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Table 1. Independent variables and their measurement levels

by o 5 S ‘ ) .
Relevant code and level o Jo sla e
_a B 0 ) ta Factor Independent variables
(1) SIlogpl =5 sl L S5 2035
0 25 50 75 100 , (Rl il b S A
A Replacing sucrose with stevioside-isomalt (%)
(1) &b anmli b oS w3 Sl
0 25 50 75 100 , PR LS S
B Replacing wheat starch with corn starch (%)
(1) 2l O 3eVpm 3 3 s e O3
0 025 050 075 1 - Pl el 0 B e
C Spirulina content in final formulation (%)
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*Regarding to the higher sweetness of the stevioside (about 300 times) in comparison to sucrose, isomalt was used as
a filler for the difference in weight of the added stevioside and the sucrose removed in all treatments.
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Table 2. The recommended treatments by Design Expert software using the response surface methodology

(1) &bl b oS w5l

Mgt sl b S5 2550

(1) 2\& O sV o 53 Ul el Ol i
Spirulina content in final Replacing wheat with corn starch Replacing sucrose with Run
formulation (%) (%) Stevioside-Isomalt (%) No.
0.25 25 25 1
0.25 25 75 2
0.25 75 25 3
0.25 75 75 4
0.75 25 25 5
0.75 25 75 6
0.75 75 25 7
0.75 75 75 8
0.50 50 0 9
0.50 50 100 10
0.50 0 50 11
0.50 100 50 12
0.00 50 50 13
1.00 50 50 14
0.50 50 50 15
0.50 50 50 16
0.50 50 50 17
0.50 50 50 18
0.50 50 50 19
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*Regarding to the higher sweetness of the Stevioside (about 300 times) in comparison to sucrose, Isomalt was used
as a filler for the difference in weight of the added Stevioside and the sucrose removed in all treatments.
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Table 3. The regression equations between textural-color properties and coded factors

o US Gla,sSU bl sl Wsles

Bl Sad

Final equation based on coded factors 1§
Hardness(N)=1.68-0.053(A)+0.079(B)-0.097(B?)-0.12(C?)-0.25(ABC) 0.97
Cohesiveness= 0.21+0.14(B"2)+0.16(ABC) 0.75
Adhesiveness (N. min)= 0.61+0.18(AC)-0.16(ABC)+0.028(A*)+0.038(B%) 0.86
Adhesive force(N)= 4.13-0.27(A%)-0.72(B?)-0.7(C*)-1.09(ABC) 0.89
Springiness = 0.35-0.3(A)+0.35(AC)+0.56(B?) 0.90
Chewiness(N)= 19.2+8.26(AC)-2.74(A%)-4.04(C?) 0.85
Gumminess=39.55+10.69(AB)-3.85(B?)-8.29(C*)+9.2(A*C)-2.18(A?) 0.83
Density (g/cm®)= 1.12+0.11(A)-0.085(B)-0.046(C?) 0.72
Browning index= 35.5+9.19(A)-39.18(C)+16.68(AB)+14.82(C?) 0.91
a*=-3.57+0.76(AB)-1.64(BC) 0.75

*=_15.85+3.29(A)-10.12(C) 0.84
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Replacing sucrose with Stevioside-Isomalt (%, A), wheat starch with corn starch (%, B), and Spirulina content in

final formulation (%, C)
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Table 4. Optimization of independent variables in the production of the diet-enriched Masghati sweet
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High limit Low limit Target Dependent and independent variables
100 0 03 3dme 3 o sz g el b S o3
In range Replacing sucrose with Stevioside-Isomalt (%)
100 0 63 gd>we 3 (x) L)J il L: (.4\5 il Jﬁ_};{b
In range Replacing wheat starch with corn starch (%)
1 0 02 gulons 32 () 2l O go b 55 L sl O30
In range Spirulina content in final formulation (%)
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492.77 3.18 s iy
In range Hardness (N)
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Springiness
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Table 5. The optimal formulas of the diet-enriched Masghati sweet
() 2\ OpVgo b 53 Wy el Do (D) 3 i L pS el o Sl ) eyt el b S e bajles
Spirulina content in final Replacing wheat starch with corn Replacing sucrose with Treatmén ts
formulation (%) starch (%) Stevioside-Isomalt (%)
Ve
0.83 87 59 Optimal
formula-1
Ve
0.15 19 69 Optimal
formula-2
dall
0 0 0
Control
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Abstract

Background and Objectives: In recent years, the demand for diet foods with high nutritional
value has significantly increased. Masghati is one of the traditional sweets of Iran, which due to
its high amount of sucrose and calories, its consumption is limited for people with obesity and
diabetes. Food fortification is an important tool to prevent certain nutritional deficiencies and
prevent chronic diseases. Stevioside is approximately 300 times sweeter than sucrose and
exhibit broad health-promoting, anti-oxidative, and antimicrobial properties. Isomalt is the only
sugar substitute made exclusively from sucrose. Potential health benefits of filamentous
cyanobacterium, i.e., Spirulina platensis is mainly due to its chemical composition, which
includes proteins, carbohydrates, essential amino acids, minerals (especially iron), essential fatty
acids, vitamins, and pigments. Cornstarch has a high thickening power and is required in many
pastes containing high solids with the ability to form soft gels. The aim of this study was to
investigate the effect of sucrose substitution with stevioside-isomalt, wheat starch with corn
starch and the use of Spirulina platensis algac as a functional compound on the
physicochemical, textural and sensory properties of diabetic dietary Masghati sweet.

Materials and Methods: The Spirulina platensis at five levels (0, 0.25, 0.5, 0.75 and 1%),
sucrose replacement with stevioside-isomalt at five levels (0, 25, 50, 75 and 100%) and
replacement of wheat starch with corn starch was tested at five levels (0, 25, 50, 75 and 100%).
For obtaining the optimal formulas, 19 experiments proposed by Design Expert software, the
central composite design (CCD) by response surface methodology (RSM) with one repetition in
axial and factorial points and five central points with alpha two.

Results: Increase in the stevioside-isomalt replacement with sucrose resulted in decreasing the
hardness and increasing the b* and browning index. The hardness and springiness, with
increasing wheat starch replacement with corn starch, increased and decreased, respectively.
The increase in Spirulina content resulted in a decrease in the b* value and browning index. The
interaction effect of increase in replacing sucrose with stevioside - isomalt and wheat starch
with corn starch caused an increase in gumminess, a* value and browning index of the samples.
The interaction effect of increase in replacing sucrose with stevioside-isomalt and Spirulina
addition caused an increase in adhesiveness, springiness and chewiness of the samples.
Although, the interaction effect of increase in replacing wheat starch with corn starch and
Spirulina addition caused a decrease in a* value.
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Conclusion: Two optimal formulas of diabetic dietary Masghati sweet, i.e., the optimal
formula-1 (59% stevioside-isomalt replacement with sucrose, 87% wheat starch replacement
with corn starch and 0.83% Spirulina platensis addition) and the optimal formula-2 (69%
stevioside-isomalt replacement with sucrose, 19% wheat starch replacement with corn starch
and 0.15% Spirulina platensis addition) were suggested.

Keywords: Masghati Sweet, Spirulina platensis, Textural analysis, Color assessment, Response
surface methodology
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