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Tablel Test treatments used in the formulation based on a simplex centroid mixture design.

Wlgm b UISER oo (1) sk Jeto (w5 525 Components proportion Tre)atl;lent
Sage seed gum (%) Konjac gum (%) Carboxyl methyl cellulose (%) (X3) x2) (x1)
0 100 0 0 1 0 1
0 100 0 0 1 0 2
33 33 33 0.5 0.5 0.5 3
16 16 66 0.33 0.33 0.66 4
0 100 0 0 1 0 5
66 16 16 0.66 0.33 0.33 6
0 0 100 0 0 1 7
50 50 0 0.5 0.5 0 8
16 66 16 0.33 0.66 0.33 9
100 0 0 1 0 0 10
0 50 50 0 0.5 0.5 11
50 0 50 0.5 0 0.5 12
0 50 50 0 0.5 0.5 13
100 0 0 0 0 0 14
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Objective function fx), x= (x1 ., xd)T
Initialize a population of fireflies xi (i, ., .....n
Define light absorption coefficient

while (r <Margination)
for i=1: n all n fireflies

for j=1: i all n fireflies

Light intensity i at xi is determined by f{xi)

If (Ij > Ii)

Move firefly i toward j in all 4 dimensions

end if

Attractiveness varies with distance » via exp[- |
Evaluate new solutions and update light intensity

end forj
end for i

Rank the fireflies and find the current besd

end while

Post-process results and visualization

Yol ot oS w08 acss (V) JSoio
Fig. 1 Pseudocode of firefly algorithm [36]
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Fig. 2 Stress sweep dependency of storage modulus (G’) and loss modulus (G”) measured for sample NO 12
(with 50 % CMC and 50% SSG) at 20 °C and f=1 Hz
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Table 2 The obtained equations to predict dependent variables using simplex centroid mixture design.

Awsly (L i

aJolzo

F

p-value

R? (6)% Lack of fit
Dependent variable Equation Value Probe > F
Y1 = 1725.99x,+2850.99x,+2320.99x5-1606.06x, x,
G'Lve (Pa) 1.80 0.0042 0.849 4.54 n.s
+2681.82%,5+3351.82%, %3 +70878.03x3 %, %-75821.97
Y2 = 725.99x,+1150.99x,+1300.99x5-806.06x, %,
G"Lve (Pa) 4.87 0.1050 0.814 22.30 n.s
+2001.82x,25+1251.82%, 3 20878.03x3 %, %5-45821.97x, x3x5-31172.8
Y3 = 0.029%,+0.010x,+0.020x5 + 0.41x,x,
ve (%) 21.97 0.0001 0.951 16.30 ns
+1.33%,%3-0.073%,x3-17.61x3x,x3-3.67x, x2 x5 + 29.66x,x,x2
Y4 = 0.037x,+0.044x,10.058x; + 0.039x, %,
1y, (Pa) 6.25 0.0042 0.849 4.54 n.s
+0.27%,%3-0.026X,x3-4.55x2 x,x3-2.16X, X2 x5 + 10.14x,x,x2
Y5 = 0.14x,+0.13%,+0.13x, + 0.00039x,x,
n' 4.87 0.0105 0.814 22.30 n.s
+0.00027x,%3-0.053%,x3-2.06x%x, x5 + 0.39%,x225 + 1.25x,x,x2
Y6 = 7888.93x,+18586.99x,+8024x5-30367.06x, x,
k' (Pa) 21.97 0.0001 0.951 16.30 n.s
+35234.82x, X5-131.82x,%5-66326.03x2x,5-24151.97x, x2x3-0.000089
Y7 = 0.083%,+0.092x,+0.13x5 + 0.17x,%,
n” 6.25 0.0042 0.849 4.54 n.s
+0.0002x, x5 + 0.64%,x3-2.28x3x,x5 — 3.21x,x2x3 — 3.61x,x,x2
Y8 = 2872.12x, 16863 96x,2635.81x5-11015.57x, %,
k" (Pa) +13457.41%, X3-906.53x,%5-3050.66x3 %, %5 + 10729.50%,x2 5 4.87 0.0105 0.814 22.30 n.s
+ 606000x, x,x2
Y9 = —0.85x,-0.87x,-0.85x5 — 0.12x,x,
n* 21.97 0.0001 0.951 16.30 n.s
-0.029x,x3-0.037x,x3-2.28X2x, x5 + 0.28x,x2x5 + 4.20x, x,x2
Y10 = 8390. 14x,+19653.68x,+8446.61x5-31783.25x, %,
k* (Pa.s) 30.72 0.0001 0.966 0.05 n.s

+37174.71%,5-1602.89%,,-24444.73x2 2, %5
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Table 3 Parameters derived from the stress sweep test of instant camel
yogurt samples at 20 °C and f=1 Hz.

