Journal of Cell and Tissue 15(1), Spring (2024) 58-70

Journal of Cell and Tissue
http://jct.araku.ac.ir

1972

University

The effect of red algae on the stomach, liver histomorphology, and
some growth factors of Nile tilapia, Oreochromis niloticus during

replacing in diet

Kord S2, Abdi R#*, Zamani 12, Peyghan R

8 Department of Marine Biology, Faculty
Iran

of Marine Science, Khorramshahr University of Marine Science and Technology, Khorramshahr,

b Department of Clinical Sciences and Excellence Center of Warm Water Fish Health and Diseases, Faculty of Veterinary Medicine, Shahid
Chamran University of Ahvaz, Ahvaz, Iran

Original Article

Use your device to scan

and read the article online Citation: Kord S, Abdi R, Zamani I, Peyghan R. The effect of red algae on the stomach, liver

histomorphology, and some growth factors of Nile tilapia, Oreochromis niloticus during
replacing in diet. Journal of Cell and Tissue . 2024; 15(1): 58-70

d https

://10.52547/JCT/15.1.58

KEYWORDS

ABSTRACT

Histomorphology
Stomach

Red algae

Nile tilapia

Liver

Aim: The use of algae as a food additive has many positive effects such as
increasing the quality, health, and greed of food and increasing the level of
growth and immunity in aquatic animals. Among the algae with many uses are
the members of the red algae branch, which are seen in red due to the large
amounts of phycoerythrin and phycocyanin pigments. These algae belong to
primary multicellular plants of the marine species, non-flowering without
roots, stems, and leaves, and they reproduce sexually. The current research was
conducted to replace red algae in the diet in stomach, liver histomorphology,
and some growth factors of Nile tilapia, one of the most important commercial
species in the world.

Material and Methods: For this purpose, after 8 weeks of preparation, fish
were fed diets containing zero, 3%, 6%, and 9% of food weight with red algae
with three repetitions in each treatment. After the end of the rearing period, the
fishes were anesthetized and after opening the abdominal area while measuring
some growth factors, a 0.5 cm tissue sample was taken from the middle part of
the stomach and liver and placed in a 10% formalin buffer solution. After
going through the routine steps of tissue preparation, including dehydration
with alcohol, clarification with xylol, blocking with paraffin, cutting with a
thickness of 4-6 microns, and staining, finally, the study was done with a light
microscope. SPSS software version 21 was used for statistical analysis of data.
Results: Microscopic and anatomical studies of the stomach and some growth
factors of the digestive system showed an increase in the measured factors as
percentage of weight gain, especially in the group receiving the diet containing
9% red algae. The results of microscopic studies on the stomach showed that
the mucosal lining of the stomach is of a simple type with nuclei near the base.
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This tissue is stretched from the surface of the mucous membrane to the inner
part, so that at the beginning of the stomach, short but deep folds were also
observed at different intervals. In the lamina propria of gastric mucosa, simple
tubular glands were observed, whose tissue consists of a row of short cubic to
cylindrical cells, which have spherical to elongated nuclei and basophils
attached to the base of the cells. These cells had strong acidophilic color and
covered all the lamina propria. Also liver was completely lobulated and the
pancreas was located in the form of an appendix gland inside.

Conclusion: The results of this research showed that in terms of the structural
characteristics of the stomach and liver tissue such as mucous glands,
epithelium thickness, thickness, mucus height, and anatomical growth of the
digestive system, red seaweed powder can be a suitable substitute for fish meal
in the diet. Tilapia, along with possible substitutes in other animal and
vegetable proteins, can be used to feed this fish, which will eventually reduce
the cost and reduce the dependence on fish powder to supply the protein
needed by Nile tilapia.

Journal of Cell and Tissue 15(1), Spring (2024) 58






Vo B OA Olrin AFY g ) olaid o 0,90 il g Jobu

¢ <l g Jolw

ra.

5 slrdhd oy 5l ygiS B (B 1 g oS couro (oubids Sl 508 Sl 3
SIS oz 4 29 35l b (Oreochromis niloticus)
"ol memy ¢ ey el P saie me, o) L

Ol i B cspein > b0 ai8 g pale olBails Sl pele caslasly dyye cwlid Cony) 09,5 =)
Ol Gleal Glaal ol ez aupls olails (S pals caSliils o olo ¥ Hlale Cublage sole Clad g 2L o psle 09,5 -

ouS ol (5519

99+ S codn 2 (555158 005t 1 (I3 0y ;0 508 Sl L3l Ll Boa b ol G i S0 (el el

oo
oole |51 ey b slapdhs Lol 1 gy 9 Slge sl aid S plowl Js lodhs wsy sl )gSB > 508 Sl

30 1S5 as b 3e,8 Sl alisgas 132 539 a0 & 98 ¥ ho 5ol (gbb 0z b atin A Soedy g5l b sledls

oot (258 ab gze (0,8 Sk Sl g 0d (Bea o Olale 0,98 LU I e iad 4355 e o

Cils S g ode (Sloe S 5l e Sl ¢ /0 ojlusl a4y 8L diges oy sl 9iS B S g (5ol VP IIYI-5 sl s g
s oyl Sl ly (o5l ooll g oo i 03l 18 auoys Vo sl cyallod gsd Jsloma 45
P SRy 5 59,50 1 F i 4 68t ol b 6 Sl o sl L g i IS
a3 SPSS 138l 045 5l laools gkl 5 LT cga uizman 08,5 plnil (558 g5y o b anlllae olys
o sy 6o iS5 1 g S conme Saogill g oS ,Seo lalllas gyl 1 b .o ooliciasl Y

Bl 09,5 10 058y (38 el Bl Aoy wile ouls (6, Soslasl gle jeiSTE iol33l g Sgugy 5l yLis b ,leS

