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Table 1: Analysis of variance for the model for Peroxide value and Anisidine value

peroxide value

Anisidine value

Source Sum of Squares F-value p-value Sum of Squares F-value p-value
Model 1438.69 8.81 0.0027 1682.12 18.24  0.0002
A-Concentration 243.99 13.45  0.0063 134.00 13.08  0.0068
B-Time 900.44 49.62  0.0001 1381.80 134.84 <0.0001
C-Treatment 18.60 0.5126  0.6173 32.14 1.57 0.2664
AB 255.12 14.06  0.0056 105.14 10.26  0.0126
AC 4.21 0.1160 0.8920 3.91 0.1908  0.8299
BC 16.34 0.4502  0.6527 25.13 1.23 0.3432
Residual 145.16 81.98
Cor Total 1583.85 1764.10
R? 0.9083 0.9535
Adjusted R? 0.8052 0.9012
Adeq Precision 8.2084 11.5868
Std. Dev. 4.26 3.20
CV.% 32.12 20.49
Table 2: Final Equation in Terms of Actual Factors
indexes treatments Equations
Encapsulated 6.19+0.02 Concentration+1.46 Time-0.49
sargassum extract Concentration * Time
peroxide TBHQ 6.65-0.46 Concentrat.ion+1.4'16 Time-0.49
value Concentration * Time
UnEncapsulated 5.41+0.68 Concentration+1.73 Time-0.49

sargassum extract Concentration * Time

1-Adjusted R?
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Encapsulated
sargassum extract
Anisidine
value TBHQ
UnEncapsulated

sargassum extract

7.04-0.65 Concentration+1.58 Time-0.31

Concentration * Time

7.78-0.60 Concentration+1.36 Time-0.31

Concentration * Time

6.89+0.34 Concentration+1.74 Time-0.31

Concentration * Time
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Fig. 1. Linear and simultaneous effect of process variables on the peroxide changes in fish oil; a)
UnEncapsulated sargassum extract, b) Encapsulated sargassum extract and ¢) TBHQ
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Fig. 2. Linear and simultaneous effect of process variables on the Anisidine value changes in fish
oil; a) UnEncapsulated sargassum extract, b) Encapsulated sargassum extract and ¢) TBHQ
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Table 3: Numerical optimization of Peroxide and Anisidine Value

Name Constraints  Solution 1 Solution 2 Solution 3 Solution 4
A:Concentration Is In Range 2.5 2.500 2.5 2.5
B:Time Maximize 15 14.725 15 14.91

) Encapsulated Encapsulated
CTreatment Is In Range TBHQ TBHQ Sargassum Extract ~ Sargassum Extract
Peroxide Value Minimize 9.094 9.028 9.797 9.776
Anisidine Value = Minimize 14.845 14.688 17.332 17.262
Desirability - 0.827 0.822 0.776 0.776

& Tirve (Day)

B Tove Dy

Fig. 3. Numerical optimization of Peroxide and Anisidine Value for a) Solution 3 and b)
Solution 1
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ARTICLE INFO ABSTRACT

This research investigates the optimal formulation of
microencapsulated Sargassum algae extract to improve the oxidative
stability of fish oil and its potential use as an antimicrobial agent.
Received:2025/06/02 Given the oxidative sensitivity of fish oil due to its specific fatty acid
composition, the use of antioxidants is essential to increase its shelf
life. Microencapsulated extract, pure extract, and a synthetic
antioxidant (TBHQ) were added to fish oil at three concentrations: 0,
Keywords: 1.25, and 2.5 percent, and examined over a 15-day period. Response
surface methodology was used to evaluate the effect of independent
variables on peroxide and anisidine values as oxidation indices and to
Antioxidant, optimize the process. Oxidation increased with increasing storage
time, while the values of the indices decreased with increasing
concentration. For selecting the optimal treatment, microencapsulated
Pathogens algae extract and synthetic antioxidant at a concentration of 2.5% and
a time of 15 days were the best suggested conditions. Furthermore,
investigation of the antimicrobial effects of the microencapsulated
treatments revealed that the treatments prepared with a chitosan wall
composition, followed by the treatment with a wall composition of
whey protein and maltodextrin at a 50:50 ratio, exhibited the highest
*Corresponding Author E- antimicrobial activity against the pathogenic bacteria tested,
suggesting that these treatments could be used to prepare alternative
to standard antibiotics.
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