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Nutrition is a key determinant of growth and health in farmed shrimp. Natural extracts,
such as those derived from seaweeds, have gained attention as dietary supplements for
improving nutrient utilization and overall performance. This study evaluated the effects
of fucoidan-enriched extract from Sargassum brown seaweed, supplemented at 1%, 3%,
and 5% dietary levels, on growth performance, feed efficiency, digestive enzyme activity,
and body composition of Pacific white shrimp (Litopenaeus vannamei) over a 35-day
trial, compared with a control diet without supplementation. Shrimp in all treatments
exhibited significant increases in total length and body weight (p < 0.05), with the
greatest improvements observed in the 5% fucoidan group. Key growth indices—
including weight gain, growth rate, specific growth rate (SGR), and feed conversion ratio
(FCR)—were significantly enhanced by the 5% fucoidan diet, while no significant
differences were detected between the 1% fucoidan and control groups (p > 0.05). In line
with growth outcomes, shrimp fed 5% fucoidan showed higher activities of digestive
enzymes (amylase, protease, lipase) and greater muscle protein and lipid contents than
other groups (p < 0.05). These results demonstrate that dietary inclusion of 5% fucoidan-
enriched extract effectively promotes growth, feed utilization, digestive physiology, and

body composition in L. vannamei under intensive culture conditions.
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EXTENDED ABSTRACT

Introduction

The Pacific white shrimp (Litopenaeus vannamei) is the most widely farmed shrimp species
worldwide, valued for its fast growth, disease resistance, and salinity tolerance (Castillo et al.,
2014). Feed accounts for over 50% of production costs, making nutritional optimization central
to aquaculture success (Monier et al., 2023). Functional feed additives from natural sources,
particularly macroalgae, are increasingly explored for their growth-promoting and health-
enhancing properties. Fucoidan, a sulfated polysaccharide abundant in brown seaweeds such as
Sargassum, exhibits antioxidant, antimicrobial, and immunomodulatory activities. Despite
these benefits, its dietary application in shrimp culture remains limited. This study evaluated
the effects of dietary fucoidan supplementation (1%, 3%, 5%) on growth performance, survival,
digestive enzyme activity, and body composition of L. vannamei during a 35-day trial.

Materials and Methods

Sargassum spp. were collected from the coastal waters of Chabahar, southeastern Iran.
Fucoidan was extracted by hot-water treatment, calcium chloride precipitation, and ethanol
purification (Borazjani et al., 2018). A commercial extruded diet served as the basal feed, with
fucoidan incorporated at 1%, 3%, or 5% using gelatin as a binder. Post-larvae shrimp (PL15;
~0.19 g) were acclimated for 10 days, then stocked into twelve 400-L tanks (four treatments x
three replicates) at equal density. Shrimp were fed daily at 5% body weight for 35 days. Growth
indices—final weight, weight gain (WG), specific growth rate (SGR), feed conversion ratio
(FCR), and survival—were recorded. At trial end, proximate composition (moisture, protein,
fat, ash) and digestive enzyme activities (amylase, protease, lipase) were analyzed following
AOAC (2000). Data were tested using one-way ANOV A with LSD post hoc analysis (p < 0.05).

Results

The 5% fucoidan diet significantly outperformed all other treatments (p < 0.05). Shrimp in this
group reached the highest final body weight (1167 = 40.62 mg), WG (1094.88 £ 25.00 mg),
and SGR (3.32 £+ 0.05%/day), with the lowest FCR (1.21 = 0.05). Survival was also highest
(90.67 = 0.76%) compared with the control (83.50 + 1.32%). Digestive enzyme activities
increased with fucoidan inclusion, peaking in the 5% group for amylase (0.84 = 0.06 U/mg
protein), protease (1.04 + 0.04 U/mg), and lipase (0.07 = 0.01 U/mg). Proximate analysis
revealed significantly higher muscle protein (74.47 = 0.13%) and lipid (5.58 £ 0.14%) contents
in the 5% fucoidan group, indicating improved nutrient utilization.

Conclusion
Dietary inclusion of 5% Sargassum-derived fucoidan markedly enhanced growth performance,

feed efficiency, digestive enzyme activity, and survival in L. vannamei, while improving body
composition. These findings highlight the potential of fucoidan as a natural functional additive
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for sustainable shrimp aquaculture. Further work should assess cost-effectiveness, long-term
physiological effects, and applications under commercial farming conditions.


http://dx.doi.org/10.61882/JAquaEco.15.2.32
http://jae.hormozgan.ac.ir/article-1-1145-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-05-19 |

[ DOI: 10.61882/JAquUaEC0.15.2.32 ]

b RT wlibp g

FAA+-ATO0 1 Cig iSO bLE  YFYY-YYO) 1 gl LS

https://jae.hormozgan.ac.ir

§e

T

b’}/ [l

(3

9y 2 (Sargassum sp) pawls sl 10968 Sul> (IaieS 83 Sgb> (1S 0 2> il
(Litopenaeus vannamei) oblg & 95w F0ilo 3

T Ol g oo ¢ (55 LY ok leds

Oyl olels lels (o) pole 5 (605l 50 ol ¢ b yd pale 0aSild (M 09,5

oS> Ao OlNb!
sboylas jl okl )15 55e ()93 oM 5 435 Gl 3 Sl (8 445 s belge (e :Wlie go0
s 3 g 2138 0lge Ol b pdn Il cu Sl e (2138 o) )3 Gl laeSe plgis 4y b gy Alio

odd g oylac jl esliwl 15l ol addllae ;5.00,5 LliE ops )3 3390 slacsdiogn) 5| sl S eoliul
@l by 0 les (oS oy )3 poull sloged Sulx o glil (3030 5 ¥ ) Glasss s L
S b (Litopenaeus vannamei) (oUly (oo o (b (oliowd S )5 g (o)lsS by 5T cullad
ol 0y 9 Jsb ctin 0 (b )3 005 duslie (ojbas (ig) ald las Ly (o) 59y YO Uy9 090
539 Sglate waliseo (glaog)S )3 ial3dl l5me 939 ol b o(p<e/0) bl ial3al (g)ld dae yobo & lanjles
Olise s padls 3 (p<e/+0) sal cuws 4y 50 0 (JaisS8 slasles 1> Jsb 5 g SR it
$lagSen )3 3,8 n e (2ME B pd g 0fg M) £ AB) €5 0 (g ORI S S 0
O ol cpl Ggla &S Jls o sl dgng liSeS el Mo B (ol pliSose booad ads Ul
o 3T Loond b (65010 e dss g 05y el sl alite (D> +1+0) 3955 )15 sine a0l o /) slalags
091952 0395 S 5 (S (B9 ) (4 oy S8 i o g Sl 5 Wy sl i )5S Lol
lojlogs 555 b duglio 53 doyd O JassS'sh ol 4iis (esSan 1> oB)lsS (el culled o sl oLis
@l (I ol 4 Bl e 395 CuBS 13 5 (22 9 nSan 3 VL Olise LI oS g 039 st
WA by 0 Slas dguy el Wlgh o (DBE b 3 Mo )d O e 3 (lu3eS 68 I edlaiul &S > s oyl

