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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

FOMM Li L gy s ) MM glis,l 5 0. mm L L
SE Y MM/S Gy S, Ce s g Ve e MM glis )l g
gl 77+ BNy °C loo o auls sladiges ol ais §
s wgp bwg (adkew 31 T mm glas ) adyl
S99 Culie Ceand 3 g lade (nyiden AD 9 S
A e Coomnd 4 loged ) Colue ‘Y‘S'I.;':_w Olye @
Sy 4 e Coond 3 Jlogel ) Colus 5 plgd leie

i gl gl les = g8 slageomie I T (St

Sy 5.,)137 bHY
D25LT, ) Juow <5l olfiws 5l ool b badiges S5,
! (Hunter Associates Laboratory, Reston, Virginia

olew) L* slajasls g s pSojlasl |15 aw 4o digei ,o

2. Hardness
3. Consistency
4. Adhesiveness

S99 S0 (5510 y1 pr guai VY

5 Fb e aals sladiged LSlan; owyn ekt 4
oo 658 298wy San jl (@98uy See slagaSe 4w
lo o5 ,0 cole Jlows o9 4 e DB2-180M
oS el ol el o aslial ol i8S o]
e 3 Ve M i, 5l o)l |yl Yoo b o)
Voo bS5l Aged s, oY 03l )8 9 pY (s,
lraiges ol,d o;ladl gy &l (s (gwie #)eee)
A oolatuwl

\ . K
9y 03951 59031 K.Y
5ot O35St osa3l 5 eslinl b cdly SIUT (ol
Brookfield Texture Analyzer, ) ,5YUl,oeunss olSws
saidew 1 oygesl onl plol cua VY] ws oslinal (USA

1. Back extrusion test



S92y (e dosme o 9 31 SLIE (o5 50

B <> b et s D50l (el eisgon

Tobw XI iy b @b it 5l el oyl Y ] 0 a8
(MiN)le; (W) ol ) Jaus slo s odls (gamaS
Sl ol XIX] 5 og0 azys olgl Xi% 5 (°C) L
oty BT Jgam 5l eslitul boaxsl e bl
Fliis g pgo 4z 0« as Ol o jlo 2 (ANOVA)
Jlizl ol )3 &l 2 lp Geew S Joe elre

VRS Ty PR IOV ER PRV R

9 Wlyd ploojl o yoXl 3l colisw!l b b e V.Y

&9 A
o] 4 a8 Slogge 5l golams ol )d plosl w6 o
%Mﬁﬂﬁl}tgwdw)oaﬁwwors
Jade 0,8 o aileads idu el 1) ol ke oS
I8 ol e a8 Lad 5l taee o 1, o mb
O 5o andS joaS e oyt g L3l dxd e Sledb
e 5l e,y SO aledbl yizmen g Canl ooy
cbul &S sl 1) G e 0 9szee S
SLb & il ) Al o S bl ) e
ST 6 Sybe S5 b ey Jole ol s

N b*F g5 g AT (V-
WD Y o a5l wisel cows 4y (<52 ST L 5
DY) s aslre 5 aloles 5l oolial b 5

Sk b o

WI =100 — [(100 — L*)? + a2 + b*2] />

&bl 3IUT 5 g3l Jow £.Y
5 8ok LS g, 4wl sl lons ety ol o
(S350 a5 53 1,55 8) (BBD) Sz Sk ¢ o
Sozye @ o plnl mhaw 4w )0 g e piie aw sln
ol Cawd 4 (V Jguz Gillae) Slas VY S olows oS
Design-Expert ) s Ll ,l581s 5 51 ooliiwl b iogs als
e 5 50 silde Tl o by, 4 (version 10
s amss Oy ol begie) mal sle i
Jao B 5 (i (a5l 5 St plsh o e
Glysie §l b Sygo 4 p) Glaleraiz (oS,

