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Introduction

The growth of aquatic animals in cultured systems depends on various factors such as food consumed,
feeding frequencies, diet quality, the amount of consumed feed, and the ability of fish to digest and absorb
nutrients (Falahatkar et al., 2014). Meeting nutritional requirements and proper nutrition management are
crucial for increasing production efficiency in farmed fish. In aquaculture conditions, cost reduction is
essential, with nutrition accounting for approximately half of the current costs on a farm. The quantity and
quality of diets, along with feeding management practices such as feeding frequencies, feeding methods,
feeding amounts, and timing, can impact final product costs. Appropriate feeding frequencies not only
improve feed conversion efficiency and reduce pollution from overfeeding but also enhance growth and
reduce size disparities in fish stocks. Nutritional management is a critical aspect to consider in sturgeon
aquaculture, emphasizing proper nutrition and feeding frequency at different temperatures (Hung, 2017).
Given the high growth rate of Beluga sturgeon (Huso huso) in culture systems and the interest of fish
farmers in cultivating this species (Falahatkar et al., 2009), especially in natural waters subject to seasonal
fluctuations, this study aimed to investigate the effect of different feeding frequencies on the growth and
nutritional indices of juvenile Beluga sturgeon in winter conditions.

Methodology

This study evaluated the effect of three feeding frequencies (1, 2, and 3 times per day) on the growth and
nutritional indices of juvenile Beluga sturgeon. Farmed Beluga sturgeon (144.8+10.4 g) were distributed
into three treatments, each with three replicates in circular concrete tanks (800 L volume) with 20 fish per
tank. The feeding trial took place during the winter period (8.9+1.8°C) from January to March over a 10-
week period. Fish were fed approximately 0.1-0.3% of their body weight per feeding at 9 AM, 12 PM, and

3 PM, based on appetite and water temperature. Fish weight and total length were measured individually
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every 2-week interval, and growth and feeding indices were calculated (Falahatkar, 2014). Statistical
analysis was performed using One-way ANOVA and Tukey as a post-hoc test at the level of p<0.05.
Results

Over the 10-week rearing period, there were no significant differences in fish weight and length among the
different feeding frequency treatments (p>0.05). While there was no statistical difference in final weight,
weight gain, condition factor, body weight increase, specific growth rate, feed conversion ratio, and
voluntary feeding intake among the treatments (p>0.05), fish fed three times a day generally exhibited
better condition. The coefficient of variation in weight was lower in fish fed three times daily, although
differences were not significant (p>0.05). No mortality was observed during the 10-week period, with
100% survival in all treatments.

Discussion and conclusion

This study examined the effects of different feeding frequencies on the growth and nutritional indices of
juvenile Beluga sturgeon under winter conditions. After 10 weeks, no significant differences were
observed in any of the measured indices across the 1, 2, or 3 feeding frequency treatments. All fish
remained healthy with no mortality recorded. Previous studies have shown that limited feeding frequency
leads to the adaptation of fish to consume larger amounts of food at feeding time, which in the long term
can lead to increased digestive tract volume and increased appetite (Jobling, 1982; Rouhonen and Grove,
1996). Moreover, optimal feeding frequency can enhance feed conversion efficiency, reduce pollution,
promote growth, and minimize size variations in fish stocks (Ahmed, 2007; Hu et al., 2020). However,
previous studies suggested different feeding rates for maximum growth or weight maintenance in winter
conditions (Fang et al., 2010; Falahatkar ef al., 2013). The present study showed a feeding rate of 0.8% of
body weight yielded satisfactory growth. Although growth and nutritional indices did not differ
significantly, further stocking management may be necessary to address size variations. In conclusion,
feeding once daily, as opposed to three times, can reduce labor and production costs, provided that fish
receive adequate food based on their requirements.

Conflict of interest

The authors declare no conflicts of interest for this study.

