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2. High-density lipoprotein cholesterol
3. Low-Density Lipoprotein Cholesterol
4. Systolic

5. Diastolic

6. Body Mass Index

7. Shrimp-derived lipids

8. Endothelial cells
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1. Saturated fatty acids
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1. Peroxide value
2. Thiobarbituric acid reactive substances
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Table 1. Yield, astaxanthin concentration and color indices of shrimp lipid extract.

Value Index

YIAVE «f-
VeYEE e

color
VYY) & -/ 0 L"
VAN & o/ f a
VAVE £ o/ A b"

Lipid yield (%)
Astaxanthin concentration (mg/100 g oil)

Data are presented as mean + standard deviation (n = 3)

1. Malondialdehyde
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Table 2. Fatty acids content of shrimp lipid extract.

Content (%)

Fatty Acid

VEE £ A%
NI
VAL £ -jov?
\0/4- £ -7\
AR RIE N
AIFY £ -/-Y°
NE§ £ -[-5P

Myristicacid (C14)
Pentadecanoic acid (C15)
Palmitic acid (C16)
Heptadecanoic acid (C17)
Stearic acid (C18)
Arachidic acid (C20)

Heneicosanoic acid (C21)

N Behenic acid (C22)
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Cis-13,16-docosadienoic acid (C22:2)
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Fig 1. Residual amount of acetone/hexane solvent in shrimp lipid extract.
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Table 3. Lipid quality indices of shrimp lipid extract.

TBA Index (mg malondialdehyde
(MDA)/kg lipid)

PV Index (mg cumene
hydroperoxide/kg lipid)

Name

DARE==RYAV4

ATARI==YA a4

Lipid from shrimp by-products

Data are presented as mean + standard deviation (n =3)
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Introduction: In recent years, there has been growing interest in utilizing aquatic by-products as valuable
sources of bioactive compounds for the food, pharmaceutical, and cosmetic industries. Green tiger shrimp
(Penaeus semisulcatus), a commercially important species, generates significant amounts of processing by-
products (including heads, shells, and viscera) rich in valuable compounds such as sterols, essential fatty acids,
and carotenoids. Characterizing these compounds serves a dual purpose: it enables the development of novel
functional products while promoting sustainable management of fishery by-products. Marine sterols, as
bioactive lipid components, play crucial roles in steroid hormone synthesis and cellular membrane integrity. The
fatty acid profile of green tiger shrimp by-products is particularly notable for its high concentrations of
polyunsaturated fatty acids (PUFAs), including eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA),
which demonstrate cardioprotective effects. Recent studies report that saturated fatty acids constitute 35.04-
52.43% of total lipids, with variations depending on processing conditions such as temperature and extraction
methods. Astaxanthin, recognized as the most potent natural antioxidant present in shrimp by-products,
contributes not only to the species' characteristic pigmentation but also offers significant health benefits,
including anti-inflammatory properties and visual system protection. Lipid quality indices, particularly peroxide
value (PV) and thiobarbituric acid reactive substances (TBARS) as measures of oxidative s tability, are critical
determinants of shelf-life and industrial applicability. This study represents the first comprehensive investigation
of the lipid profile and quality parameters of green tiger shrimp by-products, addressing a significant gap in
current research.

Materials and methods: To investigate the lipid composition of green tiger shrimp by-products, samples of
skin, head, and tail were collected from shrimp farming centers in southern Iran and subjected to lyophilization
(freeze-drying). The ground samples were then homogenized using a 42-mesh sieve. Lipids were then extracted
via Soxhlet extraction with acetone/hexane (1:1, v/v) at 50°C for 2 hours. Sterols were analyzed by GC-MS
following saponification and derivatization with BSTFA. Fatty acid profiles were determined by preparing fatty
acid methyl esters (FAME) using BFs-methanol catalysis, followed by GC-FID analysis (CP-Sil 88 column).
Astaxanthin was quantified spectrophotometrically at Amax = 462 nm using a standard calibration curve. Color
indices (L, a, b*) were measured with a portable colorimeter. Lipid quality assessment included: Solvent residue
analysis by GC-MS, peroxide value determination via iodometric titration (AOCS Cd 8-53), and TBARS
measurement at 532 nm after reaction with 2-thiobarbituric acid. All experiments were conducted in triplicate
under controlled temperature and light conditions. Data were analyzed using SPSS v.26 with Tukey’s test (p <
0.05).
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Results and discussion: The results of this study showed that the lipid extraction efficiency from green tiger
shrimp by-products was 2.81% using the acetone-hexane (50:50, v/v) solvent system. The astaxanthin
concentration was 10.34 mg/100 g oil, a potent antioxidant, highlighting the strong antioxidant potential of this
source for applications in the food and cosmetic industries. This finding is consistent with the findings of
Sachindra et al., who used acetone as a solvent for astaxanthin extraction. The total PUFA content of 33.05%,
particularly the -3 PUFA (13.03%), reinforces the potential of this lipid as a beneficial source for preventing
cardiovascular diseases. The cholesterol content (570 mg/100 g oil) is higher than that reported in the
cephalothorax of Vanami shrimp (65-70 mg) but remains within a safe range for human consumption. For
pharmaceutical applications, the use of cholesterol-lowering agents, such as saponins or f-cyclodextrins, is
recommended. Lipid profile analysis revealed that up to 92% of the extracted lipid consists of cholesta-3,5-
diene, a minor steroid compound commonly found in cholesterol-containing samples. This compound has
several biological properties relevant to biochemistry and life science research. The lipid exhibited favorable
oxidative stability, with a peroxide index of 2.21 mg hydroperoxide/kg and a TBARS value of 0.305 mg
MDA /kg, indicating good quality and the protective effect of natural antioxidants such as astaxanthin. These
results align with those of Gulzar and Benjakul, who confirmed the stability of marine lipids for up to 30 days.
The color index a value of 18.13 reflects the high astaxanthin content, highlighting its potential for industrial
applications as a natural colorant.

Conclusions: This study demonstrates that green tiger shrimp by-products are a rich source of bioactive
compounds with broad applications in the food, pharmaceutical, and cosmetic industries. The high lipid
extraction efficiency, elevated astaxanthin content, and significant contribution of omega-3 fatty acid highlight
the potential of these by-products for the development of health-promoting products. Although the cholesterol
content is higher than in some other species, it remains within safe limits for human consumption. M oreover, the
presence of natural antioxidants (e.g., astaxanthin) ensure favorable oxidative stability, enhancing shelf life and
industrial applicability. The acetone-hexane solvent system proved effective for the simultaneous extraction of
polar and non-polar compounds, while compliance with USP standards guarantees the absence of solvent
residues, ensuring product safety. These findings represent a significant step toward a circular economy, as 40—
50% of shrimp processing waste can be converted into value-added products. Future research should focus on
optimizing green extraction technologies and assessing compound toxicity in animal models to further validate
their applicability.
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