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Introduction: This research aims to determine the effect of different amounts of dietary
manganese on digestive enzymes and intestinal tissue in rearing young beluga (Huso
huso).

Materials & Methods: For this purpose, 180 pieces of beluga were selected (respectively,
with an average weight of 266+£3.05 grams and a total length of 38.23+0.49 cm). In this
study, six treatments and each treatment with three repetitions, with concentrations of 5
(Mnl), 10 (Mn2), 15 (Mn3), 20 (Mn4) and 25 (Mn5) mg of manganese sulfate
monohydrate (MnSO4H20) in each kilogram of diet and control (Mn0) without adding
MnSO4 supplement was carried out at Dr. Beheshti's Sturgeon Breeding and Regeneration
Center, Sanger Dam, Rasht city, for two months. After weighing, the desired amount of
supplement was added to the factory powdered food along with deionized water. The fish
were biometrically measured at the end of each month. Physical and chemical factors of
water (temperature, oxygen and pH) were measured and recorded daily. At the end of the
experiment, three pieces of fish were selected from each repetition and blood was taken
from the caudal vein to measure digestive enzymes. Also, samples were taken from
different parts of the intestine (anterior, middle and posterior) for histological studies.
Results: The results of the indices of digestive enzymes showed that the amount of
amylase, lipase, and protease enzymes had a significant difference between some of the
experimental treatments and the control group (p<0.05) and the maximum and minimum
of these enzymes were observed in Mn2 and Mn5 treatments, respectively. In tissue
studies, symptoms such as bleeding, hyperemia, necrosis, vacuolation were observed in
different parts of the intestinal tissue in all treatments, even the control treatment, but the
best intestinal tissue condition was in the Mn3 treatment.

Conclusion: According to the results of this study, the short-term addition of 10-15 mg of
manganese per kilogram of diet of bluga improves the activity of digestive enzymes and
also reduces intestinal tissue damage.



http://www.journalaer.com/article-1-48-fa.html

JAER. 2025

V(£): 04=1A Gosla cwsluae slajia g5y gale dlas

gy — ok dlio

%392 9192 (Huso huso) ybdloJd 38 089, b8l g iyl g% S 3T » 3o il

' aBls ) 9id (5 it g ol jald) g i A Gucun [ Jiad dabls

Ol o losay oo Mead S5 T 1€zl 5 lasad anly w Mot 55,5

Ol ety g5 LS g5 5 s se T anliiding Glosla sl R Gliale Mol clidas st/

oS

w ¢

SalS Qlals

ol (Huso huso) glale Jb 43 635, <3l 5 5158 aeil o (Mé o 5550 3 ol O3 b 3o ) 1adie
b B el (s

YAIYY£ (€4 S Job 508 Y1200 555 xS0le b i 50) ol (Ale b anlad VA shate iy sla gy g 310
«(Mn3) Yo «(Mn2) Y+ «(Mnl) o clachle U ¢S5 ¥ L s o 5 Jbes T asdlas ol 5 i3 & Ol (e b
ast (Mn0) dalss 513é oSS a ;3 (MnSO4H20) & e 5 g 5850 Sl g 8 s (MS) Yo 5 (Mnd) ¥
ket by ol g S s by 555 (o lsl pleale (S5 263 il 5 S5 S e 50 MnSO4 Josi 5,5
Olale b Bl (ol ST (¢ )5 Wb 4 ol 03553 DT ol b 4 (2555 ) g B 350 JoSo jlie b plawl ole Y

3 S el wlgy ssba (PH 5 o 5emST e )) o 42 53) O (plosd 5 (b (L5851 e (g 0 g ol o oL
Tld (S e Bl (1S Gl i g 5 sl (ale anla 1SS a5 el gl s b e
55 D p0 o2 w5 (Gl 5 Sln—(#18) 035 ) Chlies claciand ) ulibidly Slalllas ) 2 iz n

St Ot e B (G 555 Gl GMeal L B ke ol s (1S (Gl sla U il sl

odalive MnS}anJL&.:S )J gt,..:SJ)'AJ Lbf-.’.jTQﬂ“‘*ﬁs}W}(p<'/'o) S Jalsy a);)ﬁbjﬁ"csu)wy

al aer.com on 2025-12-17

La)\.o,.&'wj.sa:j)ahgjk&wéuwjb\)oxh&;\} (ke 9,55 (SR SRS Ae-;\‘;ubc)\.dum ..,L_.';;
.c,.mn,,,}Mn%L‘.’:,;u,u@)c&.ﬂyl:,a)mb@sgw}wﬂ{u ol glas Jals jles o>
M 0 p SIS a0 58 0 5 e VeV 0 £l e ol ST (3558 anlllas o) ks ol 2g S A g oy

Byt 03y, (Bl (gl 2ol i en 5 (B 1S (el clad s g e iy Gl lale fb

(Huso huso) _als J.8
u;]A.G b)ﬁ?

