Journal Pre-proofs

Journal Pre-proofs

Investigation of sterols, fatty acids and qualitative indicators of lipid extract from green
tiger shrimp (Penaeus semisulcatus) by-products

Zahra Mousavi, Seyed Fakhreddin Hosseini
DOI: https://doi.org/ 10.22104/ift.2025.7605.2214

To appear in: Innovative Food Technologies (IFT)

Received Date: 4 May 2025
Revised Date: 16 August 2025
Accepted Date: 16 August 2025

Print ISSN  2783-350X
Online ISSN 2783-1760

INNOVATIVE FOOD TECHNOLOGIES

N\

T

Please cite this article as: Zahra Mousavi, Seyed Fakhreddin Hosseini, Investigation of sterols, fatty acids and
qualitative indicators of lipid extract from green tiger shrimp (Penaeus semisulcatus) by-products, Innovative Food

Technologies (2025), doi: https://doi.org/ 10.22104/ift.2025.7605.2214

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition of
a cover page and metadata, and formatting for readability, but it is not yet the definitive version of record.
This version will undergo additional copyediting, typesetting and review before it is published in its final
form, but we are providing this version to give early visibility of the article. Please note that, during the
production process, errors may be discovered which could affect the content, and all legal disclaimers that

apply to the journal pertain.

© 2023 The Author(s). Published by irost.org.



Journal Pre-proofs

g5y Al
Jolo o o)las LS b sl g 0y ol g ywl (o)
(Penaeus semisulcatus) yww gy 565w il OY gaxo )

¥ e 1R s (gm0 1125
Ol 95 e yhaan 5 LIS o1 y3pgleonsSiilyd ( FIdEY pazo s 9T 3 09,5 1 5553 Goamiils )
Ol 99 oyt o )7 SIS (1 30 pole oUSLIID (T Y guazra (53T 8 09,5 ¢ budils Y
hosseinisfl@modares.ac.ir: J giws odsum ¢*

oSy

L 555,15 s sl 3 L) i) i) Jlbs Slyo 51 meie 5K 5,51,8 5] ol o5 slsa slinouslegsil
s & OluS 5 ol zlsenl aae silag cilyl 5 og)lolie mlio o solatul Cuz (668 s SlonsT sl eus b
03,5 o0 53 oolail bl 4y ymie aSk ams el 1) 5See (555158 5l Jol Dlald b lade apme s Sl 51 Wilgi oo
Penaeus ) js Gy S5en oolx GVgame I cphlin] 51 s o] ojlas zlguul ol adlhs I Gas I3
S e sadizl Siiwl goud o)las 45 glaasls g il ol woym slasul do g il oy y g (semisulcatus
as a’ S5y atls g egy 0,5 Sl ,S e VoIYE ] SL5L Gl AYIAY o] gl Sl ol ols ol
sls s 55 (GO) 63 (S 5leg,S SIUT b oy slosmsl S5 (pyp 090 VANY Canl (S5 conlin oS S0l
G gio () Coenl a7 Wil oo (£ VY/+¥) (0-3 PUFA) Y-l gLl penis o> ool 5l 8 6K (gaud o)lac
2olie Blhas oS 59 (85, )5 dalp)S e OV Sgu> 3 5K G ojlac )3 Sege JoiedS lade ams e i )
Gz oS 3V 5l g ojlac a5 ols lis (gond LS 5 5Bl cpioran 050 by Y game pgas (0 0al 3,155
Jub G o las oiollST Ml g, .0l o Cholesta-3,5-diene oS 55 4y bogs o Jlade (p iiion a5 Cowl ouls JSis
sl 5 de) IS s ST hen S e YY) STy i) slamsls uolia &5 oy o i
RSN SURINY R D TN AWIPC I RVEN KR YL LI SEE T
lo ;o Wlgee &5 WS (0 (B die 0y ladeul 5 Jdun; SLaS 5l )l b ae S plprear | e 6
858 )18 oolatul 850 (silag sialyl g o9 lelds ( plde