235 Shyon x93 (b 1 (elly oee o lord oS5 5 (B Sl cled

AR VAVI PR P
VX[ EIND iy &,U
VEF/-0/A 2 )l g )b

1 ponno B 95 =
sharifian.salim@hotmail.com
IS S

solly 595

PIKT IV

(MSsS 5

csloged Sl

Oles gl

QIO

BY NC

u\f).n).zz oKy :).,.S\J



http://dx.doi.org/10.61882/JAquaEco.15.2.32
http://jae.hormozgan.ac.ir/article-1-1145-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-05-19 |

[ DOI: 10.61882/JAquUaEC0.15.2.32 ]

1FeF oF o, lod o)D) ajjd‘déjg/";wwpf AR\

doNdo

9See Ceadls ais g Jloys 0 (Sl 9Sem 01950 2 by 2 SIS0 g ore Jelge 5 (S el andly (g pSoutiy 13
el 5l S ol Copte 0956 g s (Castillo ef al., 2014) cusl 039 YU cutS b g cawlio o3¢ 040 5l ookl b
5o b0r il oMo 435 &8 |y adbie lie 4 gSae 9 (Byme 3l 5 $9)Y 0y b )3 JIS,ET (slaygsl
o lalazme 5 A8l o 3 o] )Y b 5Se 15, 1 S50 bele ol 51 (Ko 00 Jold |y Ay (ladiy o a0
c\..."ib u.n.c‘..a.a ml LML.A LS"“\'C 0y ul.’xbl ¢u.\.o)5).; )M‘ ) 29390 u.»...‘o dl.).c d?&; P 9 9 YL’ pfl)., J..lb LY
ol Ll 5 lie ooy IS G381 el 3bj ot 5 Cliiss ) gladle (b )3 gy ool 5l el
Conl 039 21AE clao 3l o3lii] Clidos ol Lol Baa .l oas plosl (Liygp bl 50 Cwdlw g M) slayasli
25 55 o b aw a0y ) ity g 5 45y Gl cel wsil ogpe g sl il 0055 039l b lojen &S
oLl &S Cuwl ol WSy 8L 8o 0 alisee (sla gl cpdl and b j3 ((gilse yob 4y (Monier et al., 2023)
S oolil s 13 g oliE dlge Lo b paan ]38l cumw B3 o sl claJoSe lgie 4 olie o 3 bl ]
ol o3kl Wby sS o lgie a4y alisee (sboolac g 3lge I ST 00,5 LIAE oy 3 D93 g0 (sl sines, L;}J

.(Balouch Lashari and Sharifian, 2022; Akbary et al., 2020; Akrami et al., 2019 ) ¢!
s Sl 5 25 o 155, o] ol s SlacSels gl 4 it (gleslilg (slaty Sl L o lassSsh
ol 395V e 51 S55s5 (08 S 5 sl (sl sl blod 1 Sl 5 () el 48,5515 el 3,50 s
5 He glio o ol Sl ggite s Glilgw clony Slo L (615 (lod )l aidl o 555798 5 dnnsl SigoS'5lS
P11 ol (s Sl 5 ol e 9 o 030kl 018 s 5 01imdplsh plinudsal lsic & Loges o Sandss

3o o, Blody (st )l 1) (il g i) 9 (29l mluo 53 oslitel Jeusly § 2idl o (295 JB
oSl S ST G oSl 51 oyl lgiee o] alex j1 a8 casload (il (2> GoeSily Ciliss claisS

.(Borazjani et al., 2018) 5, pU 1) (slostd sl 5| koY 5 ladsS 98 ¢ 0,8
2 Sl Gloa g olpl )0 Ko bygp 455 oy ke Litopenaeus vannamei ols pU L oy Mdwl b olly (o650
25> Caglie g Vb Al il (sl g)9d SV Jood ¢S Sty Sl Jud 5l (odske (ygn o o ilisie lie
Cundg St 55 pl sYL Cuodl & 4545 b (Akbary ef al., 2023) cul odis S5 4555 pl sl (wypg s s)lon
Akbary .casl 035 ()l 5 oz 5 (aiine 4255 350 0)lgan 05 gl 5l SluS 5 b (LS sloojlas Sl odlazal b o] 4
1y obly co5ue (yBygp 0)93 yd (2I3¢ oy & Dunaliella saling Sudsg,San o)las 13938 y5b (Y+¥+) o Ko
Jesj o)las (Shd po2d 4 4oy (VoV+) ollSes o Shahraki So> (dios ) Wdges (515 Cuo g o giae
oo el By g )l lampl cld pojlas opl Bl g B340 ol3E o > (Zingiber officinale)
Slogtd SloSlrg Sl (5 eslae lojam oolitul o Canl 005 IS5 eizen S39e5 I35 Jlosl Iy (obly (5550
Bacillus ) JuwcSS Sogngy o (Stoechospermum marginatum o Sargassum ilicifolium [Padina australis)
LE5u D9 |y (695wn (o)l05 (slam T cdlad ¢ <&l 1) asy 3 Shae Wlgs o obly (c95ue (2IAE 6> 5> (subtilis ISO
gzl (b Jedluns) S 5 S lais a4 pligeld 5l eslawl a8 ol lis b LB iae} (Akbary et al., 2024)
5 )5 ol Collad i b 5,Slas dgy ol Wigioe I3 0y 10 2000 O s )3 pguls L Sl 1o
&lo o,y (Balouch Lashari and Sharifian, 2022) 55,5 iy 0)50 (b ;3 (obly (66500 b (olowd Sy
& l5sS 98 5l eolatwl Gl b)liS et waliie Sy 5 boylas 1 03 g edliiwl we) Jo aS aad o i Calisee

slcble 5g38l )»l.s oy ol ddlllas Gl Gan pl 10,0 den g (Lo (590 ol oy > Mdy slaS e leis


http://dx.doi.org/10.61882/JAquaEco.15.2.32
http://jae.hormozgan.ac.ir/article-1-1145-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-05-19 |

