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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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g Opman Vpame Sl latass (al 3 ol 488
anslld o 5l e GladsslS 55 ol om0 e 3 Ll
5 ol Ciltien Lot et 5 e V5 (e
@b bl © alie 5 OV pame 8L sls S5s
Lood gl o Gl fruly (pioman L oul ol SolS Ll e
s mb s b Sy s sledss (2ol Bl 5l sud 5

PRIV P e
3,8 Osel i pmel G Ol sl 53 O5SU S e g5 L
Sy Lgpel el LS L] S,
el 438 55 plosl a5 ity OgeeVsn b 53 byl
bl o Ol po Shagy 5l Gaa
Seslizad L 0T 3,8l 03,8 03Kl 5 et L g ]
el e 5 legpl g el slad bl
5 bt S5 Gol Wb 5 b e b Y5
&bé}ijhﬁ}j Sladss gyl o b el Bl
dely sladpel

- Sis b abd Sl aald Wl 5 g edd 8 el

Loy B aglis o 5 (BL ¢ plond 5 58 sl

Lhufio‘gj K J‘y—\'

eslazul 5, 90 3l go—\-Y

15 oS, S lels g gl s eslial 5,50 4yl 3l
5 Slos gl dandlp S, &S 8) Jsy e (Olgiol
s S ) b pee (LT TSy S 55) g s
Ne o Ol deid os8) oV (Olgol wals
(3 Sl b S8 58) D Ll el Sl 525
ol o3 sl sy ARLLGT She WS L S 4
A ol SIS e eS8 5IVL ol b

4 god (g jlwoslel-Y-¥

1. Roquette
2. Beneco
3. Merck
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Table 1 Independent variables and their coded and actual values used for optimization

level
Independent variable Symbol p 1 Coded ;ve 1 a
Replacement of sucrose with
stevioside-isomalt (%) A 0 2 >0 & 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

[ Downloaded from fsct.modares.ac.ir on 2025-02-02 ]

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

2 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 - - - -

[ DOR: 20.1001.1.20088787.1401.19.124.8.5]
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* 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.

ale o oo Voo Culies U fanl €500 0550 40 e s °'>J‘9|J5 gﬁb.jJ‘_“_Y

Ol 4y €303 0aud & 358 S p3Y (So,0 3 S ;
Tt e R s PVEFSIRISERE
5 S b GIIS g e p L e s i
, oAl s RS o s (Sasb) (Sgme (55 el
ol ewsa 58 —akol logel s Sl Coelsl
(Yoo ) AACC Ll o sl Jasl gillas s S
Ol kB 5 ¢ S g 5 (B o fol> Sl e

.[\"\] .,\.3.:;

e 3 e ety b ped atndls [YE-Y] 22 3l

L35 als IS &l ol wl> iy, oéu;.ﬂ\l{r?;?-

g b 51 el S5l e Ol Ll le [TO]

K, gls < o
2P S <=L CNS Farnell, Hertfordshire, UK Ji. QTS

Yool Saes Sl S Gk s Ky ws 2 Gl _
) o ja..ﬂ}; (:)y 6}}:" ‘g_,‘:.?].?u.;.)u A ealaul Qm\ )j.\f;s
2SSl 3l eslanad b pslas o olsnl gslas o & axkad

’ > ' « s Sesle VA s s w ole Y/0) lalgal Oy S

; 3 Yo dpi 3455, L (HP Scanjent 4010)
£ Pl 550 b ! e Voods8 Gee 5 adds 5o e e T S8 e b (Pl
Q;)ﬂ Cowddy (Sl e G +¢ RGB las s Bt

AR


http://dx.doi.org/10.52547/fsct.19.124.327
https://dorl.net/dor/20.1001.1.20088787.1401.19.124.8.5
https://fsct.modares.ac.ir/article-7-53880-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-02 ]

[ DOR: 20.1001.1.20088787.1401.19.124.8.5]

[ DOI: 10.52547/fsct.19.124.327 ]

o 28 o5, Jetely O Y g b Siluang

PBoo Paa e S PBe Po Pa e S Poecals
Jw;'l-’L;‘ Bbc ¢ Bac ‘Bab J*L‘“u" Q]le 3 Bcc

Y=Bo+BaA+BsB+PCHBaaA+PooB+PecC+PanA
B+B,. AC+p,.BC (1) dslxs

slely S ol ¢ Loy laesls Jdo 5 455 51
Slarye pyeme 5 (S.DL) slulal Gl gbls & 43
St 5 5 oS (PRESS) aas 5,50, skile L
Wl b B 3 sl oy gl T il Wy RY)
o3 SPSS ver: 9.1 i3 5 5l eslinal b5 fslas
O3g Sbre psp s LSk anlie ke 23S
Lo y3 40 Olaabsl law 53 Sls O5a51 51 Ty M

A3 S eslinl

Cow @L‘S—V

Lo o e Glp e dde 03,00 Casa sl
O P O S U I e e
33 b Jold ldar o gladlal) Tzl (O LB
Sy Slaesls s oaw a3 5 55 s (helad) L) S
350 dde pl e 5 LS 03ls (3510 ol cal 1 eke]
S Sl cosls Jo bl s 51 S 15 g bl LT
s N Gl 5 esss s ame OF 3510 g Oges]
Jde sls olEs CL:J AL el C)Lpl e B 3
A or Sl 5wl Slans o Ky Gl b
LS el er e b
(b oo bV 0 Sl gl s sl
e DS gl s ampy st e (B ] o s
5psm wrd e Jbe D bl s el sl
e b gl s st Jde (S gy Sk L
Sl Hlls e & b @l il R™>0.80)