VXY 26,5550 a6

VY TANA Gl a6

59 o 58 Sl 5l eolaul ISl 16 p Ao el 009y 0,8 Sl wo )0 A (gol> I8 0 caiS
U sle il ognr el ] 0I5 5 g il (Bl a8 55 e mhans o S Ll (2liE 0
Ogu 4o g dr A& AL 53R Cu pde Sy e )yl Sl SO QL?.}J 0 yu> 3O OT sloolainl 1M 098 0 0y g

Q3L 6,0 slb asT )5 ohus 550 s Exlie 9,5 Jes

oo =)

(e bl b 4 G YU Cglie g ol ST (0g Llg> e JJoay (Oreochromis niloticus) s slods

ST LS ol ) solass Ll oogy )l by Ko Lol i )f0 1, agar (glodagme 5 (i sl ol (U158
) S n o3l 55 T LS 31 WS o 4135 Loyl 31 By SaeisT S oS b dme o 5 el e
Qilgs o ) o pled Caand [bl> yamdy 9,5 coliwl YU Jlade 4y LS sign 5l Glei oo Lodls olde o 0 (Y
Wyo )l Sygon Gpon il 0 AT Sl ol aisS 5l S U Gladls 05 pled (o550 slraisS nle Sl 05
s Lo «(O. aureus) of Lodls Jolds a5 abl oo 3 slaisS £33 glylo Lol 0,5 oo 1,8 oolasul 0,90 yien (goladl

SEVOTOTYYY oS5 ¢ FYOTOTFE ¥ 100l ¢ Jotnn ooy g
abdir@Kmsu.ac.ir : g ;S o ool



o Ob 2y Sl Gl (guus sy 05 jULw

slraiss oles Lol (F &F) Wigls oo (O. Guineesis) a5 Luds o (O. mossambiaus) Sowljge Lods «(O. Zilii) 3,3
Oeiize 331> (6 )85l )5 5 (6)10aK0 Sy (1> laanl B pl j0 5009 Cgllas gl dns sla S i 5l LS
S e olsieas (a5l GRLS 3l oolital il 15 s Loy iliseo elsil 55,1 b ablis (sloag, 5| (oS24 W el
6 ookl gla by, 4 azgi L (0) wites Selle s Soel Sitelae (pleed Slge 4 Cod a5 Sl il s
$olge (e wurmb ay ol 5 asme o) ML 5 (il (2)lse a5 ey (LT )0 S g (5Tl Jsons
2 @sllae e @b 5 ablbice 61500 bl Ghisn 0 b Sise Sl (LR Gl S 5 5l LS Jd S
by sbSilr e ()l 4 azgi b fizmes (VF) el Cavody o ale )0 al; slo,5iSB (65, 2 ol ST e
A1 eoliil 5550 (5920 53l 30 b o o T Gl i 5 (05 o yed 5o o JeSe b ST gl dog3l lsiea,
s 5.03,8 Ly] ol gy hans (ial33l s cagee L2 Aiilgl oo SCla aile aLS Lice b el sloS e 03,5
|y 2be engli ol b ral s (sialss oo (535 Y b oS e s il 1o 5bens 55051 655l
sl polie o8 I gledl oz mly gl (M) WS e g | LapT 5 ooy (Rl oo Ss a0
@l® Sy 55 (ST (T 5 () 4 g w2 (L SL a5 ale () PleS iz 5 Slnen S
@ olgiee Olold Bilas b oSl 51L(A) cwl 005 Lo (29)ls 9 (2l mlio ;o (ol 992, 5 solge ) L]
eyl s 5 3 1808 sladslaSS, 5l ol polae Jdoas aS 6 Lol (Laurencia caspica) je,8 sl Sl asli glacl
9 alo cala) o Y 8 ws3l e asS 5l sk adsl (kS 4 Blaie ol (pl wigd oo caalin 50,8 ) 4
3 gl plpreas LSl aiile (b s oy Slygzge sl esliiul (V0 WS (o0 oo 0y (i )b 5l g il o0 S
e 8 Sllle (1) g oo geine (i gibio 252 lsh 5 JUeb () e (332 s S oS Sl
Ll 5l lale calises sboaiss (o ;0 oS 5 odae dax 51 5168 oty bl 5 (2 200 Jlisle a5 sl 0o )8
AY) 058 o0 0 byl 25,165 olSiws ;o (6oL £33 ($5998,90 9 9,5 Joe Ll 5l Ll el (g0l slacals sl lasolay
S glagdar sla,ls, di ggi oluly flale calizee slaaisT 1o dapad 30& 5 ilsS olfiws sl 5 sbay (VY
2 S Jioad5 0o 5 o b o FN) s o 55 o (S5 S 5 (1 el Dslite o3l 5
Ch9n o sl e Sy Ll Iy Gl (Ll (V0 O F) 35800 salie ale wuST 5 ()]s ol
il 2liE iy 3 (ot els Sl Lis 53 (ale ol Vb oLl (5551 @ g Lo b st ale
sl GLSl Glosie sy jstaeas sl addllae (T (39 Jgosll e 5 i)l & azsi by sl ) 5 Jln
508 oSl (S g eans (oulid S8L o] U s 2l o o (pls sog slra 308 by slaSily

b el ks sbadls

gy g olge -

5 pole olBiils Sllgus Coodlws uil3] Lawgs 4 (gl g, wlal o Gubizd ol 10 0d5) S93 90 (59, » b iule;] ples