[ DOI: 10.61882/JAquUaEC0.15.2.32 ]

Yy Ol po 9 LY ol | - sloggd Kilo y/ds5sd 59l (Il 0 pun gl

oS 5y e 2lE oy 4 Ady S e ek & Sargassum sp. slogad sl onds zlyseiul ladsS g8 calises

sl 0351 039) YD ()95 0099 S (b 3 (bl (5550 ()5 ol Cld 5 o aliasdye

99y 99190

VoY bl ole )3 ol gl g ol liwl (S5 b)) Hleols dilaie slgw 5 Sargassum sp. s jl (sloged Sul>
s ooy Ol b (o sla Bl Gl (gl g o aad b)d O b oMl laaige b (5 pglaen (twd O g0y
0599, 39 &1 Ol 5l enlazul b )laseS 98 gl sl a0y imto Ol b g 003,85 s 3131 (clgn g dles ;D w500
bglso py3o,lS il Lo Yoo b Sl o) Voo ot plol i g e b (Y+)A) o)yl  Borazjani Lawss o (5
bglseo (pogmmas 4253 £+ jlaiio Oy o B0+ b Sl s asls] j3 0035 (g3lulie (Slo JElS” jl oalinal b tal> 56
Gilols gy @lo (4ddd Vo €5+ e TPM) Souts ySlo cdliols bolswe .0 03] pio Lo (slod 0 Celis ¥ Cdo 4y 5 10,5
5 03l Hly3 egrad 430 ¥ olod ;5 sl YF @te b g 13,5 a8l ] s pundS 10 )IST 0lo 3T gy polaie g
2355 eSS Sl 53 g5y aled S e @y g bgbe ST L gyglaen dbgbie mlo (is Suis il S 4y asl
5 25 2l ol bk iz g slaen Sonia il by 135S 98 ()8l (y Sl 5 i 0,8 e daly 150
0035 (1SS g 420 I 3 Giolejl plSin b

55 s S 53 aly sSem 351 55 50 1 (PLIS) i 10 (s sl 535m 359 Eeg Vo S
2l ol 5 629> oK (B35 9 iS5 oSS @ (5S35 Ol o S sl Y 93 Jo> slacSindy
0518’ (g2 b lngSao (6 )55Las 050 Jobo 5 I plox] 5oy Vo e o IngSan (5155 093 JUiS) 51 e I Jiia
b i om 3)5 g il ST S o g S5 e 4 iy g b il Ol g 4035 jeder ) j9ml <8 5
b izt ) For Sl Ly i 4 sle e (glagSie g ol D 25 4 ptale] iyl dagSie ()5 000
o (¥ (olasS'sd 236) als o (V1088 plosl S5 ¥ L otlojl olod g 0 a8 i )3 1,85 as oy 4l
DoY) ludss'sh chliseo pola s (3903 L] polaio &y 70 ludsS'sh Jlod (F AT (JaseSed las (¥ 70N oladss'sh
Tobaw o 9 dlone ) Jlowd pa (sl B0 (slatan B 0)9 JS (sl p3¥ (g8 lade Ll o ymliS (gl @ (a0
25 2y 23 oy aaldl 1303 )5 (cpnal 1ie o 4 SBlas claodisS (gpwl b g o paie Ol )3 6liyls jas e
Choi et ) 15,5 ¢yl jhaie Of b L5 sali jlad olAE 0y 0b B e odbe] § Kuid el FA Sso & olKiisloj] 340
as g gumo 038 93 53 9 (JLSe Aidn 93 1) (yie By $Kue JS 03505 403 O (e il (3lis fal., 2015
5 plog]

Sy lagSo (2olid L) glato ol (gl i plol logSio oot (a2in B) 9, YO o 4y ialo] 0)93 (L 52
8 Jgb g bl (n=10) bediges 5l (gwlie 2 jlow p 5| (Bolai jgbods (g 335 glad (6 pS 9o | JE sl VY
(P sk o/ o\ B L) 38> ol g (seishe o) o b) Jiomd (udsS ) oolail L oyl (M) (s 3 5 (mm)
(Akbary ef al., 2024) x5 s 5ol

2 otalefl 0)90 Jobo 53 lie i cupd g oy by £ et 0y ORI Loy iy il Jold 3y slapasli
(Choi et al., 2015) 15,5 dmslxa 5 blgy ol atin Sy Sloj Juold

(%) 4ol 139 = (p5) 2l 0139 =0ris Ll

Voo adgl s H(adsl 0ig eSSl asib (s 0aSSbe)=(4) ok gy ol e )

Ve Ghen sy (adsl (s b )N — 25 G b ) Tohg A5y &

(%) 0139 LIP3 /(p)5) 0ad S pae lie = olie Joas oyl

Voo X (09 (glanl j3 o0 0,8 (slagy Y dlusi foy9d (b j3 0ad 0,8 (slag,Y dluw) = SWlojl s )ys


http://dx.doi.org/10.61882/JAquaEco.15.2.32
http://jae.hormozgan.ac.ir/article-1-1145-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-05-19 |

[ DOI: 10.61882/JAquUaEC0.15.2.32 ]

1FeF oF o, lod o)D) ajjd‘déjg/";wwpf Yf

Sl ol &0 (N55) lagSes 1 pasedio dass jlos o 5l sy ) OLS 5 s St cialejl 0)90 (L 5
2 Bged ugh) ud (lp )5 ploxl (Vo o) AOAC 3 il (sl gy bl p uuSB g b (22 b (g
S S e 18 s 51 Vo 5 Al g el gy J o2l L o o 1 (5SS FIVD 55
W dole Cuslw & Gdo 4y 3,5 il )3 00+ glod 3 068 j3 adised lasl 5 )b

