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ABSTRACT

Introduction: Spirulina is a unicellular and filamentous blue-green algae
that has gained considerable popularity in the health food industry and
increasingly as a protein and vitamin supplement to aquaculture diets. It has
long been used as a dietary supplement by people living beside the alkaline
lakes, where it is naturally found. Spirulina has been used as a
complementary dietary ingredient of feed for fish, shrimp and poultry.
Among the various species of Spirulina, the blue green algae, Spirulina
platensis has drawn more attention because it shows a high nutritional
content characterized by 70% protein content and by the presence of
minerals, vitamins, amino acids, essential fatty acids, etc. Spirulina is used
because of its bioactive compounds that are able to enhance fish growth,
protect against diseases, strengthen the immune system, stimulate hunger
and enhance feed consumption, reduce stress and improve digestion by
increasing secretion of different digestive enzymes. It also exhibits
antimicrobial and antiviral properties. In the present study, we examined the
effect of Dblue-green algae Spirulina platensis biomass on growth
performance, secretions of digestive enzymes, blood physiological indices
and resistance of grass carp, Ctenopharyngodon idella infected with
Aeromonas hydrophila.

Materials and methods: The production of live spirulina algae was done
in Arka Algae Hyrcanian Company, Golestan Province, in a greenhouse
environment with 2 long pools with dimensions of 12 m long, 2.5 m wide
and 50 cm height. To enrich the pool, salt at the rate of 15 g/L, sodium
bicarbonate at 16 g/L, and Zaruk culture medium were used according to
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the manufacturer's instructions. Then, 10 to 14 days after the storage of the
initial stock, when the depth of the visible Secchi disc was about 2 cm, the
harvesting operation was performed from the pool. To prepare the basic diet,
items were prepared and ration balance was done with the UFFDA software.
Chemical composition (protein, fat and ash) of formulated diet was
measured according to AOAC method. Two hundred and forty fish (7.86 +
0.47 g) were randomly distributed in 12 tanks (20 fish per 50 L). Also,
together with the consumption of basic food (protein 32.29% and energy
3984.80 kcal/kg), different levels of spirulina algae were added with a
concentration of 4 x 10* 5 x 10* and 6 x 10* cells/mL (S1, S2 and S3,
respectively) and basic food without algae (C), daily to rearing tanks for 60
days. At the end of the test period, growth and nutritional performance,
digestive enzyme activities, blood serum antibacterial activity against
Aeromonas hydrophila bacteria, immune and antioxidant factors, and blood
indices were measured. One-Way ANOVA test was used for data analysis
and Duncan's multiple range test to check the difference in means (p<0.05).
Results: The growth of fish in the treatments containing spirulina was
significantly higher and the feed conversion ratio was lower compared to
the control treatment. Highest protease and lipase activities were observed
in S2 and S3 treatments, respectively. The highest blood serum immune
response (lysozyme, complement and total immunoglobulin) was observed
in S2 and S3 treatments. The lowest and highest concentrations of
superoxide dismutase and malondialdehyde were obtained in the control.
Bactericidal activity of fish serum was significantly higher in S2 and S3
treatments. The highest white and red blood cells, hemoglobin and
hematocrit were observed at S3 treatment; meanwhile, the lowest value was
obtained in the control.

Conclusion: In general, physiological parameters such as growth
efficiency, digestive secretions, immunity and bactericidal activity of blood
serum were improved in grass carp fed with live spirulina algae with a
density of 5 x 10% and 6 x 10* cells/mL.

*Corresponding author: adineh.h@gonbad.ac.ir; adineh.h@gmail.com
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Table 1 Chemical composition of culture medium (Zaruk) used for growing spirulina algae

Chemical composition g/L
NaHCOs3 16.8
K2HPOq4 0.5
NaNOs 2.5
K2SO4 1
NaCl 1
MgS04.7H20 0.2
CaCl2.2H0 0.04
FeS04.7H20 0.01
EDTA 0.08
H3BO3 2.86
MnCl2.4H20 1.81
ZnS04.4H.0 0.222
Na2Mo004.2H20 0.01777
CuS04.5H0 0.079
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Table 2 Ingredients and chemical composition of diet

Ingredients g/kg diet Ingredients g/kg diet
Fish meal 100 Lysine 4
Meat meal 100 Methionine 4
Soybean meal 300 Molasses 10
Wheat flour 220 Antifungal 2
Wheat bran 100 Dicalcium phosphate 1
Corn flour 140 Vitamin premix 2.5
Fish oil 7 Mineral premix 2.5
Soybean oil 7
Proximate Composition
Dry matter 89.50
Crude protein 32.29
Crude lipid 5.92
Crude ash 7.02
Energy (kcal/kg) 3984.80
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Figure 1 Secretions of digestive enzymes of C. idella fed with different levels of spirulina algae
biomass. Different letters on each column indicate a significant difference between experimental
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treatments (p<0.05). Experimental treatments with concentrations of 4 x 10% 5 x 10* and 6 x 10*
cells/mL (S1, S2 and S3, respectively) and basic food without algae (C).
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Table 3 Growth and feeding performance of C. idella fed with different levels of spirulina algae biomass