28 e QLl 5 yep 35 50 So 5l LS slaeale U 5l g 285 plonil Canl oud a3 pdy e S (2ly0 (958
olBails (Sjaals oaSlidls bl slas )l 5 Cudilags (idu 10 D92 g0 ool Jere do 3 5l g0 d Voo Glapgs leST
S 2 50 O3St el g (20l Sz o Lalb b 6,55l g aelol 5o g 0285 108 Sleal e sl
g jobar (molyn (o83 a8 plln 13 Ll 5 0l ral wisg e oolge pie 4 a5 Iga Seiw due 93 Lawgi Loy, loS'
g ool sals 105,05 5,0 iS gl O 5l 5Ls 0550 ST (VF) al S8 Lae 10,5 juad 5l o 100me (s 5 kb
Fa dolai johy 0,5 Ve 0,8 55 b plo anhad VY- G cpl 5 e ((VY) S0 plxl (6,5 500 aian g0 Soeay
s 05,5 3 Kol g lh 5 A Sl Jlagy (gl o S i3 sl 0g,5 Jold S5 b 0,5
Sl 09 oy F gol> (6l 0 0uS Bl 10 90 09,5 (o8 Sl j0e Ao 0 ¥ gol (g4l 0 casS edl o

Jsb ;0 .(0A) o (o diws azan A Saeds 50,8 Sl 109y duoy0 1 (59l (6,0 0, 0SBl 0 A 09,8 0,8

B oylois /1 055 110 o [VF¥ e /bl 9 Joku



I8 0 33 (S 3l b (Oreochromis Niloticus) Jus by oy by giSh (B 9 o couze (cwbih €8l 0,8 Sl 150 sy

555 a5 Jesd 51 o liord 354508 Slogad ot Sloale (sl e S Lyl nliss g ialosl o
Foge s dcnls JHOMDA U-10 (5 )55 yiogsS 3, 5l ooliinl b s s Joloro (y5mnST oo (sl 455 ulf 9 PH oo Lai>
OS] wizmen (V) 8,5 alulEDrO.PHT-3140 Jow pH ioxiws Jom b6 olSiws «(pl5 ) Horiba U-10 Jtusws
S A oo (6 S ojlail diligy sl TECPEL DO-1609  Jow y5uanS| (6 S oslail Jlioms ows 5l oolawl b Joloo
(Sl oS 8,0 AR Jtn ) S g JIS olins 51 ol S i 5 it g i «Slhigal slo,955T6 (5 ol
VW A 5ST Jlade 9 (0 J18) PH «(ol,5 o6l a0 Y2 JIVY) Lo «(PPL O) (5,50 4S5 5bar (Y +) ol eolazul
o lsST o do s Yo ety Gialoj] 5 (6,100 o Job 55 o uges g b 42510 o5 Co G g 05 koo
b 4B Gahen S 4l 1 0 lacaglie 5 Slisel (RIBN ) 6 xS sle cuz wdss sl Sl e g allyg) j0n
o (1) 8,5 plonil ool s GNE L jae 5 oo Cugh 99 )0 G Gjs 20,0 V¥ et Gleale (20 188 (rizren
sobateds 2 55 )5 o e 4 Sue JS j05 b (B9m 5l g slesd o 3l omle dalad gty olas 4y (talesT 090 (Ll
ools 18 (6 S diges laaw (5,0 g oud laz WS g onws Sloo Cand I e gl <10 slal 4 oladiges 3L Slalas
5 Wotigas allo s usas 4y ol el FA 5l g 5 0005 )55 soyo Ve 53k alle b ised Jsloma 5 (535 8b 3l x5 5
smns by ol w95 31 s Wotiges 23k Lol plosl g adlsl jo (YY) b plodl oo Ve JSIIL LT (o Sl
il Bab s 53310 (slosoys b U bags 6,50l Juls (33 3loly Jolye 38 51 5 ool 3
RX- Jaw) il 5lol olKiws jl ooliiwl b o5 sole az,0 £+-0A slos o 8L 4 Suaely Job;5 Joloee alwgay
sl Coles 50 (YY) wiads (g3le eolel (6 5B bl (sl b diges Coles 4o g aleil (11B, Tissue tekrotary, Japan
ogas Spel 5, 5 00l ags Hlall e cSLs LEICA-RM2245 Jus agis See dhowsty (ys,50e F-F cualies b
Dino- 5:J ) jezme (5595 @Sy S Lawgs 9 2855 plonl ST 8L gle 09,5 65 9 b 039l — ebenS silen
SloygSl L (V7)) 85 plowl o] (555 2 )00 peSe 5 sy 2 5l 381 38 & jeme sl s 5 Lite
adsl Job 2l Job sl Jobo (8,155 olCtws (ol (139 ()15 oBCws adgl (335 e 0j9 adsl ()9 wilen 0B
Oilbee (bl oael Cwsay sla ools .ol (6,05 o3lusl 15 (59 Liali8l de s g 16T olKiws oles Jobo (i )lsS oo

O JSe) as )15 6okl xSk 5l (Meantsem) jLas sllas +

J5S 09,5 Gaizs ,0 oolitul 8,50 (Oreochromis niloticus) J slods ols -V Jsis

B oyl 11 0,55 110 > VoY L /bl g Jobow



or Ol ) Gloj Blomml goue mu>y 0,5 5L

Solel 3BT -

One-) ab,bo Sy glssil cy30)1 51 dmgliie (gl s o0litiesl YV aeas SPSS 1531 o5 51 loosls (g Lol 5JUT (6l cyaizman
oo o U5 45 (6,lg0 10 I8 F 15 delie 050 Sglite (gl 45 el ; Loy ,S 5 eslizl (Way ANOVA
ot 3 052 o sime oSy (g Lol BN AT (65150 0 5 Bl (m9,F (5 (29,5 (9y0 Amlie DSz bl 092
Olgreay P<-1-0) 3)lge solad ;o .l solaiul aog,S ST ST o Sre BWS oged ain slp (Se O905)

