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KWR) elas gl
\i2 A |
o Syd gls
6 poS (oS
¥ O o)l
f bge o,
VY pass o)
Vo Bl 89)
v QESHCIRR Y
v T S Sea
| E bt
| T
“IVD "Wl lsS
\ T(Cr03) pg,SaS]
4 Sland ppndS (g0
N0 ke
Yoo JS aox
FOIAY (1) cxSep
VY/FY ) =
“IFA (1) yd
£10 (1) yuS>
YA/NA (1) o 5 s)le o lac
VWA (02 55k 1J 9350 AIBL (5551

05 5kS 50 oS ke VO sl LU Yo g adS WS =l —go U #e bl Jghes W -1 - o0 ataling poSea S 2
WO sl S sSs op S oksS 50 p S hes #1010 Brp ey p kS )0 0,5 (hoo VO 10 509 1 1S 9kS 55 05 (oo Vo dlogn
PS5k e Sk Ve i sesl 0 S BlS 50 005 (e O S sSslil 0 TS50 0,5 (e 0 i SlsBacl o SokS o 0,5 e
(OIS el &5 52) @ S 9kS 55 05 (oo Voo o il IS (rdsS ep S'6lS )0 05 (oo B0 1Sty oS (0 FokS 50 05 (oo VIO :0nSgn

YS9 Sl @5k 53 05 VYT tpg e 9T S0k 30 08 VN0 Jolao b oo B ipendS Ly 8) s S Seapy o555 Y
Slilgms 0 TolS 50 )5 IV ime Slilgus 0 TolS 50 )5 oo /¥ 159, Slilgms 0 TolS 50 )5 (oo /T ipliy sy p TS )5 )5
P Sk T imse ot @, 55LS 10 05 (oo VLS Slilgus 0 55l 0 05 05 585l 90 Dl el p S5k 50 05 IV 1350
(O AT ol 5 50) 0 S9LS 55 05 1T s 9IS 0,5 5lS 10 035 /R prly 01 0 S5k

OS5 OB 5T gy Lot @)L oS 5 (Choline chloride 60%) :a,l IS . JsS ¥

Olys Kome w5, (Cr05, merk, Made in india) :p4,5 0,51 :f

\OF



\b‘)l-ﬁdi/ﬁ‘sg:&l-ufdl-hu

Ol Mk pale dae

Ao, =FCr > 1o pg,Sa ST os,0 =DCr w0,
Eode ) pg S apnS]
S35 9 7 (eSon «SaS oole 60l an Co Ll
Sy Jd Jg08 B2y 3l Galojl 9550 2l (sl
oy

ADCI=ADCT+[(1-sDR/DI)] (ADCT-ADCR)
(Bureau et al., 199)

g ) Sdie Slye (g ,mll g ool = ADCI'
oz @t sl g csb) 5 oz
i S llE a5 Sojlwl Jlud = TADCT. ciules]
Jsl Jgms b 5l eolital L a8 el islesl o a5 ,0ll
o lB oo g, Fojlwl jlaie = ADCR . apusloes
Jse 3 3l ooliial L a8 cand i3, 0,02 (5 0lls in
(eiS9ym) (§dre o0l ooy = DR i aul=e o
e oole w0y = Dl i b oz 0 (6550 5 207
=S ctalejl oz 50 (651 5 2 eBsn Ol
=losl oy jo 0nigt ulasl slie sols s
A4S ol omigd Lialejl sl s> 5l ao,s ¥e Yoons)
0y i =1 5 5 (095 o0 aBLS| iolej] 0 > )
A VL ae Ve e 8 (ml jo) el 153

(s azb S

bl sl g,

SByiyron] —B9,550055 53l L baools ogy Sl
Cawds loodls g w,» (Kolmogorov —Smirnov)
cod EXel 530 a o olié szl pin colls 5l ensl
IBM, ) SPSS 33l o5 5l bools (gl oy (sl i
9 45 sl ol eolans! (SPSS Statistic, V. 20
One-) ad,b Sy uilyly 56T gy 5l b osls b
a905) 5l esls (uKiles amslie 51y 9 (WAY ANOVA
b ooliiwl woys O sl L Tukey glaslsas

2 ADCI= Apparent Digestibility coefficient
Ingriedient

¥ ADCT= Apparent Digestibility coefficient test
diet

* ADCR=Apparent Digestibility Ciffocient
Refrenced diet

VOV

6)5]é"’> oJJLo..Sla 6‘& sGQQL.\.C )‘ B C\.Q.Jo s
S B aads FO i 5l w9 (Yun et al, 2014)
@S 50 oaile Lo o)l gedan i leg 5l celw
ONLAT S| ey ondiger gobae 5 slaer sk
50 5 JEl olBislesl 4 slezsil sloo yo dlo 3elS )
Catacutan ) ai (g lagSs ol 5 il az,0 =Y+ les