Control without algae (C) 4 x 10*(S1) 5 x 10%(S2) 6 x 10*(S3)
Initial weight (g) 7.88+£0.5 7.75+0.39 7.82 +0.67 8.01 +0.33
Final weight (g) 14.35 + 1.11° 15.39 + 1.25% 16.41 + 1.31° 16.28 + 0.96°
Weight gain (g) 6.47 +£1.23° 7.64 £ 1.05% 8.58 + 1.60? 8.27 +0.942
Weight gain (%) 82.85 + 19.44° 98.63 + 12.77% 111.57 + 29.562 99.15+£21.772
Specific growth rate (%/day) 0.99 +0.16" 1.14 £ 0.1 1.23 +0.22° 1.18 +0.102
Food conversation rate 2.1+0.38 1.75 +0.25° 1.56 +0.29" 1.57 +£0.19°
Food conversion efficiency (%) 48.94 +9.34° 57.9 + 7.91% 65.72 + 12.32° 64.18 + 7.49?
Non-similar letters in each row indicate a statistically significant difference between experimental treatments (p<0.05).
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Table 4 Blood immune parameters of C. idella fed with spirulina algae biomass for 60 days
Control without algae (C) 4 x 10*(S1) 5 x 10*(S2) 6 x 10*(S3)
Lysozyme activity (u/mL/min) 28.35 £ 0.66° 29.83 £ 0.55b° 35.33+1.122 31.25+0.93°
Total immunoglobulin (mg/mL) 15.48 + 0.35° 15.92 +0.17° 16.80 £ 0.26% 17.30 £ 0.76%
Complement activity (u/mL) 123.70 + 1.42° 124.44 +0.77° 131.41 +1.15° 129.62 + 1.34°
Superoxide dismutase (U/mL) 57.81 + 0.56° 60.03 £ 0.89° 69.71 + 1.16° 83.26 + 0.33?
Malondialdehyde (umol/L) 171.89 + 3.20° 163.30 + 3.07° 142.26 + 2.61¢ 148.72 + 1.41°

Non-similar letters in each row indicate a statistically significant difference between experimental treatments (p<0.05).
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Figure 2 Bactericidal power of blood serum of C. idella fed with different levels of spirulina algae
biomass. Different letters on each column indicate a significant difference between experimental

treatments (p<0.05). Experimental treatments with concentrations of 4 x 10% 5 x 10* and 6 x 10*
cells/mL (S1, S2 and S3, respectively) and basic food without algae (C).
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Table 5 Hematological indices of C. idella fed with different levels of spirulina algae biomass for

60 days
Control without algae (C) 4 x 10%(S1) 5 x 10%(S2) 6 x 10%(S3)
WBC (x1000/mm3) 2.74 £0.24° 3.82 +£0.20° 3.96 +0.22° 453 +0.222
(RXBlgOOO/mm3) 1.43+£0.03° 1.56 +0.03 1.63 £0.15° 1.82+0.11%
Hemoglobin (g/dL) 6.33 £ 0.18° 6.69 +0.19° 6.88 +0.12° 7.21£0.11°
Hematocrit (%) 29.27 £ 0.68° 30.74+0.79° 31.48+1.60®° 32.20+0.77°
MCV (fL) 192.66 + 3.67 192.00+1.27 193.49+0.70 189.03+2.35
MCH (pg/cell) 42.44 +0.51 4192 +£0.82 42.83+0.87 42.28 +1.06
MCHC (g/dL) 21.57+1.33 22.40+£1.45 22.33+£0.61 2241 +1.11
Neutrophil (%) 10.80 = 1.39°¢ 1424 +£1.25® 1278 £0.37* 15.67 +0.872
Lymphocyte (%) 71.99 + 2.04° 85.67 +1.37% 82.16+1.92> 84.56 + 1.47%®
Monocyte (%) 5.43+0.35° 4.00+0.11° 4.50 + 0.45° 3.28 £ 0.35°¢
Dissimilar letters in each row indicate statistically significant differences (p<0.05).
4 o) Selz (gl sl jled ol G yo g, (0l >

aals jles b awolio j0 S35 S2 loles ogas
@ S el Slhded i o 6y o Shes sl
obrl @lié opz 5o Lyl Sl o5 05,
Ly ool 0085 Sl 51y 0l (3o jo a8 Jlo o o)l
@ dolio ax 51 .0 solitul gel ol 213 0 0
oxr S 6 Soye 4 Lyl Sl 658
Nasrollahzadeh et al. 2014; Zhang et ) _li¢
al. 2020; Mohammadiazarm et al. 2021;

2 Pokw 399 pas JJo 4 9 @nd Simon, 2013
—4 Sl o5 ol b Hlade g 095 g Sl S
(e 0 S co )18 s 10 Dz g ad 35 (S,
S8 (opibwsSd ile Lo & Lidg yunl Sl

S rSolr g ooz s (il da s 355 dasul
(Yeganeh etal. 2015) 555 oo b o2 ygumolienS]



(431) Sdg o wligeg 5T ply 5o Jlasile 10,5 ol s Cogi 9 aos (LIS a3l jolaieds Ly sl 51 (619 000 9 Ao / VY

iy b dlie )3 009y (D155 slamyl sgge el
golae ppYl o aS geb a4 wian wels gl
laale ;o Dl 5 5ld sy gt igoeS
Hassaan et al. ) o sualice iliwsSed b oo a3 3i5

(2021
Ol 5 6ol (pliordisn 5 S5 s aFs 2L
50 Ll ceds 0,150 (gaiedy )l Sledlbl Lol das 5l
Bani and Haghi ) sas o #l,) calizes sy Loyl
Sygots Lyl o590 (Vayghan, 2011
ol Syme Glyea 6ys il Caio o 00 S
Promya and Chitmanat, 2011; ) s¢& e sl
el ol> adlas o (Watanuki et al. 2006
g el 055 Sl 00 8520 S2 Lot 13 395
DliS egar ek o il gilel o sae il
3 e, Vo) Ldg el S j0g 5l colatal a5 al
4 (pSehS 5o pSdee Tr) gV 5 (p)55kS
penY ble e e (oS 5 Ojpe 4y 25
Sadeghi ) cul oad wals Lo L awlic o
et 5l o msepY (Goghari et al. 2021
Ssie Jolse ade S13 el ;o ol iShas slae ]
b o a5 (Saurabh and Sahoo, 2008) c..
929 Yl g plale dlox 5l ]lo0 0 51 (xamg
50 Db oe odpel ol ySbas Jule lgieay 4 o)l
OlekeeS clid 5 JS (mglS iganl cile 2l gy
so,les 508 b awlis 0 S3 4 S2 lajles o
O o5l gl cls (gl sime Sl staloj]
sl plyreds &5 0 oo Ll Jlyger (oal j3 1) (ooter
Sighoo iy B glacusid bug plele oluss]
s plole 95 prw J5 omolS gl clile omin
OLas 83 552 (slajless 50 Lidg el 0y STl b ooy
Gl Sols @l b ogeen g Sl Ol a5
2 Fomslsisel o ACHO0 o505V slacolled
A Lyl SOl 51 colainl  onls plxl Giladlae
0ai; Sl 5l eolaiwl g b ] 2 0z 10 09 O g0
ol oad oanlie i K0 lawss Lids el
Sakai, 2006; Abdel-Tawwab and Ahmad, )

