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Shrimp fishing along the Makran coasts is a significant seasonal economic activity
conducted by numerous traditional boats in the Pozm and Konarak regions. During
the legal fishing season (from September to December), each boat catches between
150 to 160 kilograms of shrimp daily. Alongside this primary catch, a considerable
amount of bycatch, including small sole, flatfish, croaker, lizardfish, and other
aquatic organisms, is also caught in the nets. Field observations in Pozm and Konarak
revealed that for every 150 kilograms of shrimp, approximately 50 kilograms of
bycatch are captured, constituting about 25% of the total catch. The largest portion
of the bycatch is small sole (around 40-45%), followed by croaker (25-30%),
lizardfish (15-20%), and other species (10%). This study introduces several simple
and low-cost solutions, such as modifying net mesh sizes, utilizing Bycatch
Reduction Devices (BRDs), and adjusting fishing times, to decrease bycatch.
Implementing these methods can lead to a substantial reduction in the capture of non-
target species and enhance the sustainability of shrimp fishing.
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Gulf and Oman Sea

Neda Fazeli* Mobin Moshkabadi

PhD, Iranian Fisheries Science Organization, Bushehr General Department of Fisheries, Bushehr, Iran
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Oil-degrading bacteria Oil pollution is one of the most significant threats to marine ecosystems. Its destructive
impact on aquatic organisms, food chains, and the quality of coastal environments makes
it essential to develop sustainable and cost-effective solutions. Oil-degrading bacteria are
a group of microorganisms capable of breaking down petroleum hydrocarbons. These
bacteria, naturally present in the environment or applied through biotechnological
approaches, play a vital role in cleaning up contaminated areas. This article discusses the
processes of identifying and isolating effective bacterial strains, laboratory techniques for
their cultivation and enhancement, and field application strategies including
biostimulation (promoting the growth of native bacteria) and bioaugmentation
(introducing selected strains). It also presents examples of successful projects worldwide
from the coasts of Alaska and the Mediterranean to the Persian Gulf, to compare efficacy
and environmental adaptability. Findings indicate that the targeted use of native bacterial
strains with high tolerance to salinity and temperature can significantly accelerate and
improve the efficiency of marine bioremediation, thereby helping reduce environmental
damage caused by oil spills.

Hydrocarbons
Biostimulation
Bioaugmentation

1.Problem Statement

large-scale implementation of such methods, often

Oil pollution represents one of the most serious
environmental threats to marine ecosystems, with
far-reaching consequences for aquatic life, fisheries
productivity, and the health of coastal communities.
Oil spills originating from drilling platforms,
vessels, pipelines, and industrial maritime activities
release toxic and persistent hydrocarbons into
aquatic environments (Figure 1). These compounds
not only degrade water and sediment quality but
also destroy habitats, reduce biodiversity, and cause
massive mortality among marine organisms
(Lietal., 2022). Conventional cleanup
approaches—such as mechanical containment or
the use of chemical dispersants—are often costly,
inefficient, and prone to adverse side effects
(Rahman et al., 2022). Furthermore, technical and
economic  constraints in many countries,
particularly those in developing regions, limit the

*Corresponding author: Neda fazeli200@yahoo.com

resulting in unsustainable environmental outcomes.
In recent years, growing scientific attention has
turned toward biological remediation processes,
which  harness the intrinsic  ability of
microorganisms to degrade hydrocarbons in an
environmentally safe and sustainable manner.
Oil-degrading bacteria, especially indigenous
species, are capable of converting a large fraction of
alkanes, aromatics, and complex petroleum
compounds into less harmful or non-toxic
substances (Al-Naamani et al., 2024).

Despite proven efficiency in laboratory tests and
selected field projects, practical and large-scale
application of this approach in marine environments
still faces several challenges. These include
identifying potent native strains, optimizing
conditions for their growth and activity at scale,
ensuring adaptability to dynamic coastal and
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offshore environments, and establishing appropriate
infrastructure for monitoring and performance
assessment (Tavanaei et al., 2023).

