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Table 1. Effect of different levels of Salicornia extract on growth indices of white leg shrimp PL during experimental
period (M+SD)
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Figure 1: The amount of protein in white leg shrimp dry carcass at different treatments. Different letters indicate
significant difference among the treatments.
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Figure 2: The amount of fat in white leg shrimp dry carcass at different treatments. Different letters indicate
significant difference among the treatments.
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Figure 3: The moisture content of white leg shrimp dry carcass at different treatments. Different letters indicate
significant difference among the treatments.
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Figure 4: The amount of ash in white leg shrimp carcass at different treatments. Different letters indicate significant
difference among the treatments.
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Figure 5: Changes in protein content of white leg shrimp muscle at different treatments. Different letters indicate
significant difference among the treatments.
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Figure 6: Changes in glutathione peroxidase content of white leg shrimp muscle at different treatments at the end of
45 days. Different letters indicate significant difference among the treatments.
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Figure 7: Changes in Superoxide dismutase content of white leg shrimp muscle at different treatments. Different
letters indicate significant difference among the treatments.
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Figure 8: Changes in Malondialdehyde content of white leg shrimp muscle at different treatments. Different letters
indicate significant difference among the treatments.

o Gl b ol gaass o (Lin et al., 2011)
0 Slase ,o ke g o gine b Lo eSIle oLS o lac
L ol | @l Gl S easlie 4 Gl a,
oS 0 dezse S|l Jlb ey SleSy
39 om0 Ao (9l QlalS nle g LiyeSle
Slp ol Cans 138 0 dgz g0 slacas Foi 3l eolanul
5hoslaal a5 5,5 5,155 (1430) Penaflorida .t
s Sy S5 M 0px ;0 LLL S ojlac
Ay e 059 siliél el (Penaeus monodon)
ol cle a8 cudloads Sl hos cu b Seme 5 0hg
ol o9 50 Ao Jlad Can SLS 5 S92 Jo @

ilon 95 455 Cal o
or & Jobl ojlas o5 0 Gog3dl il aslllas )
ke Gl s (0)8 aekuly Gloz s ol
Rios- ldllas gmls Lull 5 o5 ald x5y p
oS o9 0,5 il (YY) oK 4 Durén
oy 0 Pl gy Gl 4 do,e B U LSSl
ol cel (O. niloticus) LM ale olae
dalllas ;o Cpizren b oole alY LS 5 o 5Kg
il g)ls LS 5l oS5 (Voo V) o) Ken o Ji
(Paralichthys  _ul5 ale Siaas o130, jo
S0 1y al¥ SluS 5 4 ws,S eolatsl olivaceus)

Sl S 50 Gylo e glay a5 wisls I3 owy

Ol om0 loge Sgli @l el
Tl oanS Z8b s slajles o Gt laaSls
YO Ghb 5o 9 (A9 090 (b lijsSlle §)las Sglite
oy 5 Jeill 5lac 0,50 og3dl ol eols lis g,
(L. vannamei) o, suiw b ols> slagsXee slie
o 05 I3 s s lssten ST imbesl 8,90 Jobo o
el g sy 8 fod copd alS g ofng 0B, 5
el Al ohig A cupd E5 0N Uiy ORI
WA s 0 2 o o e (n S
P<A1+0) o walice Jsill o5 0 gl 0z b ond
Rios-Duran cllas b pol> ubos zols awslie o
Py oy B0 B S wil (YY) oK
Bl e sl @ (L)l ojlas &) LsysSlls
Skdls (ple 3 0z 5 JondS 0o )3 ¥ Lol e
5 059 ol eel (Oreochromis niloticus)  Ls
Lo Slale 2l had cupd 5 o ohg 08 &5
Loas Shabe 5 oud 4355 L jsSlle (g5l (alie 0
sl gyl dee gl ol 4dss aald o,
Sebe Jldlj olge )ls Aol o8 4 (25l oS
as olge shls Lol waiwn bl Calise slaass ol
2o dlge ol @8lge 56l jo &S aliin 5 gladss
335 o site 3B (5l B iy o Shee (sl