2009; Yousefi et al. 2022; Faheem et al.
(2022

(ROS) JL:.@ Q’J'.:...Sl LthMj; aS Cowl e Lgl.cnm)'j

Sy9n e 0 0ai; wle g (Faheem et al. 2022
99 0 Baa Ll ol Sglite IS ki 51 (andllas )
Sl 5l ooslatal wylgd Sldl (S>3 solaial g,
aS w18 Ly ced 48 el LT sl Lidg el
Bl 2l 0z o gyl Sl 05 6555 &
bos cuyo asls , (Danio rerioy oils sly;
Sonte & e JoSo o] 1Y g sl o b plas
,o (Beiranvand et al. 2015) wi ws, o Slee
olB¥l s 4 Lyl Sl j0g Y ados
Ohsd Sl TV 5 olse iy alope o0 00 slaas s
bjlos (e Olpear dgss (oS ol solie
~ (Biabani Asrami et al. 2017) wos 5,xe
Sl g 5l oolitul woad yasie sla s )liS el

b3 oleets Shnl glssl @lid oz 5o Ldg el
Lu et al. 2008; ) sss o i g 0, g acls
P syl ol ees o (Zhang et al. 2020
wole 4z ad; 5o ol 3l 5 I3 0z 50 Ll
as sl oLz Rutilus frisii kutum) saw sy
b amlie )0 Ldgpml jog cilise ol 5l oolinul
Nasrollahzadeh ) coslas ogllas cunsg sals s
S5 (Ve A) o 5en g LU e (et @l 2014
30 2y BB U Ly sl jog 51 oolatnl a5 wisls
LS (alo 4z g oljo5 sl g oy Lo 9 g w9

ol alo
S 5 ey 0 Ses Uiy ol 35y SIS i o
L O N DR N IX S TSR] IO P S
s ol olas g an b, (Astronotus ocellatus)
—et o e okS )5 00 gl )3 L el 509
St Sl Sher b (S398 So plgre 4 Wl
155 ! Colled g dss glaazul ) ) o Slee
Spbeolitul el e 4 Cees sy
Ses oole (Mohammadiazarm et al. 2021)
3 a5 ol ptign LY B Fe sga yo Lidg ol
ey 4 (Gons dlge g A (raling Loty B (el
o, 5l ks asllls (Belay, 2002) el ol
Sel> 5l ead glel @l ) elasSd
Sl 5 sl oyl lagasls Ly el
Gl 5 039 oIBl 5l ol s sladls (oale 50 035,
(e 9 95 elewsSed 0> )3 (i fa s
=z BB ok il b s, Jles 90 50



VAL OFY 6o pylem oylads wts Jl) ol adis

2 e s oale Cuglie n Lidy el o) SUl>
oS ab piie il Mg yues (wlises ST (6 ko il
Slows jo Sl Lil5l g 658 Comen ialdl 5l ol
0ad); Sl b oouds i glo,les b anslio jo vall
Abdel-Tawwab and Ahmad, ) sg gl
5 B0 a8 olidlay 0B sl slS e (2009
9cnl 3l g esg b o B slag il codlad o5 (s
0,99 ;b 3 o 9 S pe a5 9 08 Sgnge el
25 03558 Dypo 4y iinlpli 5 Wigdoe (bl 0 9y
Agd go oolawl Ml Copae b a4 gl

(Wijendra and Pathiratne, 2007)
5108 o arecon ) olse il cov Se (sladsiul 3
— R o 5 haan hsy ssibee S oS15 i
S ooplplo (Fanouraki et al. 2007) «,.8
Sy clis oyl 5l (S olols o> (slaasinl 3
On pol ek o el el s Sedle (o)
od b gl sl olaw ibesl sle,les
357y silel Slogine Dol o SHlen 5 mslSsen
).:JLS Toosh Bz (pl )0 sdel Cawsdy mls ol
o Cdle Condy 1) Ldg el sy Sl St
gyl S 93 slatominl by Lyl e 55k
Terry et al.) Lobs ol asle byl sloasss
2000; Abdel Tawwab and Ahmad, 2009;
4,5 (Andrews et al. 2011; Ragap et al. 2012

«Promya and Chitmanat, 2011) . 31 sl
<55 ol (Krishnaveni et al. 2013) w5 sl
Yong-) bly s 5 ANsarifard et al. 2017)
slass ilidl aiS e awl 1, (Chin et al. 2010
s5el ple 05> S S gilon 5 (sl gan e )b (sla s lS
Jds a0 ol Sae Lidg el 003y S clale 201331 L
eara) B ooy S slagislyy onl Sl ogzg
Ldg gl 50 95250 VG B 5 A slogrsbiys «(Br2
Sl 5o Vb ctaluSTas b b g ol 0925 (sl s
51 Phycocyanobilin olus 5 sg>g .canlidg ol
s Allophycocyanin  [Phycocyanin  al.>
L gyl 5o ioluSTas cwsls L Phycoerythrin
OO IR CCTIP S 1 RV P PSCIN P S PESON R OV
ey 3y 0 WSy Gl Gl Bis b leaslaSS,

@ ol mizl peizen ojls & H202 o5
Sy Sl glgeas el (MDA asal

05....4‘59 oolaw! LS‘A"""J uw‘m‘f
Sl ogas ) 095 e SOD lacled 3l
0y Sul> il zohaw booad 4dn lale (S3
ol LSA-A.AJLA.AAS‘M u.d).‘a ] OMQQLHJ Lqu).....w‘
MDA el als s SOD ilsl (b 5l ol s
Sl b a5 Glabe o (LS Sldlae glaazdly |
Sl ol cillae we oad ads Ly
Sheikhzadeh et al. 2019; Xia et al. 2021; )
5l e Lyl (Faheem et al. 2022