Persian Gulf situated in a highly sensitive region
where dense tanker traffic and continuous oil
extraction and transportation occur. Oil pollution
poses not only an environmental concern but also a

2

substantial threat to food
economy, and the livelihoods of coastal
populations.  Therefore, the identification,
cultivation, and application of oil-degrading
bacteria adapted to local marine conditions could
serve as an effective and low-cost solution aligned
with the goals of sustainable development and
marine resource protection (Mujaini et al., 2023).

security, fisheries

Habitat loss

4
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reproduction alteration

Toxicants inhalation
.

o

Sea birds
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Figure 1. Schematic view of the impacts of spilled oil on aquatic ecosystems (Hettithanthri et al., 2024).

2. Practical solutions

Recent research in marine bioremediation shows
that wusing oil-degrading  microorganisms—
especially native bacterial strains—can provide a
sustainable alternative to traditional chemical or
mechanical cleanup methods. This biological
strategy not only lowers operational costs but also
helps prevent the secondary environmental impacts
often caused by conventional cleanup approaches
(Al-Harbi et al., 2023).

Overall, the key achievements and technological
advancements in this area can be summarized in
five main axes:

2.1. Isolation and
bacterial strains

2.2. Mass cultivation and optimization of growth
conditions

identification of effective

2.3. Design of applicable systems for real-world
marine environments

2.4. Monitoring and Control Systems

2.5. Doing test runs in the sea and recording the
results

2.1. Isolation and identification of effective
bacterial strains

In many marine regions, including the Persian Gulf
and the Sea of Oman, native oil-degrading bacterial
species have been isolated from contaminated water
and sediment. Strains belonging to genera such as
Alcanivorax, Marinobacter, Pseudomonas, and
Rhodococcus have demonstrated the greatest
capacity for degrading alkanes and aromatic
hydrocarbons (Hashem etal., 2023). These bacteria
often possess key enzymes such as alkB and nahA,
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2
which activate the metabolic pathways required for
hydrocarbon degradation.

Research conducted in Iran by
Tavanaeietal. (2023) emphasized the critical
importance of proper isolation and identification of
native bacterial species under the hot, saline
conditions of the Persian Gulf. Strains capable of
tolerating salinities above 40 ppt and temperatures
exceeding 30°C exhibited significantly higher
efficiency in degrading heavy alkanes.

2.2. Mass cultivation and optimization of growth
conditions

A key step in the practical application of these
bacteria is the development of large-scale
cultivation systems that ensure high survival and
activity. Nutrient-rich media containing nitrogen
and phosphorus, supplemented with natural
emulsifiers such as lecithin or gum arabic, have
been shown to enhance both growth and
hydrocarbon-degrading capacity
(Fernandez-Alvarezetal., 2022). The use of
immobilized matrices, such as biofilms or natural
polymers, further improves resistance to
environmental fluctuations and prolongs bacterial
persistence in open-water systems. Under
laboratory conditions, Alcanivorax borkumensis
was capable of degrading up to 80 % of crude oil
within 10 days; when supplemented with specific
nutrients in natural seawater, the efficiency
reached 95 % (Zhang et al., 2024).

2.3. Design of applicable systems for real-world
marine environments
Field-scale application of oil-degrading bacteria

generally, relies on three main approaches:

1.Biostimulation — enhancing nutrient availability
to stimulate native microbial populations (Figure 2);
2.Bioaugmentation —injecting selected,
pre-cultivated bacterial strains;

3. Combined Strategy — sequential application of
both methods in contaminated coastal or offshore
zones.

Pilot projects conducted in Oman and Qatar
reported that combined strategies reduced total
hydrocarbon concentrations by 65—-80 % within
three weeks (Al-Naamani etal., 2024). Similarly, a
field experiment in the Persian Gulf
(Asaluyeh region) by Marzban et al. (2023) showed
that injection of 10%cellsmL™ resulted in
significant reduction of dissolved oil and
measurable improvement in water quality and
ecological indicators.

