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Independent Variables Responses
Run  Inulin Stevia Chia Whey Viscosity ~ Sedimentation Average General
(%) (%) gum protein (mPa.s) (%) particle size acceptance
(%) (%) (hm)
1 8 75 0.5 2 475 4 568 5
2 5 50 0.3 3 41.6 3.6 529.7 4
3 5 75 0.3 2 40.5 3 432 4
4 8 50 0.3 2 445 2.6 498.6 5
5 8 75 0.3 1 38.6 21 423.6 5
6 5 50 0.3 1 37.8 25 379.5 4
7 5 50 0.5 2 43.5 4.6 572.4 4
8 5 100 0.1 2 31.8 4.7 410.6 3
9 8 75 0.3 3 43.8 2.6 549.9 5
10 5 75 0.5 1 39.7 4.3 420.3 4
11 5 75 0.5 3 457 4.5 572.1 4
12 2 75 0.3 3 37.9 3.7 552.2 3
13 5 75 0.1 3 36.4 5.3 500.8 4
14 5 100 0.3 1 35 21 360.1 3
15 5 50 0.1 2 34.1 5.3 413 4
16 5 75 0.3 2 40.7 2.9 470 4
17 2 75 0.3 1 34.6 3.2 372.6 3
18 2 75 0.5 2 40.1 5.2 511 3
19 5 75 0.3 2 40.8 3 468.7 4
20 2 100 0.3 2 35.9 3.1 417.3 1
21 2 50 0.3 2 37 3.7 485.6 2
22 5 100 0.5 2 41.6 3.9 516.3 3
23 5 75 0.3 2 40.81 3.2 468.7 4
24 8 100 0.3 2 42.1 2.3 441.2 4
25 5 75 0.1 1 317 5 354.3 4
26 8 75 0.1 2 36.2 5.4 421.9 5
27 2 75 0.1 2 33.2 4.4 408.7 3
28 5 75 0.3 2 40.82 3.3 468.9 4
29 5 100 0.3 3 40 3 500.5 3
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Viscosity= +15.44650+ 0.625556A+ 0.194453B+ 30.44500C+ 5.25617D-0.004333AB + 1.83333AC+
0.158333AD+ 0.020000BC+ 0.012000BD+ 1.62500CD- 0.022278A°- 0.001621B* 35.95000C°-

1.27550 D?
Sedimentation=

+4.79442+ 0.134259A+ 0.028433B-

22.37917C+ 0.872500D+0.001000AB-

0.916667AC- 1.53899E-16AD- 0.005000BC- 0.002000BD- 0.125000CD- 0.005370A%-0.000257B%+

43.47917C% 0.098333D?

Average particle size=

+163.47426-5.71481A+1.50103B+187.99167C+131.02417D+

0.036333AB+18.25000AC-4.44167AD-2.68500BC-0.098000BD+6.62500CD+1.07259A-

0.009715B%+300.08333C?-7.22167D?
General acceptance=

-2.38657+0.574074A+0.140000B-1.25000C-0.333333D+6.27077E-

17AB+2.28130E-15AC+5.45510E-16 AD+1.71991E-16BC+3.71876E-17BD+6.18147E-15CD-
0.018519 A 2-0.0010670 B 2+2.08333 C 2+0.083333 D 2

Biwl g5lwdse gl -Y Joaa
Table 2- Response modeling results

Response viscosity Sedimentation Average particle size General acceptance
Model Quadratic Quadratic Quadratic Quadratic
p-value 0.0001 < 0.0001 < 0.0001 < 0.0001 <
R-Squared 0.985 0.9601 0.9505 0.9580
Adj R-Squared 0. 969 0.9203 0.9010 0.9159
Pred R-Squared 0.914 0.7857 0.7536 0.7579
Adeg-Precision 31.84 14.8659 17.4603 18.6425
Lack-of-fit N. S N. S N. S N. S
CV.% 1.80 7.88 4.41 7.18
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Figure 1- Response level diagram showing the interaction of factors a) inulin (%) and stevia (%), b) inulin (%) and
chia gum (%), c) inulin (%) and whey (%), d) stevia (%) and chia gum (%), e) stevia (%) and whey (%), f) chia gum
(%) and whey (%) on the viscosity of cocoa milk (mPa.s)
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Table 3- ANOVA results for Viscosity response