(YY) ol a8 )5 a5 og lo Jixe
@ -y

slalginl g9 ) oane blie (Ladigy Sl oS ol las o GLadls oS 5 0dme 59, 2 (295w See Slalllae gl
0sd 00pdS 5o odre 5 BN Cand 4 bl o 5l 8l ol dle saelh 4 Spop olaaies glls ool
Lls o Crand 55 oo 0stlice 55 (65 Baas slociS _alS Cilises Lolgd 45 Jg obisS oame ghinl 4 45 5 sboas
Gl a5 ot LSt obsS glailstol b cnSo (ol Jsbos s, Sy 5l o] il a5 0t ounlie (slooles (glals) 3aé eons
olad g 039 s abgdensl 55, gls la sk oyl ilosss Jshs oaeld 4y sogmn g3l g 00niS b (55,5 olbaton
8 load aig e w86 (solad 5 SB35 ol Lo dines L g4 5 ble pj aslol )5 isgy a8 S 0y n)k
Bl hawg SBgd cllb b i ;0 5 5 5l a5 Blo g9 5l Y aw jo Mac clid Jol cud Cwow 4 s
(¥ %) 090 oo abla (659w don

B)T3) 50,8 Sl ,09 900 A (g9l Lo 09,5 5 A) (CONLIOD) 5 09,5 sla Lo ,o Oreochromis Niloticus soss 51 55 31,55 500 ¥ JS
M) w550 002 (V) S5 5, (MM)  blss alae (SM) bl 5 4Y (M) bl Y (H&E)

%098 bdo,o Vled g S sloog,S o poudi o) Cuoled 5 (cwsS g 00d slasi codrs (6 pngiwnd Slallas ;o

Q05,5 L oo, Yilews 5 JyuS loog,S oy bloes gl )| (6,05 o3Il jo puizmen . Clls 3925 ,lo Jre OIS 0o 0
5 JrsS ooy, m bbre culrs (6, 505ll jo . s 8925 o pxe B woj0 £ g ao 0 Vo sleog )T g wo o
(8L ol 5 Ko a5l L (Y B JSa) (P /- 0) cudlo 3539 4lo e B do 3 A 0,5 b oo VLo
O 0% 9 S S8L B ) dered 0ud S Djgedy (SSL g 3g dggd LS (8L S sbdls e a8 Sl
5 03,5 abl>l 7,5 5l 1) oS wien b 5l S JouaS 0g a8 lx 0aiSTy Slxiws Sygoa ol sla sl
58 8l o) 8 331 03,8 eancd chlia JIS31 5 o3l gl cslodysd & 1y o 5 00 0 8l oy o 51 bl

B oylois /1 055 110 o [VF¥ e /bl 9 Joku



I8 0 33 (S 3l b (Oreochromis Niloticus) Jus by oy by giSh (B 9 o couze (cwbih €8l 0,8 Sl 150 sy

g W3 (attie sladius 92ly g (leg S 59,5 Aed So s &S eud LSS Congils ol slass
YA )5 sy 0 S SISy b Dygor O] S )lse (S 0 5 48,5 955 4 (dgacn] ) ewgils
L opdaiel g S0 Jleas looylgs hils G jo a5 ol casline Jlglyd uS sloadsjsnw biwwgle Olxiws
L) Sy b goinon <l 5l plalad baJug) (s sLad jo ings 095 (510 mrhans ;5 00025 5 5y JLbigasl sla sl
ol wlis § 05,5 y3a 5l 5 ylne § 5 5y S yplons sl il 5| olaclaisl o] 1 45 A eanlie o
5| S5yt (6 e o150 591 yeiiie S5 (lnJp2s) cym 3 ypeae shisan (ol ul ol b ssmlive ol Jaskiey Ly
Lele vg a5 0 )5 Sl gl lais ) gaien 8l aS ool LSS oligS (slalginl U oS Johw o) SO
b eanlie S sladsngd o g S50 50 (gl 4 blete pla sl I Size gplie Ojpodr el Sl 2L
Oygods WSl (e 0 485 18 we 5 (95 0 G9ye L] Jold s> 50 5 o8 (silge slacis; O jgon Lo ]
Sl Sy Ubgy 5o 0gr 4l plejle o (S g lailgil Jsho solaxs a5 ad ssmline JS& (55,5 Sleisle
Lo Jshos oy g g gy 0asls &y Suo3i (59,5 (ploatun (sls (sl o)l slodslo gk GelenS il sogac

a5 B i ot slaslS o

Control T, T, T,

P il Jlisa (Oreochromis niloticus) s slodls eaxe guye yieg,Sea Voo 50 (s saé (MeaNE SEM) jLxe slas 1 Siloe ¥ S5
JrS) G NS pxe o 5 2il oo P<e/20 mhaw 15 (5 lo gime WS 51 lis (o) jo 50 Syl @W)e) iliBre slo Lo jo (238 0y (0 50,8 Sl

(T3 =508 Sl j3g0 000 4 (g9l T2 308 Sl j390 o j0 # (sl T =508 Sl 040 a0 ¥ (551> =Control;

L 1
Yoo o — i
, ns ; B
ns . ns . nspy
. i 3
40 T
:%;3‘ e
IR i
o

Control T, T, Ts

5%l Juisa (Oreochromis Niloticus) Jus slods saxe 10 yiag Sas o poli ol culs (MeaNE SEM) JLxe sllas + (Sl :F S0
JS) (NS=ginn o 9 3 0 P <o /oD mhaws 15 (5,18 gine B 5 lad @y 12 0 Sglaie (D) i sl los [0 2138 00> (0 50,8 Sl j05y

