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Extended Abstract:

Introduction: Advanced aquaculture technology has led to the selection of resistant shrimp against
diseases and environmental conditions, which not only reduces the risk of mortality but also significantly
increases the yield per hectare. The increasing demand for consumption, short cultivation periods, and
profitability of the product are considered as factors driving the progress of this industry. Despite many
ups and downs, shrimp farming in our country holds a good position. Research by the Iranian Fisheries
Organization has even included the propagation, cultivation, and domestication of Western Whiteleg
Shrimp (Litopenaeus vannamei), which has an economic justification compared to other native Iranian
species, in its program. This study aimed to investigate the effects of different levels of rosemary extract
on cholesterol, triglycerides, hemolymph immune parameters, and the stress tolerance of whiteleg shrimp
post-larvae under salinity stress.

Material and Methods: In this laboratory experiment, 2,100 post-larvae were obtained from Kouhestak
hatchery and fed diets enriched with prepared rosemary extract. The experimental treatments included
three levels: control (no extract), 0.2 g/L, and 0.4 g/L of rosemary extract, each with three replicates. After
the feeding period, the post-larvae were exposed to salinity shock to assess stress tolerance and
physiological quality. For data analysis and to examine the presence or absence of statistically significant
differences among treatments regarding the studied parameters, a one-way ANOVA was used, and for
comparing the means of the examined factors across different treatments, Duncan’s multiple range test
was applied at a 95% confidence level.

Results and Discussion: The results showed that rosemary extract significantly reduced cholesterol and
triglyceride levels and modulated certain hemolymph biochemical parameters in the 0.2 and 0.4 g/L
treatments (p<0.05). Analysis of biochemical indices showed that urea, uric acid, glucose, triglycerides,
calcium, and phosphorus levels were higher in the control treatment than in the other treatments. These
elevated values are generally associated with increased stress, impaired liver and kidney function, and
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disturbances in energy metabolism. In treatments containing rosemary extract, the reduction of these
metabolites can be attributed to the plant’s anti-inflammatory, antioxidant, and protective effects. Several
studies, including Diwan et al. (2022), have demonstrated that rosemary extract improves metabolic and
osmotic balance in aquatic organisms by reducing oxidative damage to liver and kidney tissues. The
reduction in glucose and triglycerides may also result from modulation of metabolic pathways and more
efficient energy utilization. Additionally, immune parameters, including total hemocyte count and
granular cell count, were significantly enhanced. Immune parameters, including total hemocyte count and
granular cells, also increased in treatments containing rosemary extract, particularly at the level of 0.4 g.
Hemocytes play a central role in phagocytosis, tissue repair, coagulation, and antimicrobial responses, and
their increase is an indicator of immune stimulation. The phenolic and antioxidant compounds of rosemary
are capable of activating immune-related signaling pathways such as NF-kB, which leads to increased
production of cytokines, antimicrobial proteins, and enhanced phagocytic activity (Wade et al., 2015;
Karatas et al., 2020). In addition, antioxidant protection of hemocytes prevents cellular damage caused by
stress, which in turn increases the number and efficiency of immune cells. Domestic studies also confirm
that natural immunostimulants, including mangrove leaf extract, can improve immune quality and post-
larval survival (Hajiian er al., 2017). Furthermore, rosemary extract improved survival under salinity
stress, with the 0.4 g/L treatment showing a statistically significant increase compared to the control.

Conclusion: Overall, the findings indicate that rosemary extract, particularly at 0.4 g/L, can improve
biochemical indices, reduce blood lipids, enhance immunity, and increase the resilience of whiteleg
shrimp post-larvae to salinity stress. Therefore, it has potential as a natural dietary supplement to reduce
stress and improve post-larval quality. These findings align with the global trend in aquaculture towards
using plant-based compounds and reducing antibiotic use. Future studies are recommended to focus on
determining optimal administration periods, evaluating long-term cumulative effects, and assessing the
combination of rosemary extract with other bioactive additives. Developing new formulations based on
plant extracts could also be a significant step toward sustainable and safe shrimp farming.
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Table 1: Growth parameter on post-larval white shrimp fed with different levels of rosemary extract

