DOI: http://dx.doi.org/ 10.22104/jift.2020.4131.1961

<> VWA 5l FY-FY amio o) o)l o A 0,58 (i (g5 sbas5bd anlibad

N

P,
.U-v; \
%QL

Hloolatwl byl jd dols Liguol p8 ¢y guewl jijaod bl pls b adugo

=Y . Y as  of &
69“’)&"‘"”“"‘%“"’9 o‘}gl.wlfsw).o

Ko g 8 SELIIS (2108 23 luo (cwdigen 9 pole 09,5 (5 55D (Goziidls )
Ao (o gd 58 oL (910 ayluo cwdigeo g pole 09,5 oliwl Y

OVWRA/FNNY 5 by gy AYARLYIYY 10,5550 o2 y5T gyl YRR/ N /o) 1l 5 & ,b)

ous

wetrr 4755 O3 ol Lasgze 5 (PO °C L YD) Lo 5 (B MIN B V) ooy (8- W B VY +) lgi 5l euios ol o
o 9 28,5 518 b5l 0550 S ph Al (Gashe (atll) K5 g (S g plgd () (S5dlss, Sleogas
5 dan wir Ohd aleol clapin,sSl hws oS S 7ok 5l sl s 4 gla a5l oolizl b Slogas oyl
Ol S8l b as ols lis ol a5 gy (Design Expert j138ls 5,0 goae b aiue <o) (60,5 a5 iy 5N
565 9y 0351 Osa3l ) ol @l 2dly malS beaised (o7 amsS S ol bawgte wgalb sles 5 oo
Sl oS (5 p5b 4 wiogs o st laigad Stz 5 i 7. A0 o 5o ploj oy Wlise 1 Lakb a ol ol
5 e oley GRIBHL YL Glagly o (Jy cdbie mlBl baises (Sair 5 (B ol slagly se b
@S Geizmen (3L Rl s )lo g jeb a5 adiges plgd oy Gl b izren (8L 2l ladige (S
@ A 4l O eSile anglie bS8l lidl badiges gonbe a3 Gloj 5 Ol GRIBIL a5 oy (las G
ol Josine olej 3 5V foisine sles 5 ol oeSilie 1,5 sl (6 S5 18 w950 o5 513 LS 3 otel caws
Al GPs ali8l g oy eSOl ojlal hawgie o g ialS 4 e odal Caws @ blis cpl a8 54l caws @ |,
a5 6§95 48 psNl A S (6 9,Ses 51 IS plool o oSl aST 085 asl g oo S sk 4 cnl e
SIS i et 4l Sl gl Ll il e 50 55 ST 25 3l el o & sl Jas

09.»0‘,5

S.1aZaVi@UM.AC.IT : gt oimssi



S9don Jypame adg ane pals g plend) (il con
2 55e ey e Jlsie a3l Jlo sz o Sl b (0]
gl llins S gl Zul gl iiigen (o gel 0y
9 Giledldpe (&S b b sl o el sl
35 g D3 o3lil hals ey Koo 5 a3 (g5l Jled
sl 00t ooliinl ygmal 2l 5 Lo,S Uil et 55Sans
i gl isgan y0 Dol lyel (Gl (et o [7]
by nbisen b avslie )0 (6 a2l g odpm, DL &
sady Gk 5l Sgol s zlel Yool IV] conl asls pgu o
ST 5 (Slse IS5 2 Jlows 5o Sl Sl b o0
O FSE S o Lol (S 5 Gk Sl 58l pas
et Jie oFeal glaalls o wisd e D3 o5l
5l o> 4 Dol glaal (SHlSe Sl iy
OBl 2 Sl ees )3 dgdiee o3l o bl
b g wad (o sl S o> I Jol> glacl>
5% OBl @ 5l g e A (pl &S aS oo w5 (VL
Sl ol ol oo ol Jsks o)l 4 ol
Slwl SlyS a2 1) 6535355 9 G Sl wyals
o LAl sl o 3 ol dxlad askid 4y 45 S
sbolie ;0 Dgold 69 Jlosl b a5 0ud (lyie uix
g WS s b maw (Sooi o lacle wle 2l
Sgds g0 0ily D3 o 4y mlo YL ey b > SO
Jobo olge g s |y gobaw Wilgioo @ bz Gl s
loord Xgn Sl o doil §0 g Sl o
SazsS Geemliisen ;o Dgold I Koo O )le 409
@ arg b oplpls [a]ea Sl go 5 Lulul 5l oy
So gl B ol jloslitul sy oo Jl5 4 Vb Dl
elS g 1l ol asls g ll Gl gl sl Sl
slo ,o Sgolyd zlgal 51 solaiul casl o] @3 oslail
055t Js el ond domy ool oVle s
plasl i o als  Dgol b glsal 3B (g, slanlllas
s SlaS 5 g Lle gy, Sladsd cdes g el ool
5 adlae b o JKw 5 6Bes,l sl ong oS
as’ wols las (Ve KHZ) Sgol ) zlgel b (ygul juisgen