Acknowledgements

The authors acknowledge the Dr. Yousefpour Marine Fishes Restocking and Genetic Conservation Center
(Siahkal, Guilan, Iran) and the Vice Chancellor for Research at the University of Guilan for their support

in conducting this research.


https://isfj.ir/article-1-2833-fa.html

[ Downloaded from isfj.ir on 2026-06-20 ]

(DOI): 10.22092/1SFJ.2025.134723 Y (0) 0\-Y ool oM ale alas

3‘9&532—‘5&# Ao
(Huso huso) oo Jud 10995 g oy 8 Shos 93 DNAE Wladd Sluas ot
Wl ) Tl g 30 19>

Y}\J\.:L\.u)ﬁ MLQ.M c\otg: C_~ﬂ.9 Cﬁ" c\o\jﬁ- C,ugﬂ J“'@" c\\)K}W t‘J‘é"

*falahatkar@guilan.ac.ir

O‘J:" ‘ONT.S l‘).l_u ‘La.nJ.‘.a ‘sz‘i b&iﬁ"é ;u.::\:\Jc @L\.n bds-ai:i‘d db)l:ui AJ;—\
‘Si).é“’&C.\SfmcQ\’ﬁ:\*ﬁ‘)uc@ﬁb@‘d@i‘*ﬂycé&h&j&]&bdﬁ_Y

\E'EGJZ%L%&JL: \i“id‘dﬁi&x&gé‘)t\ \E’VJJ_.)MZQ.&L.QJJ&JL:

(Huso huso) sl |3 glaods b jesle 5 i) o, o, ld o 4 JLY 5 ¥V O aslis ooy aw Sl Gaiss ol 5o
25 (su o (@8 LY 5 Y A Jeld) Jlag aw o (p? VESIAENE) Sos s Olale J3 25 S5 s 3s0 Ol
VAEVIA) Ol b 55 5 LS w555 O3 a3 sde Yo olasd & 2 Ave o 38 s O3 3 LSS e L K
o318 Olale JS b 5 05 LSy in 53 8 i S5 a0 e lxdl el sy win Ve S 4 (58 5l an o
0dd ST 055 28 Oos slaarls 5o Sopl oy b ol Ol mls Luld aulw d 5 ad) el xS
S gy bl o (SO (bl i et 5 gl b s A, 5 O Oy Rl iland s el
isls OLE (o e Cands cende Bl 4y aslis edes ¥ L Lt s edd sy Olale daasls 7T s Ll ((p>1/ )
saalin S 550,95 dsb s & onl e (>0 /08) ol SIKET 1) Ml dio s S i 5 039 Olaedd o wiomed
Xy Kl e alye, aliE LY 5 Wl i 4 5L Olale b (T les 05 g ol oo 4 ol O G cpl s s
LSS 5 sl 3a 2l 5 40 5 a5 slasasl s e IVl ot 8.8 i s L L sl o o s

Z . P . . R . s B T .. o - . 1
--’jz‘;J‘Jg UKM’u"JJJ—L oslazul }J}AJ‘..SJO\.:L'LW.AJ .k.i‘jwjéjwujl S48 35 03 9d>wa > Joly@_)jjjé L;ﬁ)‘-k‘;

0315 COMiS] ey ¢ 23l asliy eyl (glod ccsybgls Loalo S GuS SILRS

JQ:H-M OM.QJ*

@. 8y Copyright: © 2025 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed
under the terms and conditions of the Creative Commons Attribution (CC BY) license (https:/creativecommons.org/licenses/by/4.0/).