arameter
Treatmen

Initial Final weight Initial length Final length Carapace Carapace
weight (gr) (gr) (mm) (mm) length (mm) width (mm) Survival (%)
Contorol 0.03+0.01* 4.69+0.09¢ 1.2940.01° 70.74+0.37° 31.28+0.43% 11.2120.18° 81.00+5.572
T1 0.04+0.00% 5.21+0.23b 1.30+0.072 74.75+0.36% 31.60+0.20° 11.08+0.31° 78.67+8.022
T2 0.04+0.00? 5.96+0.30% 1.31+0.08° 74.00+£1.332 32.39+0.82% 11.91£0.20° 76.33+£3.2172

Sl Aoy acb..d).)g’)}}d.)‘.)&Mé“ﬁ&dﬁﬂf)}(“xbdjf*
*Non-identical letters in each column indicate significance at the 5% level.
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Table 2: Survival rate of post-larval white shrimp fed with different levels of rosemary extract after exposure to salinity

Parameter  Salt Challenge after Salt Challenge after 60

Treatment 30 days days
Contorol 53.334+3.55¢ 52.00+2.00¢
Ti 60.00+0.00° 63.33+3.55
™ 76.67£5.77% 70.00+4.96*

Ll dp s éc!a...).so.sﬁ)b&‘aJJ,GUJQ}LJJA)ACL@}:bJ}f*
*Non-identical letters in each column indicate significance at the 5% level.
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Table 3: Postlarval immunity parameter of western whiteleg shrimp fed with different levels of rosemary extract

\@i Total hemocyte Large granule cells Small granule cells Hyaline
Treatmen (ml) (ml) (ml) (ml)
Contorol 12800000.00+300000¢ 2283333.33+376342° 3526666.67+371662.9° 6990000.00+300499.58¢
T1 15633333.33+£102143b 2866666.67+461771.92 4060000.00+235796.52 8406666.67+458293.94°
T2 16033333.333416333.20°*  2883333.33+340783.42 4396666.67+442304.52 9103333.33+425245.03%

Ll Aoy aCh.»,;mﬁ,\;@”amxwoyﬁ,;vw,‘:qbﬁ
*Non-identical letters in each column indicate significance at the 5% level.
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Table 4: Postlarval hemolymph indices of western whiteleg shrimp fed with different levels of rosemary extract

Parameter Urea Uric acid Creatinine Calcium Phosphorus Glucose Cholestrol Triglycerides
Treatment (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

Contorol 11.30+0.40* 5.11+0.12° 0.93+0.012 94.53+0.91° 23.33+0.58* 66.20+3.08° 65.17£2.75° 71.67+0.57*

T1 7.67+0.21° 3.44+0.08° 0.53+0.02°¢ 74.80+1.49¢ 18.13+0.57¢ 55.03+2.43¢ 47.40+2.15° 52.50+1.28¢

™ 7.70+0.40° 3.19+0.07° 0.61+0.02° 91.53£0.97°  22.07+0.67®  61.13£1.65° 54.97+0.67° 66.80+1.71°

el 4oy O i )3 B3 g oI5 s 0L O g a3 plias b g o F
*Non-identical letters in each column indicate significance at the 5% level.


http://dx.doi.org/10.71901/jad-2026-1-917
https://aqudev.lahijan.iau.ir/article-1-917-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-15 ]