BN TSCIREPIIV-YJUF RPNV FYNCET I PYVIK PSP SO IFCA AP PRWT JISINS TR


mailto:hosseinisf@modares.ac.ir

Journal Pre-proofs

doddo —)

b D] el oad 8n (55518 Glime 2l 4 i B e 00lal b gl (sl oolal JSb 4 025 40 eg5n (sl il
L S 5 gn g 51 (slaplail 5 3 (IS« nSTyallin JS5 & (ol ¥ gama ¥ 001 290 ;3 9Kae (553
- oo S8 5 (8l DY game g Cupoe Ll 0l o Av] W05 o e ; O el 5 Qi g0 B 590
(o8l D¥gaze 5l ) b bS5 gl bash wils; Bl 4 1) Sluls gds 5l (26 aecen ) sla Sogll Wil
Lol gl 9% 651,35 Jrolo gl Slgo slooilo B Y] 39 i o (55T39m (2153l 5 Sl dnwgs & Wl oo
Sl (i Oluls o505, S0 VEATY) uthlin 5 S ¥ B VF o Some olge 1¥0 (ouilop 15+ ooy 70-10
Sl SS9l l3550] 0309 4 (@-3 PUFA) Y-Kal glosl péais oy ool 51 oYU polie ol o5ue (sousd o lac [¥]
('SFAs) ou gleil 0z slaowl Gsl> Cmimed sus o) o)lae 8] coul (DHA) sl Ssil;Sal35 50 5 (EPA)
Gl VD e 5 a2y L8] os el gl s 5 o5 Iz b (S5 00me) b (a8l 40 oo wilsi g0 oS e
TYIVY £ 2 IYF ol> po g b5 a5 Jlo 0w VYA £ /FY o> olgime shls 6Ke uSTygigllin a5 wis,S
il 0 207

A9 )5 SO uihlin] Lasl oo dube lows las! Codles Sgage sl 45wl oo cplibinl 51 Loy 9K dd ogdleas
wibioe B omeling) Js,2e5s 51 5L SlaesSlas cudbs ply 000 5 oyl sl o), SouSco,58 obls b e
@ yasie JoSlge il Lo 4y a5 358 o 00usl "E cpeling pgm S ctlilind (ol pl (Y2 VA ool § Zuluaga)
IAl cl Jle Sl 6T slacalls gl ls w5 o,

ool oas 1)l (8] atlige 5 JgyidS sl Jlo e 58 el Jlabon; SloS 5 5l i 5Kee o] o las 4z 5]
£S5 Yol JoypudS 0,5 Lo #O-V - s5l> (Litopenaeus vannamei) g ,¢ dawly ss5n wS1)sigllaw 3l oals zlZaul o]
b il o JgyieadS VL sk w0 é 5 D sling dagygaypn il jlane 4 Jg iS4 s Lo o pile [V FT sl o
4335 b 25 Sz AN GLen 5 o2, iy ol o [V T agt (3 SN 5 mlpd s el 5 oS 5 K00 Slse
Lo g oembe x50 L Ly JoyudS polie (L. vannamei) 058 sinsly 950 nS|gigllin 5l oad gl sl wndd o
Shol o a8 JoydS 5l (s8 o) tojlae i JoymdS aeys ANT 3500 50 a5 ek sl alS o S 05l
g ond oolitul ()9 39l eem) Vi) Ve Cond a4 (V1) wSlobinl sl bele sla M/ (b-CD) o ynS s9lSw
5 (BPA) sl Sglilisl 5l e sl diged b anglio o il lime crizen al Sis
oo 9y JoSo 325 Sl 5 V] iSen 5 Gl il (nalidl zrgs LB sk 4 55 (DHA) sl 353l al 365 50
53,5 oy (p )5 e B0+ &ly)) atin A S I (558l s GUlsz g 5 088 50 Sgliem (W8 Slas Jalse
LDL- 5 HDL-C" w855 (JS JgiuelS ok 3 (55l sine Sl 550 (89, Bpmn o oo i aalllas ol (slaaily
Sl 5 325 oanlie 09,5 55 (s Sl 5 T Sl 55 L8 5 (5 I stne (6 el Sglis pmizmes sl e C7
2y 50 SLY) $%e 5l oads sive slass) sbidlre ol 51 (Koo (gladdlas ;o i obu! 35 BMIY) Sus ooy asls o
o il (Bype A lagsilonr 55 oS Jale S o paMlgail At ol 51 50 JLlisadt sk o]
sdsbe ouile 0y (2 JB b 4 Gdhee 55 55,50 00 0-T0) SL L (Slojs am o5 ol (laS bt s

