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Results

Table 3: ANOVA for Reduced Cubic model for the CCD for G. gracilis

The algae were subjected to extractions considering

. Source Sum of Squares df Mean Square F-value p-value
the following factors: Model 873 7 125 1714  <0.0001 significant
A 0.5080 1  0.5080 6.98 0.0215
B 4.52 1 452 62.11 < 0.0001
Table 1: Extraction conditions and according to minimum and maximum values. AB 0.0017 1  0.0017 0.0227  0.8827
A2 0.0204 1 0.0204 0.2796 0.6066
Factor Name Minimum Maximum B2 0.1342 1 01342 1.84 0.1996
A Temperature 25 75 A2B 1.26 1 1.26 17.35 0.0013
B Ratio 25 75 AB?2 0.9287 1 0.9287 12.76 0.0038
C Time 1 5 Residual  0.8734 12 0.0728
Lack of 0.7576 7 0.1082 4.67 0.0544 not
Fit significant
Pure 0.1158 5 0.0232
Error
Cor Total 9.61 19
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Graphs 1 and 2: Variation of ratio (biomass:solvent) and temperature at 1 and 3 hours
for G. gracilis.
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Reduced Quadractic model for BBD for G.
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Graph 3: Variation of ratio (biomass:solvent) and temperature at 5 hours for

G.gracilis. gracilis
Table 6: Constrains of the optimal conditions for G. gracilis
| | | ' ' Name Goal Lower Upper Lower Upper Importance
Figure 1: Gracilaria gracilis, algae under stu . . . Limit  Limit Weight Weight
J J J y Table 2: ANOVA for Reduced Quadractic model using the BBD for G. gracilis. A:Temperature isinrange 25 75 1 J 1 J 3
B:Ratio iIsinrange 25 75 1 1 3
Source Sum of Squares df Mean Square F-value p-value C:Time isinrange 1 5 1 1 3
Model 5.45 4 1.36 43.57 < 0.0001 significant TPC maximize  1.383 4.39 1 1 3
A 0.0216 1 0.0216 0.6918 0.4218
B 5.14 1 514 164.25 <0.0001 Table 7 and 8: Selected optimal conditions by ANOVA for Reduced Cubic (BBD) and
AB 0.2233 1 0.2233 7.14 0.0203 ANOVA for Reduced Quadractic (CCD) models, respectively, for G. gracilis
B2 0.0687 1 0.0687 2.20 0.1640
Residual 03752 12 0.0313 Number Temperature Ratio Time TPC Desirability
Lack of Fit 0.3002 8  0.0375 200 02625  notsignificant 1 74.993 74.684 | 3.507 | 3.335 | 1.OCO BDD model
Pure Error 0.0750 4  0.0187 Number Temperature Ratio Time TPC Desirability
Lo TOEl ool 16 4 46.474 75.000 1.120 4.278 0.963 CCD model

* In conclusion, this study optimized extraction conditions to enhance antioxidant yield from G. gracilis algae. Results
highlighted species-specific responsiveness to parameters, emphasizing tailored approaches. Notably, lower temperatures
favored extraction efficiency, with peak TPC yield (4.39 mg GAE/g dw) at 50°C, 1:75 ratio, and 3-hour duration, aligning with
prior cold-water extraction success.

« TPC analysis across conditions provided Insights into temperature, ratio, and time effects, aiding standardized protocols for
food applications. However, variable outcomes due to solvent, method, and focus require context via a comparative literature
review.

« Future research will explore alternative extraction methods like MAE, PLE, and UAE, refining the process. Similar approaches
will optimize extraction for diverse seaweed species.

* In summary, this study advances algae antioxidant extraction by refining conditions, contributing to sustainable, innovative
bioactive Integration In the food sector.
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