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1. Functional Foods
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2. Salad Dressings
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4. Multi-point averaging
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Table 1 pH of the samples during different time periods

H S1 S2 S3 S1Fe S2Fe S3Fe S1Zn S27Zn S3Zn S1FeZn S2FeZn S3FeZn blank
p
11 289 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 pH sl o 5 5 ol il S cla.ﬂ aw 33 Goy s ool Gl Sl ladi gl 51 S o 5550 52
cdows éa.m)J Sl Ol (1530 Lol anils Laul3dl Wy, a5 Jals e 55 pamen 3 Sl e e Sl o5l
2 (p<0.05) sl mlil sols sxe 5 sba s ses pH Slads Ol adl il adaline Sls me csles Jloy 3L
23l et g ] GWS PH e w0 K15 o ol 53l 2 s M6 b SWPH i Ses 5 035 5> pH
\d okl o8k ‘V”J’ o 5l ol s osbe sleS s
Q.A.,al—\‘—\—\" ol (WAY) oL dd)’\-w‘ wlis A ol
g b (ANOVA) & by ilsls Jdos 05051 3 o PH e Slais 8l fos 0 Wy el 025530 8 0
s ok sai aydonl aslis L3 ((Pp<0.05) ool LYY s 52
(Y i) dal s 5 gl Sl ol s pH ccdloin gladisai 3 cnl 2 osdle
Table 2 Acidity (%) of samples during different time periods.
Adidity S ) 3 SiFe SoFe S3Fe S1Zn S27n S37n SIFeZn S2FeZn S3FeZn blank
o 219F 2,18+ 218+ 2.14x 2,19+ 232+ 2.24x 227+ 2.23x 2.33 2.27 2.13 2.12
0.06%% 0.04%% 0.06%* 0.018° 0.10%°* 0.05%* 0.08"% 0.03%% 0.13%% £0.02"* +0.05* +0.04B° +0.04°
@ 225F 2.29%  2.23% 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  2.3x 2,19+ 234+ 2.32+& 2.3& 2.25& 2.27 2.17 2.31 2.
0.05%%  0.04%%  0.04%* 0.1°*  0.028%"  0.04%* 0.04"* 0.05%* 0.1%"  £0.09”°* +0.03B* £0.07%%* + 0.04%

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

me periods (CFU/g)

Total

count S S, S3 SiFe S,Fe S;Fe SiZn S;Zn  S;Zn S FeZn S;FeZn S;FeZn blank
T, 63" 60" 6.0% 62 63" 654 634 63" 650 637" 66" 654 6.5
T, 66" 66" 664 64" 66" 66V 664 654 63 634 66 63" 634
T, 6.6 62" 63 64" 65 61" 65 65" 65 654 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)

“{{":gsf‘ S, S, Si SFe S,Fe S;Fe S,Zn S,Zn SiZn S,;FeZnS,FeZnS;FeZn blank
T, 3.0% 3.0% 29" 3.0% 337%™ 307 209%™ 3.0 297 30% 33" 337 307
T, 3.0 3.0 3.0 2.9 209 33 30% 30" 29 33" 3.1 30" 3.0%
T, 3.0 3.0 3.0% 29 30% 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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Fig 1 Dynamic viscosity in the first time period T,

Y



\VC\\/ u,a..@_: 1.\0 092 (/\ie)Lmz

03 4 ;;}J" Q)MQ@JOJ#)JQJMJ &Als.)u'})
A Ol Lol sl 5.3, ad ol aan
&._.;L‘Lw‘ Q)jg...‘t‘} -Y-Y-¥v

(0 Jsi) o ol &) 50 ol el b )

Asdﬂ s LAE edalie )l;'_‘.)) Cf )L@% gﬂ\.'l.l)'jg...ﬂ} ]‘E")‘
Aall J.JJA_; PT)JJJJ\ lea...ﬂ g Alwd fj) C_’Ja.w ¢j.>
.)\Jj)Tjjszéudlﬁ)é‘fMl)l)@)}gﬁjwj:&sﬂs

B Sope eed & g8 Sk

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% 1537 2827 1p.3B 311f 312M 33.1M 3658 3190 p7M 3348 18.54%  48.8°

™ 913+ 918+ 9367+ 864+ 901.3+ 9473+ 8533+ 880+ 923+ 8517+ 882+ 902+ 914+
21.3% 13.9% 26.5% 10280 31.6B% 37.9% 43.1A 3738 7081 gg4ht 347 781A 1210

T3 000+ 8793+ 928+ 8453+ 8973 929.7+ 843+ 880.7+ +947.7 842+ 8853+ 909.7+ 776.5+
31.288  p7A 3408 36Br pp (ABa gghn g4 B2 710ABR (1 6ht 3328 356% 3447 778°