! Saturated fatty acids

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

® Diastolic

¢ Body Mass Index

7 Shrimp-derived lipids

8 Endothelial cells



Journal Pre-proofs

TEEAY iz 515 (T 0 )mls (2yme )0 2l & 45 oo Jgho 455 ks i go S9mtp |y oyl 2w JLls gl
Qo) TVYITY 5 (od oo )0 £,59,50 YO#) TYVIVE & |, Sleowsy SL jled yin a5 Jb o wisls las 1) gleoass
DT ols 2alidl Gl o 5o p,5 9,500
o1y oladl cownl g Slglyd oy yiion a5 el gl 0,5 pie loaisS 5| SO (Penaeus semisulcatus) jow sy S55ae
Jls 50 465 cpl o (uesS Gljme «(IFRO) (]l el Slidss flojle jlol Gubs o )ls yliw)es g g slagbinl oo
SVgame s o)lac ;0 35790 Jg il Slyizme 5 0yz slodenl oS5 (Jlocal b DVF sy 05 VAFY sgus 1 F-
Ol glgiome ¢ Jg S oz gladmsl S 5 (pogeiastie JA sl 28,55 1,8 adlllas 050 s 5 S5Kee >
ol adlas (o aes 18 LSl o sud ojlas gladss ples esar 0 gusie Oledbl Wiy o sisluST glo asli 4
o)las ek glaasly 5 P oaile Bl (e «oalilin] Slyime (JoydS sk woyz slasenl woS 5 b odsl sl
2Dy5 (0B i )90 (29,3188 Slas )IS Cz s (S 95ee (TBA sl G )9 jboss 9 PV wrnS11) (g0
gy g olge Y
5500 G 0 ke g y2iiasl ~Y-)
OF i ) & (sl ol B 5o odigas b 4t by il 18 55m S5l3 510m 5l o 6 (855an Slnl
$Fon ol SVpams WD JEie oyte Cur oKid ol psle oaSiils il gyl olKinle}] a5 a3
S (0,5 Operon OPR-FDU-7012) golezsl S Sis j0 celoo TA Do ay egutiincds 51 o (p0 5 gy (ST 5550la)
g ySae FO ddlie o5lil b JUye S L g ool 0,5 (LILL! Moulinex Depose)  oliislej]l 50,5 o )0 s 2305
Sluls 0,5 Y olaternas [V0] ai solitul aluSguw og; 5l 65e Sluls 5l sand olae gzl mel jghite 4 .ains S
glypenl wal (e 000 Coed) gl 558 > b a8 a5 a8 al ools 1,8 alSgu  pgass slaglud (o 6w
calol jo ol plol (geze>f 39 F 4 V) Coll Pl @ diges Cond L o5 sl ax 50 B0 slos jo celu ¥ loy Sowe sl
o blss pis > eaiiS oS 3l eolainl b oMo o onal sy sloa ]
S5 s (P25 VY
Sl eolainl 5,50 Sluls (39 9 aS g zl 5l odal Cowds olac Pz dewbee b g dloles 1 ool b S o203l
D#l as s Sl

J5 205L(%) = —6M e O x 100 )

Slals ()

ol b | Cdall panns —V- Y
Perkin Elmer lambda YO yegdgiSiowl <G 5l oolaiwl b agili $Y zao Job 10 0> (5 50jlail b oililn] cdale
A oolaiwl el IS i o (61 (Sigma Chemical, St. Louis, MO, USA) &,,:JI)'MT S aitinl 1ol plel
Soye a ple gleslre b ags Jyilie sl don Voo yo oole 0,5 e V 08 o b ililinl o laibiul ol Jsloce
INV] 555 5 Gl ol s & 8 i (sl Joons b 5505 3.5, o b b o
5y o V-
5 0l 6, 505lul (LT Sheen 181/3 Micromatch™ Plus) Jo hB g,y olKiiws 5l soliiwl b (sawd o lac K,
S K5, Kbl Vv sae a5 Cl Voo B el aiges ST K olidg P LT Jlaie o] o a5 wi lob g2t LT O jge
DAL el ) ST () 0,5 soums Las b lade 5 () jew b (+) 50,8 a7 laie el _alls