..i’. wa

S ol

039, uA.JL.MJuBl:

i e i 55 (S0 g S oy
h.kharal974@yahoo.com
h.khara@liau.ac.ir

VESY (su ) il )l
VESY Cage il fsl
VEST Cpasend 0 ipdlal )l

Ve Y CA.AL@.EJJ‘Y L)z‘)::._\i é-)t'

04

[ Downloadegd from www.journ:


http://www.journalaer.com/article-1-48-fa.html

[ Downloaded from www.journal aer.com on 2025-12-17 |

Hemmati et al.,

OlKaa 5 Jea

0P @5 4> § kgl (e 550 (V) 99 e plox]
Do kol 4565 a L........s Ay Jdoday (Huso huso) _ols J,
el ogas cnl 5o (slanlllas join ailawlio (solaidl pge 455 o]
P JeSo Ol 3l ey ol e Gaiod ) ol ol oot
oo Olsz Oleabed 5o 035,28l 5 (o555 Slapa 3l 2 0y

RYWRLESRYN

g gy 9 3lge

eSen U s oy oolo b s VA 51 e ol 3

oolisl o LYATYE F3 Jsb 5 Silis o SYFSAT/ 0 s
IS5 55 50 50 VEY olo )3T e 51 ey gy o leale
S (S S8 a6l plele (S5 pBS silesl
IR ez s Gogn 90 OIS Gl p3 Sy Gl el S
(b8 Sygo ST L e o 5l £ 0 Glolejl onlaszs S
(VF) o9 5 grbar g QLlSen 9 Ye hogh (ululy lajles
O :Mnl) Ve 5K Sldgw 50938] a0y :(Mn0) + Les
VeMn2) ¥ jles dis o Sl S e slilay i Slilges o5 e
18 M) ¥ s S 55 5 slles 350 il 5,
T M) L 156 ToLS o sl 5550 Sl 5 e
YO AMS) O o I3 o555 o Sl 5Siaclilym o5 e
S g S 156, TS 0 sl 555in g 5 e
lolis 05 5729 psls ao s b (MnSO4H20) &l o msise
(Manganes(II) sulfate monohydrate MERCK 1.05941.0250)
0,53lesS glig 5l slae sloo o api gl adosliiule i cge
g e 0 ooliiol aloly o 15 e Lo GFSI (g g
G @y G 5 o 03320 ST b 2395 51 mp 10 990 53500
oS bglore b ol pan dado Vo Soeay g a8lsl 5,09 o mluas
oBows b &l e Jol e G 35 bolie (S
S oBws ;0 g Jood Rahea ¥ old 4 glaaid) 4 slocdy
slaia ;o Lilej] 9,8 b oo solel (gldé o ools I3 oS
9,5 oS S5 o T sles b sy s LSnl
aabad Y155 o 5l 08158 glap 5l Ghoris gz (agh ol 5o
S JFojlac b (ol Slom 5 Sl Bolai o jg0a 2o
> Sk I Spu b 65853 4 o G 55 0 /0)
oSilojl 4 (TY) Jlil US55, ololy 095 (gladiges 5 ol
ool glow 5T Jals (25155 slap 5T 00,8 Jiiie i jag o
S5 o3l (0) Shoya san 5 (V) Shoya sLd «(VF) gy

dadda

LT 2954y Blo pnd galie g Coodles [0y di5 S0 )g

b oy s olgo b Cya 99250 bl 510 5 Cansl 0
Slls bzl Goon o ole cdls 5 03, 5 o] iz 5 e
S9z g0 (Sdrs paic e 5l LaieYhax 31.(V ) cul Jlgl)8 coanl
o 5l Sllgx fygn S 5y9p0 rolie plpiear Canb o
w byl 5l oS sl s Ll ((VF) wigd e 48,5 Ll L5 ko
S 5l P cenl a8 T 18 adlas 0590 oale )5 00 1S (5b
o |5 15218 aitd D3y g0 61 (65908 plis eSi
e sla Sy 0 (soge 28 5 wiilioe Gl T Cpiz
Joo @ladliey Slo sln (2lde slajls (7) W)l (gelanns]
aile (oo Jlyieg e g yind 5 prde eiieie aeally onlS
Jass wz b S le 6y 5 poibe Sk ool (e
1S 5 B ran o5 ane lge 5l 5:Ke (YY) Wloads oLl olale
aiboe ool Glapius 5l Gl 0 5,5 0 Sloe
5 4l ol japg S pedplio )3 6550 A e iz o0
2 e Coeal () Cel (5900 lale (oM Rl
ke ol ol b VYY) colontscnli pssar oole olié o,
b 5 dsho slaoa sbnl el canl Sae Sls ao 5] i
26 bs (050 b 0D et jsbay wiilsi oo ploale (F) 05
ilisee (S Sl (byme 50 (N 020 Gosb I e
ol cilin (slophal 15 (i S s o 5,5y 13
(A wms 3 b coo 1) beplail oyl Jbsls 5 0 Sles Wlgi oo
Bras b Saseslge olile 5 99008 o s, b Jolas a5 ouls 2ol
w5y Bk 3l Ol 9 Sl G Bpan g 0l S5z ale lawgs o
oo SiBsy 3l K OF) 35 Coans sl Wlgi o] b glié
)15 slam Bl b (e (o2 cleale (GlAE 0y pns
adgl 6oy 51 S5 laieay (3165 oKiws L(V0) sl Loyl jo
&8s oo b sl il iz ed g oo s 4 boayYT 5954
sy 5 035, il S (oSate 1y (Sogll @il ol (S
§ obiscdl Sldllas o die dlge iz 5 pap o ol LB
(Labeo rohita) sag, g3 155 15 (F) il o9 10 g0k j Conl
3l s Sge e @8 e o S JaSe (39
e Il S e ay awliacdl oldllas (V) ab 5,158
laplail o (pliord SlaS 5 el (soms SIS (arSiS sl
SISG bl e osws BB oledbl (¥) wig) o0 Sa 2l
olple B0y 0,008 0929 (550 Sl 039, E8k 0 Sk
23 il 55 5 cassF lgls g Sua L leges 5 )Lsls