— osSd Lo oalS sl sy JLad ol S5
Sl il sS85 Joboiily 5 iy Sl oty
aib by o] cioluSTas codld b oy oo Hlaias a5
(Takeuchi et al. 2002; Wang et al. 2007)
—agS Bdm (651 Glayg a4 (e 2Ll LSS
B, 1) (pialeSTas slag 3T s 5 (T Jlub slo
.(Bernatoniene and Kopustinskiene, 2018)
1y G el sSdgll 5 (il sSd el jboay
(Angeles Esteban, 2012) siive iluSlas
prels 5l S Aeromonas hydrophila b
oo dlox 5l ol )5 plale (6l (2L L slacs Lo
Jiravanichpaisal et al. ) cul ops O jo gl
50 9 Fosl sSiws Candy g 0y oS el a5 (2009
Swaminathan et ) ses o oo yuo g S o cdss
aJy s & AL hydrophila ;L .@l. 2004
& e ol (RigNey et al. 1978) sgi o Sigim!
)be)mstj)ﬁawwoo)ﬂj&ﬁum)m
Liu et al. 2015; ) 048 0 y5u5 (cole by90 Cario
@ 55 o5 5 lew e iy (SONQ et al. 2014
@St ol b oyl lalys jo (ale DLl (e
adllas o a5 Jb o ailaisls Mdg,ue bgeg 51
Lo 3 Golost nl a5 s50l (Blo 5% oy pol>
S y08 cpl 5l edel Cavods b al oy Gﬁli.;':.il.oﬂ
552 lajloss a5 ol i ale 95 oy 2S5 S
TGS @8 gl wals jla b awlis 0 S3



(431) Mdgjom (wligeg 5T ply o Jlasrile 1.5 ol i a9 adgi (LIS Gl jglareds Lidg ol 51 (519 00 500 9 g 1 YA

& S Ao
ailyg, oolaswl aS ols ylis yol> asllas bl S jgloay
Fox VT g0 x VT (ST5 L L el 00i; Sl )
b9 bazme 5053 382 (glajle yo g oo faz3l,
Wy o Sles d5y el Jlotre jsbay el ale
5 ol glramiald lidl (5158 Slam Bl S0
P Medgpaap uligeg 51 (5 58l sl ol 50 Cuaglie

S (g

a5) G e ‘5%-1?15)" S, K b C)L’ ol
0niy Sl adgi jo (6,8 Jdo 4 &S bl ol gts
Tk sl o a8 Gl Ken 5l pizren 5 Ldg el
el 1y S JlaS in )5 (55L wasls auS olRisls o

&lw

Abdel-Latif, H.M., EI-Ashram, S., Sayed,
A.E.D.H., Alagawany, M., Shukry, M.,
Dawood, M.A., Kucharczyk, D. 2022.
Elucidating the ameliorative effects of
the cyanobacterium Spirulina
(Arthrospira platensis) and several
microalgal species against the negative
impacts of the aquatic contaminants in
freshwater fish: A review. Aquaculture
554: 738155. doi:
10.1016/j.aquaculture.2022.738155

Abdel-Tawwab, M., Ahmad, M.H. 2009.
Live Spirulina (Arthrospira platensis) as
a growth and immunity promoter for
Nile tilapia, Oreochromis niloticus (L.),
challenged with pathogenic Aeromonas
hydrophila. Aquaculture  Research 40:
1037-1046. doi: 10.1111/5.1365-
2109.2009.02195.x

Adineh, H., Naderi, M., Nazer, A., Yousefi,
M., Ahmadifar, E. 2021. Interactive
effects of stocking density and dietary
supplementation with nano selenium and
garlic extract on growth, feed utilization,
digestive enzymes, stress responses, and
antioxidant capacity of grass carp,
Ctenopharyngodon idella. Journal of the

~ oo BolenST alows 4 708 Gl JoulS b 5ds)0e
oIl stz JB b ar |y pal is bl g wsals
Sl as s 5 b sl JoudS slaws iuli8l aies oo
Lo Of 5o Ly sl 00y Sl clale (1133811 55

solo (ol ows S5 20 5 (b jeel cale b9
Ldg ol Sl i) 00 99290 Jlad Ca ) 0lge cleay
ool olCts S 25 odle Lidg ol 95001 1]
Sz Go> basl oy Gl Cagl del wud 4
Yong-Chin et al. 2010; Tongsiri et ) wss
.@l. 2010; Shahbazi and Bolhassani, 2016

Sy (pl Bpas a0 b Ldg gy slows iulél

Al (y95 St sl Jﬁ_..lf 89y 2 Slog sl ms,;
Lawgi baoss i85 ol a5 e (Andrews et al. 2009)
ablo o asiw slo Jod8 codlad wigs Jlsl bS58
A i slon SlosiSh 03,5 man g (RS (08
B0 oiws dops g Julse (pl dan A 05 oo

(Andrews et al. 2009) wgs o \bjwe

World Aquaculture Society, 52: 789-804.
doi: 10.1111/jwas.12747.

Adineh, H., Naderi, M., Yousefi, M.,
Khademi Hamidi, M., Ahmadifar, E.
Hoseini, S.M. 2021. Dietary licorice
(Glycyrrhiza glabra) improves growth,
lipid metabolism, antioxidant and
immune responses, and resistance to
crowding stress in  common carp,
Cyprinus carpio. Aquaculture Nutrition
27: 417-426. doi: 10.1111/anu.13194.

Agami, M., Waisel, Y. 1988. The role of
fish in distribution and germination of
seeds of the submerged macrophytes
Najas marina L. and Ruppia maritima
L. Oecologia 76: 83-88.

Aksakal, E., Ekinci, D., Erdogan, O.,
Beydemir, ., Alim, Z., Ceyhun, S.B.
2011. Increasing stocking density causes
inhibition of metabolic—antioxidant
enzymes and elevates mMRNA levels of
heat shock protein 70 in rainbow trout.
Livestock Science 141: 69-75. doi:
10.1016/j.livsci.2011.07.006.