! Thapsigargin



Journal Pre-proofs

@ ol g n -Y-0
oS ke VO sgam o solizal [VA] 1) Sen g Metealfe g, 5l diges 10 85390 w2 bl olulid 5 o)y jghatods
O il ax 0 Vv Gloo b Ol plos ;0 d4iBo B Gae 4y g bglse ((Ygo +/0) 0w Joilio Jolmo ot Lo T L diges
£S5 4B Yo o 4 bgle g ul adlal (VYY) BF3) wl)s5eld s 505,90 (Joibe Joloro yid oo O (oo 0l 00l &l >
pll sasSzlsenl Pl laie 4y (1% id Lo Vsl oolaiwl b g gledl goawods IS Jokone yid L O L 58 (g5lolos 0l
/YO ,k8) BPX70 SGE 5 90 ygim | ooliwl b (GC-FID) alads iig lo, K] b (538 31,5 5leg S olKtws 51 ol
loo s solainl © )z ol olulis cqa (HLdSSH SGE SleeS i £ Job ¢ g S0 /) old Colbesd « o e
YA @ agds o ol 5 il a0 Ve G b ol 5l e a5l pudais ol 5 ol 4z 0 VP (69, 4830 0 Do 4y g
s ol,F il az 10 ) Gy b Lod (o 0l Laas o )5 il axy0 VAL 50 4880 A Do 4y g 8L lisl ol 5 sl ax o
g YFe 0 iy eaisS G, g 5k, ol sloo o Lad> a8 Ve Gae g il moli8l ol 8 il a0 VA 4 dids
Varian Star |38l 5 51 Coles jo ol colaiu] GC kb 55 lee 4 pode ol das of 5 Sle axy0 VA

Al oolail LSy colus aulxe (gl (7.F) asxus) Chromatography

ouls gl yoiawl guawmd o lac jo Mo silo BU (g S0 jlil -Y-F

Iy diged p,5 <10 Jlade laol .ol ploxl GS-MS olliws jl eolawl b )l zlseinl (b, 4 diges jo 518 SloS 5 (6 S oslall
GC-MS ) olKws 4 o] &)y g zlysenl &)l &g a5 g 00,5 Jatie olKiws (5,10 pdiges ogatte bbb 4y g axils
Iyl os &2,y (capillary Column: 30m, 0.25mm, 0. Spm

Jarwl ol o -V-V

Ve ojleds 4 lpl o ojlaibinl 1 oo il> SV gz 5l Jols saud ojlac )0 95250 o Jg il i S
(120 Jibl yo Gidl Yge +/0) pumsliy Sy 0un Jolome b gound diges .030,5 oolitl GC-FID 5 s (bg, o [V)]
53 s gl el (d (o Vo) 5151 eolatul b oo o1 (slo Jg il « s 095 plol (g 5le Selo anT 8 B ol sols &)l >
S9s » Silwlaz a5, GC oiws a5 g o allow Slatin 4 (gilulaz sgpn Cqz cadizl vl sl Jg yiwl canlsl
509,F oolizi a5 (gl FID SLoyIS81 j1 5 a5 plol e o5 6 b sisgo o5

G oylac blgy (owyp -Y-A

S BT 5les 5 o el 5 oK 45 0,8 ool ilisie slo s, 3l olon AL kg, Ko blbs g s
LS 2 syl oley .ol eolaiul GC-MS Capillary Column: 30m, 0.25mm, 0. Spm oKiws 3l jekaie oy .cwl (GC)
oo cale o gl Sy 5e 5 Gl aoeil jo isd olulid 0520 OLLS 5 B ol anglis cadaiS Ll slas laslisl
28 5 eolial 5,0 oS 5 o 3llao

oo o o)lac Cods b aS bl oy -Y-

(PV") duwnS1 gy 30l (yrzxiows Y49

1 51 el b aiges iy Sem &0 b s (VY] Sl 5 518 g, Sl oaliiad by (s (sloipas apuTy ol
posigel Sllawss ids Ko B a ool oolel diges yid duo YIVO 050> caalsl 1o 0l 3.3, pl 00 (o> — soz>) VO
bolous (nl b BLAN (o> - (559) HCLTYID ;o (o980 )15 Von oo Vo Jolono 1g)S0 B0 5 (oo —(o0>) Y
clale o ols jais (reglh B0+ zae Job) jiegidy iSewl olKiws 5l solital b o) S5, Slpis g od osjen SlS

