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Table 1 Four apple jelly formulations (C, J1, J2, J3) as control sample without Spirulina sp. and samples
containing 0.75% to 3% of Spirulina extract

Ingredient C n 2 13
Juice proportion (g/kg) 500 500 500 500
Carrageenan g/kg 0.85 0.85 0.85 0.85
Spirulina extract 0 0.75 1.5 3
Synthetic color (cc) 1cc 0 0 0
Final total solid 700 700 700 700
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1. Chroma
2. Hue angle
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Table 2 Color parameters of control sample and samples enriched with 0.75% to 3% of Spirulina extract

(C,J1,J2,13)
Samples a* b* L* AE C* h*
C -6.34+024*  10.85+1.02%  27.04+1.08° 0 12.56+1.00*  -33.46+2.01¢
1 -0.014022°  3.07+0.33°  27.73£0.62*  10.05£1.83°  3.07+0.16° 0.75+0.32°
2 -029+0.02°  2.73+042°  27.55+0.16*  72.26+0.66°  2.74+0.62° -6.03+092°¢
13 -0.0240.00°  1.6+022°¢  24.74+130°  97.17+1.98° 1.6+0.43°¢ -0.17+0.02°

Means + standard deviation. Different letters in the same line mean significant, differences between samples (p <
.05). L*: Lightness; +a*: redness; -a*: greenness; +b*: yellowness; -b*: blueness; C*: Chroma; h*: hue angle; AE:
Total color difference
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Table 3 law power parameters of control sample and samples enriched with 0.75% to 3% of Spirulina extract (C, J1,

J2,7)3)
Samples G'=kaw" G = lw™
n R’ m R?
C 0.15 0.87 -0.14 0.86
J1 0.16 0.88 -0.13 0.87
2 022 0.89 -0.14 0.88
3 0.24 0.89 -0.15 0.86
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Table 4 Hardness, Adhesiveness, Springiness, Cohesiveness, Gumminess and chewiness of the jellies
without and with different percentages of spirulina microalgae extract

C J1 12 J3
Hardness (N) 475+0.26° 434+0.1% 4.07+0.12° 2.61+0.15°¢
Adhesiveness (N.m) 0.0029 £ 0.0001*  0.0028 +0.0001*  0.0025 + 0.0001°  0.0020 + 0.0001°
Springiness (mm) 21.91+£0.84 ™ 22.62+0.24° 21.26+0.14° 19.62+0.61°
Cohesiveness (N) 0.14+0.08* 0.15+0.04° 0.18£0.12° 0.19+0.34"
Gumminess (N) 0.75+0.14° 0.67+0.18* 0.59 £0.06" 0.50+0.16"
Chewiness (mJ) 17.00 + 1.26° 14.70 £ 1.06" 12.60+0.92°¢ 9.90 +0.96 ¢
Means + standard deviation. Different letters in the same line mean significant, differences between samples (p<
.05).
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Table 5 Sensorial data of the jellies samples without and with different percentages of spirulina
microalgae extract (C, J1,J2,J3)

C J1 Ay 13
Flavor 4.6+0.51° 4.3+0.48° 4.440.51% 3.8+0.92°

Taste 4.740.48° 4.2+0.63% 4.0+0.51% 3.5+097¢

Color 4.9+0.32° 4.3+0.48° 42+0.63% 3.7+0.80°
Texture 434+048° 4.2+0.42° 4.140.31% 3.7+0.67°
Overall acceptability 4.7+0.48° 4.3+0.48" 4.1£0.31° 3.6£0.51°

Means+tstandard deviation. Different letters in the same line mean significant, differences between samples (p<.05).
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The aim of this work was to develop an enriched apple jelly with Spirulina sp. Four
formulations were developed: C, J1, J2, J3 with 0, 0.75, 1.5 and 3% Spirulina sp. and
their rheological, textural, color and sensorial properties were evaluated. The results
showed that all samples presented predominant behavior of the elastic solid. Also, the
non-intersection of the loss and storage modulus curves at the applied frequencies
showed the behavior of a typical gel. Also, in all samples, the dependence of the
storage modulus on the frequency was not observed, but in larger frequencies,
especially the storage modulus of sample with higher percentage of spirulina algae,
decreased, indicating a more liquid behavior. Indicators n and m also confirmed such
behavior, decreasing the strength of gel structure with increasing spirulina
concentration. The data obtained from the force-time curve showed that even though
the variables of all samples were within the range of a typical jelly, but increasing
spirulina algae content decreased the hardness, adhesiveness elasticity, gumminess
and increased cohesiveness. These results follow the trend of those obtained by
dynamic rheology. Also, the results related to the sample color showed that the
addition of spirulina in 1.5 and 3% percentages significantly decrease the variables
L*, b* and C* especially in the sample with 3% algae, presenting a darker sample.
The overall color difference between the samples also was more than 6 degrees,
which detected different color groups. Sensorial scores of samples, mainly color and
overall acceptance also reduced with increasing the percentage of microalgae.

In general, it can be concluded that incorporating of Spirulina in the apple jelly
regarding to its negative effect on the most evaluated parameters, requires further
research and a better understanding of its gel formation mechanism to optimize the
formulation and process treatments.
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