.(etal., 2003

Sy 9 S92 leoadgn OluS )5 (65 ol

P Lo
a0 V0 oyl 0 S Sis L Sis oole
Joe) JILS ows jl eslatwl b gl iy ool 8 il
Kjeltec Auto Analyzer 1030 Tecator,
oKiws jl oslaiwl L pls ,> «(Hoganés,Sweden
Soxet System H.T 1043 Tecator, Jos) aluSow
e 5l oolaal b el 65, (HOgands, Sweden
Calorimeteradiabatic C-400 IKA, Joo) e )5
=5 Heiterbeini, GMBIL,Brussels, Germany)
2 Sl g 5 S psilgainnt b i 5l e ol
(AOAC, 2005) o,lailew! iy, ooy g5900 g 0>
3 ez eole 3,85 L (NFE) ol 5l s)le o las
Sy JaS g b ()2 (eBgn polie ggee
10 antd 5 oy £330 9 0 3 o S ST (e o]
SIS pasl (ladge o) man Jole i e
olws o ol Wiged p)5 Sy e 5 (sl
Schimadzu, UV-Vis, 2100, Jow) yegidg S
Oyt oKails anb mls suSisls 4o Kyoto, Japan)

Gl i Soll a5 Sell (U )
39790 &5 5 (07 5 Oisn) ke dsa' (ADC)
Sy (S dolee I ctalejl opz g B 0 o

(Cho et al., 1982) sl
ADC = [1-(F/D x Dcr / Fcr)]
S350 (5551 b 9 (2% «OeFan) (S3nedlye w3 <F
2 (o7 5 Oefs ) sisedlse a0)0 = D iggdan o

! ADC= Apparent Digestibility coefficient



e sl 05 0 Jshiie slial 58l aika cubils Guas

oy AV YlS o)1 sy AY &3 5 pas o, ] Sas
aoys AF oad (65913 Glgw 5 ao)d Ve Lgw albus
Sis oole pan Sl o gl lo e glis Lo
Bl 1 BLS ol o)1 w3 (gl S (35lS
a5 odalive oud (5912 Shgw 5 @ (Bl o) iog
o Dluls o, Sz oole man olils LI (P<0.05)
5 5,8 8,1 (paiS o)l (leinl g CbgS 8,1 (e )]
S y95 e (2l sl I feS (glodxe jobo a4y VgilS

.(P<0.05)

Sis oole gall s ol 4 bye  mls
ALY Joozr o 2 izl 6551 5 @ onSen
= BLS ol j05 Sis oole pan CollB ool ouls
Soy0 M gz ale jog 5 e U Yl oz g
GreS mad Colll g0l mle Sis ool g
el Sz oole mas CoblE (as,s YI-AY) sl
oole an Colld g wspe A YL Oy g pusS

Oeidd ggdun (59l g b I (Blald dgS 10 IaE Il 6551 5 (22 iR (S 0olo (6ol i Coll Y Jgus

(SE * (1uKlw) (N=7) o

Table 3: Apparent digestibility of dry matter, protein, fat, and energy nutrients ingridient of in Huso huso via

settlement fecal collection (n = 6) (mean + SE)

(000) (5 2B pan ol el
35! <z o9 s osle

SYZALEAVAR o V¥V /Ay AATAEATAS AT AL AP LS alo o)1
AY/YFE [5FC AY/ovE-/) -2 AY/FVLY/ Y L+ JAFE) [OAT = ol o)l
AR/FEEN [AD° QY FE Y el o VAP Y/ VE VAP RSN
AQUAYEY[F1° AVIFAENFY® A1 £ AP AAIAYE - [y % oS 5 ales)l
AMBAE-VY © AY/SSErA P AVIOF£Y/-\ P yynazy s iy Olals o)l
VeI VE/FYate /Y FC FO/AAL-FAC AF/\ Y Y Y90 Syl g oS o)
YN YE/AC BVYYEY\AY §ele Ak VY ANIZANEY Y|
VIV/AOEY/N? VYot ¥ AF/) Y/ F0 SANE At pAS igls
AVAYEANC PV sy ARV FEV) FP AV/FEE /7Y RN
FEIVERYNY ¢ aV/PVAY/-0 9 FVIY YA C AY/E\£Y/YE T poS 3]
Ve xy/sst OY/YAEY/- 59 OA/FAEN V/00° AY/AV £« AFE |
SEIAAEY /55 SYNYEY/ 5 ZYSEN e ISVAETIA Yyl 5]
VY - IVAZOAD SAIYFL./VEE AV Y- [F0% AF/- /) ¥ oa 6,9l sbigms
R LR Y S VARE DO o AY/$a%- [FA e [¥ N F/ AP Ly allos