1. Cavitation

WA 500 ) o)led A 0,90 « o g slos yslid aalilad 0 A

doddo .

(S5 ae Ol a gladss Gl ms s opn
S9re e slal 5 @z 0 ol slagrelig
2 slednl (IS oSl (o) S (oo AE sLa]
Olid WiawsS g g5 wle LaisS plu b avolie ;o b
e 4 (CaCr2) 120 obsS 0y slavswl 45 aas oo
chle Ll aied oo <l sl il 0 gpeS lews
Sliee 5 9L Lws C18:0 5 C16:0 C1a:0 <y slooul
Glroul i Mie S2s oo peddsilio Sl 5l Y]
o8 i banolae o (L FY/Y) il s o glasl e o>
Gol> s onl p oedle el poawlie (L YAIA)
Cigone sy9r0 w2 slodwl 5l azs JB olie
Oy sbodysl b ades s b edle 100 Y] wib e
Yy 390 Dleogas Laa> b b 4 50 2 dels des
palp BasS adg lp 1) @93 JlL wanS Bras
2,5 Jalg>

ol aS oyl sl o a4 ool bl ol oy
9 odd WAL @39 9 69l (el 4l e 0 enyy
& Oyseyeissed anl b 5l oolizal 1 wiS e JISal sl
g dals> (5900 el Hgmadgel St plais
63, 55 ay ypedgal Conti gl L s ol a5 cel
ol e 4 bedysld Sy A 3sd o
3 oglizisgen I9] 0,5 o )13 oolitl 50 42558
b gl SsSB4 g GadplS s Gk
al B bl ogdee e e gy 9 0T Grge o2
w7 SISy 5 s JB Sl Henlisises
w7 sldslS U5 gl g slasd (il (Gad 5SS
3 bl [flas o slml e lesle jo s g
31 oolainl (650eiST Cdiny 4 azg bzl sl L
loanlp ploy (EalS 5 oS o5 50 (g Gloshs,
g Slagby, 5l (o WS 18 axgi 590 (2lde Sl
bl Sgold ol B asb o Dgold 0l 5l olail
3 Grey ool Jle sl 3l ba by ol ar S ol
5 Sl Glp,l Lo 5 3B ALl wiges g3le oolal 4y



S92y (e dosme o 9 31 SLIE (o5 50

fq <> b et s D50l (el eisgon

S8y ouz ol g5 alex I Sl gr glite
S9u g o5 b oy b oamlie o o] o2 slaslS
el (53, Sgal,d zlsal b L bl s goi 4555
bhuge p Sgold C‘?"" Jhsl alize sloyley 5 Lo
() ((Sheles, Sleogar (oyx agmsS Ol)d ol

35 )18 addllae 350

gy 9 Slgo .Y
Bdiged dngd b9y V.Y

5 0 S e o Ll e a5
e gl Gliss (gl om0 Ol 27
YV EC 55 0955 05 i 5l o e (sgo 3 ol
ez YO L gledised w0 lax 6l lawgs
gy 3 eoliinl b sadsi (02 5 7 om b byl
5% Ogeliyginly 1 iged a4 G @0
9 FO Y0) Ll 0,50 sla 5 MIN Sow a0 A+ °C sleo
Jeel T g5, Soolys o dlolidly 5 4 5 (50 °C

RV
ol ¥yl VY

295 ol 5l Dol b e Sl gy pslaie @

ool s ol ,eiS el FAPAN US-400UT s
Ymm Sg k8l ogsgigw b (VF KHZ auley 5 F-+ W
w5l e Ml Joie Ggold Jlasl gl ol oolisl
Fo a (PO °Cy FO YO slabes b aiged) b ol
gl 51V CM Gas )5 oy 9 Jine 10 M glass
30 (V) Jouz mllae diges (e b ol )8 ladiges
Ole) £ e (Ve ol (lg) Vo alizee sloals 6 pae
A sl 5 ao e (VP ol Glgi) A0 9 (VFe sl
Sgol zlsal Jlosl b Glojen s S 155 Min 4 Y/0
YO gl ¥ 0 5 58 (S)l 5 e b aiges sles
aiges Syl s st aladl 5l ey od weais #0 °C 4 £

