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Table 1 - Layout and response of the central composite design for maximum oil yield in different

solvents.
. Hexane Ethanol Hexane/ethanol
A: t (min) B: P(W) (g/100g dw) (g/100g dw) (2/100g dw)
1 15 100 0.10 0.05 0.23

2 19 70 040 925 0.21
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3 11 70 0.09 0.10 0.21
4 3 70 040 0.06 022
5 7 40 0.09 0.05 .021
6 7 40 0.09 0.07 0.22
7 7 100 0.14 0.12 0.34
8 11 70 0.10 0.09 0.24
9 15 40 o144 0.10 0.20
10 15 100 0.11 0.05 0.20
11 11 130 0.17 844 0.28
12 7 100 0.14 0.12 0.31
13 11 70 0.09 0.09 0.25
14 7 100 0.15 0.10 0.32
15 11 10 0.12 834 803
16 11 70 0.10 0.09 023
17 7 40 0.09 0.05 0.23
18 15 40 0.12 0.11 0.22
19 15 100 0.11 0.06 0.24
20 15 40 0.12 0.10 0.19
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The crossed-out data were identified by the model as outliers and ignored in the process to ensure better
accuracy of the model's prediction results.

yield (g/100g)
yield (g/100g)

yield (g/100g)

B: power (w)
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Figure 1- Three-dimensional response surface plots, effects of independent variables on oil yield
(g/100g dry weight) from shrimp waste with different solvents: (a) ethanol, (b) hexane, (c)
hexane/ethanol (1:1 v/v)
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Figure 2- Total oil yield obtained under ultrasound pretreatment conditions under optimal conditions
and without pretreatment with different solvents. Abbreviations: Hex: hexane, Et: ethanol, Hex:Et:

hexane/ethanol (1:1), UT: ultrasound pretreatment.
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Figure 3- Amount of astaxanthin obtained in lipid extracted under ultrasound pretreatment
conditions in optimal conditions and without pretreatment with different solvents. Lowercase letters
indicate significant differences of each treatment with itself under ultrasound pretreatment
conditions and without pretreatment and uppercase letters indicate significant differences between
different treatments (P < 0.05). Abbreviations: Hex: hexane, Et: ethanol, Hex:Et: hexane/ethanol (1:1),
UT: ultrasound pretreatment.
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Figure 4- DPPH free radical scavenging activity of extracted lipids under ultrasound pretreatment
conditions in optimal conditions and without pretreatment with different solvents. Lowercase letters
indicate significant differences of each treatment or itself in ultrasound pretreatment conditions and
without pretreatment, and uppercase letters indicate significant differences between different
treatments (P < 0.05). Abbreviations: Hex: hexane, Et: ethanol, Hex:Et: hexane/ethanol (1:1), UT:
ultrasound pretreatment.

(TBARS) as! S y9001,Lga5 9 (PV) a1y podlie
S ,\;9“1),)9 o i 3,8 5 JM> e &S b ol Calise dlm) 5, (TBARS) sl &)9“0‘)9» 9 (PV) Sy (23l wyp

A D_LQL.L.A (,\wJ
9 (3 £,55kS 5 /(MDA) wsiloyglle 5 o /-5 £ </+)) HeX.Et-UT (slajlos 4 pdlie opjieS TBARS asls L )

OilS )3 Jeibl g 35 oS 5 cute 1l Mo o cuily Jolais! (s £S5k 5 /(MDA) wsillglle p)5 Lo +/+¥ £ +/+1V) Hex.Et
Cowl gwlionST 4956 clanod gl b

L jlesi b (a9 9 ke Tl 43 Wiguol sl b jlow i Jaal pad Codi 95e Ll 51 o 1 pScis! ) CondS (o pad L Y Jgu
Blisee s Y
Table 2- Quality indicators of lipid extracted from shrimp waste under ultrasound pretreatment
conditions in optimal conditions and without pretreatment with different solvents.
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TBARS index (mg
PV Index (mg cumene

Treatments hydroperoxide/kg lipid) malonaldel_ly_de

(MDA)/kg lipid)
Hex-UT 1.16 £ 0.012 0.08 £ 0.012
Hex 0.72 £ 0.04° 0.07 £ 0.02?
Et-UT 1.26 £ 0.022 0.06 + 0.04°
Et 1.91 +0.022 0.03 £ 0.06°
Hex.Et-UT 0.75  0.03° 0.06 + 0.01°
Hex.Et 0.62 £ 0.01¢ 0.03 £ 0.01¢

gl gl Hlewi ioUT:  (1:1) Jgbll o)j5aHex:Et: (JoUlEL: o );%a: Hex: ol lass)

Abbreviations: Hex: hexane, Et: ethanol, Hex:Et: hexane/ethanol (1:1), UT: ultrasound pretreatment.
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ABSTRACT ARTICLE TYPE
This study investigated the effect of ultrasound pretreatment (UAE) on the extraction of Original Research
astaxanthin-rich lipid extract from the waste of the Jinga shrimp (Metapenaeus affinis). The

effect of solvent type (hexane, ethanol, and hexane/ethanol mixture) and extraction conditions ARTICLE HISTORY
(time and power of ultrasound waves) on the extraction efficiency, astaxanthin content, Received: 2025/12/21
antioxidant activity, and oxidative stability of the extract was evaluated. The samples were Revised :2026/01/10
subjected to ultrasound treatment for 5 to 15 minutes and a power of 20 to 100 watts using Accepted: 2026/02/19
response surface methodology (RSM). Lipid extraction was performed by the Soxhlet method )

and different solvents. Antioxidant activity was measured by DPPH assay, and oxidative Zg;]g}g;%%

stability was measured by peroxide (PV) and thiobarbituric acid reactive substances (TBARS)
indices. Statistical analysis showed that the quadratic central composite design (CCD) model
was able to predict the extraction efficiency. The optimal conditions were obtained at 7
minutes and 100 watts. The highest lipid yield (0.33 g/100 g dry weight) and the highest
astaxanthin concentration (843.63 ng/100 g) were obtained with ultrasound pretreatment and
hexane/ethanol mixed solvent. This treatment also showed the highest DPPH free radical
scavenging activity (77%) and the lowest peroxide and TBARS indices. The results showed
that ultrasound pretreatment with hexane/ethanol dual solvent significantly increased the
extraction yield, astaxanthin concentration, and antioxidant activity of the extract. Therefore,
UAE, as a green and efficient technology, can be an effective solution for recovering high-
value-added bioactive compounds from shrimp waste and improving the economic and
environmental efficiency of aquaculture industries.
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