2.4. Monitoring and Control Systems

Quantitative and qualitative monitoring of
bioremediation is achieved through measurements
such as  Total Petroleum Hydrocarbon (TPH),
Biochemical Oxygen Demand (BOD), and analysis
of microbial community composition. Biosensor
technologies based on fluorescence or infrared
spectroscopy now enable rapid pollutant detection
(Singh etal., 2023). In Iran, academic research
collaborations have proposed microbial-level
monitoring systems employing 16SrRNA gene
sequencing, offering a robust framework for
long-term environmental surveillance (Marzban et
al., 2023).
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2.5. Doing test runs in the sea and recording the
results

Coastal nations such as Japan, Canada, and India
have reported successful applications of
oil-degrading bacteria in shoreline recovery efforts.
Results consistently highlight that ecological
stability and the adaptability of native microbial
species are decisive in determining the rate and
permanence  of  hydrocarbon  breakdown
(Yadavetal., 2024). In Iran, pilot applications
utilizing indigenous bacterial strains collected from
Bandar Abbas and Chabahar sediments have
achieved up to70% reduction of coastal oil
contamination. These findings underscore the
strong potential of locally adapted microorganisms
for deployment in marine environments of southern
Iran. It is therefore recommended that a National
Indigenous Oil-Degrading Bacterial Bank be
established to catalog native strains, characterize
their genetic properties, and support coordinated
marine bioremediation programs. Such a resource
would serve as a foundation for future research,
capacity-building, and the design of practical
large-scale cleanup systems.

3. Practical recommendation and conclusion

This paper demonstrates that the use of
oil-degrading bacteria is not only an effective
method for pollution cleanup but also contributes to
ecological restoration and lower operational costs
compared with traditional physical and chemical
approaches.  For  coastal countries  with
environmentally sensitive shorelines—such as
Iran—targeted investment in the identification of
indigenous bacterial strains, as well as the
development of injection and monitoring systems,
can establish a strong regional model for the
environmental management of oil pollution. This
integrated strategy aligns with the principles of
sustainable development and marine ecosystem

conservation in the PersianGulf and the
Sea of Oman.
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Potentials of the Iran Reshadat Shipwreck in aquatic stock restoration and the
development of marine ecotourism in Bushehr Province, Persian Gulf

Hamed Ghanaatian', Alireza Safahieh!, Keivan Kabiri’, Ahmad Savari’

'Marine Biology Department, Faculty of Marine Science & Oceanography, Khorramshahr University of
Marine Science and Technology (KMSU), Khorramshahr, Khuzestan, Iran

’Oceanic Data Management & Remote Sensing Department, Iranian National Institute for Oceanography
and Atmospheric Science (INIOAS), Tehran, Iran

Key words Abstract

Iran Reshadat shipwreck The Iran Reshadat shipwreck, formerly known as Bergen Maru,
Responsible ecotourism located in northern Bushehr Province of Iran, southeast of Bahregan
Seabird watching Bay in the northwestern Persian Gulf, represents a rare convergence
Sustainable marine development  of historical and environmental values. Originally a wartime vessel
Artificial habitats and a remnant of the Iran—Iraq conflict, the structure has, over recent

decades, evolved into an active artificial reef supporting diverse
marine organisms and seabirds. In this study, field observations were
integrated with data from scientific literature and documented reports
to assess the ecological, cultural, and tourism-related capacities of the
vessel. The results indicate that, with an approximate length of 166 m
and a beam of 23 m, /ran Reshadat is the largest shipwreck converted
into an artificial habitat with an exposed superstructure in the Persian
Gulf. The vessel provides an appropriate physical framework for
seabird nesting and breeding, with confirmed breeding of the Bridled
Tern (Onychoprion anaethetus) within the chambers of all three
superstructure towers and a documented case of Lesser Crested Tern
(Thalasseus bengalensis) breeding on one of the towers. In addition,
the structure has enhanced local marine biodiversity and food-web
complexity, thereby generating considerable habitat value. Beyond its
ecological role, the vessel’s historical and cultural significance,
together with distinctive surrounding attractions, confers substantial
potential for development as a conservation-oriented marine
ecotourism destination. Finally, this study proposes recommendations
for sustainable management, responsible tourism development,
habitat conservation, and the potential transformation of the site into
the first underwater museum of the Sacred Defense.