.(P<0.05) axiwa g ol Jlo e BB gl)ls otw ,o 10 Siglite g, b olael

e Sl )0 gkl o s S| cils 18 ws o
5,0 (ple 3] g5 aw fre Slals o)1 eign o2l
ale s (55 ol )] 5 oz (2l o)l @ ol
O g paS Gl Y gy b Bl e
ey man bl (P>0.05) il samlie (&)3
Golel o sime Sglis g AlniS g 0uds (55518 (Sliges
51 9 Vb (tign b (#LS b (2le 35 5 ez b

AM-AFA ol g g9 Sy (eSon par ColB
MO (6,5l ple pan colilB (P>0.05) og w0
L 2lS mle iy man ol oy £4/-A
ANVYE g AFNE ()3 (55 ¢ paiS (56l YL (g s
L 2lS mle (n89n 6,0l man Zobl g ao)o
3,1 g AloniS w0uls (5 518 Slig) 05 (s e
OA-FA-AVIY als jo (©),3 o,l 5 pas o)1 VailS

VOA



Ol 2 ale dlas

53 ‘g)"'bﬁ)" (S oole w.oajb u...lalﬁ (et al, 2016
Colo) lie 3o @ g oz LS ale 05 6550 5
oole i Sl ogy duoyo e (YL g il (18 ooy
2 BLS b pon S5l s e eBan SiS
5 AANVEVA QYYEYN AADEYF Wao i olold
wan oLl (Safari et al.,, 2014) as,s A7/ALV/A
)‘ IR W) 4...@& ‘SDLQ )\39.» 6))4‘ 9 g)""‘“’ﬁj" S oole
plewl 4> ;o QL Fishmeal Sdn. Bhd LS
wan Cobl g oo, ABIY 5 AONY FFIN e
Sz ST ale )3 oleie (plo jogy s n 2L
Hajen ) as,s AY (Oncorhynchus. tshawytscha)
3 39390 wlidis! Y| .o s 40, et al., 1993
Sllllas 5 asdllas ol ,0 KLS ol jog) medan coils
4 ol dobling, 1994) 5 wisS o a4 oo
Silva et al., ) oo Jad g cpw o Soae dlgo lode
@ bgye 55 5 o8z @ ol on o 5 (2013
yo g slaal g dlaal) ad, 16 adgl slge 5 (559l 0970
Liu) cool cale jo5 aups ;o (st p Sluls g 2le
g S oolo ¢puigp man bl 5 as et al., 2013
el o&y )LX?J..\)LJ UT 6)))‘

Y g b (2LS @l 551 9 (eiign e Co bl
Sl 00,5 8,91 aue )0 AY/AYE g VIV/EY/ 5 a0
0 PS5 58lS 655 5 (27 e n (Sl ool s
Safari et al., ) asps VA 5 V& AY QA alls
syl (Pfeffer et al., 1992) aoyo Voo LS 5,
A e ceas LYL utign o s 4 1) aLS
6Yb C}Ja»: 3Ty MWM‘ WLA J.:L‘Bs).: HEWpN R
25 o5 Jlssien 0I5 L 35z pas 5 (ousbislS
<olil8 (Tusche et al., 2012) oo co Cod gl dss
Srm Bl b 50 S50 Gl g n pae
Wgo o 2leld 5 (Mirzakhani et al., 2018)
39 o, AYID ¢ VYIF o5 (Safari et al., 2014)
o plil danlllas ;o ool Cawds od, 5l Homb a8

ATAR

5 paS o, Vgls o,1 (P<0.05) cslai §,0 Slasls
Rl @ Cand 58 Gelign e Solll o) o))
(P<0.05) aals lae o>l

AVIFE-ANIYY ole ;05 €9\l o)2 o bl
Gl mle oy par cobls (P>0.05) oy ao)o
L S bl Ssn ear bl wo,s 0V-AY
FYIY o YYD (&) (5elS 5 paiS 59l8) YU iy
b LS efon albe 6ol pan ol 5 wo )
Lgw AluiS w0ads (55913 Sbgm) o5 CuBgp e
SFAYY cogaze yo (paS o4l g )3 o)l YeilSs)l
pas saumailis g kel UT el 18 as,s OV/EY
Ero Olmls oj oz e Soll le d)L"T |
e i bl Ll (P>0.05) 55 ale o)1 glsil L
€9 ke b amalie )3 ol 9 Vb (9 b (ALS wlie
I3 Sroml gl 3 Ep Sluls 35T 5 ale o)
(P<0.05) cusls