Source Sum of Squares df Mean Square F-value p-value
A-Inulin 453.40 14 32.39 65.26 <0.0001 significant
B-Stevia 96.33 1 96.33 194.13 <0.0001
C-Chia gum 12.20 1 12.20 2459  0.0002
D-Whey protein 249.34 1 249.34 502.47 <0.0001
AB 65.33 1 65.33 131.66 < 0.0001
AC 0.4225 1 0.4225 0.8514 0.3718
AD 4.84 1 4.84 9.75  0.0075
BC 0.9025 1 0.9025 1.82  0.1989
BD 0.0400 1 0.0400 0.0806 0.7806
CD 0.3600 1 0.3600 0.7255 0.4087
A? 0.4225 1 0.4225 0.8514 0.3718
B2 0.2608 1 0.2608 0.5255 0.4805
c? 6.66 1 6.66 1341  0.0026
D2 13.41 1 1341 27.03  0.0001
Cor Total 460.34 28
Cgw) Oliae Gl 815 ANOVA i -€ Jgao
Table 4- ANOVA results for Sedimentation response
Source Sum of Squares df Mean Square F-value p-value
Model 28.26 14 2.02 2408 <0.0001 Significant
A-Inulin 1.54 1 1.54 18.38  0.0008
B-Stevia 0.8533 1 0.8533 10.18  0.0065
C-Chia gum 1.08 1 1.08 12.88  0.0030
D-Whey protein 1.02 1 1.02 12.18 0.0036
AB 0.0225 1 0.0225 0.2684 0.6125
AC 1.21 1 1.21 14.43  0.0020
AD 0.0000 1 0.0000 0.0000 1.0000
BC 0.0025 1 0.0025 0.0298 0.8654
BD 0.0100 1 0.0100 0.1193 0.7350
CD 0.0025 1 0.0025 0.0298 0.8654
A? 0.0152 1 0.0152 0.1807 0.6772
B2 0.1678 1 0.1678 2.00 0.1790
c? 19.62 1 19.62 234.00 <0.0001
Cor Total 29.44 28

T 'ON/ 0Z "[OA [ €202 493UIMN / UOIIINN 79 ABojouyda ] pood

AF

0dygl & Jgd> o ¥ IS5 > g s lyd o5lnl lise
owll b o235 o sdalie &S G5 led Ll ol

o Gl S o olise v 5 L ol

PG oo b jlowi 5 Wiy -
e 205 o omalin ¥ Jod> &5 jeblen
bl s 5l I Gapdy olie sle Quadratic
oS G D gxe ol iy Cins g0l 9 0391 5 dme
odelcinddy guls .l 4Bl bily Jae cunls ,SLis

Py sy lowd O3 031051 -
2 ke sl @l ojlul Sl calises yolde
sdalie ¥ Jodo > a5 joblen .l sdel v Jgus
Sl alyd o5l e (sl Quadratic Jue 33,5 o
Iogine ol Gal ams g3l g e3g Sl dme (gbel
el cwl asl oily Jbe cwls Sl & Cog
e Gyt g [0 s cups sy odelcwnsa
b Glbre Jas 05 Bt Sy +/20) snipdol
2 ygSs blie il .cowl Jao cdd g oadilejl Ll

36 (7 6 arrie | Comm@ (o3 [ Feerd [ evorfa




T "ON/0Z "IOA / £20Z 481UIAN / uoniNN 7% ABojouyds L poo

AY

S (@ 6 prrip | (omm@ (a3 [ e[ R [ evorfa |

ohlen g gaclu ol 0

ém.o qua.ul w])sl la (.)9.\.0‘.;6 odalin oS Q;uw o.lmc)/tol O o 9 «[ADA O o o Lgl).:
Ol el I Sidy Gliee ayad) ol g L bl L Glwbe Joo 0 gukd Sl /A
5 Ll oo i 1ol Lgiad Ll U Ll i, b Sl Llie ) sl Jis 0 5 oaduiale]]

e il e Ll el 03 039 ¥ S5 05 Ugier o LS Uiy oiee

Sedimentation
Sedimentation

Sedimentation
Sedimentation

(5) (2)

Design-Expert®
Factor Coding: Actual

“oef
R 3

Sedimentation
Sedimentation

(5 )
Figure 2- Response level diagram showing the interaction of factors a) inulin (%) and stevia (%), b) inulin (%) and
chia gum (%), c) inulin (%) and whey (%), d) stevia (%) and chia gum (%), e) stevia (%) and whey (%), f) chia gum
(%) and whey (%) on the Sedimentation of cocoa milk (%)
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Table 5- ANOVA results for Average particle size response

