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6 -Design Expert

7 -Numerical Optimization
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Independent process variables and their application levels Table 1)

Independent variables Factor -0 -1 0 +1 +a
K-carrageenan A 0 0.008 0.02 0.031 0.04
mono-diglyceride B 0 0.016 0.04 0.063 0.08
Xanthan C 0 0.030 0.075 0.119 0.15

Table 2) Suggested treatments by Design Expert software using the response surface methodology(rsm) and their

O© 00 N O O b WO N B

O e e e S e e S T
O © ©®~NOoO UM WDNIPRERO

related responses

F1 F2 F3
Cargggenan digi)r:t]:(:r]i%e Cxanthan
% % %
0.008 0.063 0.119
0.031 0.0162 0.119
0.031 0.063 0.030
0.02 0.04 0.075
0.02 0.04 0.075
0.008 0.016 0.030
0.031 0.063 0.119
0.02 0.04 0.075
0.008 0.063 0.030
0.031 0.016 0.030
0.02 0.04 0.075
0.008 0.016 0.119
0.02 0.08 0.075
0.02 0 0.075
0 0.04 0.075
0.02 0.04 0.075
0.04 0.04 0.075
0.02 0.04 0
0.02 0.04 0.15
0.02 0.04 0.075

Viscosity Separation

R1

cP
97.8
122.4
90.8
91.2
88.4
50.8
145.8
98.8
58
83
90
86.4
92
83.8
60
86
107.6
48.4
111
88

\R%4

R2

Phase

%
14.47
15.23

2.77
8.21
14.75
47
151
3.94
48
6.32
8.43
49.63
7.79
17.89
60
6.77
6.41
12.67
6.25
6.41

R3
Precipitation

%
5.202
6.6
5.369
5.558
5.209
6.199
6.7
551
5.45
6.604
5.77
6.04
5.55

6.61
6.1
7.66
8.18
8.61
6.36

R4
Overall

Acceptance

A NN O W WOk, WS PEPr MO E W WS o,



Q\)&aﬁ)w@f

5 iSes lagal Gl Llle s bas sleiy
sbral ol 5 (Linean bs Jue > U5

¥ NP
[Y"]b}; Cjb@)b JJA uj,w)jdu\..ﬁ)b}.ﬁ

4- Quadratic model
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1- Lack of fit
2- R%Adjusted

3- R?Predicted
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Table 3) Results of ANOVA ( Analysis of variance ) of RSM for responses(P<0.05)

Response R Adj-R? | Pre-R? | Press | p.Value | Lackof | Std.Dev | Sequential
fit p.value
Model p.value
Viscosity | 0.9622 | 0.9541 | 0.9131 | 874.42 | ,<0.0001 | 0.3026 5.21 <0.0001,
Linear
Phase 0.9723 | 0.9411 0.7488 | 1546.5 | <0.0001, | 0.2264, 4.62 0.0003,
Separation 2 Quadratic
Precipitation | 0.9557 | 0.9059 | 0.7082 7.16 0.0002, | 0.7989, | 0.3684 0.0024,
Quadratic
Overall 0.8386 | 0.8040 0.6471 15.12 | <0.0001, | 0.3836,s | 0.7027 <0.0001,
acceptance Quadratic

Small letters include a and ns represent in order: a: (P<0.05) at 95% level, ns(non-significant): (P>0.05)
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Factor Coding: Actual 3D Surface

Viscosity (cP)
Design Points:
@ Above Surface
© Below Surface

484 [ 1058 160 —
140

X1=A
X2=8

Actual Factor
C=0075

Viscosity (cP)

0.0637841 0.0318921
0.0518921 0.025946

B:mono  0.0281079 0.014054  Akapa
0.0162159 0.00810793

Fig 1) Effect of k-carrageenan and mono-diglyceride
on viscosity

Factor Coding: Actual Viscosity (cP)

Viscosity (cP)
@ Design Points

284 [ 1455
X1=A
X2=C

Actual Factor
B=004

<
s

£
50.075
=

U

0.00810793 0.014054 0.02 0.025946 0.031892'
A:kapa
Fig 2) Effect of k-carrageenan and mono-diglyceride
on viscosity
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Fig 6) Effect of mono-diglyceride and xanthan on
separation
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Table 6) No significant difference between the
optimal sample proposed by the software and the
experimental optimal samples

Numb Name Mean Test Sig.(
er Value 2-

tailed
)

1 Viscosity | 110.2 | 111.93 | 0.489
3 ns

2 Phase 0.533 | 0.1166 | 0.103
Separation 94 ns

3 Precipitati | 5.2666 5.03 0.115
on 7 ns

4 Overall 4.33 4.6666 | 0.423
Acceptanc ns

e
(P>0.05) at 95% level and ns= no significant
difference
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Optimizing the percentage of physical and Table 4)
sensory characteristics

Lower Upper
Name Goal Limit Limit Importance
A:kapa isinrange 0.008 0.031 3
B:mono isinrange 0.016 0.063 3
C:xanthan isinrange 0.030 0.119 3
. .. is target =
Viscosity 110 48.4 1458 3
Phase \rinimize 151 60 5
separation
Precipitation Minimize 5.202 8.61 5
Overall Maximize 1 5 3
Acceptance

Table 5) Evaluation of the average of optimal
laboratory samples and the optimal sample proposed
by the software

Viscosit Phase Overall

Separatio Precipitation Acceptanc

n e

Lab. 110.000 0.533 5.266 4.33
Samples

Suggested 110.200 0.807 5.051 4.77

1 -Desirability
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ABSTRACT

ARTICLE INFO

Phase separation and cocoa precipitation at the bottom of the bottle of
cocoa milk is unpleasant from the consumer's point of view. Usually the
amount of cocoa particles precipitate at the bottom of the bottle is of most
importance. The aim of this research was to investigate the effect of five
levels of stabilizers including: xanthan, «-carrageenan and mono-
diglyceride on the sensory and physicochemical characteristics of cocoa
milk using the response surface method (RSM). Therefore, 20 treatments
were produced in three blocks with six replications at the central point,
then physicochemical properties and sensory evaluation tests were
performed. Numerical optimization method has been applied to produce
optimal cocoa milk with a suitable viscosity of 110 centipoise and the
lowest amount of phase separation and precipitation. The suggested
samples of the software were compared in the production laboratory with
the real results of cocoa milk with a one-sample T-test software at a 95%
confidence level, which confirmed the correctness of the predicted model
due to the absence of significant differences. Based on the results, it was
found that the increase of hydrocolloids caused an increase in viscosity as a
confidence level (p<0.001), as well as an increase in product stability and a
decrease in the amount of sediment formation. Sensory evaluation showed
that k-carrageenan had the greatest effect on overall acceptance, followed
by xanthan and mono-diglyceride (p<0.001).
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