[ DOI: 10.71901/jad-2026-1-917 |

\Fe Q\:«.{U c(ajb a)uc(..:m:.: Ju cd)}};‘_;}ﬁw}: 44”].&4

(Wade et al., 2015) das oo JalS 15 A,y ¢l
ST LIl el b, dwb SLS 5
SoAS 5n 3 SO s 5 oo glalie o3
lacdly Ly (gl eolinal LB (65,1 Ll 53l o g
Jegd 1y ol ann 5 5 055 SRl Bl ol 5 ol
Karatas 5 Cakir laasl L r..w&» opl S
S 58S Ol T syl Slsen YOYF Lo s
Ca b Bl el Olale 5o o)) s
Db ) Sl el s g 5 GIAST| ST
S Wles S 0l Oldlles S pl 055
N s bl I LS s
S 5 eln il e S 5 T Aile IS
(Syahidah ef al., 2015) S oy 45 1, (gdko 50
S, Yy 53 odd sdalin Ui I s ol sl
OB 5 eln 035l 35 5 (U Ll e anlllas
Sy shaled lin b 4 il GME e
bosolesy s i DS 5 das e Olis &5 50
3 oS e Gl o s MTOR s & 55
4 gaxs (Wade et al., 2015) L35 oo Joho Ad,
Sl 5o s Aiy & dase 0L Julse ol
ALl SU s & gl oylas ediS b s
5 SIMT Gl T 5 ol Jols S e

Y
pf'/? Sl B Sosh A 4 Twglie e )
Loagrlon 5o big,¥ows Cuslas 5y 5 20
w5 I IR GRS ) s el )5
Chlis Ol 03 U ) gadse onl 5 <l
538 e Syl o a8 5 ST (ST
e e Sa dol 3 Il el Ygene (5555

ol 03 S b e A8 g 4 ol 5 balis

Vo

4 A Glaoslae Sl eslizal Ll ladle 5
) et G gss iy b o Rl B
Cxwr g L;‘a:J:.‘f d> o Uadi:}}:;u.:ﬁ
Caleben Sl ko3 5 55 4 535 2551
ol DS 4 b OLS 5 S das e Ol
S b b Al il | glesd gla g5l
il oo gl G 25 5 p 3 g SIS (ST
s 2l g loline Hob 4 1y OL 5T Sl 5 Ls
oyles Ols pl > .(Sadeghloo et al., 2025)
(I3 SLS 5 Sl ol s Ja b))
W I P PR PPN W P S BINT-N U P Pt
2 Slons oKl dliS sy 5 Jpes,S
s SHS 5 Sl en)sT Gty ede Olidew
OT ol oiS Juws 5 oledls ¢ SlansTl T
» -(Rofouei et al., 2021) ol ol ui,lj'f la,L
SV 408 cadlas ol lbaasl L
(ol oslas Calides gl b o 6 Ay S5
2t s JB O 5 B e ose
5 W Caslee bl la el s,
Wl 8l sl sla st L
DPE S Jsb (el 09 3l Olis Lol slaesls
olas sl ljles o Lgy¥ow LK
Sles Sl i i s p?'/*' Tl 53 0594« )b
o5 Olg el @b' LIS NG P YRR TS
1S o al 2alS s sy, L;LAQL,\:M{\GST
S Ol 4 S| el 38 e
wll 0L 3T 5 Aby oS s guome Julge DS e
Sl s sl alis 4 T L 15 oasd o

oslazal B (6551 ATP i falS 5 (6,48 g


https://www.researchgate.net/scientific-contributions/Murteza-Cakir-2277865975?_sg%5B0%5D=edV6d1tfQMakndRNyAzZgS1uE7ThLYEp3LvDKPrpy0F-fYyCKF_23Aqjetfq_ibCJWunYS4.CX0ZcFnwvxpOmyW407Y5MAhlBM2-oJrszVqxIvGe3nhqCDM1YLmogx_XHPjmUG9QozDz1NS7ApSSv7LFuZg_jg&_sg%5B1%5D=wf6ftfHvAg7rjsbWRDD9Kobc3VDQPBDrzsYKHrQA9FdsFzKIPAYuOLTp0S6hYEzt6iEmo0Y.jLFDlviWgR4DLpdOBB-n6i2uC57hlNHBBM-PZAV4QYaqf4TnRRpbWZ6_hNCIYpb3AEiwG5ovwwpJr3M6_uAffw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.71901/jad-2026-1-917
https://aqudev.lahijan.iau.ir/article-1-917-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-15 ]

[ DOI: 10.71901/jad-2026-1-917 |

Vo sl S e i 3 5 5 el (65 5 g S Ol 6l sl Calien yolia L3

Lbodalie o gl laar L Jo )