YW 45|)‘ 8o
3 3 ) 2 3
Y=B4 2 B+ 8%+, D BxX ()
= i1 i1 joivl

Ll sl 5 i sl slaaigad Sosolf 0l 8 o Jis loyine (V) Jour
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

Loo

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
wnly lo porie =
Average size of y; = 2.9178 — 0.00434 + 0.1455B — 0.0125C 169 0.0006 095 376 ns.
fat globules — 0.00014B + 1.0416e — 5AC
&l,8 051wl bawgte —0.0025BC + 5.2083e — 642
< —0.004B%+ 0.000125C>

T S
Hardness y, = —15.4126 + 0.2096A + 0.6116B + 1.7143C 7.16 0.006 094 6.40 n.s.
S —0.02194B + 0.0005AC + 0.0616BC

— 0.00034% + 0.3400B% — 0.0217C?
Adhesiveness y3 =-0.6298+0.0039A+0.0498B0.01406C 2870 0.0028 098 9.85 ns.
RIS -0.0003AB+1.04166e-05AC+0.0008BC-6.6550e-06 A%-

0.002B2-0.0001C?

Consistency V4 = 5.427 + 0.00224 + 0.2516B + 0.1422C 1085 0.0175 096 1.63 ns.
plys —0.00124B — 2.0833e — 05AC

—0.00433BC — 1.1574e

— 064%0.04B* — 0.0013C?
Whiteness index Y75 = 94.77475 4+ 0.00124 + 0.0431B + 0.0026C 1025 0.0022 0.75 0.10 ns.

Design-Expert® Software
Factor Coding: Actual

Perturbation

Average size of fat globules (um) 24
Actual Factors
A: Power = 240
B: Time = 3.5
C: Temperature = 45 € 2.2
=5
=
w
x
3
o 2
o
-
©
G
G
o
[
N 18
@
[
o
@
=
2
< 16

-1.000

T I I I
-0.500 0.000 0.500 1.000

Deviation from Reference Point (Coded Units)

b e el oz 4msS Ol ol basgte  Sgeol b sles 5 loj ol 5B (1) S5
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.



$52, e dose w9 ol SLEE L e

00 0 P e el Dol 3 gl iiisen

o b oSS K 5 Byl DF ws o>
Ol 50 o b Dgol 3 b ounlidigen ol jo ) b
[a] ws 5 sanlie V- MiN b  F0+ W

S XY
Sy pxie OY G B YD o (905 8,90 slodiges ew
w3 e L (7 Jouz) V3 99 a2 )8 labex wiz Joo
oy 21y oley s Ol U (F) U8 09 Jlo sine ladiges
Y3 Jow culyo @ azg LI, (FO °Cslos) baiges Brw

Hardness (g)
S

B: Time (min)

OGS

120

5 ol Gl b o5 on sanlie (1) S 0 o boilasn
@z 4 b ol bugie wgslp s ol
Slosises 45 sb & 3530 S5 ads (slodises
o)) Sa 5 %0 °C Ls & min L; YF W 1l55) Spg
prS=sS shls (F8 °C Ls & min oL; XFe W
s (M UM 5 VD) oy> asusS O3 ojlwl lawgis
5 (Y0 °C Lo Y Min ;Lo VY- W (l55) S13 sladiges
shls (70 °C L X0 min by AY- W lg5) Sg
HM 5 YV oy azmss S ol bawgie 00355
5 &S Wl plas 58 o) ee g Whws asil oo (V/F
O s W) glgs cn 5V gl B L b od (gl iiioosn
S5 o ySasS sl 4y yomie VOMINY Glo o i

<

360

240

A: Power (W)

(F0°C Loo) o o ol e s g0l o 5 oy sl (V) U
Fig 3. Effect of the ultrasound power and time on the hardness of camel milk cream (temperature of 45 °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
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The objective function Selected model of the Box-Benken Design
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The number of variables 3 variables
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1. Power (x1)
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2. Time (x2)
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3. Temperature (x3
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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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