http://www.journalaer.com/article-1-48-fa.html

JAER. 2025

V(8): 04—1A

Gosla cwsluae slajia g5y gale dlas

4 ool 4l ol oolaxwl Excel 2010 1531 o 5 51 s loges o
Al olo e olail £, 800e & g0

oY)
Slamyl i 32855 nl @l 4l 1 oyle5 sl 35T
P (8 JS5) Shd 5 (F JS5) 5l () JS) Dhesl (23155
5 (P<1-0) Wy K05y bl ime NS gls liale oygs

Mn5 5 Mn2 sla)lecs ;o i ia b ol lie aeS 5 i
Sloss B aals e 5 (05155 @l ¥ se clale 008 saalie
Crz pSokS o 50 58 Slilgw JoSo o5 o V+) Mn2
PR clale alE L Mn2 jles 51 ey g 952 (sal8 29, 6Tl
Mnd Mn3 slajless ;5 (555 o (5155 sl il mhans coe
Sl 5l gl (il gal Bebo iz il ialS MnS
4 Cmd M5 Lo pleale (195 oy 53 30550 5 Dol (55,55
slo 4 Cod Ll dp<e/-0) Hlo gime B gyl M2 les

(p>1-0) 351 o cine Bz 0dls Lo Lo

b olale Tl daals 035, §l poliddl )y cgz o
Sl 9 WA ALES e g gt SSue S5 35y 5l eslanal
Saiges am AB plil (5l paiges Lol o3y, 5l plesullS
9 WA (5SS wa s Ve SN 5o g Sl g Jeloe yo 4L
ibe Blad (xRl ogd) bacdl Jole pll
ol 51 y,5ee ¥ s Uy la st olSitnles] o (oS JlB
S gilen oo 4 @Y (5, W Zdl (35 age 9 45
Pl 510 yemSe s 5al S Sl g (YA 0 (650l S5 (5]
BO0 Joe 555 5,95 9%g S SeS ay (Blslaaydlal 5 0t
28,518 andllas 0 )50 (ymy90 4y spe
Sl (5 el 5o bl g cnl 25l Judoni g 49 3288
dlio jslatody dmosls Jlop goje 4z g8 b ol plonil (Solas
One-way ) ad,b S, il ly 9031 51 o jles )3 laog 5 o s Lal
Test of Homogeneity Variances :yg0;] el 5l s 9 (ANOVA
4lS s eslizal (Sils (g3l 51 SRaSe L Laog S aalie cur
Ca> 9 SPSS Version 23 l58ls 5 51 solaiwl b (s,lel sl JUT

60.00 a 25.00 30.00
ab ab 2 ab gap
50.00 = b pe 20.00 ab i 25.00 b
ab —_— &

40.00 ab £ 2000 T
~ c %* 15.00  ap 2= £ b
2 3000 £ b ¥ 15,00
g % 10.00 =
z 20.00 § E 10.00
2 5]
= 1000 g S0 5.00

0.00 0.00 0.00

MnO Mnl Mn2 Mn3 Mn4 MnS MnO Mnl Mn2 Mn3 Mn4 MnS

Sbosd pleale 93 o Sk Olie (il ¥ JSB

MnO Mnl Mn2 Mn3 Mn4 MnS

Sl (ldlo (495 oy LS9 (ylime rSilee Y JSE Lo (yLblo (495 o pw Dol ()l (uRileo 1) S

[ Downloaded from www.journal aer.com on 2025-12-17 |

Ll 5o b wals

Ll 5o b vals

bl S0 b aalls

O<+/+0) el o s BB Sily alie e onndSl B9

Cundg Sgue 45 (6 sbds g Dglaie b)les jo0 (B)lee pl Buls
£33 o wany i 5L o lse 2815 Bl 5l cong, 33l
30 8h Comdg pia (Jg wd cdwlie M3 led jo as)le