Source Sum of Squares df Mean Square F-value p-value

Model 1.131E+05 14 8076.48 19.19 <0.0001 Significant
A-Inulin 2022.80 1 2022.80 481 0.0457
B-Stevia 4516.32 1 4516.32 10.73  0.0055
C-Chia gum 35295.05 1 35295.05 83.87 <0.0001
D-Whey protein 66722.25 1 6672225 158.55 <0.0001

AB 29.70 1 29.70 0.0706 0.7944

AC 479.61 1 479.61 1.14 0.3038

AD 710.22 1 710.22 1.69 0.2149

BC 720.92 1 720.92 171 02117

BD 24.01 1 24.01 0.0571 0.8147

CD 7.02 1 7.02 0.0167 0.8991

A? 604.46 1 604.46 1.44  0.2506

B2 239.13 1 239.13 0.5682 0.4635

c2 934.57 1 934.57 222 0.1583

D2 338.29 1 338.29 0.8039 0.3851

Cor Total 1.190E+05 28

S 9 pdy Ewl (815 ANOVA zuls - Jgaa

Table 5- ANOVA results for general acceptance response

Source Sum of Squares df Mean Square F-value p-value
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AA

Model 22.79 14 1.63 22.79 <0.0001 Significant
A-Inulin 16.33 1 16.33 228.67 < 0.0001
B-Stevia 3.00 1 3.00 42.00 <0.0001
C-Chia gum 0.0000 1 0.0000 0.0000 1.0000
D-Whey protein 0.0000 1 0.0000 0.0000 1.0000
AB 0.0000 1 0.0000 0.0000 1.0000
AC 0.0000 1 0.0000 0.0000 1.0000
AD 0.0000 1 0.0000 0.0000 1.0000
BC 0.0000 1 0.0000 0.0000 1.0000
BD 0.0000 1 0.0000 0.0000 1.0000
CD 0.0000 1 0.0000 0.0000 1.0000
A? 0.1802 1 0.1802 252 0.1346
B2 2.88 1 2.88 40.36 <0.0001
c? 0.0450 1 0.0450 0.6306 0.4404
D2 0.0450 1 0.0450 0.6306 0.4404
Cor Total 23.79 28
&
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Figure 3- Response level diagram showing the interaction of factors a) inulin (%) and stevia (%), b) inulin (%) and
chia gum (%), ¢) inulin (%) and whey (%), d) stevia (%) and chia gum (%), e) stevia (%) and whey (%), f) chia gum
(%) and whey (%) on the average particle size of cocoa milk (nm)
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Figure 4- Response level diagram showing the interaction of factors a) inulin (%) and stevia (%), b) inulin (%) and
chia gum (%), ¢) inulin (%) and whey (%), d) stevia (%) and chia gum (%0), e) stevia (%) and whey (%), f) chia gum
(%) and whey (%) on the general acceptance of cocoa milk
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Table 7- Optimal percentages of independent factors

Percentage of Inulin  Percentage of Stevia  Percentage of Chiagum Percentage of Whey protein
7.99 70 0.346 1
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Abstract

Introduction: Cocoa milk is one of the most popular non-fermented dairy products, but due
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to its high levels of sucrose, it might cause diabetes and tooth decay in children. Due to the M8

fact that today the tendency to consume natural foods is increasing with low calories and high
shelf life, therefore, replacing sucrose with other sweeteners, especially natural ones, will be
important. In this study, the aim is to optimize and achieve the highest percentage of viscosity
and overall acceptance as well as reducing the amount of sedimentation and particle size that
is one of the important quality indicators of cocoa milk in consumer acceptance.

Materials and Methods: For this purpose, treatment was performed based on cocoa milk
formulation and based on the highest level of response. Independent variables included inulin
(2 to 8%), chia seed gum (0.1 to 0.5%), stevia (50 to 100%) and whey protein concentrate (1
to 3%) and response variables, consisting of viscosity, particle size, sediment percentage and
overall acceptance were considered. The functional relationship between the parameters
affecting the cocoa milk formulation was determined using the Box Behnken experimental
design.

Results: Based on the selected models, the optimal formulation was selected by the software
consisted of 99.7% inulin, 70% stevia, 0.346% chia seed gum and 1% whey protein.
Conclusion: The presence of inulin, stevia, chia seed gum and whey protein in cocoa milk
formula improved the effective properties such as increasing viscosity, reducing
sedimentation and cocoa milk particle size in promoting marketability and product acceptance
by consumers. Therefore health-promoting in cocoa milk formulation can lead to the
production of useful products while maintaining quality and sensory properties.
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