C59en ot Oland Bl 50 ¢l (obasl Jled a5l Bolal O ygo 4 95ue 03 (bylgS 0l ¢ gou il Cullad jioiw (¢l
(Akbary et al., 2020) 15 45,5 L )3 039, ou 3] o)lac lgic 4 g Blo ¢ Blo Il 5l osliwl b Juols Joloxo 05,5
o /8 ogime FIA an i) mrdw 3L lawd ;Yo o Vo pd atwlis doyd )l edlitel b | ytusgw el i (¢lp
359 g bgle |ytungm yid o +/0 b 039y cou 3l 0,lae i) Lo +/0 (Natalia ef al., 2004) 15 45 (wadew 1,15 Yoo
58,5 8 5 e 5 48L5] Sloulong 2563 dgnsl sl e <10 ¢ Juols Lol 4y (5], Sumles dn 5 O s ¥) 433,5 ,53bsSCH
423 00 (5lod 13 (p 5 o o) 05 Sl31 5lo e 0,5 81,8 20l OF e 13 il ¢ d S g g Ol plas 0
b Ol ol S5 b g 5 0 4,5 i 53 ol Sl 1oly Sy ol 2 iy ¥ b 315
s Natalia Luwg o1d S5 Jog) wlol 2 550 mjl cdlsd (i ad ()15 0ulign p5 e 22 mpl )y o
3hsll Glgis & (Ygo ko VY) Cjgns 5 g plgis & (02 S39 +/P0 71) (538 ) odlizal L g (V2 +¥) o)San
1y o lgie 4 4iBd V0 e 4 31,5 5l a3 e slod ) (59,500 e ) 0 5T oy Ao LD (6 S ol
23 Called (i 6ySoillad (155 B £ )5 e 2wl aoly Oyge b b e g 85 i ) sl i lad
acsh 32 5K Ggj 9y Comedgel Iytages 1 edlatul b g (Ve +8) () )Kon g FUME Lawgs 0 185 (39, (ol 2 5L
AV S ael o 7Y U gy Jstome 53 00 ddpdgal g il e V aoMs 050 4 1285 ploxil S
YV 3 cels ¥ Gte 4 g bylske a3l oylas jid duo +/0 5 (PH = A) Slawd @l 3L 1) oo +/0 b ¢ Jloy
iSly bglsee 4y cdaldl o .0l plosl (V:Y) Joilil gl Joloro b yiiSTy aBo5 ¢ amolioSSl 5l L 33,3 4650l ol Sl
9 Jgone ok s 3 13,8 55 Jlog <10 gpies S sy o g 8L (Ul 3 71) (5 byl 0, sy
9 PHEVIY) Lislosl Lol 13 cel G oy @t jd G sladunl 1 oVl SToySio V jdgpsun i cil,8 yiegils FA
A a3 S s 5 5l ol cllad sl S5 i 4 ]Sl 420 YV (gl

—g s o905l 5l oolil b aodly g Jloy wyy b plosl VY 555 SPSS 1581 o5 L s odls (g)lel Julow g 4550
Jsls 905l 9 )b S Luibylg 4555 o9y 5l oline BB 395 b 3939 (wy e (sl 05 pbol (Shapiro-Wilk) L,
555 ds il L o taleg] olad b oolitol Jlawi b asls o 51 Jols yolie s 2oy O gedans 15 LSD laline cigli
A5 )55 e Glioul b ol yeds 1 Ske < yguo s ol g plol

X
s 0990 b BS99 e Saclale (g5l (olie oy b oad 435 (obly (695ue 5)Y Cuny (s 5 Jsb (5Sle
VAV il ey a6 (slag,Y G 59 9 Job mSole Lialejl £gp yd cawl aad odly L5 V S > claan O
a2 ST dp<e/-0) <8l Ll (s (dxe jobo 4 b)los (oled (159 5 Job ian O (b )3 35 p)5 e WYY 5 120 Lo
039 9 (ecshee YAIPA) Jsbo o 5V etlol 0393 (sloil (gimy ooty ati )3 351 oglite ccilisen (gloogS 5 Ginlj3l oo
(p<e1+0) cuisls 3939 HlABeS 98 70 (sol> SlE oy b odd 4di5 slagRee 1 banylaws 1500 4 o (2,5 oo VIFV/Q)

(D> ]+0) cuslis ey (o)l pme gls dald g o> V 5 ¥ ladeSed x ;S0 sbajles b oS Jb


http://dx.doi.org/10.61882/JAquaEco.15.2.32
http://jae.hormozgan.ac.ir/article-1-1145-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-05-19 |

[ DOI: 10.61882/JAquaEc0.15.2.32 ]

Yo Ol po 9 LY ol | - sloggd Kilo y/ds5sd 59l (Il 0 pun gl

g 4in B (b 5 olly (s5%e 5Y Gy 415 5 13y (slapails  (laSsSsh Gilisee jolis (ol lid 0 b
O35S 98 Mo yd B (g9l pldoys 0 Ll YL sdd wyp g yedli oled > sl ol 0l LS Y Jads j3
5 5 0 slaasl 5 Aoy ¥ g ) e s wali Jold olie (sloope o glis &8 s 5 (p<+/+0) cudld dg2g
SrgSee > (2l haS a5 Ry M) £ M) £ o Ofs Rl 0dd S (g Gl (P> 10) 3955 3 sime
£)5 o YYIO5 1o y3 WWVEIV+ o8 oo V- QE/M b s a5 4y 3658 10 )3 B (gl (il pen s o s ool
O9) 2ald 09,5 ;0 AY/D | calisie (slaog,S e 5 (SGI5L e Sl g0 VIYY g joy 53 duo > YIYY gy 40
S sime ©glas (p<o/+B) Dy purio (055598 Moy O (gol 0y b ol Ay dsi glag, Y Cuy )0 Mo > A+ /FY U (0565 6d

YO maals (1) @
YA

[ JrARRIELSE
Y5

YE
WD ol b
¥Y ah bab a [

y. | @aaaa
YA A
1=
AA
AR
Vo

L ARRIEFE

(o i) Jobo

agl Y azin Y azin ¥ azin ¥ azin 0 4z

o9 8y90
Ve

MR

Howw

(=25 ko) hig
by

PR
Yo (b plargS s cilisee e (golo (IS 0y b oald 40i5 oolily (50 5,¥ Comny () (39 9 (W) Sgb (6l Y JSCd
(Ml oo (1€ (a0 (p 70 s jd I3 Siz0 gl SRl (ol S8 B9 2) 59,


http://dx.doi.org/10.61882/JAquaEco.15.2.32
http://jae.hormozgan.ac.ir/article-1-1145-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-05-19 |