F LY JSLh) 9,8 cvslie MnS les

£

w2lse Hlale 00y, il bl ax )51 1009, (wlidh CSb
«(lamina propria) LP L.eY glad olal g bluil g o2

S50 9 (039, wdx slaJske Job) oy il ol (639,55
Lol cas oags dalis jlowd o> 5 ciulo;l aliee slojloss jo


http://www.journalaer.com/article-1-48-fa.html

[ Downloaded from www.journal aer.com on 2025-12-17 |

Hemmati et al., OoKea 5 e

9008 M1 jlosi (B yy9005 .(Mn0) 0alis jlos A s guai (H&E, 20X) _glo b 0595 cadly sold Conmudd 31 s 5 iy 1F S5
ol dolw (H) 033) omar Jgb ovalie MnS Lo F pgai Mnd Lo (E ygai Mn3 losd Dy gai Mn2 Lo €
ab (SM) (blo ) alipb oualiv (o)bww) Comgyiial Jobw (MV) (liggySuo o) «(LP) b gy LasY (GO) S

(He) (53 595 «(V) Capmgyiia st aligSTy «(Hy) (95 5 «(N) (Jokw 9,55 (o) 009, oz Jgb «(MU) M

7Y


http://www.journalaer.com/article-1-48-fa.html

[ Downloaded from www.journal aer.com on 2025-12-17 |

JAER. 2025 V(£ ): 04—TA osla S lns slaha sy sale ddas

Sl 039

2eai Mnl i B ygai .(Mn0) salls jlos A pgas (H&EE, 20X) 2l |8 009 €l Sl Coound 51 Lo, (s 10 S0
ol sdsbe (GBw) 039) (ma Jgb oudlico Mn5 Lo F ygai Mnd )l E pgai Mn3 ;i D pguad’ Mn2 Lo C
ainb (SM) (blro pj b oanlic «(oylw) oyl Jobw (MV) (Ligg S )y «(LP) L ygy LY (GC) JCi

(He) 32 595 «(V) Capmg yia it aligSTy «(Hy) (95 31 «(N) (Johw 39,55 (o) 0995 (e Jgb «(MU) (JMlas

7Y


http://www.journalaer.com/article-1-48-fa.html

[ Downloaded from www.journal aer.com on 2025-12-17 |

Hemmati et al., OoKea 5 e

‘5&003)

R I i T T ——

2eai Mnl ;i B pgai .(Mn0) salls ;o A ygas (HEE, 20X) plo Jud 059, cdl Al Cwound 5| (2o ye o :f SO
ol ol (Gl8) 039 (w2 Job oudlico Mn5 Lo F pgai Mnd Lo (E pguai’ Mn3 ;loed D pguad’ Mn2 Lo C
A (SM) (blro pj alb ounliv «(o)buw) oy yial Jobw (MV) (liggySan slojp «(LP) bygp Uael (GC) JSo

(He) 53 595 (V) Camwg yial o aligSly «(Hy) (S92 5 «(N) (Jokw 39,56 (0Bx) 039 w2z Jgb «(MU) SMas

Al


http://www.journalaer.com/article-1-48-fa.html

[ Downloaded from www.journal aer.com on 2025-12-17 |

JAER. 2025

V(8): 04—1A

Gosla cwsluae slajia g5y gale dlas

@bw‘ﬁbWoMMbaww@d»bJéM
O3l g e g &S ol lid o) Ken g Mansouri asllas
(B 39,55 eoe 350 ol o585 ool sl ok a3l alor
or 3 oz (VA Wgd 009, S8L,o (05 ks g olud
039, 3 JigSly JeSas 5 (blre Y 55,55 1 leS iy sVIJ
‘SMLWWT o 0 3 oo g Kharkan (Y4) oubeanli
o35 g 9 o] (Capoeta fusca) SU3 mloolawods, y
aS 00,8 olo g 51581, USCunnST oldgl Ldoay 0oy, Jlislu
ST 0,350 om0 40 axlge oy Baw ialidl b aaaw] o
sladale Ol 31w 0 o) Kan g Naz (V) auby so 2al581 S
8L sl (Catla catla) 195 2le 035, ;0 e alie
g B0 gy po (YY) o) )15 1) ey w8 5 (B9
(Hypophthalmichthys nobilis) odi3 yw 155 2le j0 )], SKen
035y > baishis )55 5 w58 Jed 5l (Hlslocaml s s
sy Glafm‘_;asﬂw)ﬁ)o‘ol)l&m 5 Sadeghi .(\#) o ools
(Pomadasys kaakan) Jyess puSiw sodisS 035, <8l ;0 las
(6Dl 59,55 8L slocw] Lutjanusjohnii) Jgens 555y
5 Sayadi (ow)p (YO) oS )li5 1) (snyie> 5 009, o)
P 3 518 ey LS aleoliwosg) il s S
28l slacwl 5l (S e 5 SIS pseaslS S slany IS
S Jolse (VF) oldl sl Qi e e y50 Jolis owlils
Sl 5 oot sl L] 5 Jub daigS aiile
slacdl o Ol s jress 5 LSl 4 coawl )5 ooge GBS
09 YU S ygo 40 Ab Lasine Gz ee (FY) 5l bl calise
el le Gil3dl e (glosg, Ll GlalS ( plde oy 3K
WS (oo Joo (oorlaiingS slap e (e (5ol o @Bdg S
30 5% 3l o oligS eslanwl jo jole Gadsd gl elulp (Y)
ol Al aazg b g odg oS 8L slocaw] Jlis! o,
3 om bl wiog 8L o )lee sl 5 walis jleag lale dasllae
cbale) colio sloaisls jo 3K JoSo 5l ool § ialesT ,bL
EICUNIYRIIRE NI SNSRI SONE SRR
oads iulesl slo,les ylale ;o adle £45 5 pehaw Hla5 51 5 )lse
Songe b als cga 0 3Kk JoSe Cate Ol il ol
Sldlas 4y 3Ls SeSome ulias ol gly . caslosgs 8L 5 )lee
Sl (o0 5 Sl 03l 5o
Slaalie 5 (5)l5 sloe il @S 4 4z b 1g Sz
OlFiss on Olsz Bledd ;o 00y, ilize slacaend 3L