)


mailto:falahatkar@guilan.ac.ir
https://creativecommons.org/license
https://isfj.ir/article-1-2833-fa.html

[ Downloaded from isfj.ir on 2026-06-20 ]

P IR SCA PR NE g

Ol 00,5 o0 dogi (oD )55 cemlial Ll o by (nlge
obole sl baes 2olde poly; olass a5 cewl Jb> 5o
o3liinl 390 it (6 SV e nlin 2 5 STl 457 lo
Slalllas 5l & (Biswas et al., 2006) 5,5 o ,l,3
» Loa polie Olds culio slaws a5 wias o lis
Al 2l slge Qg pan p aSh ads Glaas e
Seas o eolae L0 sl Jle gl 0,185 e
Y & Cos (Hipoglossus hipoglossus) bl &sdla
23,5 wly Gl A e ol LSy
09,5 Lasin ol plo (Schnaittacher et al., 2015)
(sygy daslpd g w2 o 20ldE Caslio Dlads slaws
23,5 0 (B AT 1 555 ] Sy e SIS |
bolyd 50 ol 0wy pé g oaij calie slagasly
S8kee g el il wlgioe &5 W)ls d92g (SBy9n
Falahatkar, ) aws 13 50 cos |, Byas Sl
e Sl azls 3l SO Les ez ge Jolge o ;0 (2012
Sl 51 ales digs byl 45 iy 45 Cansl (lS
Sialil e e Wil oo L5 el 9 0850 5o Saidse
Ggn Oleddly g iz g man o Sles Sguge J3E B pas
5k ol b 3la8 ot 1o Ghygn (J0al k00,8
750 Gt o)lgen (S co ooliinl Ly g 4oy, b
15 el (S 45 sbods 0391 ales Slilusgi Jlzs Lamee
2 5L slos b il 5 5 50ml (slos b s
) pedilie 25 ol sloo Togos sl axlse aigy
FSYsb |y pan Cosu g Fogamme I) 138 Srae S
Sl aSepl @ ax g5 b (Fang et al., 2010) oS
936 o 3l 0alitnl b 55b g lale (25 &)l50
o Sllogs ol s el b 4o s sl
ey 5 Gl slagaiojl ;o 5t 4 i Wl oo
led Lol 1l )0 aigy o o (Jdo e 45 00 5 0l
5ol 20ldd Oleds Cwlive olasd ¢ jlade Jold oglats

sh a5 L
Olds digs olasd sl pgas s Al Oldlhae
Blowl Jolis 5 )bgls lale calize glgl jo a0lic
Conte et al., ) (Acipenser transmontanus) s
Kelly and ) . oxyrinchus) bl alewt (1988

Aol
shs pire o sbeaisS 5l S (Huso huso) sl L8
slcire> alawle a5 (IUCN, 2022) o042l !
IS s el Glalf a gy dle e ol b
3929 555 Sbyd 9 J>lgw 0 T b S35
obale ples o WS ol a5 sl b 45 ol oo s
9§ SBsS g g o3 A (n e e LS ksl
ad)S 18 GBaeohysn axgi o)9e el Lsls
by Gl ecemlin bl o po Vb o) S s 2]
Vb Caoglio 5 60y 0515 (o ghan I3E 9 (h)9 Lane
Sl S 3 ol delse 5 [yl Ll 4 coes
Falahatkar et al., 2009; ) 55 o Camne 2lo oyl
Falahatkar and Poursaeid, 2013; Akhavan et al.,
ole azmy Sgame Slaw i LS .ol L 2020
Gl 5 ol el oS 55 sl S5 b 5 505
o9 SR Ll sl g 485 Sy e Sl

ROWI PRV CEIR SN PR
@hie aloz 5l alse ar (odygn Ll o Lyl a)
9B pan jlade 0y CodS o 20ldE Dlado slasi ¢ B8 pas
@ azg om ol 50 o)l (K iz g pan ol
3 i oo Copde 9 (2l slasaisls u.,.al.:
an obale ;o adgs plasily Gl 5o cete Jeloe
e ) e (Hung, 2017) ol e jleda
S 6ol loanpo 5l (oo (B Hob 4 &5 oo
g ComeS el 4355 o oo plaisl ssFa | ac )i
2ol Co o (LS [y 0ul 00y 54 slee o coalS
5 2ol Jlade ( 2oldE 0gu ( @olde Wlads olaw)
sl Jsame 00 plai sloatyjo  wilgi oo (] el
Cel s canlin 2olde Dlads ol ail 48,50
5t (Sogll rals 5138 o up plondly o5
DelS g 0y Sgut s lgT g0 aSL 0als oL polis
Ahmed, 2007; Hu et) 55,5 -Lals al5 )5 o3lasl &glas
e Algi oo 35 p0lie Dlads dgaze sl (al., 2020
oIl g Jlemiss Glabe )5 )l gsen on
4 (Folkvord and Otterd, 1993) o5 5 oJg sloas ;o
sk S5 lale glp Fogaoe Sleds olaws ( IS ok

