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2. High-density lipoprotein cholesterol
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Table 1. Yield, astaxanthin concentration and color indices of shrimp lipid extract.

Value Index

\/SERIEE Lipid yield (%)

AR NI Astaxanthin concentration (mg/100 g oil)
color

YY) £ -0 L"

VANY £ -/-f a

VAVE £ - /- A b*

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

VIEE £ A% Myristic acid (C14)
VAL Pentadecanoic acid (C15)
VIAA £+ - /ove Palmitic acid (C16)

V0/4- £ -7y Heptadecanoic acid (C17)
Y/§e £+ +/\© Stearic acid (C18)

AEY + -/-¥P Arachidic acid (C20)

AES £« /.80 Heneicosanoic acid (C21)
O Y £ o€ Behenic acid (C22)

Y/$Y £+ /. € Tricosanoic acid (C23)
Vs £ oy 4 Lignoceric acid (C24)
2\ 2SFA

O/FA £ - /¢Y° Elaidic acid (C18:1n9t)
VOV £ +/.9° Oleic acid ( C18:1n9c¢)
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IR EX
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y-Linolenic acid(C18:3n5)

YIVY £+ ..y a-Linolenic acid (C18:3n3)
YIEA £ o/ 08 cis-7,11,14-Eicosatrienoic acid (C20:3n6)
1A £ ./.Vb cis-11,14,17-Eicosatrienoic acid

(C20:3n3)
Arachidonic acid (C20:4n6)

YIVE k[ 5C

VIYY £ -/ 8¢ Cis-13,16-docosadienoic acid (C22:2)
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Data are presented as mean + standard deviation (n = 3). Different letters in the
Same row indicate statistically significant differences at the (p < 0.05) level
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Fig 1. Residual amount of acetone/hexane solvent in shrimp lipid extract.

1. United States Pharmacopeia
2. Residual solvents



JESUNCRNRV (I L IR WOV J7 )

fry e St S5 (sl DV gazme
\/c

50 20l oo Jo S (ye4, #O mI/100g sol> (vannamei
Joyeds 51 6V mhaw [FY] 5o g (ojm s>
S (5550 o] ojlas o 1) (8, T YmI/100g)
ol boalie Wi, S )58 (Litopenaeus  schimitti)
550 o jlae 301 JyalS [FA] 50lid g5 5 150 g,
Oy, 00+ ml/100g  (Penaeus brasiliensis) 5 ,go
Ll wils oYb JoyudS mhv el wioges (i))55
et sz 5 Sl goke ol je 8 ClisS B
5B 5Se 8 e a5 winls ylas liass [FY] s sas
elosy ool 18,105 cy55 s lS s st 1B i
V-1l gl ye oy ool (pgules B12 ki g 09>
b anllas S bl ol e [FA] oS S8 Gope g
chw shls oldl jo K lawgin Bras a5 sy lis
oBonge) IS Blon p site pb g Jaseds
sluds b Jodlgws 0 Wl o 5 il sl

L1001 558 oailus «ds coodlr

Cuz—9nt Chzomatogeam(a)

Josl 3o (s 0 .Y
6l 5 3T &0 s ba sl ( Shss slacsés, o
alls golaie Sijelenid OISl el S a5 i
55 Gl g O3l sla g il (o508 olss (izeen aiily
» F=h sl sladg il (Jle (lprea sl Sglite
ol asdlhe o [¥F] siiis Jolxe T 5 o485, boglse
s8I L 658 (BlSgleg S 5l esliinl b Jg il (slyione
o,led) olpl e 3 lastivl glae (GC-FID) (glaleds i
2l o o lac a5 ols Las gt b s APV
JoreadS 51 Vb mhaw (59l $5e (ol DY gazmo 5l oat
Joyiml SO laaeds (V SK8) canl (064, O+ ml/100g)
S5 TR sgae JopdS (sl sloor o S
Ol VYT sesce S 1) 5%ee jo 29250 gyt
(i o A0S S Ay e 55 S 50 Jg S
Solite glimnl (og 5 Jad aldl iz Coandge ol sloo
o las wages 58 (Al 5o g Sliwl g8 [F2] ot
L) o8 sebul 6550 Sluls jlond lysaal o]

|

1 15 2
wmam= 1 ST47EOTE TE_E3.0f T IEUAL CARDST 0o

ol gyl (o] ojlas Js S 5 gl Gl (V) S50

Tama 1 a=

Fig 2. Sterol and cholesterol levels of shrimp lipid extract.



