.

Ricce, C., Rojas, M. L., Miano, A. C,, Siche, R.,, &
Augusto, P. E. D. (2016). Ultrasound pre-
treatment enhances the carrot drying and
rehydration. Food Research International, 89,
701-708.

Romdhane, M. & Gourdon, C., (2002). Investigation in
solid-liquid extraction: influence of ultrasound.
Chemical Engineering Journal, 87(1), 11-19.

Sabarez, H. T., Gallego-Juarez, J. A., & Riera, E.
(2012). Ultrasonic-assisted convective drying of
apple slices. Drying Technology, 30(9), 989-997.

Sharma, R., Kaur, D., Oberoi, D. P. S., & Sogi, D. S.
(2008). Thermal degradation kinetics of pigments
and visual color in watermelon
juice. International Journal of Food
Properties, 11(2), 439-449.

Shotipruk, A., Kaufman, P.B. & Wang, H.Y., (2001).
Feasibility study of repeated harvesting of menthol
from biologically viable menthaxpiperata using
ultrasonic extraction. Biotechnology Progress,
17(5), 924-928.

Vadivambal, R. & Jayas, D.S., (2007). Changes in
quality of  microwave-treated  agricultural
products—a review. Biosystems Engineering,
98(1), 1-16.

Wani, A.A., Kaur, D., Ahmed, I. & Sogi, D.S., (2008).
Extraction optimization of watermelon seed
protein using response surface methodology.
LWT-Food Science and Technology, 41(8), 1514-
1520.

Wibowo, S., Vervoort, L., Tomic, J., Santiago, J.S.,
Lemmens, L., Panozzo, A., Grauwet, T.
Hendrickx, M. & Van Loey, A., (2015). Colour
and carotenoid changes of pasteurised orange juice
during storage. Food Chemistry, 171, 330-340.

Yilmaz, F. M., & Ersus Bilek, S. (2017). Natural
colorant enrichment of apple tissue with black
carrot concentrate using vacuum impregnation.
International Journal of Food Science and
Technology, 52(6), 1508-1516.