S 6 5 SIS S5 el coy5) yslie oS
s ol ple 51 SYL dals jles 5o 4 5 adS
SN I U YU s ol
S5 pedplie 53 Pl 5 adST 5 UST Slams
A (ol eslas (sl laslas 53505 o Ll
(s Sl e Olge 1 bedgke ol
i s s ol o 3 S AT
aS Wals OLES Yo Y Jle s Karatag ales 51 andlas
SLEdL 4 551 T a7 L g5l 0)las
O 2T 53 15 s ol 5 &SI plie Jslas (5 5S™ 5 (54
JERRCPN ST IEIS I JUT-VI R
S pan 5 &S gl Gla e fid 51 56 L5 e

Asb 55 e

CPR
S ol 0l sl adlas s (I D s
S plie Il ¢ sl iy ,3U L ssles) 0 slas
Slp ol 393 LIS o (A5 4 Cwglae
loadl ol il ddo b (0 5,V Jol e
SosASHT Cae CS m Gler Lss b klys
o pan 2S5 ALE SLS 5 Sl eslizal (5w
ol T Slalllas s 3 g0 o slgliny ol Laéi.;}._..,gu-\'
wozs Ol wn (e Groygs s
2l bl ailes <S5 SL5o s ey
dwg s S el e sla gagl
5 A slelas al bl G0 Y3
Sn ot 3L s S 4 eie B 15 o8

Ak

Le Moullac and ) s,ls JUs 4 1, Subejl j2als
e o Lol olS 5 (Haffner, 2000
Ses e 5 G OpmlinS, e
G55 g Bl 5 5o ) el dol (G s Sy
L «sl opl (Diwan et al., 2022) auS o Lo
Slseen YoYO Jlo 55 0 Kes s Elhetawy  asllles
Sl 5ol el slaolae 457 L5 S Ol sl
oo 3l ame (Sl 2 b agrl g 3 ba Ko sl
2 oy (Sl AE pomes dea ()48
5 Loy Shey Gl p3Y G551 (oS e Sl
s 1 503,57 ppndsT |y (6 ol (a5 (51,1755
a3 o b 5 1y IS a0 5y )

3 S Camgen Sl dex 1 sl b esla
olas b clajlas 3 58 S8 8 sbdsle
W23l B S F b s onse wsoless
(W3 e G S 5 Jol B o pen
T SRl 5 L)ls (05 S Ao glaguly 5 slan]
5 P OS5 el &K glalas
A Gl s L )36 (ol ST T
ol ol 4SS Jlaé 1) NF-kB usile sal b L e
S A Sy g el b Ay Sl
Elumalai e ) 3 33 oo o 0 |y a6 Clab
5 ST ST Cble pames (al, 2020
5o sl 13 s o 35 51 e U e
@D 5 sl (RIBL carse s e Gl
WS a5 s S 5 s e el (slad e
L 5 oslae der I b S e oS
DA g ¥y Sl 5 el DS 5 e
.(Hajiian et al., 2017) x>


http://dx.doi.org/10.71901/jad-2026-1-917
https://aqudev.lahijan.iau.ir/article-1-917-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-15 ]

[ DOI: 10.71901/jad-2026-1-917 |

\Fe Q\:«.{U c(ajb a)ucm Ju cd)}};‘_;}ﬁw}: 44”].&4

Different Harvesting Times During One
Day. Crescent Journal of Medical and
Biological Sciences, 8(1), pp.48-55.

7.Briggs, C., Kunka, S., Hart., D., Oguni,
S., Machin, S.J., 2004. Assessment of
an immature platelet fraction (IPF) in
peripheral thrombocytopenia. British
Journal of Haematology, 126(1), pp.93-
99. DOLI: 10.1111/5.1365-
2141.2004.05033.x

8.Bulfon, C.D., Volpatti, M. and Galeotti,
S., 2015. Current research on the use of
plant-derived products in farmed fish.
Aquaculture Research. 46(3), pp.513-
551. DOI: 10.1111/are.12238

9.Cakir, M. and Karatas, T., 2024.
Assessment of the protective role of
dietary rosemary extract against
deltamethrin-induced neuroimmunity,
apoptosis, and DNA damage in rainbow
trout brain tissue (Oncorhynchus
mykiss). The European
Zoological Journal, 91(2), pp.1093-
1103.
DOI:10.1080/24750263.2024.2401400

