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4. Multi-point averaging
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Table 1 pH of the samples during different time periods

pH S1 S2 S3 S1Fe S2Fe S3Fe S1Zn S2Zn S3Zn  S1FeZn S2FeZn S3FeZn blank
1 289 2.9 2.96 2.89 2.88 3.10 2.92 2.97 3.01 2.92 2.97 3.02 2.73
+0.01% +0.03%° +0.01"° +0.02% +0.02%° +0.05* +0.05** +0.02*° +0.05* +0.03“* +0.02%* +0.01** +0.03"
2 294 3.02 3.05 2.92 3.02 3.06 2.98 3 3.12 2.99 3.02 3.09 2.76
+0.05%° +£0.07% £0.07*® +0.04%° +0.03** +0.04**  +0.03%* +£0.04%° +0.07* +£0.02% +0.02"%" +0.06" +0.08"
T3 3.06 3.11 3.11 3+ 3.01 3.1 2.98 3.09 3.11 2.99 3.04 3.1 2.82
+£0.09%* +0.07** +0.03**  0.03%* +0.05%* 0.02**+ +0.03%* +0.06™ +0.05** +0.06** +0.05* +0.06™ +0.04"
*Data are means =+ SD, Different large letter showed significant differences in each row (p<0.05).
*Different small letters showed significant differences in each column (p<0.05).
Oy b oo PH wises o 0 5 il 2l S a3 S5 AT Ll S sk gl 31 S a3 )5 3
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2 (p<0.05) sl mlil gols sxe 5 sba Wk ses pH i Olgme A sdalie Iy pme sl Sl o3l
A oD Ll el WS PH e 4y L5 (2131 » s s JB AL GLPH fex Ss 5 ey Spx PH
Y] 6)‘-’4—; D) 6)@.)&& ¢(,.x.la o 3l u_il.l} < ookl LSLG—S}.’J
& dew! —Y-\-Y Olis (IFAY) OLKas 5 Ol wlin isw 55 3,0
g b (ANOVA) & b ilsls Jdos 05050 3 o PH e Slis 8l §s5 0 W ol 035530 8 5
e o yai andenl aslie s (p<0.05) oLl SAANEPS
(¥ o) ol s 45 il S o ol s PH ccilie gladi sas 3 cpl 2 osdle
Table 2 Acidity (%) of samples during different time periods.
Acidity S1 ) N SIFe SFe S3Fe SiZn S7n S37n SIFeZn SFeZn S3FeZn blank
o 219F 2,18+ 218+  2.14x 2,19+ 232+ 2.24% 227+ 2234 2.33 2.27 2.13 2.12
0.06%* 0.04%° 0.06%* 0.015% 0.10%°* 0.05%* 0.08%% 0.03%* 0.13%* +0.02%* +0.05* +0.04%® +0.04°
@ 225F 2.29¢ 223 2,16+ 2.17& 232+ 228+ 233% 2284 2.21 2.16 2.27 2.13
0.04%* 0.10%*® 0.13% 0.058° 0.06%* 0.05%* 0.07%% 0.02%* 0.12%* £0.07%*  +£0.1** +0.07*" +0.04°
- 2.3+ 232+ 234+ 2.3+ 219+ 234+ 232+ 2.3+ 2.25+ 2.27 2.17 2.31 2.
0.05%*  0.04%* 0.04%* 0.1°*  0.02%*  0.04%* 0.04%* 0.05* 0.1**  £0.094"" +0.03%* +0.07%* + 0.04°

*Data are means + SD, Different large letters showed significant differences in each row (p<0.05).
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*Different small letters showed significant differences in each column (p<0.05).
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Table 3 Total counts of the samples during different time periods (CFU/g)

Total

count S, S, S; SiFe S;Fe S;Fe SiZn  S;Zn S;3Zn S FeZn S;FeZn S;FeZn blank
T, 63" 60" 60" 62 63" 6354 3% 63" 654 637" 66" 65" 6.5
T, 66" 66% 66% 64% 66" 66V 66" 65 63" 634 66" 63" 3%
T, 66" 62% 63% 64" 65 61" 657 65" 6.5 65 65 66" 6.5

*Different large letters show significant differences in each raw (p<0.05).
*Different small letters show significant differences in each column (p<0.05).
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Table 4 Molds and yeasts of the samples during different time periods (CFU/g)

“?e':sf‘ S, S, S,Fe S,Fe S;Fe S,Zn S,Zn SiZn S,FeZnS,FeZnS:FeZn blank
T, 3.0% 3.0% 297 3.07% 33% 307 297 3.0™ 297 30 337 33" 307
T, 3.0 3.0 3.0 2.9 209 33 30% 30 29 33" 3.1 307 3.0%
T, 3.0 3.0 3.0 2.9 3.0 29 29 30 29 30 29" 30" 29%

*Different large letters show significant differences in each raw (p<0.05).
*Different small letters show significant differences in each column (p<0.05)
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Table 5 Results of static viscosity of the samples containing algae (cp)