S FSEsS Seeld jnbiges 5l an oyr SIS ol
W) A g 39 pgeye SLo)nUjsen Slam )z )
dlile )0 5ol gl jiiged 1O (6 e Al Dol )8 a5
O b by GBI L g 3ls poms e sl 5lbssen b

Jele s ohlSen 5 251 Gogen LA alige (2l
Syl — Oyl Jles Gl m ) b 50 27 GlaasS

3heslawl U1y ol cpl (b golas, b ais,S v,y
oaslive 998wy Sen g j0 (Se Sl Sy S

Iv-lass

2 oole (owdite 3 baige Pl Cdel S)b

Ol s (ool lacusgame gl og s e
@ b Plae 4550 Glp ane slod> 8L sl

3 ol A2bisn S LIS 5 e oty slois,sS

pldl s (oo 5o Sl 2 (e (6,1 13 slap ;55

Sl ol a3l 5 S5l S a3 55,5

2oLl s &8 4 ey b ada, bl 1B

hae ppesl sl asng Gl gleo S

bt slopm s G ipte 5 (S 5 1Sl bl

SpSe sl Tl s ojs 53 o col siega

3 Sl o July 5 S ez Lawsi et oS

izl L8, Shpledl by s S (Byee VR0 Lo

95295 lwog)S 0 a5 By g ool ez SUly>

3 el oal 2l S o SNy e LS S

s g0 4 daoly> Curex slacl PSO 0,651

5 500K b ool Jols o,k 5l 5 ails bl ea b

B30y o Al > 4 @lddS g3 Ol bLE 55500l

cilin @S 5 gy Bls lsil sl PSO 2,550

bt Pl @lp oilie jlow slogul 9 ol

Dy ]est sols Galises

Sllllae el a5 cdlye g o plbe 385 cwyp b

2 el Saolid Elaal b (sl iiisen 5550 5o ardly Lacl

5 S o3lail 9, » ol B g 5 als g b 350

o Seislssy loogas alistie 5 oo bl sl

Cosle & azxgi by Conl a8, )18 b)) 0550 Ol

1. Particle Swarm Optimization (PSO)
2. Swarm Intelligence
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Table 1. Independent variables levels of Box-Behnken design for ultrasound treatment of camel milk cream

Sample codes

Power (W) Time (min)

Temperature (°C)

Lgol oS ols obes Lo
1 360 1 45
2 240 6 25
3 240 1 62
4 360 6 45
5 360 3.5 25
6 240 3.5 45
7 240 35 45
8 120 35 25
9 120 35 62
10 120 6 45
11 240 6 62
12 240 3.5 45
13 120 1 45
14 360 35 25
15 240 3.5 45
16 240 1 25
17 240 3.5 45
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Table 2. Independent variables and their levels for ultrasound treatment of camel milk

Independent Symbol Variable Range
variables name ales JUECORRYRPS
Joe lo e ol -1 0 +1

Power (W) A 120 240 360

oly

Time (min) B 1 35 6

ol
Temperature (°C) C 25 45 65
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1. Whiteness Index
2. Response surface methodology
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Table 3. Experimental models of Box-Behnken design for Predicting dependent variables of

ultrasound treatment of camel milk cream

Dependent Equation F p-value R2 CV  Lack
variable alsllas Value Probe of fit
Average size of W CRPYXYUBNMOoTT YU T p QU 1.69 0.0006 095 376 n.s.

fat globules
)3 ojlasl lawgie

mMino® pdtt Qe ud 6
mMnOWw vg 1Mo Poo
Tt Ao T8t T @Qq L

7 4msS
Hardness ® PEPCEBR MAOQPTH P PQ p& p DO 716 0.006 094 640 ns.
e I PE WNOHY oD

TN ™ T Bdt T8 ¢ @K

Adhesiveness

@ -0.6298+0.0039A+0.0498B0.01406C 28.70
-0.0003AB+1.04166e-05AC+0.0008BC-6.6550e-06 A2-
0.002B%-0.0001C2

0.0028 098 9.85 n.s.