70

Sow

L 3
Cedled Wlgh o ey M g 138 O s gl 2 lis 1 SO
loaziald a5 () asl sy 5 5k Dl 53155 slags ]
s ol @99l 5 i 3l S Sla S s oz e Rl
aiss oyl o 5165 slaes 5l slacudled iz wa (YO) ol
(V) 2o > g9 g M oy b o Wil oo oale il
oals plas alisee Slllas B,k 51 (FF) il pH ¢ aigs sboo
o |y ale (10,155 slaes 3l cudled Saxeslge glo oS ol
Pyas ;S b pole g o (Ve Y ) wes o )8 )._ab
S los a8y s i Sl5g  ld el (3155 sloea 31
@ b 351 ol aieS g aiiin 5 Codls 3939 wall 09,5 § dulej]
Ol a5 (5 56bas 0,5 sualice M5 g Mn2 sl los jo o5y
Ngy s wopx 35w p,5 Lo Vool 5l e lae Bl oyl
L Khan ¢ Musharraf ;5! juegh zuli b guped 0e oLalS
(Labeo rohita) gpg, 3 ;5.5 5l3€ 0,2 10 13Kie JoSa 0938l
o b oad 4w plale 5Ld (L5158 w3l o (5yls cme 25t
Q35,5 sanline 0,55lS 0 05 Lo VYY) clale U K ool
e 0l 5% 0 o, Sen 5 Asaikkutti > w2 (V)
QST 0,3 9l OISl sy o (Macrobrachium rosenbergii)
0y 31 JoSo )5 Lo VAL = 09381 a8 i S 5158 5%
5o 0 el 555 Gld SIS Slam il @i dgue Sl
P JoSe 53U pas bag e sloiegh 5l B Ll (V) o8
«\Y) (Cyprinus carpio) Jgess y5.5 ;5 disls (o155 1) 0
Oncorhynchus ) S u55,6¥1U58 5 (V+) o ol 655
P Sl s ).gL oy ySie Olyd gl o938l (YV) (mykiss
ol aslllas 13l ais [0 (w1350 o)l55 (Slaes 5
Bl laanl i g o8 wald jles jo > lajles saled o
659,55 LP LY glas plal g bluw! ez e calites JIKa1 o
ol oanlie S55 9 (039, i slashe Jsb) S il (s
S IMnl jled e g M3 Mn2 sla jlos ool ey Lol sl
Sl 4 Comd (5554 Candy Il w0g, 8L Al gla it
S Adg (MnS g Mnd) 138 YL mohw sl L g wali
PSS o 5 o o VD e o i A e ol
JKs a wilgs o 009, 8L yo K olild ol il Bk sl el
(L by Sz o2 5 (as gras 705 poe) ol b i
S Oldllas (F) o )08 150 0e2 g0 0l g 40355 ,0 g wil

plsl Gl s Olealeoss; @l (eSw DI3ls WIS ogas )5 5


http://www.journalaer.com/article-1-48-fa.html

[ Downloaded from www.journal aer.com on 2025-12-17 |

Hemmati et al.,

OlKaa 5 Jea

10.

11.

12.

13.

14.