VFY


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.3.8
https://isfj.ir/article-1-2231-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

[ DOR: 20.1001.1.10261354.1400.30.1.3.8 ]

Yo (V) Ve Ol ol pale alas

el colld ot lal o (IS Jsb A e
Sliwg Cow plo 4 Cans (g 5090 Sl ST
, (Rezai Tavabe et al., 2015, 2017) «ls J
bilas iz zglaw (Vo)) ) Sen 5 LiU aslllas
il 5550 olie o> o Panax ginseng oLS
ol ol 5l Jols b 5 <8)5 58 (w2 9090 (208
Gl g slaeaSTy GbelS Glgenss jlanaSTygn
I ool Cawsy zuls 093 oo ] 60 oalle collad
SLS5 Gl 5 LS SThs ol & s
SR L IRT S U AR GVUWE PR CLOWE-JP-R W V1 LI | P KWy
5 L,Sdle olS 3jlac wuel cusoay @l Ll
55 5 Al CedS g ol 0,Slas S99
el 9999 U 5 500 o 3l 9 (28 el Glsx
Sgale Dgd o @'IWT‘S';}T 6L¢a[ﬁ}ﬂ o Slas il
oS o ol dge W cany ol s 4w,
e «05225,b (it 505 (VB Jols L355S0
500,85 oo 5 (Bertin et al,, 2014) e 55550 5
@ SlonS] T slaes 3l cdled 18, YU s (sg
L)ssdle ez sladiss jo (Jgd <S5 V0 S92
(S b a4 ogd e by (Bertin et al., 2014)
8 5 0 liee & L ysSle ol 5 lae 5l oolil
drog (o8 Sl (595 B9 S ,0 108 SelS
SlaS 5 ppgas )3 il Slidos (nl 3529 b 09l o
5 Sl slysSills ol L5 5ds Jub Caw
50 oS ol GlSy oleerdsn o Sles uizen
$sfer gt 5 o Sbsla wlas Glike slacdl

el (6400 (5‘»‘7 Slallas o oy¢ aauly

1509 g S
a8 SLS el gl lie pBoanms abewgino
WS Sl 9 ) Ken pol> 059 plxil >y
S 3 50 pyime Gelgts 5 Sz GBI ogasa,
b pole lighos amgs — Glalr) H50 e

aledgo Gl0,08 5 SiT H9iS

VFY

i oaline dall 09,5 5 o9yl HLIL cul a4y
wlize gyl QLS 5l 5 (V0 ) ol Sen 5 YU
S5 I opzr 0 usdely SSgmgn L olyes
(s wagby o Ll s, solaiul oy wblly
g Farahi coen o slonl (6 pdd iy «jinS 5
o Lsasgll o Siazi b olS 8 lae 51 (Y+1Y) o) 1Ken
S5 oS, @Y P el Sl e
p a5 Xo,S eolanwl (Oncorhyynchus mykiss)
SORIRERPNC ERNPCRRNC PN B PSRRI
ol @ls e 4ty OlaS 5 v Jlaxs! e alox
2 5,55l cudglla oS cote Sl Glgi e ) B
s Ko i g i 5 e s o ,Shos
9 et stlio Lyl sl 0gnty o L3 )sSdls olS j05 15
Sebioe Glinl )3 (2l Slge @3S 5o aAlols falS

(Rios-Durén et al., 2013)
o> sbekes Ll o> 4o LSl oLF o lac
3¥bas s focstnn 1 oialei] 555 b (o il
Sl Ugannd T g Gl 505UsS o 3]
) Vb oI5 ek 4 Ll sl Gl e
e wmld bl on pd ShaeST Sl slae sl
g oxd JSas ol sla JSusl, ol g )3 1n s
L Jl0sly rl o9 o 3 Stz (SheST T lags 5]
= .Jiravanichpaisal et al., 2006) xgi o Jled
ads e (o asall g0 elle lade a5 ol las
ool (Joill ojlac )5 0 gl 2lae o b oad
oles (V) F) o, Kea g Radhakrishnan asla. .csl
o 2oyl LS S5 bilac l colaiul as ol
Gs5ee alae ;5 ST T lags T colled il
OLhles g LU pooen sl oo op i ol Sp
silas doy I g aoyn /Y sy /O (YY)
Syp g% 2lie 5, o Rheum officinale oLs
el olS ol 8 lac b a4 das g 050,5 soliiwl oy s Ol
NI S TP ORI VOV ¢ [T IR PG [P
ST sl o], Jloisl LS5 o] e a5 ad o s
2o Sl 5 b et ol 65 on glacdl o
O lagSs a5 ceul o o ol cnl il oo slasiis