10.Charoensapsri, W., Sangsuriya, P.,
Lertwimol, T., Gangnonngiw, W.,
Phiwsaiya, K. and Senapin, S.L., 2015.
Laminin receptor protein is implicated
in hemocyte homeostasis for the
whiteleg shrimp Penacus (Litopenaeus)

vannamei. Developmental and
Comparative  Immunology,  51(1),
pp.39-47. DOI:

10.1016/j.dci.2015.02.012

11.Diwan, A.D., Harke, S.N. and Panche,
A., 2022. Biological Mechanism of
Osmoregulatory Stress in Penaeid
Shrimp, Penaeus Indicus. Journal of
Proteomics & Bioinformatics, 15(8),
pp.1-6. DOI:10.35248/0974-
276X.22.15.600

12.Dos S Filho, L.G.A., Diniz, F.M. and
Pereira, A.M., 2023. Immunostimulants
derived from plants and algae to
increase resistance of pacific white
shrimp (Litopenaeus vannamei) against
vibriosis. Studies in Natural Products
Chemistry, 77, pp.297-337. DOIL:
10.1016/B978-0-323-91294-5.00009-9

13.Elhetawy A.L.G., El Basuini M.F. and

'

Sl Rl
prmn OSen (sl Colem 1 dlie 08wy 5

&)\J‘)J&ﬂdw

&b

1. Adineh, H., Harsijeh, M., Khadami, M.
and Nazer, A., 2019. Interaction of
plant extract (Conocarpus erectus,
Yucca schidigera and Paulownia
fortunei) on growth performance,
hepatopancreas enzyme active and
culture water quality of Litopenaeus
vannamei in two culture system
(biofloc and no-biofloc). Journal of
Fisheries, Iranian Natural Resources
Journal, 72(2), pp.130-143. DOIL:
10.22059/jfisheries.2019.74689 [In
Persian]

2. Annies, J., Rosamma, P., 2007. Acute
salinity stress alters the haemolymph
metabolic profile of Penaeus monodon
and reduces immunocompetence to
white spot syndrome virus infection.
Aquaculture, 272(1-4), pp.87-97. DOL:
10.1016/j.aquaculture.2007.08.047

3.Awad, E. and Awaad, A., 2017. Role of
medicinal plants on growth
performance and immune status in fish.
Fish and Shellfish Immunology, 67,
pp.40-54. DOI:
10.1016/}.1s1.2017.05.034

4.Bairwa, MK., Jakhar, JK.,
Satyanarayana, and Reddy, A.D., 2012.
Animal and plant originated
immunostimulants used in aquaculture.
Journal of Natural Product and Plant
Resources, 2(3), pp.397-400.

5.Barman, D., Nen, P., Mandal, S.C. and
Kumar, V., 2013. Immunostimulants
for aquaculture health management.
Journal of Marine Science: Research &
Development, 3(3), pp.1-11.
DOI:10.4172/2155-9910.1000134

6.Rofouei, M.K., Hejazi Kojoori, S.M.
and, Sadat Moazeni-Pourasil, R., 2021.
Chemical Variation in Essential Oil
Composition and Rosmarinic Acid
Content in Rosemary From Iran at


