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Introduction

Seaweeds contain a high amount of protein, essential amino acids, vitamins, minerals, unsaturated fatty acids such as
arachidonic acid, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), natural pigments, macro and micro
nutrient compounds. Microalgae Spirulina (Spirulina platensis) is a species with high nutritional value. About 60% to
70% of the dry weight (Spirulina platensis) is protein, which has all the essential amino acids. This is a cyanobacterial
microalga that is cultivated all over the world and used as a supplement in the human diet in the form of tablets, powder
and cookies, bread, salad and soup. Several studies have been conducted in the field of investigating the effect of
microalgae addition in food products. The purpose of the current research was to investigate the effect of this microalgae
powder on sensory, physical, protein and iron properties of three different products of bulk bread, cake and layered sweets
with different formulations.

Materials and Methods

Spirulina microalgae dry powder in 0.25%, 0.5%, 0.75%, 1% and 1.25% was added to the formula of three products:
bulk bread, layered pastry, and cake. From each product, a sample without microalgae powder was also prepared and
considered as a control. The treatments were evaluated in terms of sensory, color, texture, protein and iron content.
Sensory evaluation was carried out by 30 panelists using 7 hedonic points to evaluate the color, flavor, texture, smell and
overall acceptance. The color of the surface of the samples was done with a Minolta Chroma Meter (CR-300 Minolta
Japan). The results calculated based on L* (whiteness/darkness), a*(redness/greenness) and b*(blueness/yellowness).
Hardness of samples was measured with Texture Analyzer TA-XT2 (Stable Micro Systems, Surrey, England) and P/0.5
cylindrical probe (12.5 mm diameter) with 30 kg load cell. Protein of the samples was measured by Kjeldahl method and
the amount of iron was measured according to the standard method of AOAC 999.11. All analyses were performed in
three repetitions and one-way ANOVA and Tukey's test were used to compare the means.
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Results and Discussion

The results showed that the behavior of spirulina microalgae in changing the characteristics of the three products is
different, and this difference is especially significant in sensory characteristics. The addition of spirulina microalgae
increased the amount of protein and iron in different treatments. This increase for protein in bread, cake and sweets was
about 1, 0.6 and 1.2 percent, respectively. Also, the amount of iron in treatments containing microalgae in bread, cake,
and layered sweets was 4, 5, and 3 mg/kg, respectively. Spirulina microalgae is basically known as an aquatic plant with
high protein and iron. The microalgae used in this research contained a high amount of protein (67.97%) and 29.5 mg/100
grams of iron, so adding this microalga to the samples increased the amount of protein and iron. Sensory evaluation of
the samples showed that all three products had an acceptable acceptance score. However, in comparison among the three
products of bread, cake and layered sweets, bread had a lower score than the other two products. The instrumental analysis
of L*, a*, b* color indices showed that the increase of spirulina caused green color in the treatments and this color change
is more significant in the bread sample. Also, the results of texture analysis showed that the addition of spirulina reduces
the hardness of samples containing spirulina. It can be concluded that spirulina microalgae can be used to improve texture,
color, and also increase the amount of protein and iron in products.
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Fig. 1. Showing the average score of sensory evaluation of bread samples
(A: 0.25%, B:0.05%, C:0.75%, C: 1%, E:1.25%)
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(A: 0.25%, B:0.05%, C:0.75%, C: 1%, E:1.25%)
(P<0.05) wib o cindy S5 ) W jlows 55 ol oyl cime OS] saimd L calise S S5
«* T ORI o > 9>

(P<0.05) w3l o 5 S > boylosd 3 gl (s S sine OS] oid (L s <30 oSl gy

Mean under the same column bearing different Lowercase letters are different significantly (p < 0.05).
Mean under the same row bearing different capital letters are different significantly (p < 0.05).