Amer, S.A. 2016. Effect of Spirulina
platensis as feed supplement on growth
performance, immune response and



AL OF-Y 65 ooz olos o JLo) sl asdis

antioxidant status of mono-sex Nile
Tilapia (Oreochromis niloticus). Benha

Veterinary Medical Journal 30: 1-10. doi:

10.21608/BVMJ.2016.31332.

American Public Health Association
(APHA). 1998. In: Clescert, L.,
Greenberg, A., Eaton, A. (Eds.),
Standard Methods for the Examination
of Water and Wastewater. 20th edition.
Washington, USA.

Andrews, S.R., Sahu, N.P., Pal, AK,
Kumar, S. 2009. Haematological
modulation and growth of Labeo rohita
fingerlings: effect of dietary mannan
oligosaccharide, yeast extract, protein
hydrolysate and chlorella. Aquaculture
Research 41: 61-69. doi:
10.1111/j.1365-2109.2009.02304.x.

Andrews, S.R., Sahu, N., Pal, A,
Mukherjee, S., Kumar, S. 2011. Yeast
extract, brewer’s yeast and spirulina in
diets for Labeo rohita fingerlings affect
haemato-immunological responses and
survival following Aeromonas
hydrophila challenge. Research in
Veterinary Science 91: 103-109. doi:
10.1016/j.rvsc.2010.08.009.

Angeles Esteban, M. 2012. An overview of
the immunological defenses in fish
skin. International scholarly research
notices. doi: 10.5402/2012/853470.

Ansarifard, F., Rajabi Islami, H., Shamsaie
Mehrjan, M., Soltani, M. 2017. The
effect of dietary supplement spirulina
(Arthrospira platensis) on the immune
system and blood biochemical factors of
koi fish (Cyprinus carpio carpio).
Iranian Scientific Fisheries Journal 26:
23-32. doi: 10.22092/isfj.2017.113519.

AOAC, B.AM. 1990. Association of
official analytical chemists. Official

methods of analysis, Washington DC, 12.

Awad, L.Z., El-Mahallawy, H.S,,
Abdelnaeim, N.S., Mahmoud, M.M.,
Dessouki, A.A., ElBanna, N.I. 2022.
Role of dietary Spirulina platensis and
betaine supplementation on growth,
hematological, serum  biochemical
parameters, antioxidant status, immune
responses, and disease resistance in Nile
tilapia. Fish and Shellfish Immunology,

126: 122-130. doi:
10.1016/j.fsi.2022.05.040.

Baluchnejadmojarad, T., Roghani, M.,
Mafakheri, M. 2010. Neuroprotective
effect of silymarin in 6-
hydroxydopamine hemi-parkinsonian rat:
involvement of estrogen receptors and
oxidative stress. Neuroscience letters
480: 206-210. doi:
10.1016/j.neulet.2010.06.038.

Bani, A., Haghi Vayghan, A. 2011.
Temporal variations in haematological
and biochemical indices of the Caspian
kutum, Rutilus frisii kutum.
Ichthyological Research 58: 126-133.

Barnes, A.C., Young, F.M., Horne, M.T.,
Ellis, A.E. 2003. Streptococcus iniae:
serological differences, presence of
capsule and resistance to immune serum

killing. Diseases of Aquatic
Organisms 53: 241-247. doi:
10.3354/da0053241

Beiranvand, M., Ghaeni, M., Velayatzadeh,
M. 2015. Impact of Spirulina sp. on
growth and food intake in Danio rerio
Hamilton, 1822. Nova Biologica Reperta
2: 207-215. doi:
10.21859/acadpub.nbr.2.3.207.

Belay, A. 2002. The potential application of
Spirulina (Arthrospira) as a nutritional
and therapeutic supplement in health
management. Journal of American
Nutraceutical Assoc 5: 27-48.

Bernatoniene, J., Kopustinskiene, D.M.
2018. The role of catechins in cellular
responses to oxidative stress. Molecules
23: 965. doi:
10.3390/molecules23040965.

Biabani Asrami, M., Sudagar, M.,
Mazandarani, M., Yousefi, S. 2017. The
effect of Spirulina on growth, survival,
carotenoids pre-broodstock and
larviculture  in dwarf  gourami
(Trichogaster  lalius). Journal  of
Fisheries Science and Technology 6: 21-
35. doi:
20.1001.1.23225513.1396.6.1.1.3.

Biabani Asrami, M., Sudagar, M.,
Mazandarani, M., Yousefi, S. 2017. The
effect of Spirulina on growth, survival,
carotenoids pre-broodstock and



(431) Mdg o wligeg 5T ply o Jlasrile 1.5 ol s g 9 adgi (LIS (a3 jslareds Ly sl 51 (6,19 50 500 9 g [ A

larviculture  in  dwarf  gourami
(Trichogaster  lalius). Journal  of
Fisheries Science and Technology 6: 21-
35.

Borges, A., Scotti, L.V., Siqueira, D.R.,
Jurinitz, D.F., Wassermann, G.F. 2004.
Hematologic and serum biochemical
values for jundia (Rhamdia quelen). Fish
Physiology and Biochemistry 30: 21-25.
doi: 10.1007/s10695-004-5000-1.

Cahu, C.L., Zambonino-Infante, J.L.,
Quazuguel, P., Le Gall, M.M. 1999.
Protein hydrolysate vs. fish meal in
compound diets for 10-day old sea bass
Dicentrarchus labrax larvae.
Agquaculture  171: 109-119. doi:
10.1016/S0044-8486(98)00428-1.

Carneiro, W.F., Castro, T.F.D., Reichel, T.,
de Castro Uzeda, P.L., Martinez-
Palacios, C.A., Murgas, L.D.S. 2022.
Diets containing Arthrospira platensis
increase  growth, modulate lipid
metabolism, and reduce oxidative stress
in Pacu (Piaractus mesopotamicus)
exposed to ammonia. Aquaculture 547:
737402, doi:
10.1016/j.aquaculture.2021.737402.

Chen, Q., Wang, C.H., Lu, G., Song, X., Xu,
J.W., Yang, Q.L., Li, S.F. 2009. Analysis
of genetic variation in grass carp
(Ctenopharyngodon idellus) from native
and colonized regions using ISSR
markers. Biochemical Systematics and
Ecology 3: 549-555. doi:
10.1016/j.bse.2009.08.002.