https://doi.org/10.22059/jfisheries.2019.74689
https://ui.adsabs.harvard.edu/link_gateway/2007Aquac.272...87J/doi:10.1016/j.aquaculture.2007.08.047
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Briggs%2C+Carol
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Kunka%2C+Stefan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Hart%2C+Dan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Oguni%2C+Shinichiro
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Machin%2C+Samuel+J
https://onlinelibrary.wiley.com/journal/13652141
https://onlinelibrary.wiley.com/journal/13652141
https://doi.org/10.1111/are.12238
https://www.researchgate.net/scientific-contributions/Murteza-Cakir-2277865975?_sg%5B0%5D=edV6d1tfQMakndRNyAzZgS1uE7ThLYEp3LvDKPrpy0F-fYyCKF_23Aqjetfq_ibCJWunYS4.CX0ZcFnwvxpOmyW407Y5MAhlBM2-oJrszVqxIvGe3nhqCDM1YLmogx_XHPjmUG9QozDz1NS7ApSSv7LFuZg_jg&_sg%5B1%5D=wf6ftfHvAg7rjsbWRDD9Kobc3VDQPBDrzsYKHrQA9FdsFzKIPAYuOLTp0S6hYEzt6iEmo0Y.jLFDlviWgR4DLpdOBB-n6i2uC57hlNHBBM-PZAV4QYaqf4TnRRpbWZ6_hNCIYpb3AEiwG5ovwwpJr3M6_uAffw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://doi.org/10.1080/24750263.2024.2401400?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1016/j.dci.2015.02.012
https://doi.org/10.35248/0974-276X.22.15.600
https://doi.org/10.35248/0974-276X.22.15.600
https://doi.org/10.1016/B978-0-323-91294-5.00009-9
http://dx.doi.org/10.71901/jad-2026-1-917
https://aqudev.lahijan.iau.ir/article-1-917-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-15 ]

[ DOI: 10.71901/jad-2026-1-917 |

and immune activity in shrimp Penaeus
monodon (Fab). Fish and shellfish
immunology. 32(4), pp.551-564. DOI:
10.1016/j.£51.2012.01.003

19.Intanai, I. and Taylor, E., 2009. Effects
of salinity on rates of protein synthesis
and oxygen uptake in the post-larvae
and juveniles of the tropical prawn
Macrobrachium rosenbergii (de Man).
Comparative Biochemistry and
Physiology Part A: Molecular and
Integrative Physiology. 152(3), pp.372-
378. DOI: 10.1016/j.cbpa.2008.11.006

20.Karatas, T., Korkmaz, F., Karatas, A.,
Yildirim, S., 2020. Effects of Rosemary
(Rosmarinus officinalis) extract on
growth, blood biochemistry, immunity,
antioxidant, digestive enzymes and
liver histopathology of rainbow trout,
Oncorhynchus — mykiss. Aquaculture
Nutrition, pp-1-9. DOI:
10.1111/anu.13100

21.Le Moullac, G. and Haffner, P., 2000.
Environmental factors affecting
immune responses in crustaceans.
Aquaculture, 191(1-3), pp.121-131.
DOI:10.1016/S0044-8486(00)00422-1

22.Li, P. and Gatlin, D.M., 2004. Dietary
brewers yeast and the prebiotic
Grobiotic™ AE influence growth
performance, immune responses and
resistance of hybrid striped bass
(Morone chrysops>* M. saxatilis) to
Streptococcus iniae infection.
Aquaculture, 231(1-4), pp.445-56. DOL:
10.1016/j.aquaculture.2003.08.021

23.Nosratpour, A., Kamali, A. and
Akrami, R., 2012. Effects of
Immunogen  Supplementation  on
Growth Index, Survival and Body
Composition of the Pacific white
Shrimp  (Litopenaecus  Vannamei).
Renewable Natural Resources
Research, 2(4), pp.65-72. [In Persian]

24 Perez Farfante, I. 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 d'Histoire
naturelle. Paris, 233p. (Mémoires du
Muséum national d'Histoire naturelle,

‘v sl S e i 3 5 5 el (65 5 g S Ol 6l sl Calien yolia L3

Mansour A.LLA., 2025. Dietary
rosemary oil with/without zymogen
forte improves water quality, growth
hormones, immune-physiological
response, stress resilience, and health
status of Chelon ramada grown in
groundwater. BMC Veterinary
Research, 21(1), 27.
DOI:10.1186/s12917-024-04446-5

14 .Elumalai, P., Kurian, A., Lakshmi, S.,
Faggio, C., Esteban, M. and Ringe. E.,
2020. Herbal Immunomodulators in
Aquaculture. Reviews in Fisheries
Science & Aquaculture, 29(2), pp.33-
57.
DOI:10.1080/23308249.2020.1779651