Layered sweets Cake Bread
1Y (5 e (S5 (U sladiged —€ JSU
Fig. 4. Samples of bread, Cake, Layered sweets
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S8 (Lightness) L* ibgy edls Lials .cwl abl
by (il s lis (Greenness) b* ¢ 5 (Redness) a*
Ul sl Sl 325 il 31 3153 ol (laaigas )3 o S5, 0bml
Lol

L*,a*,b* L;L.m » ;,J ).u‘.m olKtwsd Ja;.uy L.ii) =
ow ) Lyl il b a8 caol cdlas ol i L
Jade il L ajlos 1 (g S5 5950 Canwl 005 s Y guas
2 S5y S ol b0 Gl BEIP<0.05 (gl gixe jskay L gy
L b o M) cpl sl paag BB 4L dges 50 aald b duslio
P S Canl (b g odmdpab GluS 5 (A S )50 Jaase
2005 0559 U 50 Lol el ous d8LS] Jguame 93 (]

S;IJ Ny s 25

(Lightness) L* g, slajasls Sulolpy S5 o Shs
aw > (Greenness) b* (s o (Redness) a* (i,
b 9 S5 (b)) SV gae I Syl Blisie glajlegs
S b Jgarme o S5y (650l s D el (1Y
(0%), (@*%) L*) slaasls @l o ¥ IS5 )0 gy o b
b Gl Y 55 B s cuipa e glajles o, (
Cas] 005

gy padls sl saalie B O Joio > &S50k len
5 YY/AY DF/AY b gy o b 9 S ()b sl diged jo (L¥)
2 ibgy e Lyl a5y 1060 ial38l b Cowl 039y YA/AY
gy ylde il L lojed ! Bl ialS Jaase dw

digad S5, (L*) (ad L Ulg yumo! 1506 -0 Jga
Table 5- Effect of spirulina index (L*) of the samples

ob o Sy (oo b
Bread Cake Layerd Sweets
el 56.93 £0.944°  43.93 £1.30"°  39.83 £1.20"
Control
A 50.86+2.178¢  43.67+3.93%° 40.67+2.8372
B 47.55+0.73%  38.12+2.865P 37.12+1.8652
C 46.13+1.37°  34.60+1.00° 32.50+1.00¢2
D 45.8242.42>  33.75+1.62¢2 33.62+1.32¢2
E 44.42+2 465>  33.75+0.67P2 33.80+0.67P2

(A: 0.25%, B:0.05%, C:0.75%, C: 1%, E:1.25%)
(P<0.05) sl go <y S5 55 b jloss )0 golis oy H ime BMS simy ol Calises S8 Sl g >

(P<0.05) wib e (g K ) lajlosd )3 gols oy o cime BB saimd ()l Cilises 55 (ouned Sl B9 >

Mean under the same column bearing different Lowercase letters are different significantly (p < 0.05).
Mean under the same row bearing different capital letters are different significantly (p < 0.05).

Laiges S5, (a%) Hasbd Udg ! piG -1 Joao
Table 6- Effect of spirulina index (a*) of the samples

ob S Y G
Bread Cake Layerd Sweets
aals 10.70 £0.527°  2.60 £0.80"*  2.60 +0.80%2
Control
A 9.82+0.72AB>  2.40+1.817 1.61+1.40%2
B 8.75+0.40%  2.22+0.8782 1.22+0.8782
C 7.24+1.48%  2.73+0.358° 1.73+0.25%
D 5.77+1.848>  1.40+0.85% 1.40+0.8982
E 4.40+0.96"  1.80+0.70°2 1.40+0.80¢

(P<0.05) sl go cany G 5o bolass )0 gl oy H ime BMS] simd L Calises S8 Sl g >

(P<0.05) wib oo g <o ) lajlosd )3 ol oy o ime OS] saimd ()lis Cilises 55 a1 B9 >

Mean under the same column bearing different Lowercase letters are different significantly (p < 0.05).
Mean under the same row bearing different capital letters are different significantly (p < 0.05).
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Table 7- Effect of spirulina index (b*) of the samples

ob S5 1Y
Bread Cake Layerd Sweets
C&? | 25.87 £0.607° 18.90 +1.032 17.70 £1.02A2
ontro
A 22.84+0.887¢ 19.98+0.914 18.23+0.9142
B 21.08+0.2540 16.93+2.0788 16.93+2.0742
C 20.98+0.285¢¢ 14.78+0.66<> 15.71+0.63B2
D 17.60+2.320¢ 14.2242.11 16.22+1.11B2
E 19.90+0.76P¢ 13.58+0.53Pb 14.55+0.56¢2