Bernfeld, P., 1955. Enzymes Carbohydrate Metabolism.
In Methods in Enzymology Academic Press. 17: 149-158.
Bonsignore, M., Manta, D.S., Mirto, S., Quinci, E.M.,
Ape, F., Montalto, V. and Sprovieri, M., 2018.
Bioaccumulation of heavy metals in fish, crustaceans,
molluscs and echinoderms from the Tuscany coast.
Ecotoxicology and environmental safety. 162: 554-562.
https://doi.org/10.1016/j.ecoenv.2018.07.044

Debnath, D., Pal, A.K., Sahu, N.P., Yengkokpam, S.,
Baruah, K., Choudhury, D. and Venkateshwarlu, G.,
2007. Digestive enzymes and metabolic profile of Labeo
rohita fingerlings fed diets with different crude protein
levels. Comparative Biochemistry and Physiology Part B:
Biochemistry and Molecular Biology. 146(1): 107-114.
https://doi.org/10.1016/j.cbpb.2006.09.008.

Farag, A.M., Nimick, D.A., Kimball, B.A., Church,
S.E., Harper, D.D. and Brumbaugh, W.G., 2007.
Concentrations of metals in water, sediment, biofilm,
benthic macroinvertebrates, and fish in the Boulder River
watershed, Montana, and the role of colloids in metal
uptake. Archives of environmental contamination and
toxicology. 52: 397-409. https://doi.org/10.1007/500244-0
05-0021-z

Gomez-Requeni, P., Bedolla-Cazares, F., Montecchia,
C., Zorrilla, J., Villian, M., Toledo-Cuevas, E.M. and
Canosa, F., 2013. Effects of increasing the dietary lipid
levels on the growth performance, body composition and
digestive enzyme activities of the teleost pejerrey
Odontesthes bonariensis. Aquaculture. 416: 15-22.
https://doi.org/10.1016/j.aquaculture.2013.08.027
Halver, J.E., 2001. My 50 years in fish nutrition,
1949-99. Aquaculture Research. 32(8): 615-622.

Hamlin, H.J., 2006. Nitrate toxicity in Siberian sturgeon
Acipenser  baeri. Aquaculture.  253(1): 688-693.
https://doi.org/10.1016/j.aquaculture.2005.08.025.

Jain, K.L., 2009. Chronic effects of heavy metals on the
activity of some digestive and metabolic enzymes in
Cyprinus carpio. Annals of Biology. 25(1): 63-67.
Kharkan, J., Sayadi, M.H., Hajiani, M., Rezaei, M.R.,
and Savabieasfahani, M., 2023. Toxicity of nickel oxide
nanoparticles in Capoeta fusca, using bioaccumulation,
depuration, and histopathological changes. Global Journal
of Environmental Science and Management. 9(3):
427-444. https://doi.org/10.22034/gjesm.2023.03.05 (In
Pershian)

Lall, S.P. and Milley, J.E., 2008. Trace mineral
requirements of fish and crustaceans. Trace elements in
animal production systems. 203-214. https://doi.org/10.
3920/978-90-8686-638-0

Gl o pgad 4 3iKie Slilge JaSo 3938l 45 cudls oledl
556 el Wlgioe 2l 0px p55kS 2 50 05 e VN0
SHb Cundg Sgn w9 (25155 Slam T i 95 6 )lo e
Jolse ;00 512U (Bl (2 )lse (8l e (il ) 390 039,
dpebie anels lie Sgld iz w0 (398 o0 e 9 ()90
Bl )3 opx 3K Slgw JoSeo IS mhaw 5 Dad
alo o glaiss gl Ji¥oay wlsi e (o5, QLT S0 & S
€55 «JoSo £95 (@i ghaw 5 £9) sladis Shle (alo g,

sl Eglite o 5 ool (gl b, el (glod o sialoj] o],

Pyl g S&T

Olpl b ploslp yioms rdgans 511 093 (19508 5 (b

5 N S (g S5 S kB plsle 2155 s3lusl S e

s, Sen [blsay o)Lslsplale Ml (s Clidod o]

Oz e pldes el 09 cnl (22l U2 yo Ol dileses

O o yiSe g jlailer s 250 GLET GlagSen
580 6l Rlon

a.glh

1. Asaikkutti, A., Bhavan, P.S., Vimala, K., Karthik, M.
and Cheruparambath, P., 2016. Dietary
supplementation of green synthesized manganese-oxide
nanoparticles and its effect on growth performance,
muscle composition and digestive enzyme activities of the
giant freshwater prawn Macrobrachium rosenbergii.
Journal of Trace Elements in Medicine and Biology. 35:
7-17. https://doi.org/10.1016/j.jtemb.2016.01.005

2. Aschner, J.L. and Aschner, M., 2005. Nutritional
aspects of manganese homeostasis. Molecular Aspects of
Medicine. 26(4): 353-362.