Soyd A7 ale o5 g5 )z 65l pan coL
VE-AR 6,5l mlie oyz pid Cualls (P>0.05) o5,
e b (ol mle 85y mas Wbl ws)s
Y/ g VIV ()8 (56lS 5 paiS 56l YU (59
Sade L L,>_‘z,L,_s’ cle b cas ool 5 wo)o
VglSs,l Lo oS w0sds (5591,3 sbgm) o5 (a9
S8 ae s FEIVE-NY . aals o (pasS 0,1 g )3 o)l
5 s 0y e Slals o) (65, pdn ol cols
2l o5 55 ,lez b oyd 5islS 5 (93 o)l sl
S 5ylel Slo gme glas sl molejl jo azd, I
ez b paiS 5508 65 wda culls Ll (P>0.05)
Sosine Dglas (slls ialesl jo atd, I ale j00 g4
(P<0.05) 59 (s,

-
9 Srae p NS0 6,881 she dlge man ol
arg 3l sl jo 5 00n hely o 1 LK
A pas Sl sl Sy5e y0 GBS 4 ok
0 olbele dilize class o ohé dlike gl
Heinitz ) coul oo olo jog sl 4 050 jelaie



e sl 05 0 Jshiie slial 58l aika cubils Guas

095 9, CudS oe ol ¢ (AKiyama et al. 1992)

Sy Sialeyl opl yo
e Sl o i o8 Gefgn b LS @l s 5o
5 by AbS @ Gl o)z 9 (e n «SiS eole
S giae US| a5 5g 0al (5,918 Gligw xS
bl cila as, IS5 ol o g9 ) L)l
AYIER § A+ /TY Lgw AlluS iz oolo 5 (puiig a2
3O g p el Candy pan CollB an 8,9l a0
5 2oy Flse iy oleld 5l i (bl ol
Mirzakhani ) aus o 81V 0,5 YA+ (5 s (plo b5
30 Lgw 0,1 ity pan colld oy (et al, 2008
Liuetal, ) o, AV (05 A (6w 2l Wb
gy g S ool man ol al 5,60, (2008
Shsl(@oys AYNYy AF/F) ons 5,518 slige
L o9 st olfws 5l (2838 9 s)lg 5 o Hoee
P84 5 48,5 )18 o 0,50 Sl sloansl 5 Siguag

ash SLill) a5 edel g gy laaiy
cusls man el Gl las [(els L oS sl
3,1 efigp man bl LI .(Zhang et al., 2002)
SAY Sz oole wo s DA-FD YgilS 5 &5 o eniS
do )3 FEIN-Y o (65, 5 doyo DV-FY 5 )> oy AN
s @ Vsl Ygils o)1 ol i ol ol 5,91
5 Y53 I] sluds s slayeSl asxg
2 9 dsbe b)) lasliind slasy Sle b
e 5o &5 pals cle 4y pusS o)1 (sl
(doy0 Vo) YL 8 g (pae BB Oljues)S)
O3 0,] ean coblB zals 4 (Guttieri et al., 2004)
3l @i slge ks lie falS 5 YU azulas Lo
oixlesl o (Allan et al., 2000) sl o (5,155 o)
oolawl b oads (yuiiddl g980e (5 9laer SLuST 5l Lol
O 3l da Sl o Sild lawgd 0ged (gt 3l
ap Sl ulis Ll s eslinul ale Lawgs 13
Voo Vb oad gy518 Gbsw 5 paS S (655
copo (Yoro) olen o Allan os sy5lp ao)e
SRl g Sis oole jo 1y doyo Voo YL pean o LB

Bidyanus ) slo s GBguw oo 0 &,3 (56l8 ¢ 5 o]

iy 5o els s 4 Yzl a5 el (0o ys AANF)
5 (VA ol Ken 5 Mirzakhani gséoe 5,5lae>
(V) oL, Ken g Safari Lilejl o cale e g o5l

VI

4o oad &Ll polie I paS asllas cpl o (as)
Safari et al., ) (ao,0 NY) Wso i plld
555, Y158 9 (a0 AFIY) gas5 ol <ol (2014
5l s o (Sigiura et al., 1998) (swe s A0/3) ;LS
(Thompson et al., 2008) (as,o YONF) Mo by
o olnls 3,1 gdie Olge paan Coll jo Cglis oy
S291,8 0956 5 oams oSas slizl b e e ol (Sl
ail gg8ae 5 9lae> s, L (Allan et al., 2000)
«Sis oole pan oLl o (Bureau et al., 1999)
anllla o plyeinl g b o)1 655l 5 (2 eon
s oole opl piSgn e ublé g (Liu et al., 2008)
doys NOIF S Y e wle b
U mbs opl ol o0, (Mirzakhani et al., 2018)
G yan Glgtinl § CbgS 8,1 CuhS 4 atuly gob; o>
(Parson et al., 1997, Wang  ico oldlas o oo
5,1 ;3 39340 o> lade 5 and Parsons, 1998)
aslllas ;5 (doy0 YAIY) solitul 590 lgcinl 5 CuiigS
S92 NS 80 (pagp wan Cobl p &5 sl ol