Ellis, A.E. 1990. Lysozyme Assays: In
Stolen, J.S., Fletcher, T.C., Anderson,
D.P., Roberson, B.S., Van Muiswinkel,
W.B. (Eds.). Techniques in Fish
Immunology. Fair Haven. NJ: SOS
Publications, 101-103.

Faheem, M., Jamal, R., Nazeer, N., Khaliq,
S., Hoseinifar, S.H., Van Doan, H.,
Paolucci, M. 2022. Improving growth,
digestive and antioxidant enzymes and
immune response of juvenile grass carp
(Ctenopharyngodon idella) by using
dietary Spirulina platensis. Fishes, 7:
237. doi: 10.3390/fishes7050237.

Fanouraki, E., Divanach, P., Pavlidis, M.
2007. Baseline values for acute and

chronic stress indicators in sexually
immature red porgy (Pagrus pagrus).
Aquaculture  265: 294-304. doi:
10.1016/j.aquaculture.2007.01.006.

FAO 2023. FAO vyearbook. Fishery and
Aquaculture Statistics 2018. Rome, Italy:
FAO.

Farhadi, M., Imanpoor, M., Safari, R. 2023.
Effect of dietary Spirulina platensis and
Natuzyme Multi-enzyme on growth
performance, survival and hematological
parameters in common carp (Cyprinus
carpio). Journal of Utilization and
Cultivation of Aquatics, 12: 171-186. doi:
10.22069/japu.2023.20352.1680.

Feldman, B.F., Zinkl, J.G., Jian, N.C. 2000.
Schalm's veterinary hematology, 3™
edition.  Lippincott Williams and
Wilkins publication, Philadelphia, USA,
32-36.

Frimodt, C. 1995. Multilingual illustrated
guide to the world's commercial
warmwater fish. Fishing News Books,
Osney Mead, Oxford, England. 215 p.

Geffroy, B., Simon, O. 2013. Effects of a
Spirulina platensis based diet on
zebrafish female reproductive
performance and larval survival rate.
Société Francaise D'ichtyologie 37: 31-
38.

Hassaan, M.S., Mohammady, E.Y ., Soaudy,
M.R., Sabae, S.A., Mahmoud, A.M., El-
Haroun, E.R. 2021. Comparative study
on the effect of dietary p-carotene and
phycocyanin extracted from Spirulina
platensis on immune-oxidative stress
biomarkers, genes expression and
intestinal enzymes, serum biochemical
in Nile tilapia, Oreochromis niloticus.
Fish and Shellfish Immunology 108: 63-
72. doi: 10.1016/j.fsi.2020.11.012.

lijima, N., Tanaka, S., Ota, Y. 1998.
Purification and characterization of bile
salt activated lipase from the
hepatopancreas of red sea bream (Pagrus
major). Journal of Fish Physiology and
Biochemistry, 18:  59-69.  doi:
10.1023/A:1007725513389.

Jaime-Ceballos, B., Villarreal, H., Garcia,
T., Jar, L.P., Alfonso, E. 2005. Effect of
Spirulina platensis meal as feed additive



AYLOFY 60 opylaz o)lods (ot JLo) (3Ll adas

on growth, survival and development in
Litopenaeus schmitti shrimp larvae.
Revista de Investigaciones Marinas 26:
235-241.

Jiravanichpaisal, P., Roos, S., Edsman, L.,
Liu, H., Sdderhéll, K. 2009. A highly
virulent pathogen, Aeromonas
hydrophila, from the freshwater crayfish
Pacifastacus leniusculus. Journal of
Invertebrate Pathology 101: 56-66. doi:
10.1016/}.Jip.2009.02.002.

Kajita, Y., Sakai, M., Atsuta, S., Kobayash,
M. 1990. The immunomodulatory
effects of levamisole on rainbow trout,
Oncorhynchus mykiss. Fish Pathology
25: 93-98. doi: 10.3147/jsfp.25.93.

Karadal, O., Guroy, D., Tirkmen, G. 2017.
Effects of feeding frequency and
Spirulina on growth performance, skin
coloration and seed production on kenyi
cichlids (Maylandia
lombardoi). Aquaculture  International
25:121-134.

Khanzadeh, M., Esmaeili Fereidouni, A.,
Seifi Berenjestanaki, S. 2016. Effects of
partial replacement of fish meal with
Spirulina platensis meal in practical
diets on growth, survival, body
composition, and reproductive
performance of three-spot gourami
(Trichopodus trichopterus) (Pallas,
1770). Aquaculture International 24: 69-
84. doi: 10.1007/s10499-015-9909-4.

Krishnaveni, R., Palanivelu, K., Velavan, S.,
2013. Effects of probiotics and Spirulina
supplementation on haemato-
Immunological function of Catla catla.
International Journal of Research in
Fisheries and Aquaculture 3:4:176-181.

Lee, R.G., Foerster, J., Jukens, J,
Paraskevas, F., Greer, J. P., Rodgers, G.
M. 1998. Wintrobe’s-Clinical
Hematology, 10" ed., Lippincott
Williams & Wilkins, New York.

Liu, L., Gong, Y.X., Zhu, B., Liu, G.L.,
Wang, G.X., Ling, F. 2015. Effect of a
new recombinant Aeromonas hydrophila
vaccine on the grass carp intestinal
microbiota and correlations  with
immunological  responses. Fish  and

Shellfish Immunology 45: 175-183. doi:
10.1016/}.fsi.2015.03.043.

Lu, J., Satoh, H., Takeuchi, T. 2008.
Development of models of threshold and
efficient algal densities for larval and
juvenile tilapia Oreochromis niloticus on
raw Spirulina. Aquaculture 285: 249-
254. doi:
10.1016/j.aquaculture.2008.08.039.