(P<0.05) sl so ciudy S5 5o jlass 10 goli oy H dme BB simd s Calises S8 oSSl g >

P<0.05) wib oo fygiw S 50 bylad 3 2ol e I e BMS onims L cilisee S5 (ndSS1 G
< O 22 Byled P W O )P o P 9>

Mean under the same column bearing different Lowercase letters are different significantly (p < 0.05).
Mean under the same row bearing different capital letters are different significantly (p < 0.05).

(Salehfar silosly Lials” Jgame j3 1) by, ,gS1 5 05,5 3,
etal., 2013)

T o i
sloY b g SS b sladiees 4o (Hardness) oww
Wgad duglie .Cuwl oads 03y LS A Jouo )5 cilisee slajlog )0
o DAYV sww (o a5 b i Jgame dw dald sl
Vo FY LSS g WYY L ol ol 5l e Y opwd 4 basye
Sal> oy 92 (99381 298 g0 03 gl )3 oS (g pshailen )15 1,5
22l b duglis 0 Jaaswe dw yo )0 B LiblS caely Udg p!
) Y s Jaaze j e Ghals oy b Gl ol
Ol 568 o (VIVY & WYY ) 6 j0 o 51 e (e 4 DAY
Ll oA 0193 (A/VV & Vo /¥Y )1) S 4 Joy)n

Oed 49 )1)95 0 5yt (sduie Sl (U ald Wiges cnlpl

35 o )18 i U oS gyl Sla o) (099381 31 53
ol 03> LIS Y o & Jado 3 oS5 jslailen ;S5 )b 1A Jais)
SpB g S pa3ld Jl Gpd 5 S5 Ml adgel Cul
o Jgas 55 odal Caundds gl it 413,95 5 b 4 o (6 pdin
Sula 525 2938 Jald diged b duslde 3 a8 aad o L Y 95
b Jgpazme dw y 3 (LF) (g padls (ials corgo Ll el
o3l Ll b iy pasls il sl odd iy e 5 S
Lol 04 L,JG J9.4.‘>cn 0w &3} 9 039 D‘).o.b b*s a* dlﬁ
21y olie a5 (Salehfar et al., 2013) ), Ken 5 8 Sdlo
9 gyl Silriy (29381 58T g5y 485 Syp0 Simgy
4 Uyl (99381 o5 2008 ol Lol sio gl oty taiior gl
bl g by padld Y giae il Cage ixio 425l J5e)8
I i Sl 8 sl lisgSid g Jidg ) ol a9 s

(965 9 9) Waiges eas )86 Udg yopmsl 85T - Jgn
Table 8- Effect of spirulina hardness of the samples (Force N)

ol s Sl (5 pd
Bread Cake Layerd Sweets

el 12.32 £2.14°  10.42 £1.15%°  58.42 +4.50%

Control

A 10.30+0.90%°  7.40+0.80%° 58.77+8.302

B 9.70+0.08%  7.60+0.025° 47.60+5.608°

C 8.80+1.00%°  8.70+1.008° 48.97+3.6082

D 8.75+0.30%  7.75+0.07°° 32.21+0.93¢2

E 7.77+1.21¢ 8.77+1.41Bb 30.01+4.96¢2

P<0.05) il oo <y 5 50 jlows 5> zuls oo 400 sxe OS] saimd L5 calise S Sl 8
° ) 20 Bl 0 e O )P 8] > 9>

P<0.05) sl o fygiw S 50 baylass 30 2ol y0d e OS] snimd lis Calises 5 y5 Sl B
s O 22 Byled 2 W O )P o P 9>

Mean under the same column bearing different Lowercase letters are different significantly (p < 0.05).
Mean under the same row bearing different capital letters are different significantly (p < 0.05).
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