(T3 =508 Sl jo9 90)0 4 (gl T25 =508 Sl 050 2o p0 £ (55l T1; Z508 Sl J0g0 a0 yo ¥ (g9l =Control;

0 oylous /1 0535 110 o NF¥ ylea /el 9 Jokuw



” Ob 2y Sl Gl (guus sy 05 jULw

Youm

Yoo

Yoo d

Llaapli)

Control T, T,
209 s ile Jlisa (Oreochromis niloticus) s slodls edxs ,3 yieg,Sus o p ble ¢lis )| (MeaNE SEM) Lo slas + - Silo 0 S5
) M8=(sine gt 5 28L oo P 100 mhaws )3 (5,3 gime IS 51 (Las @) po0 50 Sglite @Mle) e (lo Lo ;3 (23S 0z ) 5o )8 Sl

(T3 =508 Sl j09 00y0 4 sl T2 T30 8 Sl j09 s )0 £ (ol T1; Tj0 3 Sl 090 o0 ¥ (4> =Control;

|+.|
Yeem b ul {
L ns " ns 1
Ad NS DS -
1} L
i
j .
J |
|
Yo

Control T, T, T,

JLssas (Oreochromis niloticus) s slodls same ;5 yieg Ses con p bls caslies (MeaNE SEM) (. SKilis o jlasbial lbas ¢ oSl # S5
(NS= gixn g g il oo P< o /0 o jo (5 )ls e B 51 lis () jo )0 Sglate @dle) iz o jlas o 238 0 > (0 30,8 Sl 0 0301

(T3 =508 Sl yog duoyo A g9l T2 T 50,8 Sil j00 do 0 & (gol> T1; T50,3 Sil> j000 s y0 ¥ (s9l> =Control; Jus)

Vi sloao ;s 5 o5 (5555 0,053 5 Gy Sl dnng 55 gmle 03,5 5 g ol ol el Sy 0
(A 5 Y Gl JSKh) 09 dgpinn

{;F'c:-; Tk
ST R O AR
TS o5 T

(T3) 30,8 Sl ,091 200 4 (ol Lo 09,5 5 (A) (CONLIOl) ;5 09,5 (sla Lo ,o Oreochromis niloticus ws cél 5l s, 1,5 9,500 ¥ Jsio
Py LIS «S) agi5im «(H) cnsilia (H&E)B)

B oylois /1 055 110 o [VF¥ e /bl 9 Joku



AL 052 5 st 35 s (OrEOCHIOMIS NIIOHCUS) b (sloydhed iy L0 33351 o5 51 3 S coukrn gl S 3 30,8 Sckr i .

.. v '~ j.gé*‘ ’j\%
SR J*ﬂ-—' ‘ : *aw»\%ﬁw R
PAS (A), Tri (B)) (T3) 30,8 Sl 1390 00,0 4 (55l> ,lousi 09,5 ;0 (Oreochromis niloticus) s oModls oS b 5l 6,95 155 So A JSi
Py S5 «S) agjgim (H) comgilen

oty 50,8 Sl alwgy 3 (55 000 V5 w00 F oo ¥ o sl slbo iz 5l 5l Jeol> )bl mls
—se Sl obml Sl Q88 0z 50 je )8 Sl (Rl Rl aS ol LA (i Sy sloaSll  atin A
S al i) Jour Gl (P<e/00) 0B Gl slaeg S 0 (e S sl atll (B Gl 0 65
S ()10 stne WS oS el 508 STl aliwgar 38 (355 00,0 3 (g9l 002 2 bsyje 2l Jsb 9 039 A
Vgl o2 @ bgipe 09 Gl ao s g 155 oSws (b Job 5 05g (r VL eizmes b ()15 e S ple 4
() Jg92) o onalive laog S ple dy S (510 stne ST L a5 392 508 Sl alowgar 38 (59 000

3 a8 Sl g 3%l JLis 4 (Oreochromis niloticus) s slodls ale aiy slo jasls (Meant SEM) Las glas # Sl 1) Jgax

(23l oo jlo gme WS 51 las (s jo 50 Solate Bgy) alises slo Loy jo 2138 0>

Y2 Y2 Yrya ey @ @l 539
10/12£14/FFC WOMEVANAL  VFETERVANIE AP ENTRR @l o3
B+ £YE/Y B+ 247007 BJ+£Y¥113 B+ £Y VNV (@)usls5 olKzs adsl o3
Y/ £0)/F2D YANEYAARY 2 VANVEVV/AA® VEIVEYY /YR @)t s5 oS s i
4/ £51 /) AR 4/-£Y1/¥42 A VDTV A+ 55773 CM)adyl Jsb
YA/ £) 1 /OYe YN £V AV Yo\ EQE/VD VY /FR €M)l Jsb
FEFEY VYR FEELPEYR FETESAA)2 FY/YEY/ARE (€M) L5 ls ol8zws as) Jb
A+ IAEYSTYD $/0AY/VY? SEI0EFS/TYR £ lak\F/ATR CMYi 57 ol ol s
SYIVEA-ID\P DVTESF/N N FEVEYAIDN YA/YEF) /0¥ (109 )0r33 Uil oy
y..@ y..2 V.. @ y.. @ (Z)‘L54.~*'0)~>