[ DOI: 10.61882/JAquUaEC0.15.2.32 ]

1FeF oF o, lod o)D) ajjd‘déjg/";wwpf \it4

951 4idd 0 b 13 olly (5950 5, Comny o )lo5 Goer 3T Cllad o (yladoS 93 iliseo ydlie (gols (Iis oy T .Y Joua

(sleme Sl ol & (o)
1 0y
b lassS JARRINIPY JARRINIPY 2ol
VOAYAM E YO/ ANYEEEF BV AYAAE T /0T ALY/00 £ Fo/5F0 (Mg) 003 S ()35
VWY £Y/0-°  QAV/FAEYO/N- 2 AAY/A- £ Y0/-52 AAY/YE £ YO/ (%) o Ojg Ll 38l
YY/0F £ - /AVY® YAIVY £ V.- 0 YAJ-A £ V/ov 2 YAJ-Y £V /o8 (mg/day) wi) &5
YIYY £ -/-0° ANERYRS WAVERVARE ARERYAVS (Yo/day) o3sg A ¢ 5
ARV \ARE VAN \RRERYAN \ATERYAVE e bAs oy
A./sv £ /50 AY\Y £ /oy AY\Y £ ¥/vab AY/oe £N/¥YP (%) Sl

b e o3 o o 7D paw 3 (adll b dxe iglds Sl (Sl S5 68 gy

b oah 43435 pobly (695ue (6o poS seo ) il W5l s ) 5L 5 3505 el (5165 Sl T cullad Sy
Sl Hles ))Lnj p.»).’i Callsd oy YL ol 845 03l oL Y Jodz ul.\.ﬁs?fﬁ Aisee glaas)d (ol u.’b.c 0 yu>

/o e b asls les & borye w3l ol Cllid oy pieS a5 o 5 b cud dnly <JAF £ +[o5 laie b laseS gb 07
olie L ity JaisS 58 A 5 70 (sloslass 53 55 S el Cdleb (TR +1oY) 3 oleb (ia sl sals

sl

95Y Gy (0155 S 3 Cudlad 1 lisS o8 it ol (g9l il 0y 3T Jpoa
(lre Slyouil & (ilia) (yy91 4 0 (b 40 (oUily (550

s oy
T eS¢ ARV ST TN laseS s b
NICE=NNL NINERIR & NNERID SOF £ [FP
VRER L NAVEYA L AN Y VIS ECRYES Py
2RI N =Y RN YRS ==Y R == ;W

©3lis Sy ol SsS Bg > ol 005l B £ e 3 95y o 2 Lo T alos
Mlago Lg’]"\'c Lgtmxg O XQ C.‘aw 2 U”L" o )‘.)L;lxc

OMsS 5 iz laclale (g9l (2li8 0y L ol a5 (obly (olly (65500 )3 S B 5 (22 «Son Oliee 3 Clp
ol i slagSue ;0 Mo YF/YY s B9y e (YL calidee lajlos ylo )0 .ol ods odly LS ¥ Jgi> 53
W35 olagSue (p</+0) 39 SV laog)S 1505 4 Comnd (615 ime yob 4y 45 Mol Cwd 4 105965 Mo 3 B (gol> o pun b
35 2y Olie oppYL (P2 0) Al e olise Sl g)h re Cgldl choyd dw 5 duopd S lASeS 60 b o


http://dx.doi.org/10.61882/JAquaEco.15.2.32
http://jae.hormozgan.ac.ir/article-1-1145-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-05-19 |

[ DOI: 10.61882/JAquUaEC0.15.2.32 ]

v Ol po 9 LY ol | - sloggd Kilo y/ds5sd 59l (Il 0 pun gl

3 me yob 40 aS Mol Cawd ) 2o > O/OA L ol g 1056598 1o )d B (gols 0pun b od i (lagSun 3 palig s il

S (1€ 0y Lol i (oUly (oUly (95 (o2 p 3 OluS 35 jleme B1,ouil b ol pod (pSile .Y Jgoa
392 Y0 (b oligS s Bl glaclil

2l 0y
78 a8 LY a5 8 N JassS s el
AIVARNERYAY YE/VY £ . /yvP YE/EY £ - /va® AMANERYA A (%) S o3l
WALESIAVE YY/sa £ /vy AARERIALY ANE=RY 2% Y owep
OIOA £ </NF? AMERYAR R WANE=RYR YRR AN ‘o
\WAAERYiv e Vo/aq & ./yFe RVNERY A WACE=RY A ' S

70 oy (adls ya s e Gglds ko Sl S g8 By yn il s lo S oolo 5l doyd Sygo 4
ML’L;O u.;‘lj._é oo o