Al

https://motaf.areeo.ac.ir

weod guil 5 SLRINE dagi 9 0 30395 SIAE (51 AT o § ) ! 31 B! 9 (o (st $Ld g g

F ol Lo

{ud[:';JvL;.J{Jﬂ&“}@uﬁ,ﬂf&&@bﬂ”@wfdedé"jﬁjuﬂja@&‘;‘)}]‘}.{/awjj_f cdjjb%}u@wujg

Il
oS SIS olls
SLS 5 opl dauly 4 5 eng gadate Jld G 5 (sdie DLS 5 (sl (Spirulina) L .l S 55
Ql,dl.la.ad.);q.@;.-.;)\: Koo gl 2 glalie A5 5 Llde OV pmme 3le 28 g VU el Ul 5 sl

0> g (M)JV'—OO) u’:j"“)ﬁ J»LJ: g{.«l}fl) U'i‘ &L:A:«-d p.._SJJ awumdsﬂ.) OLLS sl fl’u\
LSS, 5 des slge Yl O o ladesd sl sla o olde sla b iy S Js

‘;;.'.‘)"L’Qy}"w c&\J&C)YWuf)\JJ)\)))}}&J}ﬂ)w‘)t}La)éﬂqu?w}gﬁﬁ o g

Sl s 20l

L3 gl 5 lalde

Sl 3l 5 la s D558 e da g gl s 550 laede s Ole gyl e sdle 35l

Dol Rl el Ly el b e OV e (g5l o s s 1) feesly ol 500 ol

S aamg A dalet 4l OV e sV e b4 Jled Gy CLS 5 8L e 5 lAE

)b)_}’;ﬁd‘{.}i} w\)‘\w)mﬂ‘&ﬂ)t{eﬁg}&u}@y)ww%d\jw}du

S 3 50 e S b peas B du 3556 el Ol gie L;lil}ang)l:S);V.AASuﬁ

Sl wsle ST i 5l e L VL lodss 55
Functional ) desswl 3 lalle pagin Sos (g sm
glo s 4l esle 0 g 63505, Ol 4 (Foods
el esdle Lalde Sl ans ol ol 0l - Sae sl
Wlad S5 SLS 5 il b d50B Ol slaly slasls
S 3 blen 3l K (ases Sl il
(Arshad et al., 2025) JuS o 31 2i Suj oS

O pman il Gt«ﬁ S Aly e e Cey OlS S

i 0Ly N
Slle G me il il sl glaans 53 S S o
3 Gospe S slge Salos EalS 5 el 08
3 Sl OASs s a e ey 218 Glae )
Gl len «uls ol 8158 Glasolew fand SRl
Sl odd Sple WS 5 Bl (B e B
&y ,0 ksl i ol (Vellapandian and Singh, 2023)

l‘u—.’)—’ QYM w)_?}d”-l.l.é 3l 40 65“&"&“‘1""?}3

Jeddi.ch.88@gmail.com:J sis oty 5


mailto:jeddi.ch.88@gmail.comنویسنده
https://motaf.areeo.ac.ir/

1600 Dol 5 4lgs o) aplad oV oys3 cillo s 7 o2

s

bl g s (5 0idis L2l VT
gt b Sl b alie Wy el pland S 5
Llg o 65 5 Joad S Lo g5 (B Rl
=00 (ol Syl IS Oy 4 Lol Lasl o glae
Lops YO-V0 o dos AN (B A s Ve
doys VoA (Gdas Bl Aoy WYV e S
AlFadhly ) Wil o Cusby doys V-1 10 sla b
G (elS aslty ol Sl onl (et al., 2022
2 ee Bl o al s e o i < S 55
B oy 3 lacrslus 5l 5L b s ol Sy (gl
Sladesl (Pl 5 ol S8 JlsSus oS
L.OEY (ool e) il o =Kol 5 Y=l (65,0
g 03 Wl Sy ble 5 s (S ol axy
iy Doge a) 2l sl LS tessul b slalds
— bl S s 5 3 s 5 (S L 23
53 W el om0 el 2 edle ol 5018 il
ls adss 5 (6355l Slas S 4 ¢l osles iy