(T3 =508 S o33 100 % (g3l T2 T8 Sils 33 00 5 (g3l 1 T1 T 508 Sl o33 000 ¥ (g5l ;CONMTOI= )

o - ¥

Oy Sloa ey 3l shSu el jshaieds o yslS Sl (g5l ;0 Lo (olo 05T ()95 oo 3 slaans 5o
3ot sl Gosn sl S i sitisn mle @ bapl Sl s Comer Gl 4 azg Lol wil g2y LB
Sl Blas ghls g 590 g b 6yl 500 Gaw bl balusl (gludss Lo 0aisS el b odges o, aindS

ol 56 00,90 (65, 2L slo JoSe g (o350l 5l eolitul 4 13 sla Lo ;o (ubize g, cpl 51VY) il e )
KT N u,...blf |) S .L:.:.‘?cn).t)..a.n u‘);‘ QL’)"T ‘S’L.\.c 0> 40 u;“‘l'““ S92 /..aL;.c 9 ‘Ss‘..\.c 0 > Q.:.al.? > ogdle o|)

B o)lois 11 693 110 wler I1F+¥ lag /il 5 Jobus



oy Ob 2y Sl Gl (guus sy 05 jULw

5155 ol 0 (sl (S s s oS Job Jult plobe (i) Sliogas ol asllls el (YF)
Wad 4335 jo,8 Sl g9l 0> L aS )les ¥ o cgaios ol 5l Jols bl Billas 0l (6 S oslul aan A Dok
386 w8l 0 Jolt 0 oz S otulejl b Sy 5 pol 5o alie g S 3,90 (sl 518 o liél sl
b Lod gyl Sl L 0l boglsen jlog (slad b oads 65 oS Lodg el Sl (g9l 0138 010 a9 Lidg sl S
039 305> 3035 B i b Uiy sl Sl b o Lghive Jlager (6l b o s Jlowd Jié (9 9o 900 ¥
o 9y 2 &S 13 Gj9 deyd wo)d Ve b Lidg sl STl b ol bgloie Jlogn 13 b o 0ds5 e 5 102
L obpl a5 olKin i85 &0 Slallas Gubs (YO) 0 3,55 28,5 sll (Pseudotropheus demasoni)  ggwles
S s b s i LT (s (I3 it 4,35 Sl 31 (40,80 ) (1Y) bagie B o ke sl IS 00z
3¢ o,> 4y .Schizochytrium sp Sl 50,5 189, S )0 ¥ (05581 L ladses cdalllas G )0 (YF) 09y walds slaassS
(6,50 aslllas (o puzmen (YY) Wog wald Lol 4 cond byl sao,0 VY 59 ili8l aals Salmo salar sl
VY 59 Ulsél Litopenaeus vannamei s S1,9> 40 Tetraselmis suecica Sl o,las ao,s < /YO Lo o453
Sdgi 5 Ghen slr &S wllioe lowsy slad (n izl LSLl (YA) 0l (5155 wall slo digel 4y Cod (000
S5 Sl L 00yS e 8 oolinul o )5e g e 035 (B9 )l Dyseds Shan sl 0 45 Slals ) gl
lp e onpomlio WS YL ol (35)] 5 clie sy man g ol s a5 Gloj ohags 508 STl wile Jsle
S poali gl 5128l nl S e b odne s 4 (e 5l JEK jo (8L Jlle aigd e g (53]
Slozl glale 51 (50 W a5l (loway (nl a5 5800 (aine 0undS g oole S porligl 4 ladd
Sl o ol sle b ol oo b s slodls ale oS 5 some 5Sas,She g (IS sle (YA) coul st 3155
btz sl i Jsb 5 of calitee lacand 6518 5 Combge a0 oladglis 5 atils cald Slyseiul sla ale
o s Lidas ¢l ol b ools Caleds slabe b b S b L5 5l oSS 5 gys5ms,See 23 53 3,08 Sg>g
bl ams oo 5 550 anllas g o dtens | lale 5 555 10 45 555 e odlice swliicdl Slallhe s glaisS
s 2 oS (5l K155 e sl S 5 136 0,055 w09 90 )5 sl S g ouine ol 55 Jas e 15
2345 ol Gy gl aailesls slls Jgko gl Sl 5 Lidks alo 53 S 5 ome (Su3glsdyge i3 5 VF) aul
sdne 59, 5 mems S Olalllas mls ol> adllas ;5 )05 3535 sulSiw Hlals alax ) o Slssinl olale LS
J51s 4y ble mhaw 5 2db ol cail oo oole slailginl g5 5l oane bl ciigy <l a5 ol ol Jo slods
39 0hg S sbedS ol Gl Jolgs 4 Jg olisS oome (sl ,3 45 (5 oka oad 6undS 5 sdne slacuiS
ad Sz qdaw Gl Sl 6l Sl (See oS cpl b e odalin 1 Sda YL slaas,s b oy
25l s bl (slo ez 50 b 51 bl 1 Sl g0l pae 0,55 sl gl a8 a3l (rimed 5 sloars
A &y (BIsT Slap 5T L 15 (o 5 b wibly 413l 58 5SS (slaciand &y des 113 jsee (i3I 256 &
«(Hippoglossus hippoglossus) bl usldl Gl ol aax 51 Slgzinl (lale ple aile Hlaaiss o aS oy
3 (Y sl oas 4,155 5 (Ictalurus punctatus) JUIS™ cale 45,5 ¢ (Oncorhynchus mykiss) ;LS .55, oY1 J;8
oligS Glailginl b xS slo ok cins, o5l o] b a5 ol sasline slosle gladg) sué sore ble ()b Cond
Glepins lie jobay .ailosgs Jolow 0acld 4 odn L3g3l g 00lS U (65,5 glodins lhls a5 oul |Sis
b Joho Gl el 00l (5135 ot oums )3 SIS 5,008 sl 5 Joius o5 (il JBu p sladsle ;o slalg)
Sy50 50 a5 ol (69,090 alie Wog 48,5 1 0 |y )l plad 00E Djgod g 00 ol Ldgunl S, slls oS
63955 Bs Sl 5 Slr i ly baaale (nl 13 5 bty el b5 Sl 00 )15 s sldhs slasale
2le L (Cyprinus carpio) Jsoss 155 y9med oo 463 (55, p mbaze plu sla 555 L ool S bl .l
5 (Chromobotia macracanthus) slszs) ((Oncorhynchus mykiss) LS .55, Y1 J;8 «(Barbus plebejus) oou