(NRC, 2011)
asdllas ;o 5% 9,1 (27 5 Oeton L s oLl
onds &5l polie 5l yieS (ao,s BVIYY 4 £4/A) Lol
(2o, VYN g YYIV) (YN F) o, ¢ Saffari lowgs
e CoblE 350 10 oad &l @bt b alie Lo,ds
Jlie ;0 YENY) adllas o] j0 95 8,1 555 (5 0lb
055 31 Gyl Akl Sl s sy (aoys VVID
s Sl (laledl 0,5 Sas i) de s
05 Ol a0 Gglae o w NN ol
Sl P (ntiny B (el lis ,o (LS

\o



Ol @i cale dlas

.DOL: \Y-YY (x) YA Ol
118906.2019.1SFJ/22092.10

Akiyama, D.M., Dominy, W.G. and
Lawrence A.L., 1992. Penaeid shrimp
nutrition. Developments in Aquaculture and
Fisheries Science, 23:535-568. DOI:
0rg/10.1111/j.1365-2109.2001.00528.x.

Allan, G.L., Rowland, S.J., Parkinson, S.,
Stone, D.A.J. and Jantrarotai, W., 1999.
Nutrient digestibility for juvenile silver
perch Bidyanus bidyanus: development of
methods. Aquaculture, 170, 131-145. DOI:
10.1016/s0044-8486(98)00397-4

Allan, G.L., Parkinson, S., Booth, M.A.,
Stone, D.A.J., Rowland, S.J., Frances, J.
and Warner-Smith, R., 2000.
Replacement of fish meal in diets for
Australian silver perch, Bidyanus bidyanus:
| digestibility of alternative ingredients.
Aquaculture, 186: 293-310.
DOl:0rg/10.1016/S0044-8486(99)00380-4.

AOAC., 2005. Official method of Analysis.
18th Edition, Association of Officiating
Analytical Chemists, Washington DC, 526
pp

Bureau, D.P., Harris, A.M. and Cho, C.Y.,
1999. Apparent digestibility of rendered
animal protein ingredients for rainbow
trout, Oncorhynchus mykiss. Aquaculture,
180: 345-358. DOI: org/ 10. 1016 /S0044-
8486(99)00210-0

Catacutan, M.R., Eusebio, P.S. and
Teshima, S.1., 2003. Apparent digestibility
of selected feedstuffs by mud crab, Scylla
serrate. Aquaculture, 216: 253-261. DOI:
0rg/10.1016/S0044-8486(02)00408-8.

V2

o3l o Sy wlalaal 4 1y o 4 esaliw (bidyanus
@hE olge sial 5 GlE Gl ooyl U 68
obe VYA oL 5 Windell Ll .ssols s
53 Syslanz b9y 50 spdel uyiiar & Wiogel
ool @ jlam cele S (b )5 5l oSS Gk
L sdse olge 38, Cawd 5l comge a5 5 b Sl oS
ST S iee o8 bl 5l 005 0 S L
oy 5 (Rawles et al, 2010) o5 o1 jo p5,8
ol 005y el SO 3l S SSU 31 980 (550
S 5 o8 T (el (lbs Yzl
Oliee b onlis pas 5 8 00l (5518 Sliges 5 oS
Ol oo 1y el adss lale ge8ue 5l oaeliaway (55,
ST e PIRC S (N SV Y P
Dged Olyie 5553 (oL

aS osls cYs a5l el ey b ( IS ek 4
sl (ol o] gl casln pan a4 o6 alald
51 5 pasS 3slS (D)3 (35l) ead (08 LS
oo GBS S 0 bg ablige (o0l 5ysl 8 slises
| s iS5 0 Sl 3,1 iy pbi ol
Suz ol g Jeil (Rl Gl @ ol (o
28,5 L 55 ais cnl o solail oz GsenYse B

SO0 g S
OLlee als 511 09 g1l ile GBS
dge oy 9 G35 Gysnei! slagis
Sidge QLB ohg )35 by phelewl Slides
WA g Ghygn oS Silaed byl g lber Cpmme WIS
Al ool wizils sage n 1y lale asy

&bo
o 00 gl d.e e o ‘o)é g;‘?s‘ e 9 s‘ﬂ
P b ale o Sl S1AYAY Lo (g8l
W ,0 Sles 5 (Tenebriomolitor) o,; Swgw o,
ol sloyially 5l (B g mliboyyS slaasle
LSS, YIUB plale e olasle
s e alxe (Oncorhynchus mykiss)


https://doi.org/10.1111/j.1365-2109.2001.00528.x
https://doi.org/10.1111/j.1365-2109.2001.00528.x
https://doi.org/10.1016/s0044-8486(98)00397-4
https://doi.org/10.1016/S0044-8486(99)00380-4
https://doi.org/10.1016/S0044-8486(99)00380-4
https://doi.org/10.1016/S0044-8486(99)00210-0
https://doi.org/10.1016/S0044-8486(99)00210-0
https://doi.org/10.1016/S0044-8486(02)00408-8
https://doi.org/10.1016/S0044-8486(02)00408-8

R v | KBRS JJ‘AZA 9‘}‘ (SJ.ALB ‘a...A.A ;.\fLL.Q Oans

Cho, C.Y., Slinger, S.J. and Bayley, H.S,,
1982. Bioenergetic of salmonid species:
energy intake, expenditure and
productivity. Comparative Biochemistry
and Physiology, 37B: 25-41. DOl:org /10.
1016 /0305-0491(82)90198-5.