3. Au, D.W.T., 2004. The application of histo
cytopathological ~biomarkers in marine pollution
monitoring: a review. Marine pollution bulletin. 48(9-10):
817-834. ttps://doi.org/10.1016/j.marpolbul.2004.02.032

4. Barisi¢, J., Mariji¢, V.F., MijoSek, T., Coz-Rakovac,
R., Dragun, Z., Krasni¢i, N. and Erk, M., 2018.
Evaluation of architectural and histopathological
biomarkers in the intestine of brown trout Salmo trutta
Linnaeus, 1758 challenged with environmental pollution.
Science of the total environment. 642: 656-664.
https://doi.org/10.1016/j.scitotenv.2018.06.045


https://doi.org/10.1016/j.jtemb.2016.01.005
https://doi.org/10.1016/j.cbpb.2006.09.008
https://doi.org/10.1007/s00244-0%2005-0021-z
https://doi.org/10.1007/s00244-0%2005-0021-z
https://doi.org/10.1016/j.aquaculture.2013.08.027
https://doi.org/10.1016/j.aquaculture.2005.08.025
https://doi.org/10.22034/gjesm.2023.03.05
https://doi.org/10.%203920/978-90-8686-638-0
https://doi.org/10.%203920/978-90-8686-638-0
http://www.journalaer.com/article-1-48-fa.html

[ Downloaded from www.journal aer.com on 2025-12-17 |

JAER. 2025

V(8): 04—1A

Gosla cwsluae slajia g5y gale dlas

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

NRC (National Research Council). 2011. Nutrient
Requirements of Fish and Shrimp. National Academies
Press, Washington, DC, 376 + XVL

Ross, N.W., Firth, K.J., Wang, A., Burka, J.F. and
Johnson, S.C., 2000. Changes in hydrolytic enzyme
activities of naive Atlantic salmon Salmo salar skin
mucus due to infection with the salmon louse
Lepeophtheirus  salmonis and cortisol implantation.
Diseases of Aquatic Organisms. 41(1): 43-51. https://doi:
10.3354/dao041043.

Sadeghi, P., Tootooni, M.M. and Molaei, S., 2019. Use
of Intestinal Tissue of Pomadasys kaakan and Lutjanus
johnii as Biomarkers of Contamination in The Oman Sea.
(In Pershian)

Sayadi, M.H. and Kharkan, J., 2022. Investigating the
histological damage of different heavy metals on
aqueduct fish Capoeta fusca. Aquaculture Sciences.
10(2): 149161. (In Pershian)

Sotoudeh, E., Amiri Behrosi, A., Bahadori, R., Habibi,
H. and Morammazi, S., 2019. Nonspecific immune
responses, activity of digestive enzymes and body
composition of rainbow trout Oncorhynchus mykiss fed
diets containing manganese sulfate nanoparticles. Journal
of Animal Research Iranian Journal of Biology. 32(4):
269-282. (In Pershian)

Sharifpour, 1., Hallajian, A. and Kazemi, R., 2014.
Histology Laboratorial Techniques for Aquatics. Firs
edition, Iranian Fisheries Research Organization, Tehran.
345 p. (In Pershian)

Shaw, B.J., Al-Bairuty, G. and Handy, R.D., 2012.
Effects of waterborne copper nanoparticles and copper
sulphate on rainbow trout, Oncorhynchus mykiss:
physiology and accumulation. Aquatic Toxicology. 116:
90-101. https://doi.org/10.1016/j.aquatox.2012.02.032
Shihabi, Z.K. and Bishop, C., 1971. Simplified
turbidimetric assay for lipase activity. Clinical chemistry.
17(12): 1150-1153. https://doi.org/10.1093/clinchem/17.
12.1150.

Tchounwou, P.B., Yedjou, C.G., Patlolla, A.K. and
Sutton, D.J., 2012. Heavy metal toxicity and the
environment. Molecular, clinical and environmental
toxicology. Environmental toxicology. 3: 133-164.
https://doi.org/10.1007/978-3-7643-8340-4-6

Torfi Mozanzadeh, M., Yaghoubi, M., Yavari, V.,
Agh, N., Marammazi, J.G. and Topic Popovic, N.,
2015. Reference intervals for haematological and plasma
biochemical parameters in sobaity sea bream juveniles

Sparidentex hasta, Valenciennes 1830. Comparative

Y

15.

16.

17.

18.

19.

20.

21.

22.

Lan, C.C. and Pan, B.S., 1993. In-vitro digestibility
simulating the proteolysis of feed protein in the midgut
gland of grass shrimp Penaeus monodon. Aquaculture.
109(1): 59-70. https://doi.org/10.1016/0044-8486(93)904
86-1

Liu, H., Fu, S., Zhang, S., Ding M. and Wang A., 2020.
Lead induces structural damage, microbiota dysbiosis and
cell apoptosis in the intestine of juvenile bighead carp
Hypophthalmichthys nobilis. Aquaculture. 528: 735573.
https://doi.org/10.1016/j.aquaculture.2020.735573