B oylois /1 055 110 o [VF¥ e /bl 9 Joku



I8 0 33 (S 3l b (Oreochromis Niloticus) Jus by oy by giSh (B 9 o couze (cwbih €8l 0,8 Sl 150 A

Lgw dlouiS g cale jo0 Jolis (o, bl (gow sl SThe (FVXY) o ls cillas (Atherina boyeri) alo o315
&lp ool Jemily Sl 5l onts a4 bl (238 0y Lol it 400 (g 80 5 005 LU i) Slge (s
razse S Sy shls STis> g5 (nl 4 00l S5 3)l5e pogdle s g AllniS g ale jo5 Gl 4 R
Ot 2l s 55 Sl (e 4 (Sl pas (izpen 5 o510 D g Sl (YL a5 5 S pes alez 5l (90,84,

L) a2l o CusS (sl

S5 Az -0

el gl Cwlies ((wgS g0 sad wile oS conme 8L Ho g liSle sl Sy ki il as ol lis Lols s gl
Sl calie (05500l 6359 b Wil co (obyo 30,8 Sl 109 5,155 olKitws  Sogilil oy 5 ble glis )l calies

ol ol wdss cax Koo ol 5 e slo (g Jliml Glacn Kl LS 50 WM oldé o o ol jo0
salss L5 slods LS 8,50 (g p el Cax ale jog 4 (Sly alS g e alS coge Coles je a5 wil

@‘é}u\s 9 ,&AM-’” y —;

5 )0 ohst ey byo (458 g pole olKidly (6y5l8 g Limgh pyie Ciglae al> den Cole> g Dlex;
Sger (S10,a8 g i dileses Al j0

&bo -V

1. Abdel-Latif HM, Dawood MA, Menanteau Ledouble S, El-Matbouli M. The nature and consequences of
coinfections in Tilapia: A review. Journal of Fish Diseases. 2020; 43: 651-664.

2. Wardani WW, Alimuddin A, Zairin M, Setiawati M, et al. Evaluation of cysteamine supplementation in red
tilapia (Oreochromis sp.) diet: Serum insulin and somatostatin, IGF-1 and GLUT4 genes expression, growth
performance, and robustness against stress. Aquaculture. 2020; 528: 1-9.

3. Farhoudi A, Sourinejad I, Nafisi Bahabadi M, Sajadi M M, et al. Dietary supplemental effects of macro algae
Gracilaria pygmaea on proximate analysis, apparent digestibility and digestive enzymes activity of Asian sea
bass (Lates calcarifer). Aquaculture Sciences. 2020; 7: 195-206.

4. Andrad, PB, Barbosa M, Matos RP, Lopes G, et al. Valuable compounds in macroalgae extracts. Food
Chemistry. 2013; 138(2-3): 1819-1828.

5. Foysal MJ, Alam M, Kawser A, Hasan F, et al. Metaomics technologies reveals beneficiary effects of
Lactobacillus plantarum as dietary supplements on gut microbiota, immune response and disease resistance of
Nile tilapia (Oreochromis niloticus). Aquaculture. 2020; 520: 1-13.

6. Magara G, Prearo M, Vercelli C, Barbero R, et al. Modulation of Antioxidant Defense
in Farmed Rainbow Trout (Oncorhynchus mykiss) Fed with a Diet Supplemented by the Waste Derived from the
Supercritical Fluid Extraction of Basil (Ocimum basilicum). Antioxidants. 2022; 11: 1-20.

7. Amiripour L, Abdi R, Movahedinia AA, Sahraian M. Study of liver and intestine tissue structure in orange
spotted grouper (Epinephelus coioides) during larval development. Journal of Oceanography. 2015; 6 (23): 87-
92.

8. Matrodzadeh M, Abdi R, Basir Z, Peyghan R. Histological and enzymatic study of the liver of Nile tilapia
(Oreochromis niloticus) during the replacement of blood powder instead of fish meal in the diet. Journal of
Oceanography. 2023; 14(53): 69-78.

9. Roshanfekr K, Abdi R, Salari- Aliabadi MA, Basir, Z. The Impact of Spent Mushroom Compost and Fertilizer
on Changes of Intestinal Tissue of Cultured Warm Water Species. Journal of Animal Physiological
Development. 2018; 4 (43): 11-25.

10. Moallem Z, Abdi R, Movahedinia A, Shirali S, et al. Gonad histology and gonadosomatic index variations
during gonadal development of wild female Tenualosa ilisha. Journal of the Persian Gulf. 2015; 6(19): 53-58.

0 oylous /1 0535 110 o NF¥ ylea /el 9 Jokuw



» Ob 2y Sl Gl (guus sy 05 jULw

11. Shi Z, Li XQ, Chowdhury MK, Chen JN, et al. Effects of protease supplementation in low fish meal pelleted
and extruded diets on growth, nutrient retention and digestibility of gibel carp, Carassius auratus gibelio.
Aguaculture. 2016; 460: 37-44.

12. Moradkhani A, Abdi R, Salari-Aliabadi MA, Nabavi SMB, et al. Quantification and description of gut-
associated lymphoid tissue in, shabbout, Arabibarbus grypus (actinopterygii: cypriniformes: cyprinidae), in
warm and cold seasons. Acta Ichthyologica et Piscatoria. 2020; 50(4): 423-432.

13. Nagappan S, Das P, AbdulQuadir M, Thaher M, et al. Potential of microalgae as a sustainable feed ingredient
for aquaculture. Journal of Biotechnology. 2021; 341, 1-20.