Consistency
plgd

W VB CYXMIMOCTM ULEPETPT OC 10.85
MNP ¢gtPYyomo 6
MInTt@od@ pP v QT
TOoSt 66 T T P

0.0175 096 163 ns.

Whiteness index

@ O XTXDBINMDG TET dp IO Q 10.25

0.0022 0.75 010 ns.
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Figl. Effect of the ultrasound power, time and temperature on the average size of fat globules of camel milk cream
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Fig 2. Micrographs of camel milk cream samples as affected by the ultrasound treatment (power, time and temperature of sonication): (s11)
240 W, 6 min and 65 °C; (s4) 360 W, 6 min and 45 °C; (s13) 120 W, 1 min and 45 °C: (sg) 120 W, 3.5 min and 25 °C.
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Fig 4. Effect of the ultrasound power and time on the adhesiveness of camel milk cream (temperature of 45 °C)
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Table 4. Optimization parameters of ultrasonic homogenization process of camel milk cream using particle swarm algorithm

Factor name

Ultrasonic homogenization parameters of camel milk cream

Jale ol A5 e Al Sigol b genlieiisan wuT ol ata ol
The objective function Selected model of the Box-Benken Design
Sas o OSar oS b St Jae
The number of variables 3 variables
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1. Power (x1)
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2. Time (x2)
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Maximum number of iterations

Given the convergence of about 50
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Table 5. Optimal point obtained by using particle swarm and hill climbing algorithms to achieve maximum hardness and consistency and Minimum mean average size of fat globules and adhesiveness

Hill climbing algorithm Particle swarm algorithm
&99545 595 lyS plosl w55l
No 1 2 3 4 5 Average 1 2 3 4 5 Average Comparison of means (t-test)
oSl b aSilee dsliio (3051
Power 310.848 310.83 309.323 310.574 307.832 309.8814 324.07 360 336.37 341.62 305.95 333.602 significant
ol$
Time 6 6 6 6 6 6 6 1.4745 1.3797 1.2302 3.9296 2.8028 significant
oles
Temperature 41.774 41.606 41.412 42.234 41.285 41.6622 65 25 65 29.93 35.62 4411 Non-significant
Lo
Average size 1.687 1.69 1.695 1.681 1.699 1.6904 0.79949 1.196 1.2975 1.2255 1.3554 1.174778 significant
a3 o3lail Lawgie
Hardness 46.742 46.672 46.764 46.966 46.881 46.805 48.636 47.245 48.099 52.493 49.559 49.2064 significant
(s
Adhesiveness 8.851 8.852 8.862 8.852 8.873 8.858 8.8181 8.6229 8.6265 8.9764 9.0734 8.82346 Non-significant
Consistency 0.193 0.192 0.194 0.196 0.195 0.194 0.76974 0.97384 0.8975 0.96672 0.74227 0.870014 significant
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Abstract

In this research, the effects of ultrasound variables including power (120 to 360 W), time (1 to 6 min) and
temperature (25 to 65 °C) on the average size of fat globules, Rheological properties (hardness, adhesiveness
and consistency) and color parameters (whiteness index) of camel milk cream were investigated , Then, these
properties were optimized using Box-Benken design models and Particle Swarm Optimization and and hill
climbing algorithm (Numerical Optimization in Design Expert software). The results of the evaluation of the
measured properties showed that with increasing power, time and temperature of ultrasonication, the average
size of the fat globules decreased. The results of the back-extrusion test showed that only the power-time
interaction at 95% confidence level had significant effect on the hardness and adhesiveness of the samples. So
that the hardness and adhesiveness of the samples increased with increasing the time in low powers. The results
also showed that with increasing the power and time of ultrasonication, whiteness index of samples increased.
To compare the optimization performance of two particle swarm and hill climbing algorithms, the average of 5
optimal points obtained from the two algorithms were compared by t-test. The results of t-test. showed that the
particle swarm algorithm significantly achieved higher power and temperature and lower time, lead to
significant decrease in average size of fat globules and increase in hardness. Therefore, it can be concluded that
the particle swarm algorithm performs was better than the hill climbing algorithm in optimizing the models
obtained from Box-Benken design in optimizing the homogenization conditions of camel milk cream.

Keywords: Camel milk cream; Hill climbing algorithm; Multiple objective particle swarm algorithm;
Particle size; Texture; Ultrasound
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