Mabrouk, M.M., Ashour, M., Labena, A.,
Zaki, M.A., Abdelhamid, A.F., Gewalily,
M.S., Ayoub, H.F. 2022. Nanoparticles
of Arthrospira platensis improves
growth, antioxidative and
immunological responses of Nile tilapia
(Oreochromis  niloticus) and its
resistance to Aeromonas hydrophila.
Agquaculture Research 53: 125-135. doi:
10.1111/are.15558.

Maritim, A.C., Sanders, R.A., Watkins, J.B.
2003. Diabetes, oxidative stress, and
antioxidants: a review. Journal of
Biochemical and Molecular Toxicology
17: 24-38. doi: 10.1002/jbt.10058.

Marklund, S., Marklund, G. 1974,
Involvement of the superoxide anion
radical in the auto oxidation of
pyrogallol and a convenient assay for
superoxide dismutase. European Journal
of Biochemistry 47: 469-474.

Mitchell, A.J., Kelly, A.M. 2006. The
public sector role in the establishment of
grass carp in the United States. Fisheries
31: 113-121. doi: 10.1577/1548-
8446(2006)31[113:TPSRIT]2.0.CO;2.

Mohammadiazarm, H., Maniat, M.,
Ghorbanijezeh, K., Ghotbeddin, N. 2021.
Effects of spirulina powder (Spirulina
platensis) as a dietary additive on Oscar
fish, Astronotus ocellatus: Assessing
growth performance, body composition,
digestive enzyme activity, immune-
biochemical parameters, blood indices
and total pigmentation. Aquaculture
Nutrition 27: 252-260. doi:
10.1111/anu.13182.

Nasrollahzadeh, A., Noveyrian, H,,
Khoshkholgh, M., Mosapour Shajani,
M., Shakourian, M. 2014. The effects of
Spirulina platensis levels in diet on
growth indices and chemical body



(430) Sdg o (wligeg 5T ply o jlasile 19,5 ol s g 9 ags (LIS a3l jolaieds Ly sl 51 (619 000 9 o5 | AY

composition of Kutum fry (Rutilus frisii
kutum). Fisheries 67: 445-453. doi:
10.22059/Jfisheries.2014.52420.

Nogueira, S.M.S., Souza Junior, J., Maia,
H.D., Saboya, J.P.S., Farias, W.R.L.
2018. Use of Spirulina platensis in
treatment of fish farming wastewater.
Revista Ciéncia Agronémica 49: 599-
606. doi: 10.5935/1806-6690.20180068.

Olvera-Novoa, M.A., Dominguez-Cen, L.J.,
Olivera-Castillo, L., Martinez-Palacios,
C.A. 1998. Effect of the use of the
microalga Spirulina maxima as fish meal
replacement in diets for tilapia,
Oreochromis mossambicus (Peters),
fry. Aquaculture Research 29: 709-715.
doi: 10.1046/j.1365-
2109.1998.29100709.x.

Pathiratne, A., Rajapakshe, W. 1998.
Hematological Changes associated with
the Epizootic Ulcerative Syndrome in
the Asian Cichlid Fish, Etroplus
suratensis. Asian Fisheries Science 11:
203-212.

Peiretti, P.G., Meineri, G. 2008. Effects of
diets with increasing levels of Spirulina
platensis on the performance and
apparent digestibility in growing rabbits.
Livestock Science 118: 173-177. doi:
10.1016/j.livsci.2008.04.017.

Plaza, I., Garcia, J. L. and Villarroel, M.
2018. Effect of spirulina (Arthrospira
platensis) supplementation on tilapia
(Oreochromis niloticus) growth and
stress responsiveness under hypoxia.
Spanish ~ Journal  of  Agricultural
Research ~ 16:  0606-0606.  doi:
10.5424/sjar/2018161-11698.

Promya, J., Chitmanat, C. 2011. The effects
of Spirulina platensis and Cladophora
algae on the growth
Performance, meat quality and immunity
stimulating capacity of the African
sharptooth catfish
(Clarias  gariepinus). International
Journal of Agriculture and Biology 13:
77-82.

Ragap, H.M., Khalil, R.H., Mutawie, H.H.,
2012. Immunostimulant effects of
dietary Spirulina platensis on tilapia
Oreochromis niloticus. Journal of

Applied Pharmaceutical Science 2: 26-
31.

Rigney, M.M., Zilinsky, J.W., Rouf, M.A.
1978. Pathogenicity of Aeromonas
hydrophila in red leg disease in
frogs. Current Microbiology 1: 175-179.

Rungruangsak-Torrissen, K., Rustad, A.,
Sunde, J., Eiane, S.A., Jensen, H.B.,
Opstvedt, J., Nygard, E., Samuelsen,
T.A., Mundheim, H., Luzzana, U. 2002.
In vitro digestibility based on fish crude
enzyme extract for prediction of feed
quality in growth trials. Journal of the
Science of Food and Agriculture 82:
644-654. doi: 10.1002/jsfa.1089.

Sadeghi Goghari, S., Paykan Heyrati, F.,
Dorafshan, S. 2021. Effect of dietary
lactoferrin and algae spirulina powder on
some growth and immunity parameters
of female zebrafish (Danio rerio).
Veterinary Research & Biological
Products 34: 121-128. doi:
10.22092/vj.2020.343081.1726.

Saurabh, S., Sahoo, P.K. 2008. Lysozyme:
an important defense molecule of fish
innate immune system. Aquaculture
Research 39: 223-239. doi:
10.1111/j.1365-2109.2007.01883.x.

Shahbazi, S., Bolhassani, A. 2016.
Immunostimulants: types and functions.
Journal of Medical Microbiology and
Infectious Diseases 4: 45-51.

Shan, X., Lin, M. 2014. Effects of algae and
live food density on the feeding ability,
growth and survival of miiuy croaker
during early development. Aquaculture
428: 284-2809. doi:
10.1016/j.aquaculture.2014.03.021.

Sheikhzadeh, N., Mousavi, S., Khani
Oushani, A., Firouzamandi, M., Mardani,
K. 2019. Spirulina platensis in rainbow
trout (Oncorhynchus mykiss) feed:
Effects on growth, fillet composition,
and tissue antioxidant
mechanisms. Aquaculture International
27: 1613-1623. doi: 10.1007/s10499-
019-00412-3.

