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Table 1 Coded range of process and mixture variable of the labane samples.

Variable Range

L;l\.l.'c Glﬂp}(}l&

Independent variables name Symbol Variable Type ) 1
Milk protein concentrate (%) Xl Mixture 0 8
Cheese whey powder (%) X2 Mixture 0 8

Konjac gum (%) X3 Process 0 0.2
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Firefly Algorithm
Objective function f(x), x=(x1 ,....., xd)T
Initialize a population of fireflies xi (i , , ....,n

Define light absorption coefficient

while (t <Maxgeneration)

for i=1: nall n fireflies

for j=1:iall n fireflies

Light intensity li at xi is determined by f(xi)

If (1j > i)

Move firefly i toward j in all d dimensions

end if

Attractiveness varies with distance r via exp[- ]
Evaluate new solutions and update light intensity
end for j

end for i

Rank the fireflies and find the current best

end while

Post-process results and visualization
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Table 2 Predicted models for the rheological parameters of the labane samples.

Dependent variable Equation

F p-value 2 Lack
Value Probe > F R cv of fit

Hardness

y, =1/193A+0/4094B -0/076AB —12/332AC

21.97 0.0001 0.951 16.30 n.s.

—-0/152BC +0/517ABC +45/942AC? —-0/011AC?

Cohesiveness
+0/133BC —0/178AC?* —0/949AC?

y, =0/027A+0/0294B —-1/203AB +0/036AC

7.99 0.0175 0.92 6.64 n.s.

Adhesiveness
+0/0003BC +0/113AC2 —0/019AC?

y, =0/002A-0/002B —0/0001AB +0/0004AC

27.46 0.0010 0.97 30 n.s.

Adhesiveness force

Yy, =0/595A+0/084B-0/021AB-7/24AC

3.63 0.048 0.85 30 n.s.

+0/48BC +0/187 ABC + 27 /186 AC* + 2/066 AC*®

y, =655/155A+240/54B +1950/43AB —9785AC

G'Lve (Pa) 7067 00001 099 921 ns
—2030/5BC +12889ABC + 3600AC 2 +12269AC 2
G"LVE (Pa) y, =183/86A+70/98B +562/73AB-2737AC 298.21 0.0001 0.99 4.45 n.s.
—684/2BC +4161ABC +1057AC? + 4533AC?
Yo (%) Y, =1/46A+0/533B—-2/90AB +34/54AC 15.48 0.0092 0.96 26.94 n.s.
—13/2BC —15/93ABC —190/99AC? +101AC?
1, (Pa) Yio =S/BTA+O/1148+4/164C ~33AC 408  0.0432 070 29.94 ns.
+22/14BC
Y,, = 0.037x, +0.044x , +0.058x , + 0.039 X,
¢ (Pa) +0.27%,X, -0.026X ,X, - 4.55x 2X X, - 2.16x ,x2x, +10.1  60.97 0.0012 0.99 9.21 n.s.
tan & ve Y. =2/33+0/91A+2/08B0/80C 5.51 0042 065 1364 ns.
Gf (Pa) y,, =115/45A+14/82B-21/32AB -1338AC 8.35 0. 0159 0.93 29 n.s.

—248/8BC +138/8ABC +4335AC? +3140AC*?
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Fig 1 Effect of MPC, CWP and KG on hardness of
the model labane samples
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Table 3 Strain sweep parameters of labane
samples (1 Hz, 20 °C).
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(G") and loss modulus (G") measured for sample NO.

1 (6% MPC, 2% CWP and 0.05% KG) at 20 °C and
f=1 Hz.
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Production methods of concentrated yoghurt (labane) varied from traditional methods, which are tedious,
such as separation of whey by fabric bags, to complicated methods. These raise demand to establish more
suitable methods such as “wheyless process” by dried milk, concentrated milk protein or concentrated
whey protein. So the influence of different ingredients such as milk protein concentrate (MPC), whey
protein concentrates (WPC) and konjac gum (KG) on rheological properties of labane was investigated
through mixture-process design methodology and optimized these properties by firefly algorithm. The
results of the combination of back extrusion and texture profile analysis (TPA) indicated that increasing
KG significantly increased hardness, adhesiveness and adhesiveness force especially for samples with
high amount of CWP but increasing MPC and decreasing CWP decreased cohesiveness in samples with
high amount of KG. Strain sweep test of the labane indicated that all sample had gel-like structure (weak
gel) at 1 Hz and 20°C. Rheological results also showed that increasing KG significantly increased G’ e,
G” Lve, Yo Ty, Tr aNd Gy especially for samples with high amount of CWP. The optimal results of different
gum percentages to achieve maximum Hardness, Cohesiveness, Gvyg, yc, Ty, tan & Lve, Gf and minimum
Adhesiveness, Adhesiveness force, G'LVE using the firefly algorithm in PC space, it has been shown that
the optimum amounts of KG and MPC were close to each other and had more variance of the data which
shows the similarity of the effect of these two component on the rheological parameters.

Keywords: Concentrated yoghurt, Modified texture profile analysis and back extrusion, Firefly
algorithm, Cheese whey powder, Konjac gum, Strain sweep test.
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