*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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Color S1 S2 S3 S1Fe S2Fe S3Fe S1Zn S2Zn S3Zn S1FeZn S2FeZn S3FeZn Blank

y 378 467+ 4.5+ 483k 583k 6.7+ 742k 7.08% 7.02+ 612+ 453+ 513+ 3.6+

0.26%* 0.42°° 0.5%B2 0.76%° 0.29°P* 0.36"° 1.23% 0.5%* 0.23% 1.58% 0.64"° 0.61*° 0.57°

Ty Sl S541% 498+ 658+ 7.0+ 727+ 7.77& 7.60+ 653+ 568+ 657+ 6.07+ 3.63+

0.75%° 1.04"° 0.64"° 0.52%* 0.36™* 0.25%% 0.68% 0.53%7 0.93%* 0.39%* 042 0.12%8° 047°

13 -2t BI5E 782+ 728 797+ T+ 17k 79+ 677£ 6.6+ 6625 . oa 34

1.31%% 0.47% 0.17 0.72%* 0.62% 0.66™ 0.36™ 0.17°* 0.68%* 0.53%* (.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+ 6.37+ 6.33£ 6.17+ 7.04+ 6.25+ 7.06+ 7.02+ 695+ 6.83= 6.6+ 643+

T1

0.25% 0.45%% 0.44% 0.42%% 0.29%% 0.28%7 0.25%% 0.524 0.28* 1.33% 029 0.53% (0.51%

6.24+ 6.73+ 6.14+ 6.92+ 6.58+ 7.51+ 6.60+ 7.03+ 6.85+ 5.35£ 6.03tl. 6.67£ 6.60+

T2

0.62%% 1.42%% 0.63% 0.14"P2 0.525% 0.54%7 0.53%% 0.25% 0.13** 0.61%* 03A* 0.42% (.53%

7.00+ 7.13+ 7.00+ 6.73+ 7.00+ 7.53+ 6.77+ 6.03+ 7.17+ 6.66t 594+ 6.5£ 6.17%

T3

1.024% 0.99%% 0.82%% 0.26™* 1.03"* 0.25%% 0.25% 0.35%% 0.47%* 0.53% 0.59%* 0.52%% 0.29%°

*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 S27Zn S3Zn S1FeZn S2FeZn S3FeZn blank
1 6.87+ 6.58+ 6.52+ 7.05+ 743+ 6.60= 6.88+ 6.5+ 6.02+ 7.27+ 6.87+ 7.38+ 6.5+
0.51%  0.52% 0.50% 0.2148 4% 0425 044% 05" 023" 0.64% 0.814% 0.42%  0.52%
Ty 085 6.77+ 6.05+ 7.60+ 757+  8.02+ 677+ 7.4+ 7.32+ 6.2+ 7.09+ 7.00&  6.77+
0.42%  0.25% 1.014 0.53%  0.524%  0.23%  0.25%  (.53% 0358 (.72M 0.50% 0.21%  0.68
T3 140+ 7.45% 7.21+ 753+ 77+ 7.3+ 7.02+ 693  7.73+ 6.82+ 6.99+ 7.23+ 6.6+
1.25% 0.7 0.78% 0.50%  0.66* 0.15%° 021% 01258 0314  0.17 0.324° 0.25% .53
*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

Total. S2 S3 S1Fe S2Fe S3Fe S1Zn S27Zn S3Zn S1FeZn S2FeZn S3FeZn blank
evaluation

1 6.07+ 6.17+ 6.5+ 6.43+ 6.5+ 6.83+ 6.22+ 598+ 6.25+ 6.65+ 6.1+ 6+ 6.1+

0.4% 0.57% 0.5 0.51* 0.5 0.29* 0.38"° 0.31* 0.66™ 1.08** 0.36™ 0.5 036"

Ty 59lE 6.05k 601+ 642+ 658+ 7.22+ 643+ 643+ 6.08= 543+ 583+ 6+  5.83+

0.47%* 0.68" 0.824% 0.33% 0.52%° 0.58"" 0.51* 0.4% 0.14% 0.6* 029" 02 0.29°

DIf T3 7.011 6.91/:5 7.11/:5 6.73/:5 7.67/:5 7.03/:5 7.1ﬂ/§ 6.7ﬂ/§ 5.97]:; 5.84/:5 6.27/:5 6.3/:5 6.23+
1.14% 0.54% 0.83%% (.81 0.58%* 0.55% 0.17%* 0.36" 0.45%* 0.46"* 025 03%  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 S1FeZn S2FeZn S3FeZn blank
T1 5.55/:\t 5'99/:5, 6'15/:5, 5.51];tb 6'33/:5, 6'83/:5, 6.5%\1 6.57/:\t 6.5%i 5.23/:\t 5.10/:\t 5.17/:\t 5.33+
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/:\t 5'91/:5, 5'64/:5, 5.82];tb 6.85% 7'23/:5, 6.67/:\t 6.87/:\t 6.97/:\t 5.27/:\t 5.23/:5 S.Sii 5.50+
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/:\t 8.07/:\t 7.53/:\t 7.23/:\t 7.53/:\t 7.53/:\t 7.03/:\t 7.03/:\t 7.37/:\t 5.67/:\t 5.67/:\t 6.00/:\t 5.87+
1.31%% 0317 0.58™ 0.25%  0.527*  0.25% 0.25% 0.25" 0407 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.
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