! Peroxide value



Journal Pre-proofs

PR Soge a4 polie 5 s (IV-0) GesS dnSTpgyaes lead asle sjlalinl povie pay b oSl g 000
b olo s o)las 0,5 9lST asS anS g 19,000

(TBARS") 55 59 ;b 9w ol 00503 S Tg Slgo (g s3I0l —¥Y-4-Y

Wges Il ol s [YF] JoSlnts 5 9921, Lo, b 5K (il ¥ game 3l ond gl ,5ciul (soud o,las TBARS olis
=559 1O Sl IS (6 ol oz = (359) 1+ ITVO TBA) S 52 )logd sl Jslomo yid (doo VIO L (2,5 +10) (2
A ools &yl ddBs Ve e A ol)fgs';.;Lw ax,0 U 50 e gT 3O s g ol boglie ((Yge +/Y0) HCI g (g0
Gae ds o5 Gl a0 YO sles 40 bglses caslol jo ol wibgie Ol 5 )b 5l g5lecSis b j2aSTy ¢ 50 S5, ool 51 e
9 o oly> yiegll OYY zge Job ;0 ylegidy Sl olfiws 3l oslitul b (225) mle (Figpe 55 b e yula adds Y-
- ko Oy90 4 TBARS 0l aiule (-- £ ppm) Vo) .Y.Y-tetramethoxypropane ,labsl Sove p, L TBARS clale
A ol el 0,5 5LSTMDA w5l opglle o5

@obel Julxi g 4y 225 VoY

O 6l slds i plil (Yo oV 8.+ a5e) SPSS sogas s Joe olul 53 (ANOVA) il ls Jlos 5 4320
S a8 S L s xe (55kel Ll 51 P<0.05 polie b o Sils slasels siz sl yge;] 5l ool b lo Silee

e g bi Y

5 aed -Y)

3 99,5 e BassslS 5 ofsy ik oVl 4 i gliiel Jsens hsy S olsie 4 alaSse b gl
5 01358 S el <l il o Jai] (sl 51 a5 e i Slome i lio 5o oslind (sl 5 I slo Dl
S oylas 5l oV Jhade o3k 4 e GlSem gl Pl SaS 4 gliaal () Joaz Gilke [F] g5 Ll Jte
2218 5 e 85 0 ek 5 P g5 VFL 425 &5 Slillan 51 000,550 5550 Shels 51 (1 VIAY)
(il ool Cand &S cwl oo Jsand (gol> Boes 950 (G ojlac o)l wSeg )5 gel> (sleo lac gl sl
5 aied Jolomo bt slo Pl 13 oaisisy 5 50 o 51 s 3L 550 jige gl (sl ook Pl s ol ol
S olae gl sl b el S sla Pl 51 (gl 30 [Y0] w5 Sl bbb slo > & il sl
3 o) gl ar sl Pl 6,5 (55, 1 aallle o imgiy ol e il 4y Blen 1 e s5ee
o b S sl ol 350) (ool b 8 (sl Pl sl o ols o3 (L vannamei) i sphly 55500 oS5l
Sl IYE] 08,8 oo (St (359 bl p oo YOIFE £ «/24) laad zl5cinl 083k Vb 4 ot (ool sozme):)
Jebl gl bglsre g ((gozxl caze 1:F Y ) V) F1)) ol )38 balses « Joibl oyginl «)550) Gl slo >
SYgazs | oad glul o olas olierd oS5 5 gl 0 Sles p (el o> VT AT A T F)
s .cd)8 1,8 owyp 8,90 (Procambarus clarkia)  y ypis ol S5 9 (L. vannamei) 5,6 3buly ob)o 565w Sl
Sl ologen il Car mlie Pl (arol ez F2)) (ool bl ) oSl 5] bsloo a5 ol e
iy JUb S 5 5 b, diad ) e ol |y $Ken oile g ol loaisly ¢l (0] cand (i 5 oLed
S o0 SaS 2l bl Cais  Lils Y game 1 Il eolaiul 4 aS WS e ais

odd gyl o] ojlac (K, o asli g ol cdale (235b Olyee (V) Jgo
Table 1 Yield, astaxanthin concentration and color indices of shrimp lipid extract.