oY


https://isfj.ir/article-1-2833-fa.html

[ Downloaded from isfj.ir on 2026-06-20 ]

T8 () V6t ol oMk pale elas

Olodls 2bys plele pB3 5l cblis 5 55Lsl 55 50
A Gan 290 (Olnl (ONS) Sl jpcbwg 25
o3l g oS VFFIAEN /¥ (59 b oy ) g 985
&9 O @ 0 0ae Ve olaws 4y e Sl YFNVEAY
)5 S5 & 5 i il osliid 390 3 3lne i
O gty o5 5y el B glis) 5 1AO bs
Jsb 50 Ol (o0 30l 6,50l I A oz b ailsog,
Q09 pgid g 4B o I VYAEVYT Jlade 4 o)90
sloo g (S0 celu VY 5 oty cel Ve & g0
YAEVIA (5Sileo b 5 FIVVYIE o550 0500 b 5o ol
e 550 e ) JS5) s o o5 il 4
5 7 e Sk VIPEVE Bl e 5 TPH
WTW, Weilheim, ) o ,.5ejlal V/-EA/Y
To 555 2 03B ol CuksS v sl (Germany
Ogia ol 2oy0 Yo-Y0 sga> 10 p0ldé gg, 5l S
il 5l a5 5 oats 08,55 Jlazo! lalié b ui o

gl 7,

Water temperature (C)

Mohseni ) 2l L3 (Arnold, 1999; Jodum, 2004
Kouchaki et) (4. ruthenus) sUJ .l (et al., 2006a
Luo et) A. schrenckii x A. baeri s o (al., 2015
Yazdani Sadati ) (4. nudiventris) .. «al., 2015
(A. gueldenstaedtii) s, plaul (et al., 2016
(A. sinensis) .z »lowl (Andrei et al., 2017)
Ahmadi) (4. stellatus) 5, 95 «(Hu et al., 2020)
(Guan et al., 2022) A. dabryanus , (et al., 2022
s conlio Sy a5 glasdllas (555G Lol wons pll
ol sles g ailbinsy bl i o ale L8 o1y oeolie
Sl asdllae ¢ LIS e dy ol 05 5155 s )l
Lol los jo oolie Slads cavlin olowi gy @
G ohale Bysn gl sleanze aalS G

Lol a5

SLRCITEL S
o9 bl g 2l
30 69,Y 0,90 3 Guizd pl 4o colaiwl 0590 lale L8

0 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrT T T rTT T T T T T T T TT T T T T T T T T

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73

Days

Gl 090 Job 0 O @)y 42 50 sl Slilugi 1) S
Figure 1: The water temperature changes during the experimental period

9 sl @ a2 b glale ad a3 5 L o lals sl
YNV o8 l5ee 4 Ghysn 090 Job 5o o sles
4dss VO g WY A Clebe jo codpia 9 o ()9 oy

0,5 o) ailal 3 Gl IS 51 oolaiul 9,90 (sl ai0s o

N

U:"..L"}T >l gaan
Cali) 65 sloole b dilians) 0,50 b o axlllas oy

5 jlewd A ol plodl aan Ve a4 VTS ole wiaul

213 5l a5 )b 90 LS, el 1,55 ans jlas o (6l


https://isfj.ir/article-1-2833-fa.html

[ Downloaded from isfj.ir on 2026-06-20 ]