S
2 SlodS (s g eaibine WL &S )2 09y 00 sloddy S (g0 Certio 3 Cudbge () cp el (S calie 435
3 Shed g paujs 4 angi b (Borges ef al., 2024) s)s bl (Sl 3,Skes § oDl o Sxilojl i,
dusly cpl )3 )03 (93bj Cumnl (fdie dlge Jods g Ol qean CebB g Ba)b 5l 6yge e GBI (o595 S
3,8as 5l (sl sk 5 2L by (2l oy 4 (Silx 5 (LS sloojlas A5l rnb Jlbunyj LS 5 (0958
OlAS'58 il oalawl &S s L pols dalllas gols (Akrami ef al., 2019; Akbary et al., 2024) 39 0 Comoro 5540
(Slojl sy 0, Shee ke il obly (couo (SHE 0pn 1D 0o )3 B prlaw ;> powlS o (loged Sils I o] il
ol sile oLl o 1) @l (e Q58S 98 70 (gsl> Yo )l (1 aberd S5 g o)1 slam T ol
Sl adls dge dize) 1> (9T (dlge M Rl 0> (L3 (FCR) (238 hass cupd 5 (SGR) o5 45, €55 o i
pite (IS5 pyelS o (Sl Sl 310 gl il Sa5sS 55 (sln o S o3itl b (38 sk b 55500 > 4035 03
Sl 5 S HlS b Sy o)las oolatwl b 435 9 0y (iulj8l o)lyd (gdaxie (b gla yo)l55 Lol cuwl ol
ol (Balouch Lashari and Sharifian, 2022) Lo L3 iagh Jle flgie 43,0 3939 bl jd Jedcos; oluS 5
Sl et ls damn el (gl pxe job 4 pauwlS )l (gloged Sla I onds zlySeiul (1iligyeld Mo pd ziy 5l ealaiwl &S Sl
Oh&en g Akbary Soo dmgh 40 il o pols dslllas gols b Billad > a8 55 o (obly 6Rue (slog,Y g jd A
s Sargassum ilicifolium [Padina australis  sSl>g Sl slao,lac F‘?’ 5 oolazwl aS” wisly L 58 (Y4 YY)
g, Y ;o ad) dSles das el gyl xe yob 4 p 5 Ve p S Y clale L Stoechospermum marginatum
oalatwl & Woly LS 50 K00 gy, (V+VY) o)) Sen 5 Akbary .cusl oddi 09y &+ odjgy 0)90 (b ol (5550
Padina Nizimuddiania zanardini Sargassum ilicifolium Sy o)las 13é p)55lS 15 p,5 V0 clale
o3y Lyiulidl (ols dixe yobo |y Jhygp 0y90 (o jd (elly (6650 > by sl el Cystoseira indica 4 australis
adllas 1> Sl 0y 0 la5eS s (70 o ¥ V) dilises sacdale 15 auslio o) Sloseen Lo uiss guls b 45 cul
(55565 oyg) sl I3 0y b o 435 (slgSe ;0 Ay (60 xe glds /40 clale BMS a8 sy LS ol
Ui 3¢5 Limgs 40 a5 cawl (V+1F) ) Ken ¢ Dashtiannasab b glas )5 gulis ol ol 42185 5939 ZY 9 ) 0y 4


http://dx.doi.org/10.61882/JAquaEco.15.2.32
http://jae.hormozgan.ac.ir/article-1-1145-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-05-19 |

[ DOI: 10.61882/JAquUaEC0.15.2.32 ]

1FeF oF o, lod o)D) ajjd‘déjg/";wwpf YA

Sargassum ) pewlS b s Caliseo slacaws (gol> (o s bodd 435 oy b b (slagSio jo by l5ee 5 200D
St O Sl glaojlias b eSls (iiodgw Cul 03 Clale &) aiusly 9 Cglitio (6l bxe ysb 4 (angustifolium
Lo e Joas LBlae g Jleb ) S 5 o inn Slga dncyaaling gy oo & Yloiml 0y 2al33l g 0y 3,Shac
Slosl woyd db ol ysls adllas guls «yizen (Radhakrishnan ef al., 2016) sl o (o3¢ dlge Gl dauts o
Slisonl 5 Sl 5T Jolgs 5l s NN opl 48 canl 039 Loyl 3l yiin (g)ld xe yobods 056893 a0 Hlas po
4 cpl S Wl bl es] s ) 0458 e 585 A5l oo 0595 98 10 3990 diligur luS 5 bl e S o
5l eolawl woly lis iy 4y oS cawl pillas jo (Y+VY) )Ken o Pourazad 4 (VYY) ,Ken 9 Akbary claaidl b
ansly e ;36 (ally (s9se mal g el o (sloged Sl 1 o gl gl Glilgw slasy,Bloly 5 (Sl (slaojlac
Cad )b die Ghpdy b)) 0w slopadls 1 (So (hyan ol ok 0 oB)IS laml Callad e 5 20y el
o3l Cllad )y b (Akbary ef al., 2020) casl (o5 0595 Job 50 ol (2138 55 ol owe5S g U515
).u;l.» Cod u““’)‘?f LSL“M}J] Cullad 4S5l oléd u‘.\f@f?e s gbarcand (ol 0y b ond PR @5‘9 T udw)‘;
Bl Gl s sine ssbots o 5 g laal (slage3T clld (e S0 o 55 canl .5 )3 (IS oo
5 oolawl &S Wled,S 558 58 I Slalllas Ll STysd 51 s edlatel cubld g y5)lsS a51)3 daue by yol opl &S
Sl o (Zhang et al., 2023) slogad s> o lac b (Shahraki et al., 2020) Juzo; o ykas sl b @Sy
3 oslil a8 wnly LS 55 (VYY) oy Ken 9 Akbary ,Son (slasdllas 13 .08 gl 65w j0 1y (o5)ls5 slaes 5l cullad
¢ Eisenia sp. Ulva acuata oy b Sl ojlac 0buS jb sxe g Cuie Wb (V+)) o )Ken 9 Omnet
b solas ,d a8 wages 5,155 1y 5ol g 5l «pmmn ygonS (5165 (slaps 3l cdlsd p dop> O haw p> Porphyra sp.
ol 4 e ¢ lanST Bl ol poogMe Jlad ) SluS 5 ol ol (LS iy Slidisg ASL e gl aslllas
Monier et al., 2023; Balouch ) £5,5 o b oy> o3 4 (o1& dlgo @ wuid Jutend 9 (5,165 (slops 3l iy
2 ook s olie gla oS &S Cuwl 0ids asuie yises (Lashari and Sharifian, 2022; Oment ef al., 2019
o5 19,0 ()ls5 (sl 1 g p Sy sl g 03y (i dlge ol gt o5 2515 15ig 0 ()55 slome 3l g
Khan gl b sles (5 oed adles opl zobs (Zhou ef al., 2009) $5g6 o (o) b b (56500 slagy¥ o ji)lsS
olKiwd Clled G o5 el gyl LS oylas 3 dg3 g0 Jlad s LS 5 00505 5135 &S Canl (YY) ) Se 5
235 o oBygn blyd )3 (@l lge gy Gl g )15 olws 11AS jaie ploj LAl ()5S