ROCH I TOW IFCHEI FENFUPRE ) ¢

! Thiobarbituric acid reactive substances
2 Malondialdehyde



Journal Pre-proofs

e ool SV gama 3l oo gl Sl soud ojlac plilin] (glgime sl oo sols ylis (V) Jgoz j0 a5 jghilen
e 5 58 5 [YV] )Sen 5 Gogtiles Slalllae 51 5YL w45 052 (g 5wl (oo Vo ITF 390 53 5w (6 m
L) g Sl (5550 Slals gl I IS el 5ST bl Pl 3l olistal b (25, 0,5 dolp S loa YIY oty 45 05, [YAI
ol ls (uizmed g (P clarkia) o s o1 (5550 Sluls sl Joibl P> L ye9, 0,5 aolp 5 Jue IV g (vannamei
51 ooliinl b oS luls 5l ond 2l einl o ojlac ,o 1) uililin] YL polie a5 (L3 oldlas b sl o suiss
gl ale lilin] zl el cuga osliiul 8,90 sla D> b jo ¥ YEXA] Wil o wisged 3155 gl S
Sloos,S sl ol Jeslo Ly cadlioe Pl icabie plsisas gyl oad st (S0 5 Jo gl (il (5l
AdgigylS pililin] a8 ol o axSlid 93 4 cpized [TV ] attis il 4 acs s a5 cl ol Jig,S
Sl bslre wnlpln so)ls syzg ilise iz slaneal 5 uiililial sla il Glye 4 Buss 3 ol se 3 o
dlilnl glminl sl (cmslio Pl a1 T 5 bl anls (eililin] glo sl b alie (todad ol (Sae okl ol lad
LYol ais Las (Koz 3 5 5500 Baas) (yliwgy e

oy gl yiiwl (guud 0 ylas S5 y- PV

9 @) S (L ey, Jols S5y Giomw slaylae (50 )5 5 el 00l ool (Lt (V) Jga 0 (i S, s
e pols aslllae o [¥V] seo o oylas adeiis )5 mohw b1, Steced cpye IS jsb wa’ Jlaie cul 0 955
ol cptililin] @laKs, YU lgime Judo 4 Yl 3R cyginl M b odds glysiwl soud ojlac (VANY) 2" YL
D8] Wlos S I35 1) S sipmis)l5 il 5 i Sy (0 Jade) S5 (At o (Sirad 3 500 anllhs i
S oyse 50 1V 0gs o s zliial wnT 8 g erwlacS] da _allbl Wi, Gloime Lwg K, adly o [YYF
5l oolial b (Lgms 5 oy (0S8 35225) (SThos slaces, Koy Olpais gy b [YO] K0 5 orkie (gl
45 pmalannST Jsb j0 b7 g a7 (asls Sl & Wl (lis (LDAY) (as (aits Sl 5 Jlezms pgs o)
or 4 VFL GLiSen 5 gonlS g 3 4S5, 3590 50 sl Lo pe JuinS LS5 9 apnSTyy Gial¥l b (s lo gine psboas
QIR 85, Jold) (SThs slags) 5l s cuta ;5 (MsSl 5 Lo s 85555 o Jsid by wiile) (ailoordisind LS 5
Sl o e 9 (SIS Pleg S lats, g Ao (055 5 2bye OYsF 995 bigw claals (LS wls (JoSguS
|y ok, S i 907 ga” LT (S5 slagasls » LS 5 ool b cmizen i S oslital ploart oS 5 ol
Sy sl et cewitas ;50 do IS 5 ety )l aile obalaSs, jeds a5 ol lis bt .asls 1,3 aslllas 5,00
ol slapds, 4S5 ,90,0 (a8 5y wil Vb a’ (asls daudss S oYL polie b alapds, aSiyska o)l
A 3 Gy Cuaglin SLS 5 ol @YU palhe b plass, rizmen (i S5y aiibls 6 5VL b asly Lds)ls
sl Vgame 5l oad gl sl o) ojlac 45 wes e Gl eSS, slaail S sk sl Las ygemlanS]
sl s 2l Gl 6l 1) of 4 wBlioe H0y55 i erelie WIS Cll 5 S5y (Slyime Sl e o 55
Sloer cubin (Sdlag

@z Bl oy -V-F

slasl ptais Oy sladl 4 3o oad gl Sl (o] ojlas 1o (FAS) 0y (slaasul glyil a5 aas o lis (V) Jgo
2!l oud ojlas @l G .aiias (SFAY) glil 0,2 sloaswl 5 (MUFAT) glosl e S5 o> slaawml (PUFAT)