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.3.8
https://isfj.ir/article-1-2231-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

[ DOR: 20.1001.1.10261354.1400.30.1.3.8 ]

ol ) jlme it - gy 450

OLKen 5 s 50b

stability, and antioxidant activity of
Salicornia herbaciea seed oil. Korean
Journal of Chemical Engineering, 31(12):
2221-8. DOI: 10.1007/s11814-014-0163-7

FAO (Food and Agriculture Organizations
of United Nations), 2020. The state of
world fisheries and aquaculture, Rome,
Italy.

Farahi, A., Kasiri, M., Sudagar, M,
Soleimani lIraei, M. and Zorriehzahra,
SMJ.,, 2012. Effect of dietary
supplementation of Melissa officinalis and
Aloe vera on hematological traits, lipid
oxidation of carcass and performance in
rainbow trout (Oncorhynchus mykiss).
Online Journal of Animal and Feed
Research, 1: 1-5.

Gandomi, H., Misaghi, A. and Basti, A.A,,
2009. Effect of Zataria multiflora Boiss.
Essential oil on growth and aflatoxin
formation by Aspergillus flavus in culture
media and cheese. Food and Chemical
Toxicology, 47:  2397-2400. DOIl:
10.1016/j.fct.2009.05.024

Ghaffari, S., Saydrasi, L., Ebrahimzadeh,
H. and Akhani H., 2006. Chromosome
numbers and karyotype analyses of specie
of subfamily Salicornioideae
(Chenopodiaceae) from Iran. Iranian
Journal of Botany, 12(2): 128-133.

Gudipati, V., 2017. Role of Plant Extracts as
Natural Additives in Fish and Fish Products
- A Review. Fishery Technology, 54: 145-
154.

Hoseinifar, H., Zare, P. and Merrifield,
D.L., 2010. The effect of inulin on growth

&b

295 ool 9 | (Gaade o (e @ (555

3 oy slbawl cuS 5 g o, o Skee VAR )

(Litopenaeus vannamei) o, subw b 5550

Sil> olac b pshe Loead adis

s ole alxe (Dunaliella salina) SUtgs

YA-£Y:(F) YA YRR Ll

b osbas 1 TAA Ly ly @IS g ST

3 cdad , (Ulva rigida) 1ol Sil> oy Sl

S (plerdon lo axinld g (55 lo

a=o (Litopeneaus vannamei) ., s.iwl

AMNNVEY (F) YA oyl oMt ole

o 4S9 9.9 (eflon ¢ Sy G 2L

SSem Sn 9 JesSt Semgn SIS IVAY

YT U3 (ale )3 (Groml g 0y Bl UL

Biily) (Sijmels Olagor alre oS .55,

FYO-YAY () £9 ()l 5
ollasl IFA-IFAD (ol pl SNl bol anllu

Sl 09,5 x4 g anlip 8o (o)l pl s lojle

0P Y (M gt Slallas 4

AOAC (association of official Analytical
chemists), 1995. Official methods of
analysis of AOAC International, Arlington,
Virginia, USA. 1298P.