(Sl Candy b5 sl e SloalE LaSE 5 a2 (g Cask) Glie e bl Gd oy LS
At o1AE 03y S 5 g CutS oamdsbl lises baygiSh pl g o guwme ] oges Cwdw 9 STgs L
eBAS (hygy 50 ohed lodwy il S ldle g Ay Brae 4 (S8l (gdse dlge lie dn U i o ol S
9w Y 50,8 (6 ilwdinns 53 (s0ST il g5 o LS 5l 88> ioiw (s oYU (golaidl 5] a8 by (565 Sile
W s oS o 385 S 5 o pols adlllas j3 (Monier et al., 2023) a8 ) 5o olie sl JoSo Gl 00
s 45 (5145554l 43l Sy I35 s I3 b Losio (s (rliasd a5 45 5D S g 0 (L 2
6 Dlgi o ol ol g GBS B LY 5V (slolags g a8l 09)5 b duglio )3 (3 (22 9 B9y MEe (il g 07
9 (VoY) o) Ker 9 Akbary lawg aolin gols bl olie o s jl eolaiol oL ili8l o (gdao dlgo yips ls
Glasllas )> ol ond (15155 (6650 10 (Sida (gla JoSio 5l ool b s S 5 dup 3590 50 (V1) ], g Omnet
e oy & (Dunaliella salina) MJUg> Sl> o)las Calisee galaw (13458 )»L (Y+¥+) ol,Ken g Akbary 5>
Sbdssl S 5 ()l gne y5b 4 (2l 0p SISy )3 0jlas p5) (139381 45 dges 1S 9 gy |y (oUly o5
bl ojlas 1o )d B (3938] JI sxe 5 Cute yil 3 (YT o)) Ken g Bameri .l odpisy daus |y 650 CulisS oy


http://dx.doi.org/10.61882/JAquaEco.15.2.32
http://jae.hormozgan.ac.ir/article-1-1145-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-05-19 |

[ DOI: 10.61882/JAquUaEC0.15.2.32 ]

rq Ol po 9 LY ol | - sloggd Kilo y/ds5sd 59l (Il 0 pun gl

sl > olly (6650 (slag,Y s b olewd GlS 5 p o3 s > (Salicornia persica) L ysSIls cudglla olS
zl Pl (lyeld 0938l aS aly L 55 Lo (L8 adllas il o pols adllas b illay )0 oS Wdged i)li5 1) e 090
2 #Uly o5en sg)Y Cany olrend SlaS 5 (6l ine yobo & Wl o 10)d B a3 pguls )l (Sloged Sul> 1o
2 6Nee b (olewd cuS 5 o o Lo}o& .(Balouch Lashari and Sharifian, 2022) sizy 30 1y 09 (slacs!
Slose] {10,3 OF) (5550 VL s 5 (9 oo s 4 (Sl 1S 5 b Sl b Lo (136 o2 b slo g
Monier et al., 2023; Akbary et al., 2023; ) 33,5 0 olosd cuS 5 290 5 Mb) ey ]38l el puiins jobo

(Oment et al., 2019

S Ao

@1519 d?i:.n u.»‘.\.c 0> A f:y.olf)b 5109-&5 «.i.b )| DMG])&LJ u]~\--;’9595 035)’5‘ FUN uL“” axlllas L)"‘ dl.mc\’:élﬁ
uwl)ﬂ‘ 9 Y A.w) CS>g0 9 0Oy LS“\’“’ J‘}o u» 9 W.Aa.m w.uﬁ dgabe OMJU[M )Lo.u U" 5 )L.J 9 )Lia9).\ c))'t.n—l L;me;)j
ol S ookl sl 5 (LS Gless cnl 3 (Swlejl ao)d (9 SYL iz 3 WgSee (0 50 (22 9 OB 0D
5 b (93938 SO laisdy laseS 98 Sl edlatwl &S Cd )T Ao v e oyl ol W08 e .\.;L Suwe 4A5 1y S 3
Oladllas 39. o dlpisiin 3,1 obly (6o%u0 393 (690 32 aube (slyr (oYU Jumasiliy ¢ lde 0y ) 7.0 e > Jledcuns

il sl 38 s (90938] cpl (golaiBl oo g o wlie j0 3 Sles aw)yp cbdedils Qlﬁi;l}' bl ol

S 3wl
ok ook ol slapialefl plsl 131 Lo o Jlasly (213 psle 5 (62,50 olStils (555 50 olylojl p yimo (luli)lS 5|
Db e (6l Sl ele 5 )l lo slaylas Gl b 4y s ooy I e en 9d 00 (6l L3905

References

Akbary, P., Ali, M., Gholamhosseini, A. and Amini khoei, Z., 2020. Growth performance and fatty acid
composition in shrimp, Litopenaeus vannamei fed with different concentrations of Dunaliella
salina extract. [ranian Science of Fisheries Journal, 29 (4), pp. 61-71. (In Persian).
http://isf].ir/article-1-2307-en.html

Akbary, P., Ajdari, A. and Ajang, B., 2023. Growth, survival, nutritional value and phytochemical, and
antioxidant state of Litopenaeus vannamei shrimp fed with premix extract of brown Sargassum
ilicifolium, Nizimuddinia zanardini, Cystoseira indica, and Padina australis macroalgae.
Aquaculture International, 31(1), pp. 681-701. https://doi.org/10.1007/s10499-022-00994-5

Akbary, P., Mirozehi, J., Mirozehi, Z. and Aramoon, A., 2024. Investigation of growth performance
and digestive enzymes whiteleg shrimp (Litopenaeus vannamei) fed with combined extract of
brown macroalgae (MPE) and the single-cell probiotic Bacillus subtilis. Aquaculture Sciences,
12(2), pp. 54-67. (In Persian). https://www.aquaculturesciences.ir/article_210473.html?lang=en

Akrami, R., Dousti, A., Chitsaz, H. and Razeghi Mansour, M., 2019. Effect of dietary prebiotic Mannan
oligosaccharide on growth, survival and body composition of the Pacific white shrimp
(Litopenaeus vannamei) juvenile. New Technologies in Aquaculture Development (Journal of
Fisheries), 4 (24), pp. 59-66. (In Persian). https://journals.iau.ir/article 529839.html

AOAC (Association of Official Analytical Chemists), 2000. Official Methods of Analysis, 15th ed.



http://dx.doi.org/10.61882/JAquaEco.15.2.32
http://jae.hormozgan.ac.ir/article-1-1145-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-05-19 |

[ DOI: 10.61882/JAquUaEC0.15.2.32 ]

1FeF oF o, lod o)D) ajjd‘déﬁfwumpf ¥

Association of Official Analytical Chemists, Arlington, VA, USA.