! Linear discriminant analysis
2 Fatty acid synthase

% Polyunsaturated fatty acids
4 Monounsaturated fatty acids
® Saturated fatty acid



Journal Pre-proofs

5 (/. YIVY) (ALA) ool S g JWT Lolss (/0 VY/+¥) 0-3 PUFA o35 45 o/ Y¥/+0) PUFA 5l oV jyolie gsl> oud
(20E 135 o o3l aigS waisS Zl il Pl ais oz laaaul uS 5 0 (4 YY) (BPA) sl Sl 15650]
aaly oy slassl 035b b o Pl cunkad oopl pogdle [¥Y] wsl glite Wl o 550 (oLl i Coxdye g had (o
sy 25105 &1, ) e ke (5553 5o lyise i orad sla Dl 51 ooliial 45 _stas al & )5 oniis
3 AV G g wims e Gl 1 G35l b sad SlaS 3 gl sl ol 5 Jol sl bl bylse Ste ¥4
S5 b amlie 5 Sl s, 135 (V0] oi5an 5 Sl caipn) (el 55 [¥A] 05 e 0y 1, a5 2555 5 Lol
oz glaeal JS SVIYEIN - FYVA) glblain oy slonal 51 o2 soedd ke il (sl 5 ernlin S
PUFA ;YU lgime .ol (P clarkia) p yis o1 65500 &l 1YYIOV = YOIOA 5 (L. vannamei) o,é duils 5550 51y
(P. clarkia) 'y pis O1 5950 g (L. vannamei) o, dwiuwly so%uo Sluls slp oy slaawsl IS 51 (AYVIO 5 FYIVA)
Sy ol basil ool IS jskay [VY] el 0l G155 55 o3 o il J 5 U0 Jins s ol 350 b i 5 4 oS
5 P90 B sle silem plp yo Ll I (Hadlne la i J)s 4 LPUFA 15 998 00 4385 5L 58 008 lgaceel aoes

laid 518 az g5 590 (b e

95e 00l gl Sl (gapd ojlas Oy slaswl i (V) Jgos
Table 2 Fatty acids content of shrimp lipid extract.

Sz 50 Pl 0uilo b (a0 oy -Y-0

(29,10 Slge cile y0 a5 84 oo aiS JT sla D> 4 RST) suile 3L (sla P> (USP') samie VLI 4556 bl
e 4S5 [F ] gt oo Bis oy slaaTd gy JolS job 4 5 Wigd oo g b ooliiul alS Y game 5 ol3é olge
o> Mg Glaghy) il (Sb led SYgame )0 o g odied S Slge 0 w8 RS (glade Cuul (e oS Coil )l
Sl aeits ly @l DY gams a0 eoliiul )50 ()5l b (AL slao,las oains [ S slge iglejl sl
s 4l 51 el sl T CaeS wBs o LS Caaw 5 5l oMl ks Yl RS a5 olsl 5 IRV ] s
00l Cyaxes (ICH) olus! oolitul (gl bag,ls b wlolyll Soalon Mallops slyad ;o a5 ol Joud LB oo 5 28 Ll
a5 ams o lis $Ke aily Y gase 5l ead 2l el o) o las dod g e (V) U sllae [FY] canl ngee e
BYs a4y el (See 8LS L 5,5 slao lac j3 M uile BL ol snile (B M g 5 Vb CieS b o) o,lac
dilay (Bl ojlae o o] 5l (g)lade Col (S 055 pses JalS by D ST anlp og (SL () e &) 5
e oS by el Ses JT s Pl 5l (S b ol ale ol Dl VU iex abais b sba D>l oslizul (¥ [FY]
~Ses asle wolas Ldis glp cenlie slasss, 5 oolitul pac icwslie Ladis by be, 5l solial pas (7 [FF] wes
nl 53 0ud a1 )5 IS @ gl il hgy ok FO] 05t Pl aile Bl 4 i Wl D o i b sole]
S oo Lio 1) wnd wde ol b e )3 45 S (o0 e | VU (gl g 033k 98 0ud LT 43gS g Ay