Bertin, R.L., Gonzaga, L.V., Borges, G.S.C,,
Azevedo, M.S., Maltez, H.F., Heller, M.,
Micke, G.A., Tavares, L.B.B. and Fett,
R., 2014. Nutrient composition and,
identification/quantification ~ of  major
phenolic compounds in  Sarcocornia
ambigua (Amaranthaceae) using HPLC-
ESI-MS/MS. Food Research International,
55: 404-411. DOl:
DOI:10.1016/j.foodres.2013.11.036

Choi, D., Lim, G.S., Piao, Y.L., Cho, K.A.
and PARK C.B., 2014. Characterization,

V¥


https://doi.org/10.1016/j.foodres.2013.11.036
https://doi.org/10.1016/j.fct.2009.05.024
https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.3.8
https://isfj.ir/article-1-2231-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

[ DOR: 20.1001.1.10261354.1400.30.1.3.8 ]

Yo (V) Ve Ol ol pale alas

factors and survival of the Indian white
shrimp larvae and Postlarvae of the Indian
white shrimp larvae and Postlarvae.
Aquaculture Research, 41(9): 348-e352.
DOI: 10.1111/j.1365-2109.2010.02485.x

Ji, S.C., Jeong, G.S., Gwang-Soon, .M.,

Lee, S.W., Yoo, J.H. and Takii, K., 2007.
Dietary medicinal herbs improve growth
performance, fatty acid utilization, and
stress recovery of Japanese flounder.
Fisheries Science, 73(1): 70-76. DOI:
10.1111/j.1444-2906.2007.01303.x

Jiravanichpaisal, P., Lee, B.L. and

Soderhall, K., 2006. Cell-mediated
immunity in arthropods: Hematopoiesis,
coagulation, melanization and opsonization.
Immunobiology, 211: 213-236. DOI:
10.1016/j.imbi0.2005.10.015

Kim, J.Y., Cho, J.Y., Ma, Y.K,, Park, K.Y.,

Lee, S.H., Ham, K.S. and Moon, J.H.,
2011. Dicaffeoylquinic acid derivatives and
flavonoid  glucosides from glasswort
(Salicornia  herbacea L.) and their
antioxidative activity. Food Chemistry,
125(1): 55-62. DOI:
10.1016/j.foodchem.2010.08.035

Kumar, V., Roy, S., Meena, D.K. and

Sarkar, U.K., 2016. Application of
probiotics in  shrimp  aquaculture:
importance, mechanisms of action, and
methods of administration. Reviews in
Fisheries Science and Aquaculture, 24(4):
342-368. DOI:
10.1080/23308249.2016.1193841

Lee, J.T., Jeong, Y.S., and An, B.J., 2002.

Physiological activity of Salicornia

YFo

herbacea and its application for cosmetic
materials. The Korea Journal of Herbology,
17(2): 51-51.

Lin, Y.C., Yeh, S.T., Li, C.C., Chen, L.L,,

Cheng, A.C. and Chen, J.C., 2011. An
immersion of Gracilaria tenuistipitata
extract improves the immunity and survival
of white shrimp Litopenaeus vannamei
challenged with white spot syndrome virus.
Fish and Shellfish Immunology, 31: 1239-
1246. DOI: 10.1016/j.fsi.2011.07.021

Liu, B., Ge, X,, He, Y., Xie, J., Xu, P., He, Y.

and Chen, R., 2010. Effects of
anthraquinones extracted from Rheum
officinale bail on the growth, non-specific
immune response of Macrobrachium
rosenbergii. Aquaculture, 310(1-2): 13-19.
DOI: 10.1016/j.aquaculture.2010.09.020

Liu, X.L., Xi, QY. Yang, L., Li, H.Y.,

Jiang, Q.Y., Shu, G. and Zhang, Y.L,
2011. The effect of dietary Panax ginseng
polysaccharide extract on the immune
responses in white shrimp, Litopenaeus
vannamei. Fish and Shellfish Immunology,
30(2): 495-500. DOI:
10.1016/j.fsi.2010.11.018

Manikandan, T., Neelakandan, T. and Rani,

G.U., 2009. Antibacterial activity of
Salicornia brachiata, a halophyte. U.
Antibacterial  activity of  Salicornia
brachiata, a halophyte. Journal of
Phytology, 1: 441-443.

