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1. Stevia rebaudiana
2. Stevioside
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5. Rosaceae
6. Amygdalus Scoparia Spach
7. gummiosis
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1. Spirulina platensis

2. World Health Organization (WHO)

3. Food and drug administration (FDA)

4. Generally Recognized As Safe (GRAS)
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4. Design Expert
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1. Roquette
2. Beneco
3. Merck
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Table 1 Independent variables and their coded and actual values used for optimization

Coded level
Independent variable Symbol 1 ace (e}ve 1 +a
Replacement of sucrose with
stevioside-isomalt (%) A 0 2 >0 75 100
Replacement of gelatin with B 0 25 50 75 100
persian gum (%)
Spirulina (%) C 0 0.25 0.50 0.75 1.00

* Considering the stevioside 300 times sweeter than sucrose, to supply the difference between the
weight of stevioside consumed and sucrose removed, isomalt was used as a filler in all treatments.

Table 2 RSM experimental design

Replacement of Replacement Replacement of Replacement
sucrose with of gelatin Spirulina Run sucrose with of gelatin Spirulina
stevioside-isomalt  with persian (%) stevioside- with persian (%)
(%) gum (%) isomalt (%) gum (%)

0 50 0.5 16 50 50 0.5
26 0 50 0.5 18 50 0 0.5
3 25 25 0.25 22 50 50 0.5
14 25 75 0.25 31 50 0 0.5

17 25 75 0.25 30 50 50 1

29 25 25 0.25 33 50 50 1
1 25 25 0.75 6 75 25 0.25
20 25 25 0.75 9 75 75 0.25
21 25 75 0.75 25 75 75 0.25
27 25 75 0.75 32 75 25 0.25
5 50 50 0 12 75 25 0.75
11 50 50 0 13 75 75 0.75
4 50 50 0.5 19 75 75 0.75
7 50 100 0.5 23 75 25 0.75
8 50 50 0.5 24 100 50 0.5
10 50 100 0.5 28 100 50 0.5

15 50 50 0.5 - - - -

* Considering the stevioside 300 times sweeter than sucrose, to supply the difference between the weight of
stevioside consumed and sucrose removed, isomalt was used as a filler in all treatments.
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Table 3 The assessed coefficients contents of the selected model for the studied attributes and the
results of the analysis of variance

Response
Density (g/cm3) Hardness (N) Cohesiveness Adl(nlss::lf;alrll)ess Springiness Chewiness (N)
Source df Sum df Sum Sum df Sum daf Sum df Sum
squares squares squares squares squares squares
model 5 0.3 jo 42489 4 0.0397 4 0026 2 0.029" 9 217.92°"
A 1 0.048" 1 2.6 1 0.022"" 1 0.019" - - 1 26.19™
B - - 1 4.61™ - - 1 1.29x10° - - 1 28.09"
C - - - - 1 1.71x10%" - - - - - -
AB 1 0.16™ 1 20667 1 0.015™ - - - - - -
AC 1 0.068"" 1 7417 1 0.01™ - - - - 1 31.66"
BC 1 0.07°" 1 52397 - - - - - 1 20.27"
ABC - - 1 10537 - - - - - 1 52837
Al - - 1 78797 - - - - - 1 13.4"
B2 1 0.07 1 8.71° - 1 3.70<10°7 - - 1 40227
C? - - - - - 1 4.85x<10°" - - - -
A’B - - 1 307277 - - - - - 1 8336
AlC - - 1 39017 - - 1 5.79x10° 1 13.62°"
A’ - - - - - - - 1 0.024™ -
B} - - - - - - - - - - -
c? - - - - - - - - - - - -
Residual 22 0.08 17 23.61 24 930x10° 24 847x10° 23  6.86x10° 22 56.28
Lack of fit 8 0.037™ 3 269" 9 1'0§,§ 107 g 178x10%™ 11 3.04x10™ 5 8.87™
R? 0.79 0.94 0.80 0.75 0.80 0.80
:’r‘;ffr 14 0.044 14 2092 15 825x10° 16 6.70x10° 12 3.82x10° 17  47.42
Cor total 27 0.38 27 44851 28 0.049 28 0.034 25 0.036 31 27421

A: Replacement of sucrose with stevioside-isomalt (%), B: Replacement of gelatin with persian gum (%), C:
Spirulina (%)
-: Non significant effect of variable on response, *Significant at 5%; ** Significant at 1%, *** Significant at
0.1%, ns= Not significant.
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Fig 1 The 3D response surface plots for the interaction effects of Replacement of sucrose with stevioside-
isomalt and gelatin with persian gum (A), Replacement of sucrose with stevioside-isomalt and Spirulina (B),
and Replacement of gelatin with persian gum and Spirulina (C) on density.
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Fig 2 The 3D response surface plots for the interaction effects of Replacement of sucrose with stevioside-
isomalt and gelatin with persian gum on hardness, cohesiveness and chewiness (A, D, G), Replacement of
sucrose with stevioside-isomalt and Spirulina on hardness, cohesiveness, springiness and chewiness (B, E, F,
H), and Replacement of gelatin with persian gum and Spirulina on hardness and chewiness (C, 1)
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Table 4 Values for optimization and its feature or purpose