55 o gl il ] ojlas jo 5Ra/ gl M= sxile BL le (V) S5
Fig. 1. Residual amount of acetone/hexane solvent in shrimp lipid extract.
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Fig. 2. Sterol and cholesterol levels of shrimp lipid extract.
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Fig. 3. Lipid compositions of green tiger shrimp by-products. Blue: extracted lipid, red: cholesterol standard
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Table 3 Lipid quality indices of shrimp lipid extract.
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Table 1 Yield, astaxanthin concentration and color indices of shrimp lipid extract.
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Table 2 Fatty acids content of shrimp lipid extract.
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Table 3 Lipid quality indices of shrimp lipid extract.
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Fig. 1. Residual amount of acetone/hexane solvent in shrimp lipid extract.
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Fig. 2. Sterol and cholesterol levels of shrimp lipid extract.
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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, Z)-

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 (3p)-, carbonochloridate
10 0.97 | 5a-Ergost-14-ene

11 0.44 | (-)-Sinularene

12 0.57 | Andrographolide

13 92.01 | Cholesta-3,5-diene
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Fig. 3. Lipid compositions of green tiger shrimp by-products. Blue: extracted lipid, red: cholesterol standard
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Abstract

Raw material residues from shrimp processing are a valuable source of bioactive compounds, such as lipids and
astaxanthin (a carotenoid with potent antioxidant properties) for applications in the food, pharmaceutical, and
cosmetic industries. Extracting these compounds not only mitigates the environmental impact of shrimp processing
waste but also offers significant economic benefits. The present study aimed to extract astaxanthin-rich lipids from
green tiger shrimp (Penaeus semisulcatus) by-products and evaluate their sterol and fatty acid profiles, astaxanthin
content, and quality indices. The results demonstrated a lipid extraction efficiency of 2.81%, with an astaxanthin
recovery rate of 10.34 mg/100 g of oil and a favorable colorimetric index (a* = 18.13), indicating high color quality.
Gas chromatography (GC) analysis revealed that the lipid extract was rich in omega-3 polyunsaturated fatty acids
(0-3 PUFAs) (13.03%), underscoring its nutritional significance. The cholesterol content of the shrimp lipid extract
was approximately 570 mg/100 g of oil, consistent with typical values reported for marine-derived products. Lipid
composition analysis identified 13 distinct compounds, with Cholesta-3,5-diene being the most abundant.
Furthermore, the oxidative stability of the extract was confirmed by low oxidation indices (peroxide value: 2.21 mg
cumene hydroperoxide/kg lipid; thiobarbituric acid-reactive substances (TBARS): 0.31 mg malonaldehyde
(MDA)/kg lipid), indicating good shelf-life potential. These findings highlight green tiger shrimp by-products as a
promising source of bioactive compounds and beneficial fatty acids, suitable for utilization in food, pharmaceutical,
and cosmetic applications.

Keywords: Shrimp by-products; Lipid extract; Astaxanthin; Polyunsaturated fatty acids; Cholesterol
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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 waste (including
heads, shells, and viscera) rich in valuable compounds such as sterols, essential fatty acids, and carotenoids.
Characterizing these compounds serves dual purposes: 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 waste 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 in shrimp waste, 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, skin, head, and tail
samples were collected from shrimp farming centers in southern Iran and subjected to lyophilization (freeze-drying).
The ground samples were 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) 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
waste was 2.81% using the acetone-hexane (50:50, v/v) solvent system. The astaxanthin concentration of 10.34
mg/100 g oil, a potent antioxidant, indicates the high potential of this source for the food and cosmetic industries.
This value is consistent with the findings of Sachindra et al., who used acetone as a solvent for astaxanthin
extraction. The PUFA content of 33.05%, particularly the ®-3 PUFA (13.03%), reinforces the value 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 -
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 effective role of natural antioxidants such as astaxanthin. These results align with the
study by Gulzar and Benjakul, who confirmed the stability of marine lipids for up to 30 days. The color index a
(18.13) reflects the high astaxanthin concentration, which is crucial for industrial applications as a natural colorant.
Furthermore, the absence of solvent residues in the extracted lipid, in compliance with United States Pharmacopeia
(USP) standards, ensures its safety for use in the food and pharmaceutical industries.

Conclusion: 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,
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elevated astaxanthin content, and significant omega-3 fatty acid contribution highlight their potential for developing
health-promoting products. Although the cholesterol content is higher than in some other species, it remains within
safe limits for human consumption. Moreover, the 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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