Ty Ye G"Lve G'Lve )LNJ
(Pa) (%) (Pa) (Pa) Treatment
0.0285 0.00156 7943.28 1330 1
0.044 0.00152 19498.4 2860 2
0.0442 0.00173 7244.36 2560 3
0.0285 0.00156 5754.4 1330 4
0.114 0.000681 16982.4 2730 5
0.0443 0.00128 13489.6 3460 6
0.044 0.0017 13803.8 2590 7
0.0452 0.00202 16595.9 1850 8
0.185 0.00864 8912.51 2140 9
0.119 0.00536 32359.4 2220 10
0.0455 0.00528 7943.28 2140 11
0.044 0.00152 17782.8 2860 12
0.0715 0.00335 8912.51 2100 13
0.0719 0.0025 5754.4 2480 14
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Fig 3 Mixture triangular contour plot of the effects of the different gums on the critical strain value at the limit of the LVE region (y.) of the model
instant camel yogurt
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Fig 4 Mixture triangular contour plot of the effects of the different gums on the yield stress (ty) of the model instant camel yogurt
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Table 4 Parameters of power law equations for the storage modulus (G), loss modulus (G”) and complex viscosity (n") at 20 °C and f=1 Hz.

NO. 6 =k (o)™ "=k (@)™ 1=k (@)"
n' k' R? n'" k" R? n* k* R?
1 0.148 7943.28 0.96 0.93 2884.03 0.7 -0.85 8511.38 0.99
2 0.132 19498.4 0.97 0.091 7585.78 0.78 -0.872 20893 0.99
3 0.169 7244.36 0.99 0.129 2344.23 0.91 -0.834 7585.78 0.99
4 0.147 5754.4 0.94 0.13 2137.96 0.82 -0.89 6309.57 0.99
5 0.147 16982.4 0.99 0.109 6165.95 0.86 -0.857 18197 0.99
6 0.121 13489.6 0.82 0.129 4570.88 0.94 -0.869 14125.4 0.99
7 0.148 13803.8 0.86 0.109 5128.61 0.71 -0.857 14125.4 0.99
8 0.148 16595.9 0.98 0.109 6309.57 0.77 -0.857 14125.4 0.99
9 0.148 32359.4 0.92 0.109 11749 0.72 -0.857 34673.7 0.99
10 0.161 323594 0.99 0.106 11749 0.92 -0.844 34673.7 1
11 0.148 7943.28 0.96 0.083 2884.03 0.7 -0.85 8511.38 0.99
12 0.136 17782.8 0.99 0.093 6165.95 0.93 -0.868 18620.9 0.99
13 0.125 8912.51 0.78 0.139 2951.21 0.96 -0.87 9549.93 0.99
14 0.147 5754.4 0.94 0.13 2137.96 0.82 -0.89 6309.57 0.99
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Fig. 6 Mixture triangular contour plot of the effects of the different gums on the k’ (a), k"(b) and k* (c) of the model instant camel yogurt
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Table 5 The optimum results of the percentage of carboxy methyl cellulose, Konjac gum and sage seed gum for achieving the maximum G-vg,
ve,ty,n', k', n', n * k * and minimum G"Lvg using the firefly algorithm (a = 0.5, y =1 and number of fireflies = 1500).

&oo £
Gum type 25850y syl
(1) gy0 &l &ouo (1) S gouo (1) Polw Jusio (oS g1 35 Rheological parameters
Sage seed gum (%) Konjac gum (%) Carboxyl methyl cellulose (%)
0.413 0.412 0.175 G’y (Pa)
0.41 0.41 0.18 G"Lve (Pa)
0.499 0.499 0.002 Ye (%)
0.017 0.017 0.964 Ty (Pa)
0.499 0.499 0.002 n’
0.144 0.144 0.711 k' (Pa)
0.377 0.377 0.244 n”
0.377 0.377 0.244 k" (Pa)
0.416 0.416 0.166 n*
0.5 0.5 0 k* (Pa.s)
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Fig. 7 The share of optimal amounts of different gums on the first and second principal components
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Abstract

In this paper, the effect of carboxyl methyl cellulose (CMC), konjac gum (KG) and sage seed gum (SSG)
and their mixtures on dynamic rheological properties of the instant camel yogurt samples were investigated,
Then, these properties were optimized using mixture design models and firefly algorithm. The results of the
stress sweep tests for different samples showed that the elastic modulus (G') values were greater than viscous
modulus (G") indicating behavior essentially like that of solids. Results showed the synergistic effect of
these three gums, especially the synergistic effect of SSG and CMC on the critical strain and the yield stress
of instant camel yogurt samples. Frequency sweep test results showed that samples had a typical weak gel-
like structure behavior at any given frequency and complex viscosity (7*) had a linear correlation with
frequency. SSG had the most positive effect on k’, k" and k* but the combination with CMC and KG could
also improve this effect. All the linear terms in the predicted models for the n’, n"” and n* parameters were
insignificant (p<0.01) and it was observed that each gum had an identical effect on these parameters. The
optimal results of different gum percentages to achieve maximum y., n’, k', n”, n*, k* and minimum G"rve
using the firefly algorithm in PC space, it has been shown that the optimum amounts of KG and SSG were
close to each other and had more variance of the data which shows the similarity of the effect of these two
gums on the rheological parameters. Promising result of this study also showed that SSG as a novel source
of hydrocolloid could act very capable and produce desirable properties in instant camel yogurt.

Keywords: Instant camel yogurt, Firefly algorithm, Sage seed gum, Konjac gum Carboxy methyl
cellulose, Dynamic rheology.
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