Ginindza, J., 2011. Effect of Protein Levels
on Nutrient and Energy Digestibility in Diet
of Arctic Charr, Salvelinus alpinus. United
Nations University Fisheries, Training
Programme, Iceland, 30 pages.

Glencross, B.D., Hawkins, W.E. and
Curnow, J.G., 2003. Evaluation of canola
oils as alternative lipid resources in diets for
juvenile red seabream, Pagrus auratus.
Aquaculture  Nutrition, 9: 305- 315.
DOl:0rg/10.1046/j.1365-
2095.2003.00257.x

Glencross, B.D., Booth, M. and Allan, G.L.,
2007. A feed is only as good as its
ingredients — a review of ingredient
evaluation strategies for aquaculture feeds.
Aquaculture  Nutrition,  13: 17-34.
DOl:0rg/10.1111/j.1365-
2095.2007.00450.x

Guttieri M.J., Bowen D., Dorsch J.A., Souza
E. and Raboy V., 2004. Identi¢cation and
characterization of a low phytic acid wheat.
Crop Science, 44,418-424.

Hajen, W.E., Higgs, D.A., Beames, R.M. and
Dosanjh, B.S., 1993. Digestibility of
various feedstuffs by post-juvenile chinook
salmon, Oncorhynchus tshawytscha in sea
water. Measurement of digestibility.
Aquaculture, 112: 333-348.
DOl:0rg/10.1016/0044-8486(93)90393-D

Heinitz, M.C., Lemme, A. and Schulz, C,,
2016. Apparent nutrient, energy and amino
acid digestibilities of common feed
ingredients for carp diets, Cyprinus carpio.
Aquaculture Nutrition, 22: 1065-1078.
DOl:org/10.1111/anu.12324

Jobling, M., 1994. Fish Bioenergetics. Vol.
13, Chapman and Hall, London, UK.

Liu, H., Wu, X., Zhao, W., Xue, M., Guo, L.,
Zheng, Y. and Yu, Y., 2008. Nutrients
apparent  digestibility
selected protein sources for juvenile
Siberian sturgeon, Acipenser baerii Brandt,
compared by two chromic oxide analyses
methods. Aquaculture Nutrition, 15: 650-
656. DOl:org/10.1111/j.1365-
2095.2008.00634.x

Liu, H., 2013. Apparent Digestibility of 12
Protein-Origin  Ingredients for Pacific

coefficients  of

White Shrimp Litopenaeus vannamei.
American Fisheries Society, 75:90-98.
DOl:0rg/10.1080/15222055 .2012 .71 6019

Lovell, R. T., 1989. Nutrition and Feeding of
Fish. Van Nostrant-Reinhold, New York,
USA.

Medale, F., Gorraze, G. and Kaushik, S.J.,
1995. Nutrition of farmed Siberian
sturgeon. A review of our current
knowledge. In: Proceedings of the Third
International Symposium on Sturgeons
(Gershanovic, A.D., Smith, T.1.J. Eds.), pp.
289-298. VNIRO Publishing, Moscow.

Menghe, H., Edwin, H., Robinson, R.,
Daniel, F. and Penelope, M., 2012.
Evaluation of corn gluten feed and
cottonseed meal as partial replacements for

\PY


https://doi.org/10.1016/0305-0491(82)90198-5
https://doi.org/10.1016/0305-0491(82)90198-5
https://doi.org/10.1046/j.1365-2095.2003.00257.x
https://doi.org/10.1046/j.1365-2095.2003.00257.x
https://doi.org/10.1046/j.1365-2095.2003.00257.x
https://doi.org/10.1111/j.1365-2095.2007.00450.x
https://doi.org/10.1111/j.1365-2095.2007.00450.x
https://doi.org/10.1111/j.1365-2095.2007.00450.x
https://doi.org/10.1016/0044-8486(93)90393-D
https://doi.org/10.1016/0044-8486(93)90393-D
https://doi.org/10.1111/anu.12324
https://doi.org/10.1111/anu.12324
https://doi.org/10.1111/j.1365-2095.2008.00634.x
https://doi.org/10.1111/j.1365-2095.2008.00634.x
https://doi.org/10.1080/15222055.2012.716019
https://doi.org/10.1080/15222055.2012.716019

Olon) @M gale dlae

soybean meal and corn in diets for pond-
raised hybrid catfish, Ictalurus punctatus x
Ictalurus furcatus. Journal of the World
Aquaculture Society, 43: 107-113. DOI:
1111/j.1749-7345.2011.00542.x

Mirzakhani, M.Z., Abedian Kenari, A. and
Motamedzadegan M. A., 2018. Prediction
of apparent protein digestibility by in vitro
pH-stat degree of protein hydrolysis with
species-specific enzymes for Siberian
sturgeon, Acipenser baerii, Brandt 1869.
Aquaculture, 496: 73-78.  DOl:org/10
.1016 /j.aquaculture .2018.07.014.