3,8 S5 eslinad 3550 Bl5 o 58 0Ll 5 Hab

s gl b 55 28 ol Y oo g1, T Y
a5 b L g ) S5, 42 Olge VL 5o a8 shailes
2 Hlg ot b s DS 5y gl wdis A
GBI g s ol il Ve il i
S b s a3 534S 350 eslinal L sl

A Ll g

e 3 4 SIS WSS 0L el o pl Y e )Y
(¥ U5

POV R RECNRRUTICI PIUR- SN RLED VI 4l
&U)Q)SQQﬂWQYM:ouwéu&w\
3 el e (S

b 5 6 S Ol 5 0lalS Calie sla a3
g el des gl 3 lalde O g g0 3 5 ala
(g el S5 O zme) b Sl b 0l 51 (S
Gl g el Sy e 4 Sl i zs
S ek 28 2118 DY pame o153l 5 gl apdas
5 3les Ol sl iy Y pams 4y o LT 6Ll

3313, 0 G eae Sl

Jordlygins (20 X

Ly o Sl iy s )T

sy 6 SLse Sl o Ll S
525 il g QU5 oS Sl ol s 5 St
b Sy pl S e iy 0 8 5 oW T sladaoea
slxe 4) "Spirulina" ol piolaandy (2o le IS L
s Spirulina platensis .ol a3 5 |, (b
LS opgeds wxlis 3l Spirulina  maxima
ke Ol 5 plle s oo 53 oS s L ol
33 Vgoma Wds ol ulidpgr S5 550 e aslinad
ok DL S 5 Ol S o VL cble b UL glaas Lo
Wile e ol 3 Lasd U5 5 5580 il
3ozl oly ) ls 1y ok gles 5 VL (o5
O80T O es

O gl o3 5 L g el Sz, ) IS5



1600 Dol 5 4lgs o) aplad oV oys3 cillo s 7 o2

s

Sl bodid 28 o HE DY pomms Lo LT

L g

ol Slalis shodir 250 slisy) ) .£.7

0 o gl Sl 525 Lol 28 o108 SNy
3 e 5 VL s Ul Jsane lde Y ams
S S slse 5 il (o2 weel sladead Ll
Sl e Uyl b el salis ol oy il e
S Dl |y gl (Sl sl paS

wl glalde @ poucadl 5 dldces s LS 5 03553
(Bl (ol sS le b s OLS 5 sy
U gl Slle 5o (St lajd 5 aay Sl L
sl Sns sl Sdrpy ol S 05 o sl
Copsis  pl@lho (s Seds (ulslis
Priyanka ) asb ails sbsas 5 Slas (Sb i
o sl Sy 035580 L el (et al., 2023
g el i blle wls S5y pl olde OV pames
G pozs llim Sy o3lizea] Olimo 0.

oS a5 Ll b a atey W el G ms Ol
AGY oy g el $601555 O et 3L sl il 5o
O L e WP SO RO JE R 4
B) e cglaodis olalllas s Lyl cyenl 1555 5 e
s Oljee 81 daly 55 el old 4o 5 0 ST
Slr 3530 2 e ST EY s 5 Sl W
(5 AL) SVL lasss ol 555 2 p S Y LY 08
Ly o oslinal Lo bl Cod g ol Ll a5 s
e ars bl e ol opl 4l .(Patel, 2020)
(o 5 J81S wds Ll ojlas (gy05) ol eslinul
Bl il s b s sl

pi Mg okl e Ll 5 s ST s Sl s e
R ) R 5 IR TSP E P

atl

\
w;j)u}ﬁ?‘l“wﬂ)l‘°w@°wﬂjubYJ$
(\i~T’ ‘d\)&"’hjdb\f )‘

(Y J,QL) J:}: CLLNL:: 8}:‘ e 4.3[74]:: g"/'}‘/}...bw.r'.r’.r

FUSILLY— FUSILL

10 QU I B e
00 0 P

slados,s L t:j}mu‘ Sy Lol PtV JS.‘.‘-

(Amazon.com

A3 @55 sla sdey Ol ke Y pame L LN
Ko 3l ol sl il s b e (s s
gl b O 26 ol oS s 108 Y g