VEF Lol oF o,leds VY 0,90 Jdé Cario j0 waz slos,glid aslilad c fyf

twgen (¥ [OY] canl Cdl pwoys sloan] b o T ogill
Cholesta-3,5-diene « s yiw onST < lorcds i s ylS
b Jg oSt )18 2 oy 3 Jo S o oelais o
Jols L (ol JiKew slosSUge plyicas Loges
s S0k Jeailn (7 Y] aiS o e Jgpiads
ol5T Lol slacdls 5 5l wilgs oo Cholesta-3,5-diene
2 IV Sl S plpear ogill jsbar 5 09
3 imbeonds oles (F LOF] wS e ols slaars
sl gleea g 0ed o ool ©yx laaul ol
Wydes amaib oS e (S 4 Bl S50
az 50 5o g asl oladl el (S (goais oyl 4> 51
olpls [00] sgs o aslis Jg e ST Glareas Jg
OLE G 9y90 (Gomed o)lae Llgn owyn @S
S S ol oaies LSS sdes oS 5 4> Sl a5 wes o

Sl 5o ol i bl s peites ladss 3>
L o Coel 035 ey 50 05l slo )5 5 oloosdion
WSS (e Az Cedlo b Lt e wlaisd jo

No Area% Name

1 0.40 Nonane

2 0.42 trans, trans-1,6-Dimethylspiro [4.5] decane
3 0.38 5,7-Dodecadiene, (Z, 2)-

4 0.09 Undecane

5 0.08 Methyl-3-indazolone2

6 0.10 Decane

7 1.24 Verticiol

8 0.21 cis, cis, cis-7,10,13-Hexadecatrienal

9 2.16 Cholest-5-en-3-ol (3B)-, carbonochloridate
10 0.97 Sa-Ergost-14-ene

11 0.44 (-)-Sinularene

12 0.57 Andrographolide

13 92.01 Cholesta-3,5-diene

S cuS F (owy 2 VLY
oz Slaesl jlo 84 pamie oS 5 S Gl and e
&S el o SlaS Sl 5 b g,85 65 o Jg il
S o e ) o 60 Skee 5 oleandsSosd sla Sy
By Lo Gayb 5l 89, S S 3 Sy Y
GOl ladss slo iy elobd 4 Wi oo o
SwS Galie mlio ,o ol ogill oo p)5 5 il
GC-MS alewg dilidee cuS 5 VYV IS jsbay [0V] wis
S5 (il SYgams 5l ond gl o o)las o
Cholesta-3,5-diene ;Lo () jo ol ololid 5w (6 ym

Sg 0dds glZiul diges jo sezge (LAV) Lol oS5
Sis iz b g S5 S A (7 JSH)
Sl (S pole Dlindod g (cordion 4 bgrpe (S3els
05 demtr (V5 b sla i oS5 cnl LoY]
lo b ol o Cholesta-3,5-diene 45 cowl oo osly ylis
@ Jd9rg 2dz g Sedlg e O palee St b o
G 0aiaolis a5 Wad oe 1) Sgnte o ge ) S

Chatests 25 dere

JoradS o lasbinl 130 3 S5, codds ) ol :6_3'! Ky s Gy S5 ol DY gazs 5l ol and ol 5 (V) SIS
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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

YV ENE

YIYY £ -/FY

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 (PUFASs), 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 stability, 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 BF3;-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).

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
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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 m-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 B-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. Moreover, 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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