Naylor, R.L., Hardy, R.W., Bureau, D.P.,,
Chiu, A., Elliott, M. and Farrell, A. P.,
2009. Feeding aquaculture in an era of
finite resources. Proceedings of the
National Academy of Sciences of the
United States of America, 106: 15103-
15110. DOI: 10.1073/pnas.0905235106.

Nengas, L., Alexis, M., Davies and S.J.,
1999. High inclusion levels of poultry
meals and related by-product in diets for
gilthead sea bream, Sparus aurata L.
Aquaculture, 179: 13 -23. DOl:org /10
.1073 /pnas.0905235106.

NRC, 2011. Nutrient requirements of fish and
shrimp. Washington: The National
Academies Press. 506 pp

Parsons, C.M., Castanon, F. and Han, Y.,
1997. Protein and amino acid quality of
meat and bone meal. Poultry Science, 76:

361-368. DOI:org/10.1093/ps/76.2.361
Pfeffer, E., Al-Sabty, H. and Haverkamp,
R., 1992. Studies on lysine requirements of
rainbow trout, Oncorhynchus mykiss fed
wheat gluten as only source of dietary

V2T

protein. Journal of Animal Physiology and
Animal Nutrition, 67: 74-82. DOl:org/10.

1111/j.1439-0396.1992.tb00585.x.

Rawles, S.D., Thompson, K.R., Brady, Y.I.,
Metts, L.S., Gannam, A.L., Twibell, R.G.
and Webster, D., 2010. Comparison of two
faecal collection methods for protein and
amino acid digestibility coefficients of
menhaden fish meal and two grades of
poultry by-product meals for market-size
sunshine bass (Morone chrysops x M.
saxatilis). Aquaculture Nutrition, 16: 81-90.
DOI: 10.1111. j.1749-45.2006. 00034.x

Refstie, S., Svihus, B., Shearer, K.D. and
Storebaken, T., 1999. Nutrient digestibility
in Atlantic salmon and broiler chickens
related to viscosity and non-starch
polysaccharide content in different soybean
products. Animal Feed Science and
Technology, 79: 331-345. DOl:
10.1016/S0377-8401(99)00026-7

Safari, O., Naserzadeh, M. and Mohamadi
Arani, M., 2014. Digestibility of selected
feedstuffs in subadult Caspian great
sturgeon, Huso huso using settlement
collection  and  stripping
Aquaculture  Nutrition, 22:
DOl:org/10.1111/anu.1224

Silva, T.S.C., Moro, G.V., Silva, T.B.A,,
Dairiki, J.K. and Cyrino, J.E.P., 2013.
Digestibility of feed ingredients for the
striped surubim, Pseudoplatystoma
reticulatum. Aquaculture Nutrition,19: 491-
498. DOIl:0rg/10.1111/anu.12000.

Tusche, K., Arning, S., Wouertz, S,
Susenbeth, A. and Schulz, C., 2012.
Wheat gluten and potato protein
concentrate promising protein sources for

methods.
293-303.


https://doi.org/10.1111/j.1749-7345.2011.00542.x
https://doi.org/10.1111/j.1749-7345.2011.00542.x
https://doi.org/10.1016/j.aquaculture.2018.07.014
https://doi.org/10.1016/j.aquaculture.2018.07.014
https://doi.org/10.1073/pnas.0905235106
https://doi.org/10.1073/pnas.0905235106
https://doi.org/10.1093/ps/76.2.361
https://doi.org/10.1111/j.1439-0396.1992.tb00585.x
https://doi.org/10.1111/j.1439-0396.1992.tb00585.x
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj89riHo8_XAhXDDOwKHcBcDd4QFggkMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F03778401&usg=AOvVaw1kltuYAZRiv_YLcP5TkdO0
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj89riHo8_XAhXDDOwKHcBcDd4QFggkMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F03778401&usg=AOvVaw1kltuYAZRiv_YLcP5TkdO0
https://doi.org/10.1016/S0377-8401%2899%2900026-7
https://doi.org/10.1111/anu.12246
https://doi.org/10.1111/anu.12246
https://doi.org/10.1111/anu.12000