15.Faghih, S., Alizadeh, A., Babadaei
Samani, R., Honarvar, M. and
Dashtiannasab, A., 2023. Effect of
dietary supplementation with
Gontscharovia popovii on growth
performance, whole body composition,
and hematological parameters in
Litopenaeus vannamei. Iranian Journal
of Fisheries Sciences, 22(4), pp.790-
808. DOI: 10.22092/ijf5.2023.129825

16.Hajiian, M., Soori Nejad, A., Dashtian
Nasab, A. and Naji, A. 2017. Effect of
dietary supplementation of enriched
Artemia with ethanolic leaf extract of
grey mangrove Avicennia marina on
growth performance, survival and stress
resistance in Pacific white shrimp
(Penaeus vannamei) postlarvae.
Aquatic Physiology and Biotechnology
Journal, 5(3), pp-75-94.
DOI:10.22124/japb.2017.2595 [In
Persian]

17.Hoseinifar, S.H., Zare, P. and
Merrifield, D.L., 2011. The effects of
inulin on growth factors and survival of
the Indian white shrimp larvae and
postlarvae (Fenneropenaeus indicus).
Aquaculture Research, 41(9), pp.348-
352. DOL: 10.1111/j.1365-
2109.2010.02485.x

18.Immanuel, G., Sivagnanavelmurugan,
M., Marudhupandi, T., Radhakrishnan,
S., Palavesam, A., 2012. The effect of
fucoidan  from  brown seaweed
Sargassum wightii on WSSV resistance


https://doi.org/10.22124/japb.2017.2595
https://onlinelibrary.wiley.com/authored-by/Merrifield/Daniel+Lee
https://doi.org/10.1016/S0044-8486\(00\)00422-1
http://dx.doi.org/10.71901/jad-2026-1-917
https://aqudev.lahijan.iau.ir/article-1-917-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-15 ]

[ DOI: 10.71901/jad-2026-1-917 |

\Fe [_)\.'.‘.w.:ll c(ajb a)ucm Ju c‘_;)jj.;‘_;};"w)] 44”].&4

'

Tome 175 Zoologie. 233 pp.

25.Ress, J-F., Curé, K., Piyatiratitivorakul,

S., Sorgeloos, P. and Menasveta, P.,
1994. Highly unsaturated fatty acid
requirements of Penaeus monodon
postlarvae: an experimental approach
based on  Artemia  enrichment.
Aquaculture, 122(2-3), pp.193-207.
DOI: 10.1016/0044-8486(94)90510-X

26.Rosenberry, B., 2003. World shrimp

farming, Shrimps news international.

27.Sadeghloo, A., Akrami, R., Ghelichi,

A., Chitsaz, H. and Shamloofar, M.,
2025. Effects of Dietary Rosemary
(Rosmarinus officinalis) Leaf Powder
and Bacillus subtilis on the Growth
Performance, Digestive  Enzymes,
Antioxidant and Immune-Related Gene
Expression, and  Resistance to
Aeromonas hydrophila in Common
Carp (Cyprinus carpio). Annals of
Animal Science, 25(2), pp.719-731.
DOI: 10.2478/a0as-2024-0101

28.Sanchez, A., Pascual, C., Sanchez, A.,

Vargas-Albores, F., Le Moullac, G. and
Rosas, C., 2001. Hemolymph metabolic
variables and immune response in
Litopenaeus setiferus adult males: the
effect of acclimation. Aquaculture,
198(1-2), pp.13-28. DOI:
10.1016/S0044-8486(00)00576-7

29.Syahidah, A., Saad, C., Daud, H.,

Abdelhadi, Y., 2015. Status and
potential of herbal applications in
aquaculture: A review. Iranian Journal
of Fisheries Sciences, 14(1), 27-44.

30.Wade, N.M., Gabaudan, J. and D

Glencross, B.D., 2015. A Review of
Carotenoid Utilisation and Function in
Crustacean Aquaculture. Reviews in
Aquaculture, 9(2), pp.141-156. DOI:
10.1111/raq.12109


https://doi.org/10.1111/raq.12109?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
http://dx.doi.org/10.71901/jad-2026-1-917
https://aqudev.lahijan.iau.ir/article-1-917-en.html
http://www.tcpdf.org