Independent variable and

Lower limit Higher limit Purpose
response

Replacement of sucrose with e
stevioside- isomalt (%) 0 100 Maximize
Replacem‘ent of gelatin with 0 100 Maximize

persian gum (%)

Spirulina (%) 0 1.00 is in range
Density (g/cm’) 0.82 1.3 Minimize
Hardness (N) 1.2 21.2 Maximize
Adhesiveness (N.min) 0.0022 0.0261 Minimize
Cohesiveness 0.79 0.97 Maximize
Springiness 0.77 0.92 Maximize
Chewiness (N) 0.909 14.65 Maximize
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Table 5 Comparison of physicochemical characteristics of optimal and control samples during storage

Sample Day Moisture Densigy Protein Fat Ash
(%) (g/cm’) (%) (%) (%)
Blank 0 28.00+0.51°  0.88+0.07°T  0.23+0.02° 0.16+0.02° 0.45+0.03°
15 21.87+1.13*  0.87+0.13%f i - -
30 19.7340.20°  0.79+0.06*" - - -
45 14.85+1.02¢ 0.74+0.05" - - -
60 12.39+0.41° 0.69+0.04¢ - - -
Optimal1 0 15.05+0.69¢ 1.1£0.12®°  12.61£0.90°  0.29+0.02° 0.70+0.02°
15 10.9740.10"  0.96+0.04°*¢ - - -
30 7.43+0.608 0.91+0.09%% - - -
45 4.53+0.50' 0.84:£0.04% - - -
60 3.68+0.52" 0.78+0.07°% - - -
Optimal2 0 7.54+0.568 1.18+0.13*  0.58+0.10° 0.18+0.02° 0.55+0.03°
15 6.04+0.78" 1.12+0.13° - - -
30 4.41+0.24' 1.11£0.12% - - -
45 2.98+0.53! 1.05+0.06™ - - -
60 3.01+0.16 0.92+0.07°% - - -

Different superscript letters indicate significant difference (P<0.05)
Optimal 1: 60% replacement of sucrose with stevioside- isomalt, 100% replacement of gelatin with persian gum
and 0.02% Spirulina; Optimal 2: 13% replacement of sucrose with stevioside- isomalt, 100% replacement of
gelatin with persian gum and 0.28% Spirulina
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Fig 3 Comparison of iron content of optimal and
control samples
Different superscriptsindicate a significant
difference at p<0.05.

Optimal 1: 60% replacement of sucrose with
stevioside- isomalt, 100% replacement of gelatin
with persian gum and 0.02% Spirulina; Optimal 2:
13% replacement of sucrose with stevioside-
isomalt, 100% replacement of gelatin with persian
gum and 0.28% Spirulina
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Table 6 Comparison of textural properties of optimal and control samples during storage
Sample Day Hardness Adhesiveness Cohesiveness Springiness Gumminess Chewiness
() (N. min) () ()
0 4,50+ 0.53° 0.01+ 0.00° 1.00+0.015° 0.87+ 0.09° 4.49 £ (.59 3.87+0.20™
15 14.52+ 0.36° 0.00£0.01¢ 0.9840.014° 0.9340.03° 14.18+0.16¢ 13.24 +0.35"
Blank 30 33.63+1.93° 0.01+0.01° 0.95+0.016 0.93+0.04° 31.80+ 1.72% 29.53+ 2.92%°
45 27.53+3.79° 0.01+0.01° 0.974+0.017° 0.95 + 0.04° 26.67+ 3.57% 25.47+ 4.27%°
60 42.87+ 8.05° 0.02+0.01° 0.94+0.01° 0.944 0.05° 40,37+ 7.25%° 37.61+£ 591
0 80.20+ 11.62° 1.10£0.51% 0.36+ 0.098 0.97+0.02° 2942+ 11.07™  28.50+ 10.18™°
15 96.00+ 62.55° 1.01+0.72% 0.47£0.224°>  0.75+£0.08"  37.86+26.85"  28.68+21.85™°
Optimal1 30 38.20+ 17.93° 0.11 +0.08° 0.10+0.035°®  0.39+0.10% 3.45+ 0.066° 1.34 + 0.50*
45 78.73+45.25° 0.16 £ 0.08° 0.11£0.015°®  0.54 +0.14> 9.04 + 6.18" 4.92+ 3.88"
60 73.53+13.11° 0.39+0.19" 0.04+0.0112  0.27+0.13¢ 3.01+ 1.03° 0.80+ 0.53°
0 74.77+ 38.05° 0.37+0.15%° 0.23+0.054°®  0.97+0.04° 15.55 + 4.27abc 15.04+ 3.98%¢
15 130.54+ 183.14° 0.27+ 0.33% 0.22+0.083%%  0.57+0.31% 37.42+ 56.81° 32.59+ 53.01°
Optimal 2 30  658.74+ 406.46 0.20+0.17° 0.08+ 0.023% 0.2440.12¢ 4738+ 24.51® 9.97 + 5.13%¢
45  110.37+31.49° 0.82+ 0.54™ 0.30£0.112%  0.52+0.23"  35.03+19.96™°  21.05+ 15.54®°
60  198.03+ 62.85° 0.824 0.42% 0.19+0.055%"  0.55+0.10* 35.59+ 3.89%¢ 19.36+ 3.81%