.M‘)‘Jb



1600 Dol 5 4lgs o) aplad oV oys3 cillo s 7 o2

&b

ijjf)ﬁbamuygtﬁi;)\umlO
Llpor Spany 5 oab i e sl b L
A il OB US ae 5

LgLE.?)\ 4_: "L:‘j;dd QYJM k)'i‘ )\ (.Ja.va eJLQMN‘ o
SaS (dan 3y slasseS st alS 5 lauds Cons
LS

i o5 Ol oles nlaly 255 (518 S
Lb e ol b ol slag las lols sl 31 @

c\:«e

Ny .~ uab\jﬁi:% e cui]aj c.C c%}‘ eb\j O
S 03 Dy B el S glas 208 5 (60500
BE oslazul E) L;“J CJY)M LEJJ&W B é‘d.;.btj u.p\jp-
A48-VVe N8 Lol

9 °"J“”SL5"° ‘L"S'UJS':”’\ ;g}ﬂ) NEeY e st\j‘
oMe 44"[.; B LS.J»:J_,S él.ﬁa\.j&‘— e u.pb?— okAded 4ugo
JYY-YVE & lﬂ)buladm 'Jﬁi‘-’) Sod axllao
QJ_}).‘S\ J,:;U MU.A NEY céj\.k}- 4.(5 cwjl:% “ céb‘)ﬂ
(Spirulina platensis) ... Ll S 554
22,31 e a5 Gan (S e Pl G
b aeme gl ol s S OU s il

AlFadhly, N.K.Z., Alhelfi, N., Altemimi, A.B.,
Verma, D.K., Cacciola, F., Narayanankutty, A.
2022. Trends and Technological Advancements
in the Possible Food Applications of Spirulina
and Their Health Benefits: A Review. Molecules,
217, 5584.
https://doi.org/10.3390/molecules27175584

U o sa d sl Gl eesilE 15 oo (o5 5 Sl
Sl Sl 5 alac slse Sl S5 slags L sl
it 35 ol 3l Bl S Bme b gt Sl b
sl alsn b 5 ome glabr 51 (5 pas Wy
salamlde Ol 5 g ol lajsme 5 il
RUEPW:

loco s sitoms 1T

G Sl el (Sen Wl ol S8, 5 b
35 01 G peme Ol cpl ol cdils dols g2t O AS o ans
Sl Shsw ey b aml blie 05 e b
R

b LS L S 4 e o (Ses 8
el anils Sl Ly

GBI e 2le Caad Al e W g el 035581

LA

RIS S s ¥

L gl b o o8 Slalde G ze sy (NS Zp50 &
5 ol Salem (3K b higel oS 5 el
S Olpe a bl Sl o) bl s 505150
S Ty ol anslr olAE dew 53 a5 L mse
Gaan Sl s b ae s ule, s ax g daly ol 2
s (§5,2 5 oY OB S

iy 5 S S il Sl Y e izl @
Sosr2 Al 5 el e ln e Sl
sl

Coso b Wl b oedd 28 OV s 5 yae @
A (K 5 ob) o Gy B 253 ST

AL



1600 Dol 5 4lgs o) aplad oV oys3 cillo s 7 o2

&b

Arshad, Z., Shahid, S., Hasnain, A., Yaseen, E.,
Rahimi, M. 2025. Functional Foods Enriched
with  Bioactive = Compounds: Therapeutic
Potential and Technological Innovations. Food
Science &  Nutrition, 13(10), ¢e71024.
https://doi.org/10.1002/fsn3.71024

Patel, P., Jethani, H., Radha, C., Vijayendra,
S.V.N., Mudliar, S.N., Sarada, R., Chauhan, V.S.
2019. Development of a carotenoid enriched
probiotic yogurt from fresh biomass of Spirulina
and its characterization. Journal of Food Science
and Technology, 56, 3721-3731.
https://doi.org/10.1007/s13197-019-03844-0
Priyanka, S., Varsha, R., Verma, R., Babu, A.S.
2023. Spirulina: a spotlight on its nutraceutical
properties and food processing applications.
Journal of Microbiology, Biotechnology and
Food Sciences, 12(6), ¢4785.
https://doi.org/10.55251/jmbfs.4785

Singh, A., Vellapandian, C. 2023. High Risk of
Metabolic  Complications Due to High
Consumption of Processed Foods. Current
Nutrition & Food Science, 19(3), 198-208.
https://doi.org/10.2174/15734013186662206221
62038.