Static S2  S3 SIFe S2Fe S3Fe SIZn S2Zn  S3Zn SIFeZn S2FeZn S3FeZn blank

viscosity

T1 908+ 900.7+ 947+ 879+ 9477+ 932+ 761.7+ 8823+ 946+ 8593+ 8933+ 899+ 8245+
26.8% 1534 2g2A 12 3B 311t 3128 33.1M 3658 3198 oM 334a 18.5%°  48.8°

T 913+ 918+ 936.7+ 864+ 901.3+ 9473+ 8533+ 880+ 923+ 851.7+ 8824 902+ 914+
2134 13.9% 2654 10287 31.684° 3794 4314 3738 7oAt ggqMe 347 7g1A (210

T3 909+ 8793+ 928+ 8453+ 8973 929.7+ 843+ 880.7+ +947.7 842+ 8853+  909.7+ 776.5+
31288 p7An 3q0h 3gBa 9p (ABr gghe g 0By g1 ABr M 3308 356M  3g44M 7782

*Different small letter showed significant differences in each column (p<0.05).
*Different large letter showed significant differences in each row (p<0.05). Data are means + SD
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Table 6 Results of sensory evaluation of the color of the samples.
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w0 gy 30 8 53 el B ] S 55 51 enlizd Oes 5 SLL s

Color S1 S2 S3 S1Fe S2Fe S3Fe S1Zn S27Zn S3Zn S1FeZn S2FeZn S3FeZn Blank
378+ 4.67+ 4.5+ 483+ 583+ 6.7+ 742+ 7.18+ 7.02+ 6.12+ 453+ 513+ 3.6+

TL 268 0.42% 0.5 0.76% 0.29%B 036™ 123 0.5 023 158 0.64"° 0.61° 0.57°

Ty S04 541+ 498+ 658+ 7.0+ 727+ 7774 7.60+ 653+ 568+ 6.57+ 6.07+ 3.63+

0.75° 1.04"° 0.64%° 0.52%* 0.36"* 0.25*° 0.68% 0.53% 0.93%* 0.395%% 0.4 0.12%%° 047°

13 -2t 8ISt 782+ 728 797+ T4 77k 79+ 677F 6.6+ 6625 . ooa 34k

1.31% 047 0.17% 0.72% 0.62** 0.66** 0.36™* 0.17** 0.68%* 0.53** 0.78* : 0.36*
*Data are means =+ SD, Different large letter showed significant differences in each row (p<0.05).

*Different small letter showed significant differences in each column (p<0.05).
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Table 7 Results of sensory evaluation of the odor of the sauce samples
*Different large letter showed significant differences in each row (p<0.05).

Taste S1 S2 S3 S1Fe S2Fe S3Fe S1Zn S27Zn S3Zn S1FeZn S2FeZn S3FeZn blank

6.23+ 6.53+ 637+ 6.33+ 6.17+ 7.04+ 6.25+ 7.06+ 7.02+ 6.95+ 6.83+ 6.6+ 6.43+
0.25%* 0.45%* 0.44% 0.425* 0.29%20.28%* 0.25% 0.52%* 0.28** 1.33%* 0.29%* 0.53%* 0.51*
6.24+ 6.73+ 6.14+ 6.92+ 6.58+ 7.51+ 6.60+ 7.03+ 6.85+ 535+ 6.03+l. 6.67+ 6.60+
0.62"* 1.42%% 0.63 0.14"5* 0.5252 0.54"* 0.534* 0.25%* 0.13** 0.61** 03A* 0.42%* 0.53*
13 700 713 7.00+ 673 700 7.53+ 6775 603 717+ 666 594k 6.5 6.17E
1.024% 0.99% 0.82%% 0.26"* 1.03"%0.25" 0.25"% 0.35% 0.47% 0.53%  0.59%* 0.52°% (.29
*Different small letter showed significant differences in each column (p<0.05). Data are means + SD
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Table 8 Results of sensory evaluation of the taste of the sauce samples

*Different large letter showed significant differences in each row (p<0.05).

Odor S1 S2 S3 S1Fe S2Fe S3Fe S1Zn S2Zn S3Zn S1FeZn S2FeZn S3FeZn blank
T 087 6.58+ 6.52+ 7055 743+ 6.60+ 683+ 6.5+ 6.02+ 727+ 6.87+ 7.38+ 6.5+
0.514  0.524 0.50¢ 0.2128 04 0425 0448 058 023%  0.64M 0.814¢ 0.42% (.52

Ty 685 6.77+ 6.05+ 7.60=  7.57+ 802+ 677+ 74+ 732+ 6.2+ 7.09+ 7.00=  6.77+
0.42%  0.25% 1.014¢ 0.53%  0.524%  (0.23% 0254  0.53% 03540 700 0.504¢ 0.214  0.68%