Min, J.G., Lee, D.S., Kim, T.J., Park, J.H.,

Cho, T.Y. and Park, D.l., 2002. Chemical
Composition of Salicornia herbacea L.


https://doi.org/10.1111/j.1365-2109.2010.02485.x
https://doi.org/10.1016/j.imbio.2005.10.015
https://doi.org/10.1016/j.foodchem.2010.08.035
https://doi.org/10.1080/23308249.2016.1193841
https://doi.org/10.1016/j.fsi.2011.07.021
https://doi.org/10.1016/j.aquaculture.2010.09.020
https://doi.org/10.1016/j.fsi.2010.11.018
https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.3.8
https://isfj.ir/article-1-2231-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

[ DOR: 20.1001.1.10261354.1400.30.1.3.8 ]

ol ) jlme it - gy 450

OLKen 5 s 50b

Preventive Nutrition and Food Science,
7(1): 105-107.

Penaflorida, V.D., 1995. Effect of papaya leaf
meal on the Penaeus monodon post
larvae. Israeli Journal of Aquaculture
Bamidgeh, 47(11): 25-33.

Perez Farfante, 1.S. and Kensley, B., 1997.
Penaeoid and sergestoid shrimps and
prawns of the world. Keys and diagnoses
for the families and genera. Editions du
Museum national Histoire naturelle, Paris,
France. 233 P.

Ponce-Palafox, J.T., Arredondo-Figueroa, J.
and Vernon-Carter, EJ., 2006.
Carotenoids from plants used in diets for
the culture of the Pacific white shrimp
(Litopenaeus vannamei). Revista Mexicana
de Ingenieria Quimica, 5: 157-165.

Radhakrishnan, S., Bhavan, P.S.,
Seenivasan, C., Shanthi, R. and
Poongodi, R., 2014. Influence of medicinal
herbs (Alteranthera sessilis, Eclipta alba
and Cissus quadrangularis) on growth and
biochemical parameters of the freshwater
prawn Macrobrachium rosenbergii.
Aquaculture international, 22(2): 551-572.
DOI: 10.1007/s10499-013-9666-1

Rafiee, G., Tavabe, K.R., Frinsko, M. and
Daniels, H., 2015. Effects of various
sodium adsorption ratio (SAR) mediums on
larval performance of the freshwater prawn
Macrobrachium rosenbergii (de Man).
Aquaculture Research, 46: 725-735. DOI.
10.1111/are.12219

Rezaei Tavabe, k., Zare Chahouki, M.A.,
Yazdanpanah, A. and Vazirzadeh, A,

2010. Limnological and pollution study of
Shahdadroud River, Kerman Province.
Desert, 14: 21-26.

Rezaei Tavabe, K., Rafiee, G., Frinsko, M.

and Daniels, H., 2015. Interactions of
different sodium and potassium
concentrations on Macrobrachium
rosenbergii (de Man) offspring quality
parameters. Aquaculture Research, 46:
2615-2627. DOI: 10.1111/are.12414

Rezaei Tavabe, K., Rafiee, G., Shoeiry,

M.M., Houshmandi, S., Frinsko, M. and
Daniels, H., 2015. Effects of Water
Hardness and Calcium: Magnesium Ratios
on  Reproductive  Performance and
Offspring Quality of Macrobrachium
rosenbergii. Journal of the World
Aquaculture Society, 46: 519-530. DOI:
10.1111/jwas.12217

Rezaei Tavabe, K., Rafiee, G., Frinsko, M.

and Daniels, H., 2017. Comparing Na/K-
ATPase activity of Macrobrachium
rosenbergii (de Man) larvae at specific
developmental stages, using different
sodium vs potassium and calcium vs
magnesium concentrations, and sodium
potassium  adsorption ratio  (SPAR)
mediums. Aquaculture, 479: 619-625. DOI:
10.1016/j.aquaculture.2017.07.001

Rezaei Tavabe, K., Rafiee, G., Elhaghi, K,

Mirvaghefi, A. and Javanshir, A., 2018.
Investigation of different treated urban
wastewater concentrations effects on blood
factors, cortisol hormone, liver and gill
tissues of Common carp (Cyprinus carpio).
Hormoz-jae, 8: 1-13.