P IR SCA PR NE g

i 4y Seae J5 095 0,k 31 oolil b (yledle s
plsl (i y Sllos 9 (g Sl o )5 e Yo
$ySo3lail gl (Falahatkar et al., 2019) oi
(WG) oo S (59 Jolis 40055 ¢ 0, sl sl
BWI) o 59 sl as,s (CF) cansy ol
Slade (CV) (59 Slyeesd a2 SGR) 0315 08, & 5
(FCR) olae fhos <o o (FD) 2l 10 8 pae lic
S SR) (Sailesl oo s o (VFD) g Lol 4ds a5 ls

«(Falahatkar, 2014) o eolatwl L3 sl Jge,8

WG (2) = (2,5 2l 035~ (5 «Jsl 039
CF =[(r,) 8l 0js | Grasiilo) TUS Jsbo] x V-«

‘Q"':"B)" M)b \°/\—(5~ J.nl...u 9 ).«.4‘;.».0 \" o)'L.\J‘ L| (U‘)"|
Ao, V=MD g ped do 0 VY0 (o) sy VEVY
o~.\3)'Lw 4.3[5-)5 X 'o)LC| Sl u..:L.;‘ 2 JMSB-

.05._» g_ﬂ)?

iy s sl 5 S 3luil
o a3 pleale JS Jsb 5 033 S azin 59 0
s 3l b srocden S 505 S 2oL s e
YA slate cpl glp ol g5 05lail (6 g S las
oS dibgie lale 4y (2ol3E (g teg 5l S cels

BWI (%) = [(¢5) 2l 039~ (059 adsl 039/ (#55) addgl (39 x V-
SGR (%/day) = [(¢,5) 2l 039 25 02,8 = () adsl 039 e 02,81 G ) 0y99 Job] x )+ -
CVi (%) = [l 039 Seme SLal ] b 059 0eSloe] x V-

FI (g/ﬁSh): (ra)f) 03 dj..a.o é“d.c JS/ ‘SQLA slaws
FCR = (ﬁ;) 03 d)..a.a 6‘&&-/ (‘b;) )9 UW.A‘J.B‘

VFI (%/day) = [(¢,5) 8 rae I3 055105590 soie, olasi x [V oles pologa + adsl ologea] x V- +
SR (%) = [o,95 sles! jo Hlole slaws [ 6,95 (glaml o lale slaws] x V-

S99 glate polde Sleds slawd o bl aias
5 goae blod 4y a5 el Jb yo pl >4/ 0) sl
5 059 Shls 138 eaeg ¥ L ool wdws ylale (g kel &
092 (5 i Job

ol plias ades aan Vo LL o ol o asls mls
G50l 550 sla el adS o (o)l Sre B
L.@> /-0 Jgaz) ais sanlive calizee slo,los oo
CF WG ol s, sl jazls 28T 50 pl 5929
aw b 4ds5 0)50 lale jo o3> (w8 SGR 4 BWI
20,5 cdalie polds cucy

@ 2olde saeg aw Hlod jo o] JBla> FCR L LLs )l 4o
@ 2oldd saey G Hles yo o] piSTas o V/FEY lade
B pan )l lis 58 VT Jlade 000,85 cud VO£ /T lude
9 el 0y98 (0l )3 595 0 108 (i (59w ) A (o S
s >/ 0 F JSo) ais oaslive bo Lo (o (SNS]
odeg o s VEL jlade )5 ()95 @il atan o
W< 0) ol plas els (Ko jled g0 4 s

Wools 5 lel Jukoxigas 255 (%9
L sl o Jloy laml yo deosls Jdow 9 4y (ol
s5ep 3 Kolmogrov-Smirnov yse;l ;I eslazel
L 285 58 gy 0550 Levene el b b byl
5T ctalojl slojlass 5530 by 99 )18 (553
O § 38,5 1108 aslie 5,50 One-Way ANOVA
Jssin st i Bl ot (e tlie 1,
50 5,8 sire paw ol solatwl Tukey cyge3l 5l cyog
oloxil (gl g b 48,5 L5 5 P/ 0 o ol igles]
IBM,) Y¥ 45 SPSS 581 o5 51 s, lel slyga ] aalS
(ke 9y sleodls Lay 3 eolatwl (Armonk, USA
Al e Szl £ Sle ©)90 @ oSS 5 Joor

e l%]
ools lid lole Job 5 (59 Ol o aig, ¥ S0 0

) 6‘0 L;)LD‘ ! uazm.o 45‘5)9bum s 00
Of


https://isfj.ir/article-1-2833-fa.html

[ Downloaded from isfj.ir on 2026-06-20 ]