3 140+ 7.45+ 721+ 753+ 7.7+ 703+ 7.02+ 693+ 7.3+ 6.82+ 6.99+ 7.23+ 6.6+
1.25% 0274 0.78%% 0.50%  0.66*  0.15%° 0.21%  0.12%  0.31% 0.7 0.324¢ 0.25%  (0.53%
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*Different small letter showed significant differences in each column (p<0.05). Data are means + SD
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Table 9 Results of sensory evaluation of the texture of the samples

Tota! S2 S3 S1Fe S2Fe S3Fe S1Zn S27Zn S3Zn S1FeZn S2FeZn S3FeZn blank
evaluation

T1 6.0?:: 6.17/:4: 6.5/:4: 6.43/:4: 6.5/:53 6.83/:4: 6.22Aﬂ:b 5.98/:4: 6.25/:4: 6.65/:4: 6.1ﬂ/§ 6ﬂ2 6.1+

0.47* 0.57° 0.5%* 0.51** 0.5%° 0.297° 0.38™ 0.31™ 0.66™* 1.08™* 0.36™* 0.5™ 0.36"

) 5.91/:: 6.05/:4: 6.01/:4: 6.42/:4: 6.58Aﬂ:b 7.22/:4: 6.43f 6.43/»3: 6.08/:4: 5.43/»3: 5.83/:4: 6ﬂ2 5.83+

0.47°* 0.68™ 0.827* 0.337* 0.52™ 0.58™* 0.51% 0.4™ 0.14™ 0.6™ 0.29™ 0.2°* 0.29*

*Diff T3 7.0?3: 6.91/:: 7.11/:: 6.73/:: 7.67/:: 7.03/:: 7.1ﬂ/§( 6.7ﬂ/§( 5.97]:: 5.84/:: 6.27/:: 6.3/:: 6.234:
1.1°% 0.54% 0.837* 0.817* 0.58™ 0.55™ 0.17** 0.36™ 0.45°* 0.46™* 0.25™ 0.3%* 0.25%

erent

large letter showed significant differences in each row (p<0.05).
*Different small letter showed significant differences in each column (p<0.05). Data are means + SD
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Table 10 Results of sensory evaluation of the total attributes of the sauce samples

Texture S1 S2 S3 S1Fe S2Fe S3Fe S1Zn S2Zn S3Zn Sl1FeZn S2FeZn S3FeZn blank
T1 5.55/:: 5.992:b 6.152:b 5.51Bﬂ:b 6.3»3»2:b 6.83»2:b 6.53/»:: 6.57/:: 6.5%:: 5.23/:: 5.10/:: 5.17/:: 5.334:
0.43%*  0.52 0.36 0.57 0.29 0.29 0.5 0.51™ 0.5™ 0.72% 0.17% 0.29% 0.58*

) 5.62/:: 5.912:b 5.642:b 5.82Bﬂ:b 6.85f 7.23»2:b 6.67/:: 6.87/:: 6.97/:: 5.27/:: 5.23/:: 5.53/»:: 5.504:
0.43%*  0.47 0.34 0.16 0.54 0.21 0.42°*  0.23*  0.35"*  0.64™° 0.25% 0.5 0.52*

T3 7.20/:: 8.07/:: 7.53/:: 7.23/:: 7.53/:: 7.53/:: 7.03/:: 7.03/:: 7.37/:: 5.67/:: 5.67/:: 6.00/:: 5.874:
1.317%%  0.317*  0.587*  0.25%*  0.527%  0.25™* 0.25%  0.25™* 0.40™  0.58™ 0.58™ 0.54" 0.12*

* Different large letter showed significant differences in each row (p<0.05).
*Different small letter showed significant differences in each column (p<0.05). Data are means + SD
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Microalgae are a potentially great source of natural compounds, which could be used as a functional
ingredient. The addition of microalgal biomass to food formulations is an interesting innovation for
production of nutritionally supplemented food materials with biologically active compounds, besides
its coloring potential. Due to the growing consumption of sauces in human life and the necessity of
food enrichment as an effective tool for fulfill nutritional deficiencies; a fortified functional sauce was
prepared. In this study, Spirulina algae sauce was prepared with three levels of algae powder (0.3, 0.5
and 0.7 %), and fortified with iron and zinc and analyzed during three time intervals. During the given
periods (The 1%, 30™ and 60™ days of production), chemical, rheological and microbial analysis and
sensory evaluation were carried out. The results showed a significant difference in pH (p<0.05). The
acidity and static viscosity of some samples containing iron and zinc had a significant difference.
Viscosity decreased during the time in each treatment, the lowest dynamic viscosity was for the
control sample and the highest one for samples containing highest algae level. Microbial
contamination of the samples was very low and was within the standards range. Sensory evaluation of
the colors of the samples containing 0.5% algae level were preferable and did not significantly differ.
Practically, in terms of odor, taste, texture and overall acceptability, there were not any significant
differences. Consequently, this study showed that functional low-calorie fortified sauce can be
produced with iron and zinc, using microalgae. In this product, the physicochemical properties were
improved compared to the conventional blank sauce, and from the microbial aspects, a safe product
can be produced.

Keywords: Algae, Fortification, Functional food, Sauce, Spirulina platensis
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