R v | KBRS JJ‘AZA 9‘}‘ LSJ'AU" ‘Q.A.A.A g:e.‘;l:q Omaas

organic farming of rainbow trout,
Oncorhynchus mykiss. Aquaculture, 344—
349: 120-125.
DOl:org/10.1016/j.aquaculture.2012.03.009
Wang, X. and Parsons, C.M., 1998. Effect of
raw material source, processing systems,
and processing temperatures on amino acid
digestibility of meat and bone meals.
Poultry Science, 77: 834-841. DOI:
10.1093/ps/77.6.834

Williams, K.C., Patterson, B.D., Barlow,
C.G,, Ford, A. and Roberts, R., 2003.
Potential of meat meal to replace fish meal
in extruded dry diets for barramundi, Lates
calcarifer ~ Bloch, Il.  Organoleptic
characteristics and fatty acid composition.
Agquaculture  Research, 34: 33-42.

DOl:org/ 10.1046/j.1365-
2109.2003.00786.x

Yun, B., Xue, M., Wang, J., Sheng, H.,

Zheng, Y. and Wu, X., 2014. Fishmeal can
be totally replaced by plant protein blend at
two protein levels in diets of juvenile
Siberian sturgeon, Acipenser Baerii Brandt.
Aquaculture  Nutrition, 20:  69-78.
DOl:org/10.1577/1548- 659 (1978) 40
[51:MOFCAN]2.0.CO;2

Zhang, Y.C., Li, D.F., Fan, S.J., Piao, X.S.,

Wang, J.T. and Han, 1.K., 2002. Effects
of casein and protein-free diets on
endogenous amino acid losses in pigs.
Asian-Australas. Journal of Animal
Science, 15: 1634-1638.
DOl:0rg/10.5713/ajas.2002.1634

Vo¥


https://doi.org/10.1016/j.aquaculture.2012.03.009
https://doi.org/10.1016/j.aquaculture.2012.03.009
https://doi.org/10.1093/ps/77.6.834
https://doi.org/10.1046/j.1365-2109.2003.00786.x
https://doi.org/10.1046/j.1365-2109.2003.00786.x
https://doi.org/10.1046/j.1365-2109.2003.00786.x
https://doi.org/10.1577/1548-%20659(1978)40%5b51:MOFCAN%5d2.0.CO;2
https://doi.org/10.1577/1548-%20659(1978)40%5b51:MOFCAN%5d2.0.CO;2
https://doi.org/10.1577/1548-%20659(1978)40%5b51:MOFCAN%5d2.0.CO;2
https://doi.org/10.5713/ajas.2002.1634
https://doi.org/10.5713/ajas.2002.1634

Iranian Scientific Fisheries Journal Vol.29, No.1

Determination of apparent digestibility of the common ingredients used in the feed of
juvenile Huso huso

Sayed Hassani H.M."; Sajjadi M.M.**; Falahatkar B.'; Yousefi A.2
“mmsajjadi@hotmail.com

1- Fisheries Department, Faculty of Natural Resources, University Guilan, Sowmeh Sara, Iran
2- International Sturgeon Research Institute, Agricultural Research, Education and Extension
Organization (AREEOQ), Rasht, Iran.

Abstract

Apparent digestibility of dry matter, crude protein, crude lipid and gross energy for fish meal (kilka
fish meal, mixture fish meal, batch fish meal and south fish meal), some of the animal sources (poultry
by product, meat and bone meal, blood meal cow), plant sources with high protein (wheat gluten and
corn gluten) and plant sources with low protein (wheat meal, corn meal, canola meal, prepared
soybean meal and soy bean meal) in juvenile Huso huso (160.42 = 23.35 g) were investigated.
Experimental diets were formulated based on 70% of the content of the reference diet and adding 30%
of the ingridient test. One percent of chromium oxide was added as an indirect marker to all diets. Fish
were reared in fiberglass tanks (500 L") for 8 weeks and fed satiation two times daily. Collction of
settlement faecal were carrird out half or one hour after feeding via siphon deposited on the tank floor.
Reslts indicated that Kilka fish meal had the highest protein digestibility (94%), but significant
differences in the digestibility of batch, South and Combined fish meal (93 to 89%) with wheat gluten
and corn (94 to 89%), prepared soybean meal and soybean meal (87% to 82%) and poultry by product
(81%) were not found (P>0.05). The highest lipid digestibility was found in batch fish meal (92%),
followed by kilka fish meal (91%), south fish meal (90%), combined fish meal (89%) and poultry by
product (83%) (P <0.05). Current study showed that prepared plant sources have digestibility such as
fish meal, although poultry by product and soy bean meal can be considered as a possible alternative
to fish meal for the formulation of commercial diet in Huso huso juvenile.

Keywords: Huso huso, Reference diet, Fish meal, Plant sources, Animal sources,
Digestibility
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