VY5


https://doi.org/10.1111/are.12219
https://doi.org/10.1111/are.12414
https://doi.org/10.1111/jwas.12217
https://doi.org/10.1016/j.aquaculture.2017.07.001
https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.3.8
https://isfj.ir/article-1-2231-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

[ DOR: 20.1001.1.10261354.1400.30.1.3.8 ]

Yo (V) Ve Ol ol pale alas

Rios-Duran, M.G., Valencia, I.R., Ross, L.G. 16-21. DOI:
and Martinez-Palacios, C.A., 2013. 10.1016/j.measurement.2017.08.013
Nutritional  evaluation of autoclaved
Salicornia bigelovii Torr. seed meal
supplemented with varying levels of
cholesterol on growth, nutrient utilization
and survival of the Nile tilapia
(Oreochromis  niloticus).  Aquaculture
International, 21(6): 1355-1371.

Tavabe, K.R., Rafiee, G., Frinsko, M. and
Daniels, H., 2013. Effects of different
calcium and magnesium concentrations
separately and in combination on
Macrobrachium rosenbergii (de Man)
larviculture. Aquaculture, 412-413: 160-
166. DOI:
10.1016/j.aquaculture.2013.07.023

Wangmi, K.Y, Zheng, Z., Jinag, R. and Xie,
N., 2009. Replacing fish meal with
rendered animal protein ingredients in diets
for ~ Malabar  grouper,  Epinephelus
malabaricus, reared in net pens. Journal of
the World Aquaculture Society, 40: 67-75.

Yu, M.C,, Li, Z.J., Lin, H.Z., Wen, G.L. and
Ma, S., 2009. Effects of dietary medicinal
herbs and Bacillus on survival, growth,
body composition, and digestive enzyme
activity of the white shrimp Litopenaeus
vannamei.  Aquaculture International,
17(4): 377-384. DOI: 10.1111/j.1749-
7345.2008.00227.x

Zheng, K., Wu, L., He, Z, Yang, B. and
Yang, Y., 2017. Measurement of the total
protein in serum by biuret method with
uncertainty evaluation. Measurement, 112:

VFY


https://doi.org/10.1016/j.aquaculture.2013.07.023
https://doi.org/10.1111/j.1749-7345.2008.00227.x
https://doi.org/10.1111/j.1749-7345.2008.00227.x
https://doi.org/10.1016/j.measurement.2017.08.013
https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.3.8
https://isfj.ir/article-1-2231-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

[ DOR: 20.1001.1.10261354.1400.30.1.3.8 ]

Iranian Scientific Fisheries Journal Vol.30, No.1

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

Bameri, S.}, Rezaei Tavabe, K.*!, Rafiee, Gh.:, Amini Khoei, Z. 2

*krtavabe@ut.ac.ir

1- Department of Fisheries, Natural Resources Faculty of University of Tehran, Karaj, Iran.
2- Off- shore Fisheries Research Center, Iranian Fisheries Science Research Institute (IFSRI),
Agricultural Research Education and Extension Organization (AREEQ), Chabahar, Iran.

Abstract

The main objective of the current study was to investigate the effects of ethanolic extract of
the Salicornia plant on growth indices, body composition and immunity of the western white
leg shrimp juveniles. Experimental treatments consisted of O (control), 1, 3 and 5 grams of
ethanolic salicornia extract per kg of base diet. Each treatment consisted of triplicates
containing 50 juveniles at each tank. Shrimp were fed 3 times daily about 5% of body weight
for 45 days experimental period. At the end of the experiment period, 5 shrimp from each
tank were randomly selected and growth parameters, body composition analysis and
immunity indices were measured. The results showed that there was a significant difference in
each of the measured growth indices between the control and other treatments and the best
performance was observed in the diet containing 5 grams of ethanolic extract (p<0.05). Body
compositions and immunity indices results showed that the best performance was related to 5
g ethanol treatment and had a significant difference with other treatments (p<0.05). The
output of the current research revealed that the usage of the Salicornia extract has positive
effects on growth, body composition and immunity of the western white leg shrimp.
Therefore, usage of salicornia extract of 5 g/Kg is recommended in the shrimp farms.

Keywords: Antioxidant, Superoxide dismutase enzyme, Postlarvae, Carcass quality,
Malondialdehyde.
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