NGV IR W AAJJTY‘ JJJ\Q-): cwl.l 6LAJ:&;A

YYy

Sl lpl Sl eslid b dsed a5l OLSy - sl
I LS Yorx\Ye o3lul 55 slas (Adobe, V.7.0)
Ls o3 RGBS glas ;s BMP cw s U
B0 5l eslimal b b* a* L*) S, sl il
Color Space 0lyge L Plugin L., Image J

[YV] Ll cwsas Convertor

o LYY

ey Yo gl g bdse e b SHy b))
L 10 by (gl 0 Ssda Osa31 L5 38 Sl
Lobsl 5lcs,S 3 bl 3se wdd esls a5l
ot o s b Jold s 350 Slio Bl
0L sae Sl S Bl 5 L kS8 G b
DAL Sl 5 0 e kS o e Gl Asled Sl
LYA] s 4 3 b o3 ) sae kS

besls (g bl Julow 5 4 joa—t-Y

Jolo Jie gl iz B oy sl (G ol
Lo (A) Slosnl —asm sl b S 5Kl do)s
(C) Ly sl 233 5 B) o6 oo b 03¥5 0551
(s (Sl (D3l e i) bl
O3os DSt ulis SISOk s bl coe b
O Ol b 55 2 S o o b B 3 oy 2o 5 54
5 ol Sl ooy S A eslinal (658 0 abB N 5 Y L,
00 Olaabl b 55 laesls (lspme 1o b 5 (Sl o
g Slles Lld g s Caxr S bl Ao
Shestinal b B 5550 Cllae slamaly 4 plies g
A SR RSM s 50 s sl o30s il ST
Lo rze Jlize 5 ol SUT a8 0l G jnd Jle aely e
Copons opiie Lor Jdo (AS o 0Ly 555U 8 65y 1

ot Y oold e el (1) alee 53 3l e


http://dx.doi.org/10.52547/fsct.19.124.327
https://dorl.net/dor/20.1001.1.20088787.1401.19.124.8.5
https://fsct.modares.ac.ir/article-7-53880-en.html

AFA }l}jﬁ- ‘\ﬂ e)j)c\Yi O‘)LA.Ai’

Olpl gle mlo 5 el dons

Table 3 The assessed coefficients contents of the selected model for the studied attributes and the
results of the analysis of variance

[ Downloaded from fsct.modares.ac.ir on 2025-02-02 ]

Response
Density (g/cm3) Hardness (N) Cohesiveness Adl(llss:;ie:)ess Springiness Chewiness (N)
Source dt Sum dt Sum Sum dt Sum dt Sum dt Sum
squares squares squares squares squares squares
model 5 0.3 10 42439 4 0039 4 002607 2 0.029™ 9 217.92™
A 1 0.048™" 1 96" 1 0.022" 1 0.019™ - - 1 26.19"
B - - 1 461" - - 1 1.29x107 - - 1 28.09"
C - - - - 1 1.71x10% - - - - - -
AB 1 0.16™ 1 2066 1 0.0157 - - - - - -
AC 1 0.068: 1 741™ 1 0.01°™" - - - - 1 31.66™
BC 1 0.07 1 52397 - - - - - - 1 20.27"
ABC - 1 10537 - - - - - - 1 5283
Al - - 1 78797 - - - - - - 1 13.4"
B2 1 0.07 1 8.71° - - 1 3.70x10°7 - - 1 40227
C? - - - - - - 1 485x<10°" - - - -
A’B - - 130727 - - - - - - 1 8336
AXC - - 1 39.01 - - - - 1 579x10% 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 2,69 9 1'0351: 107 o 178x10™ 11 3.04x107 5 8.87™
R? 0.79 0.94 0.80 0.75 0.80 0.80
e’;‘:}i 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, I)
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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 .
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 Da Moisture Density Protein Fat Ash
P y (%) (g/em’) (%) (%) (%)
Blank 0 28.00+0.51°  0.88+0.07°"  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 12.3940.41° 0.69+0.04¢ - - -
Optimall 0 15.05+0.69° 1.1£0.12®°  12.61£0.90°  0.29+0.02° 0.70+0.02°
15 10.97+0.10°  0.96+0.04"¢ - - -

30 7.43£0.60°  0.910.09° - - -

45 4.53£0.50'  0.84=0.04%% - - -

60 3.68+0.52" 0.78+0.07°" - - -
Optimal2 0 7.5420.568 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 4.41i0.24f 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° 0.98+0.014° 0.93+0.03" 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° 0.97+0.017*°  0.95+ 0.04° 26.67+ 3.57%° 25.47+ 427"
60 42.87+ 8.05° 0.02+0.01° 0.94+0.01° 0.94+ 0.05° 40.37+ 7.25%° 37.61+5.91®
0 80.20+ 11.62° 1.10+ 0.51° 0.36+ 0.098" 0.97+0.02° 29.42+ 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°
Optimal2 30  658.74+ 406.46 0.20+0.17° 0.08+ 0.023% 0.24+0.12¢ 47.38+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° 0.82+ 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°
Optimal 2 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 microalgae as a
functional supplement can improve nutritional properties, especially
protein and minerals such as iron in the product.
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