Balouch Lashari, O. and Sharifian, S., 2022. The effect of different levels of dietary-phlorotannins-rich
extract on the growth and nutritional indices of whiteleg shrimp (Litopenaeus vannamei). Journal
of Fisheries, 75(2), pp- 317-328. (In Persian).
https://doi.org/10.22059/jfisheries.2022.336776.1307

Bameri, S., Rezaei Tavabe, K., Rafiee, G. and Amini khoei, Z., 2021. Effect of different levels of
ethanolic extract of Salicornia persica halophytic plant on growth indices, body composition and
antioxidant enzymes activities of the Litopenaeus vannamei shrimp. Iranian Science of Fisheries
Journal, 30 (1), pp. 135-147. (In Persian). http://isfj.ir/article-1-2231-en.html

Borazjani, N.J., Tabarsa, M., You, S. and Rezaei M., 2018. Purification, molecular properties, structural
characterization, and immunomodulatory activities of water soluble polysaccharides from
Sargassum angustifolium. International Journal of Biological Macromolecules, 109, pp.793—802.
https://doi.org/10.1016/j.ijbiomac.2017.11.059

Borges, E., Pompermayer Machado, L., Louza, A., Ramaglia, A., Santos, M. and Augusto A., 2024.
Physiological effects of feeding whiteleg shrimp (Penaeus vannamei) with the fresh macroalgae
Chaeto morphaclavata. Aquaculture Reports, 37(1-3), p- 102222.
http://dx.doi.org/10.1016/j.aqrep.2024.102222

Castillo, S., Rosales, M., Pohlenz, C. and Gatlin, D.M., 2014. Effects of organic acids on growth
performance and digestive enzyme activities of juvenile red drum Sciaenop socellatus.
Aquaculture, pp. 433, 6-12. https://doi.org/10.1016/j.aquaculture.2014.05.038

Choi, Y.H., Lee, B.J. and Nam, T. J., 2015. Effect of dietary inclusion of Pyropiayezoensis extract on
biochemical andimmune responses of olive flounder Paralichthys olivaceus. Aquaculture, 435,
pp- 347-353. https://doi.org/10.1016/j.aquaculture.2014.10.010

Dashtiannasab, A., Mesbah, M., Peyghan, R. and Kakoolaki, S., 2014. The effects of brown algae
Sargassum angustifolium extract on growth performance, survival and Vibriosis resistance in
shrimp Litopenaeus vannamei. Iranian Science of Fisheries Journal, 23 (3), pp. 31-40. (In
Persian). http://isf].ir/article-1-1277-en.html

Furné, M., Hidalgo, M.C., Lopeza, A., Garcia-Gallego, M., Moralesa, A.E., Domezainb, A.,
Domezainé, J. and Sanz, A., 2005. Digestive enzyme activities in Adriatic sturgeon Acipenser
naccarii and rainbow trout Oncorhynchus mykiss: A comparative study. Aquaculture, 250 (1), pp.
391-398. https://doi.org/10.1016/j.aquaculture.2005.05.017

Khan, R.U., Naz, S., Nikousefat, Z., Tufarelli, V., Javdani, M., Qureshil, M.S. and Laudadio, V., 2012.
Potential applications of ginger (Zingiber officinale) in poultry diets. World's Poultry Science
Journal, 68(2), pp. 245-252. https://doi.org/10.1017/S004393391200030X

Monier, M.N., Kabary, H., Elfeky, A., Saadony, S.,ElI-Hamed, N.N.B., AbdEissa, M.E.H. and Eissa,
E.S.H., 2023. The effects of Bacillus species probiotics (Bacillus subtilis and B. licheniformis) on
the water quality, immune responses, and resistance of whiteleg shrimp (Litopenaeus vannamei)
against Fusarium solani infection. Aquaculture International, 31, pp. 3437-3455.
https://doi.org/10.1007/s10499-023-01136-1

Natalia, Y., Hashim, R., Ali, A. and Chong, A., 2004. Characterization of digestive enzymes in a
carnivorous ornamental fish, the Asian bonytongue Scleropages formosus (Osteoglossidae).
Aquaculture, 233 (1-4), pp. 305-320. https://doi.org/10.1016/j.aquaculture.2003.08.012

Pourazad, M., Beghari, D., Sotoudeh, E. and Ghasemi., A., 2024. Effects of dietary sulfated
polysaccharides extracted from brown macroalgae Sargassum ilicifolium on growth indices,
antioxidant status, and immune genes expression in white shrimp (Litopenaeus vannamei).
Aquaculture Reports, 39, p. 102387. https://doi.org/10.1016/j.aqrep.2024.102387

Radhakrishnan, S., Belal, .LE.H., Seenivasan, C., Muralisankar, T. and Bhavan, P. S., 2016. Impact of
fishmeal replacement with Arthrospira platensis on growth performance, body composition and
digestive enzyme activities of the freshwater prawn, Macrobrachium rosenbergii. Aquaculture
Reports, 3, pp. 35-44. https://doi.org/10.1016/j.aqrep.2015.11.005

Shahraki, N., Iman Pour, M. R. and Akbary, P., 2020. Effect of dietary administration of a Zingiber
officinale extract on digestive enzyme activity and some biochemical parameters of western



http://dx.doi.org/10.61882/JAquaEco.15.2.32
http://jae.hormozgan.ac.ir/article-1-1145-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-05-19 |

[ DOI: 10.61882/JAquUaEC0.15.2.32 ]

f\ Ol po 9 LY ol | - sloggd Kilo y/ds5sd 59l (Il 0 pun gl

whiteleg shrimp, Litopenaeus vannamei. Iranian Science of Fisheries Journal, 29 (3), pp. 45-55.
(In Persian). http://isfj.ir/article-1-2321-en.html
Zhang, Z., Shi, X., Wu, Z., Wu, W., Zhao, Q. and Li, E., 2023. Macroalgae Improve the Growth and
Physiological Health of White Shrimp (Litopenaeus vannamei). Aquaculture Nutrition, p.
8829291. https://doi.org/10.1155/2023/8829291
Zhou, X.X., Wang, Y. and Li, W.F., 2009. Effect of probiotic on larvae shrimp (Penaeus vannamei)
based on water quality, survival rate and digestive enzyme activities. Aquaculture, 287 (3-4), pp.
349-353. https://doi.org/10.1016/j.aquaculture.2008.10.046



http://dx.doi.org/10.61882/JAquaEco.15.2.32
http://jae.hormozgan.ac.ir/article-1-1145-en.html
http://www.tcpdf.org