YE (o) VErt Ol ol pale alae

300 -
01 time

250 1 m2times

S B 3 times
So00{ "
=
>
‘@ 150 4
3
H
S 100
=
50
0
Start 2 4 6 8 10
Rearing period (weeks)
45 4
O 1 time
T 40 @ 2 times
(G2 B 3 times
s
o 35 1
c
@
8 30 -
2
g
g 25 4
20 T T T T T
Start 2 4 6 8 10

Rearing period (weeks)

0590 30 axad 0 Jgb jo 2olid Lliio Wledo b oud & dxs b yg 0 (Huso huso) ;Lale Jod IS Job 9 (39 Ol i 959, ¥ S
(Glzo Bl pzil £ 1 Kilo) dilinmo
Figure 2: The trend of weight and total length in Beluga sturgeon (Huso huso) fed with different feeding frequency
during the 10 weeks in winter period (mean =+ standard deviation)

2.5 4
i T
1.5 T
"1
(&)
'S
1 -
0.5
0
1 2 3
Feeding frequency
1 -
0.75

VFI (%/day)
o
(9]

o
N
o

1 | 2 3

Feeding frequency
Gl Oledo boals 4dx5 )9y (Huso huso) Lol 1.5 (VFI) 5 pao slas 9 (FCR) olad o <o po polio ¥V S
(Hloo Bl il £ (1 Sho) dilioun ) 0590 5 axéd 00 31 gy pOlAL

Figure 3: The amounts of feed conversion ratio (FCR) and voluntary feed intake (VFI) in Beluga sturgeon (Huso huso)
fed with different feeding frequency during the 10 weeks in winter period (mean =+ standard deviation)

A


https://isfj.ir/article-1-2833-fa.html

[ Downloaded from isfj.ir on 2026-06-20 ]

P IR SCA PR NE g

slay g aid oamlice lale o S glasan Vo B9
W05l byles den gl goey0 Ve

odcg dw b ool adni lale o 5e Olisd oo

O LS Ll gy e [0 jled 90 4y Cod polas
0,98 Jobo o .>+/+0 ¢V Jgaz) ais cdnlin bb,les

Al ) 0590 Ho aiad 00 ) gy PN Laliio Wldd b ouds 4y d%5 L9y (Huso huso) Lol Jod 0 oly b wslh ) Jgus

M =Y ¢)lao Sl il + 1. lw)

Table 1 Growth indices in Beluga sturgeon (Huso huso) fed with different feeding frequency at the end of 10 weeks in

winter period (mean + standard deviation; n = 3)

Growth parameters

Feeding frequency

1 2 3
Mean weight at start (g) 144.8 £10.2 144.7+104 144.8 £10.7
Mean weight at final (g) 201.6 +57.9 200.4 +57.7 205.9 +49.1
Mean total length at start (cm) 349+1.2 349+£13 347+£1.3
Mean total length at final (cm) 37.5+1.8 37.3+£2.0 372422
WG (g) 56.8 +18.9 55.7+43 61.1+15.9
CF 0.4+0.0 04+0.0 04+0.0
BWI (%) 39.2+13.1 385+£29 422+11.0
SGR (%/day) 0.6+0.2 0.6+£0.0 0.6 £0.1
CVw (%) 294+11.6 28.5+1.8 24.1+4.1
FI (g/fish) 803+1.3 80.7+0.5 81.6+2.6
SR (%) 100 100 100
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