Song, X., Zhao, J., Bo, Y., Liu, Z., Wu, K.,
Gong, C. 2014. Aeromonas hydrophila
induces intestinal inflammation in grass
carp (Ctenopharyngodon idella): an



AFLQOTY 68 o)loz oyl qops Jlo) (bl i

experimental model. Aquaculture 434:
171-178. doi:
10.1016/j.aquaculture.2014.08.015.

Sunyer, J.O., Tort, L. 1995. Natural
hemolytic and bactericidal activities of
sea bream Sparus aurata serum are
affected by the alternative complement
pathway. Veterinary Immunology and
Immunopathology 45: 333-345.

Swaminathan, T.R., Rathore, G., Abidi, R.,
Kapoor, D. 2004. Detection of
Aeromonas hydrophila by polymerase
chain reaction. Indian Journal of
Fisheries 51: 251-254.

Takeuchi, T., Lu, J.U.N., Yoshizaki, G.,
Satoh, S. 2002. Effect on the growth and
body composition of juvenile tilapia
Oreochromis  niloticus. Fisheries
Science 68: 34-40. doi: 10.1046/j.1444-
2906.2002.00386.x.

Teimouri, M., Amirkolaie, A.K., Yeganeh,
S. 2013. Effect of Spirulina platensis
meal as a feed supplement on growth
performance and pigmentation of
rainbow trout (Oncorhynchus
mykiss). World Journal of Fish and
Marine Sciences 5: 194-202.

Terry, C.H., Cardinale, J.L., Smith, S.A,,
2000. Haematology and plasma
chemistry  reference intervals for
cultured tilapia (Oreochromis hybrid).
Veterinary Clinical Pathology 29: 7-12.
do0i:10.1111/j.1939-165X.2000.tb0038
9.x.

Tongsiri, S.,  Mang-Amphan, K,
Peerapornpisal, Y. 2010. Effect of
replacing fishmeal with Spirulina on
growth, carcass composition and
pigment of the Mekong giant catfish.
Asian Journal of Agricultural Sciences 2:
106-110.

Tort, L. 2011. Stress and immune
modulation in fish. Developmental and
Comparative Immunology 35: 1366-
1375. doi: 10.1016/j.dci.2011.07.002.

Valipour, A., Abedian Kenari, A., Tabarsa,
M. 2022. Effect of water-soluble
polysaccharides extracted from
microalga (Spirulina platensis) on
growth performance, body composition
and immune response of rainbow trout

(Oncorhynchus  mykiss). Journal of
Fisheries Science and Technology 11:
199-217.

Wang, L., Pan, B., Sheng, J., Xu, J., Hu, Q.
2007. Antioxidant activity of Spirulina
platensis extracts by supercritical carbon
dioxide extraction. Food Chemistry 105:
36-41. doi:
10.1016/j.foodchem.2007.03.054.

Watanuki, H., Ota, K., Tassakka, A.C.M. A.,
Kato, T.  Sakai, M.  2006.
Immunostimulant effects of dietary
Spirulina platensis on carp, Cyprinus
carpio. Aquaculture 258: 157-163. doi:
10.1016/j.aquaculture.2006.05.003.

Wijendra, G.D.N.P., Pathiratne, A. 2007.
Evaluation of immune responses in an
Indian carp, Labeo rohita (Hamilton) fed
with  levamisole incorporated diet.
Journal of Science of the University of
Kelaniya 3: 17-28.

Worthington, C.C. 1993. Worthington
Enzyme Manual. Enzymes and related
Biochemicals Worthington Chemical.
New Jersey, USA, 730 p.

Wu, Q., Liu, L., Miron, A., Klimova, B.,
Wan, D., Kuca, K. 2016. The antioxidant,
immunomodulatory, and anti-
inflammatory activities of Spirulina: an
overview. Archives of Toxicology 90:
1817-1840. doi: 10.1007/s00204-016-
1744-5.

Xia, Y., Liu, C., Fei, S., Liu, H., Han, D.,
Jin, J., Xie, S. 2021. Arthrospira
platensis additive enhances the growth
performance and antioxidant response in
hybrid yellow catfish (Pelteobagrus
fulvidraco® x Pelteobagrus vachelli?).
Aguaculture Reports 20: 100721. doi:
10.1016/j.aqrep.2021.100721.

Yeganeh, S., Teimouri Keramat, M.,
Amirkolaie. A. 2015. Dietary effects of
Spirulina platensis on hematological and
serum Dbiochemical parameters of
rainbow trout (Oncorhynchus mykiss).
Research in Veterinary Science 101: 84-
88. doi: 10.1016/j.rvsc.2015.06.002.

Yong-Chin, L., Carina Miranda, T.,
ChienLun, H., Wen-Ching, T., JiannChu,
C. 2010. White shrimp Litopenaeus
vannamei that had received the hot-water



(431) Sdg oo (wligeg 5T ply 5o Jlazrile 19,5 ol s g 9 adgi (LIS (ali3l jglateds Ly sl 51 (615 50500 9 g5 | AD

Yousefi, M.,

extract of Spirulina platensis showed
earlier recovery in immunity and
upregulation of gene expressions after
pH stress. Fish and  Shellfish
Immunology 29: 1092-1098. doi:
10.1016/j.fsi.2010.09.002

Ahmadifar, M.,
Mohammadzadeh, S., Kalhor, N.,
Esfahani, D.E., Bagheri, A., Ahmadifar,
E. 2022. Individual and combined effects
of the dietary Spirulina platensis and
Bacillus licheniformis supplementation
on growth performance, antioxidant

capacity, innate immunity, relative gene
expression and resistance of goldfish,
Carassius auratus to Aeromonas
hydrophila.  Fish  and  Shellfish
Immunology 127:  1070-1078.  doi:
10.1016/}.fsi.2022.07.015.

Zhang, F., Man, Y.B., Mo, W.Y., Wong,

M.H. 2020. Application of Spirulina in
aquaculture: A review on wastewater
treatment and fish growth. Reviews in
Aquaculture  12:  582-599.  doi:
10.1111/raq.12341.