1600 Dol 5 4lgs o) aplad oV oys3 cillo s 7 o2 s

Spirulina: a natural resource for enhancing the nutritional value of
conventional foods and development of functional foods

Samira Jaddi

Researcher, Department of Biotechnology, Persian Gulf and Oman Sea Ecological Research Center,
Iranian Fisheries Science Research Institute (IFSRI), Bandar Abbas, Iran

Key words Abstract

Microalgae Spirulina contain numerous nutritious and bioactive compounds and, due to
Spirulina these compounds, has a high potential for fortification of food products and
Food Fortification producing functional foods. The conclusion of the studies showed that the
Nutritional Value main part of the chemical composition of Spirulina consist of protein (55-
Functional Foods 70%), however carbohydrates, dietary fibers, fats containing omega-3 fatty

acids, minerals and pigments, especially phycocyanin, are also present in the
structure of this microalga. Among food products, bakery products, dairy
products and cereal-based products have a high potential for fortification with
Spirulina. In addition, energy snacks, beverages, baby food, desserts and food
seasonings also have this potential. Fortification of food products with
Spirulina will increase their nutritional value and also add bioactive
compounds to the formulation of basic products. Paying attention to sensory
characteristics of fortified food products has particular importance, so that, in
addition to achieving the aforementioned benefits, they are also accepted by
consumers.
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Microalgae Spirulina contain numerous nutritious and bioactive compounds and, due to
Spirulina these compounds, has a high potential for fortification of food products and
Food Fortification producing functional foods. The conclusion of the studies showed that the
Nutritional Value main part of the chemical composition of Spirulina consist of protein (55-
Functional Foods 70%), however carbohydrates, dietary fibers, fats containing omega-3 fatty

acids, minerals and pigments, especially phycocyanin, are also present in the
structure of this microalga. Among food products, bakery products, dairy
products and cereal-based products have a high potential for fortification with
Spirulina. In addition, energy snacks, beverages, baby food, desserts and food
seasonings also have this potential. Fortification of food products with
Spirulina will increase their nutritional value and also add bioactive
compounds to the formulation of basic products. Paying attention to sensory
characteristics of fortified food products has particular importance, so that, in
addition to achieving the aforementioned benefits, they are also accepted by
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Key words Abstract

Nanotechnology White leg shrimp (Penaeus vannamei) is one of the most important cultured species
Zinc Oxide in global aquaculture. Improving the growth performance and immune system of
Nanoparticles aquatics including shrimp plays a key role in their increasing productivity and

Immunostimulant  reducing mortality during the culture period. The expansion of intensive shrimp

Penaeus vannamei  farming has been accompanied by challenges such as reduced growth, weakened
immune responses, and increased susceptibility to diseases. Today, in order to the
decrease these challenges, antibiotics are used frequently. However, due to the side
effect of antibiotics on the human health, their replacement with safe, efficient, and
environmentally friendly dietary has specific importance. In this regard, the
application of mineral nano-supplements, particularly zinc oxide nanoparticles, as
novel dietary additives in aquaculture have attracted considerable attention. These
nano-supplements are capable of enhancing nutrient absorption, strengthening
immune responses, reducing oxidative stress, and improving resistance to
pathogens. Based on the results obtained from previous studies, it can be concluded
that that mineral nano-supplements, including chitosan-coated nano zinc oxide, in
the diet of white leg shrimp, improve growth performance and immune responses
and exert positive effects on shrimp growth and nutrition by enhancing digestive
enzyme activity. Therefore, the use of nanoparticles and nanocarriers in shrimp
nutrition could be a promising approach.