14. Okuthe GE, Bhomela B. Morphology, histology and histochemistry of the digestive tract of the Banded
tilapia, Tilapia sparrmanii (Perciformes: Cichlidae). Zoologia (Curitiba). 2021; 37(3): 123-130.

15. Sheikhzadeh N, Mousavi S, Hamidian G, Firouzamandi M, et al. Role of dietary Spirulina platensis in
improving mucosal immune responses and disease resistance of rainbow trout (Oncorhynchus mykiss).
Aquaculture. 2019; 54(6): 1-8.

16. Prabha SP, Nagappan S, Rathna R, Viveka R, et al. Blue biotechnology: a vision for future marine
biorefineries. In Refining Biomass Residues for Sustainable Energy and Bioproducts. 2020; 33(2): 463-480.

17. Dastan V, Abdi R, Movahedinia AA, Salari-Aliabadi MA. Study of gill and kidney tissue changes in
Tenualosa ilisha during migration from sea to the Karun and Bahmanshir rivers. Iranian Fisheries Science
Journal. 2017; 25(4): 53-62.

18. Ranjan A, Srivastava PP, Jain KK, Muralidhar PA. Comparative evaluation of metabolic enzymes activities
in different tissues of striped catfish, Pangasianodon hypophthalmus (Sauvage, 1878) fingerlings reared at
ambient and higher temperature. Iranian Journal of Fisheries Sciences. 2020; 19(2): 893-903.

19. Roshanfekr K, Abdi R, Salari- Aliabadi MA, Basir, Z. The Impact of Spent Mushroom Compost and
Fertilizer on Esophagus Histological Indices of Some Cultured Warm Water Species. Journal of Animal
Biology. 2017; 10 (1): 23-33.

20. Strassert JF, Irisarri I, Williams TA, Burki F. A molecular timescale for eukaryote evolution with
implications for the origin of red algal-derived plastids. Nature Communications. 2021; 12:1879.

21. Wang C, Li Z, Wang T, Xu X, et al. Intelligent fish farm the future of aquaculture. Aquaculture International.
2021; 4: 1-31.

22. Zhou R, Zhang X, Fang Z, Wang X, et al. High-Performance Plasma Enabled Biorefining of Microalgae to
Value Added Products. ChemSusChem. 2019; 12(22); 4976-4985.

23. Huang Z, Gao J, Peng C, Song J, et al. The Effect of the Microalgae Chlorella vulgaris on the Gut Microbiota
of Juvenile Nile Tilapia (Oreochromis niloticus) Is Feeding-Time Dependent. Microorganisms. 2023; 11, 1002.
24. Sudagar M, Khalese M, Mazandarani M, Hosseini SA, et al. Effects of Spirulina Algae on Growth, Survival
and Coloration Demasoni Fish (Pseudotropheus demasoni). Journal of Fisheries. 2016; 69(1): 21-27.

25. Hasanzadeh S, Abdi R, Salari-Aliabadi MA, Movahedinia, A, et al. Comparative histomorphology of
esophagus and intestine in two carnivorous and phytoplankton feeder fish of persian gulf. Journal of Animal
Environment. 2018; 10 (4): 381-388.

26. Musa M, Yanuhar U, Susilo E. Stomach Histological Decay of Milkfish, Chanos (Forsskal, 1775): Ontogeny,
Environmental Stress, Shifting Food Composition, And Disease Infection. Journal of Natural Sciences Research.
2013; 3(7):194-200.

27. Wei M, Parrish CC, Guerra NI, Armenta RE, et al. Extracted microbial oil from a novel Schizochytrium
sp.(T18) as a sustainable high DHA source for Atlantic salmon feed: Impacts on growth and tissue lipids.
Aquaculture. 2021; 534: 736249.

28. Sharawy ZZ, Ashour M, Abbas E, Ashry O, et al. Effects of dietary marine microalgae, Tetraselmis suecica,
on production, gene expression, protein markers and bacterial count of Pacific white shrimp Litopenaeus
vannamei. Aquaculture Research. 2020; 51(6): 2216-2228.

29. Okuthe GE, Bongile B. Morphology, histology and histochemistry of the digestive tract of the Banded
tilapia, Tilapia sparrmanii (Perciformes: Cichlidae). Zoologia. 2020; 37:1-14.

30. Leknes IL. Histochemical studies on mucin-rich cells in the digestive tract of a teleost, the Buenos Aires tetra
(Hyphessobrycon anisitsi). Acta Histochemica. 2011; 113(3): 353-357.

B oylois /1 055 110 o [VF¥ e /bl 9 Joku



I8 0 33 (S 3l b (Oreochromis Niloticus) Jus by oy by giSh (B 9 o couze (cwbih €8l 0,8 Sl 150 v

31. Dina A, Moawad AS, Mohamed H, Mohamed S, et al. Protecting deleterious effects of high stocking density
of Nile tilapia, Oreochromis niloticus using dietary microalgae Golenkinia longispicula: Growth, immune-
oxidative markers and associated gene expression. Aquaculture. 2023; 740430.

32. Nematollahi A, Nourani H, Malekian H. Histological and Electron Microscopy Study of the Intestinal Tissue
of Rainbow Trout (Oncorhynchus mykiss): an In Vitro Model. Journal of Cell & Tissue. 2013; 4(3): 313-322.

33. Mohsen AT, Ahmed GA, Mohamed F, Mamdouh A, et al. The green microalga Scenedesmus quadricauda
modulates the performance, immune indices, and disease resistance of Nile tilapia fingerlings. Aquaculture.
2020; 560: 738550.

0 oylous /1 0535 110 o NF¥ ylea /el 9 Jokuw