Liu, Y., Wang, J.Y., Li, B.S., Qiao, H.J., Liu, X.D.,
Hao, T.T. and Wang, X.Y., 2018. Dietary manganese
requirement of juvenile hybrid grouper, Epinephelus
lanceolatusx E. fuscoguttatus. Aquaculture Nutrition.
24(1): 215-223. https://doi.org/10.1111/anu.12549
Mansouri, B., Rahmani, R., Azadi, N.A., Davari, B.,
Johari, S.A. and Sobhani, P., 2015. Effect of waterborne
copper oxide nanoparticles and copper ions on guppy
Poecilia reticulata. Bioaccumulation and histopathology.
Journal of Advances in Environmental Health Research.
3: 215 - 223. https://doi.org/10.22102/jachr.2015.40205
(In Pershian)

Mohseni, M., Pourali, H.R., Kazemi, R. and Bai, S.C.,
2014. Evaluation of the optimum dietary protein level for
the maximum growth of juvenile beluga Huso huso L.
1758. Aquaculture Research. 45(11): 1832-1841.
https://doi.org/10.1111/are.12134 (In Pershian)
Muralisankar, T., Bhavan, P.S., Radhakrishnan, S.,
Seenivasan, C., Manickam, N. and Srinivasan, V.,
2014. Dietary supplementation of zinc nanoparticles and
its influence on biology, physiology and immune
responses of the freshwater prawn, Macrobrachium
rosenbergii. Biological trace element research. 160(1):
56-66. https://doi.org/10.1007/s12011-014-0026-4
Musharraf, M. and Khan, M.A., 2021. Dietary
manganese requirement of fingerling Indian major carp,
Labeo rohita (Hamilton) estimated by growth, tissue
manganese concentration and hepatic manganese-
superoxide dismutase activity. Aquaculture. 540:
734-736. https://doi.org/10.1016/j.aquaculture.2021.7367
34.

Naz, S., Hussain, R., Ullah, Q., Chatha, A.M.M.,
Shaheen, A. and Khan, R.U., 2021. Toxic effect of some
heavy metals on hematology and histopathology of major
carp Catla catla. Environmental science and pollution
research. 28: 6533-6539. https://doi.org/10.1007/s11356.
020-10980-0.


https://doi.org/10.1016/0044-8486\(93\)904%2086-I
https://doi.org/10.1016/0044-8486\(93\)904%2086-I
https://doi.org/10.1016/j.aquaculture.2020.735573
https://doi.org/10.1111/anu.12549
https://doi.org/10.22102/jaehr.2015.40205
https://doi.org/10.1111/are.12134
https://doi.org/10.1007/s12011-014-0026-4
https://doi.org/10.1016/j.aquaculture.2021.7367%2034
https://doi.org/10.1016/j.aquaculture.2021.7367%2034
https://doi.org/10.1007/s11356.%20020-10980-0
https://doi.org/10.1007/s11356.%20020-10980-0
https://doi:%2010.3354/dao041043
https://doi:%2010.3354/dao041043
https://doi.org/10.1016/j.aquatox.2012.02.032
https://doi.org/10.1093/clinchem/17.%2012.1150
https://doi.org/10.1093/clinchem/17.%2012.1150
https://doi.org/10.1007/978-3-7643-8340-4-6
http://www.journalaer.com/article-1-48-fa.html

[ Downloaded from www.journal aer.com on 2025-12-17 |

Hemmati et al.,

OlKaa 5 Jea

FA

33.

34.

35.

36.

Clinical Pathology. 24: 1501-1507. https://doi.org/
10.1007/s00580-015-2107-y (In Pershian)

Verkleji J.A.S., 1993. The effects of heavy metals stress
on higher plants and their use as biomonitors. Plant as
bioindicators: indicators of heavy metals in the terrestrial
environment. VCH, New York. 415-424.

Xiong, D.M., Xie, C.X., Zhang, H.J. and Liu, H.P.,
2011. Digestive enzymes along digestive tract of a
carnivorous fish Glyptosternum maculatum Sisoridae,
Siluriformes. Journal of Animal Physiology and Animal
Nutrition. 95(1): 56-64. https://doi.org/10.1111/j.1439.
0396.2009.00984.x

Yan, T., Teo, L.H. and Sin, Y.M., 1996. Effects of
metals on {alpha}-amylase activity in the digestive gland
of the green mussel, Perna viridis L. Bulletin of
environmental contamination and toxicology. 56(4):
677-682.

Ye, C.X., Tian, L.X., Yang, H.J., Liang, J.J., Niu, J.
and Liu, Y.J., 2009. Growth performance and tissue
mineral content of juvenile grouper Epinephelus coioides
fed diets supplemented with various levels of manganese.
Aquaculture Nutrition. 15(6): 608-614. https://doi.org/10.
1111/5.1365-2095.2008.00628.x


https://doi.org/%2010.1007/s00580-015-2107-y
https://doi.org/%2010.1007/s00580-015-2107-y
https://doi.org/10.1111/j.1439.%200396.2009.00984.x
https://doi.org/10.1111/j.1439.%200396.2009.00984.x
https://doi.org/10
http://www.journalaer.com/article-1-48-fa.html
http://www.tcpdf.org