Different superscriptsindicate a significant difference at p<0.05.
Optimal 1: 60% replacement of sucrose with stevioside- isomalt, 100% replacement of gelatin with
persian gum and 0.02% Spirulina; Optimal 2: 13% replacement of sucrose with stevioside- isomalt,
100% replacement of gelatin with persian gum and 0.28% Spirulina
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Table 7 Comparison of sensory properties of optimal and control samples

Treatment Sweetness Taste After taste Colour Texture Overall
acceptance
Optimal 1  3.67+1.23 ° 3.33+1.50° 3.00+1.31° 3.53+1.41° 2.87+1.13° 3.00+1.20°
Optimal2  4.00+0.93 * 3.47+1.13° 3.60+0.91° 3.80+1.08 ° 3.60+0.99 ° 3.60+0.99 °
Blank 4.20+0.68 * 4.40+0.91° 4.67+0.74 4.33+0.82° 4.76+0.49 * 4.67+0.72°

Different superscriptsindicate a significant difference at p<0.05.
Optimal 1: 60% replacement of sucrose with stevioside- isomalt, 100% replacement of gelatin with
persian gum and 0.02% Spirulina; Optimal 2: 13% replacement of sucrose with stevioside- isomalt,
100% replacement of gelatin with persian gum and 0.28% Spirulina
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ABSTRACT

ARTICLE INFO

In order to reduce the sugar consumption in the pastille formulation and
improve its nutritional value using Spirulina platensis microalgae, the
effect of sugar replacement with stevioside-isomalt, gelatin replacement
with Persian gum and effect of using spirulina as a bioactive compound on
the physicochemical and textural properties of pastilles were investigated.
In order to optimization the production conditions of enriched diet pastille,
the response surface method (RSM) in the form of a central composite
design were used in 5 levels of sugar replacement with stevia-isomalt (0,
25, 50, 75, 100%), gelatin replacement with persian gum (0, 25, 50,
75,100%) and Spirulina (0, 0.25, 0.50, 0.75, 1%). The results of
physicochemical, textural and sensory properties of the selected product
were evaluated during 0, 15, 30, 45 and 60 days and compared with the
control sample. The results showed that an increase in the percentage of
sucrose replacement with stevioside-isomalt and gelatin replacement with
persian gum, resulted in an increase and decrease the hardness,
respectively. Density and adhesiveness decreased and increased
significantly with increasing percentage of sucrose replacement with
stevioside-isomalt, respectively. Among the investigated formuls, samples
containing 13% sucrose replacement with stevioside-isomalt, 100% gelatin
replacement with persian gum and 0.28% Spirulina; and 60% sucrose
replacement with stevioside-isomalt, 100% gelatin replacement with
persian gum and 0.02% Spirulina were determined as the best formulation.
Comparison between treatments revealed a moisture reduction and density
increment of the optimal samples (p<0.05), while the hardness of the
optimal samples did not significantly change during storage time (p>0.05).
Results of sensory analysis indicate that control sample had better sensory
characteristics (taste, after taste, texture and overall acceptability) than the
other samples. The addition of Spirulina platensis microalgaec as a
functional supplement can improve nutritional properties, especially
protein and minerals such as iron in the product.

Article History:

Received 2021/ 07/ 06
Accepted 2021/ 08/ 24

Keywords:

Pastille,

Spirulina platensis,
Stevioside,

Texture properties,
Sensory characteristics

10.52547/fsct.19.124.327
DOR: 20.1001.1.20088787.1401.19.124.8.5

*Corresponding Author E-Mail:
Mgolifood@yahoo.com

A



