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Table 1: Ingredients of experimental diets for feeding of Salmo caspius
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Table 3: Whole fish proximate composition (%) in Salmo caspius, fed the diets containing different levels of betaine
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Table 5: Apparent digestibility coefficients (%) fed the diets containing different levels of betaine

ol o o

w3 VIA+ abopa w3V f+ alops

(a3 b asLis

il it 4l oy sl digai
INTRE VN AY/-£5)y .2 AV/-£4/090 INTRES NG Sas oole
AN REAREY 9y/-+q/V§fP QY /-£Y/YYP ay/-£9/f-2 e
AVTREENIAY qV/-£Y/F)2 40/ EAIYAD ay/-£y/¥2 Jpes

P14 0) awn 5kl s gime S| 5l ls o8 4 s il o S yido By 03l a5 Sla Sile (giw ,o 50

30,55 ialesT solatnl 8,90 sbgw dllowS glaydssas

@ Olgiee ab) sl il Grals Jlesat Yo 5l (s

VFY

-y
L lab 1ae )5 5 0l Wy, ol dslllas o
ouls adsi lale 5l (gl Jxe job 4wl 0 boud

).:U.JL: U.Jl.u L oo ‘54: Lgl;w).:.? Wl 6&4.3943 L


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.3.2.1
http://isfj.ir/article-1-2322-fa.html

[ Downloaded from isfj.ir on 2026-02-04 ]

[ DOR: 20.1001.1.10261354.1400.30.3.2.1 ]

o A8 8 saa 4 s S (u 908) 550

Q‘J‘S.A.AJU_L.AA.A

bles slp ol die gl b (138 0 il
20 sbys ol eale ady 5 laé slge (B yas
@l loe 65972 2L e n ol 2 o
ol 51 S (vaay) Thompson 4 Nussler iags
5 S g il o olde g cl S e g

5 18 Dl lie i 8 (e 45 Wgdoe s o Sl
5 Virtanen wlasss zls .l o Gl ol ol

o 50 0wl ZV-V0 5l soliial L (149A) o] Sen

oy Wb,y arls cao,e VY ilidl 4 e YT 58
258 2l 5o plale e g S VP ials 5 (SGR)

Sgrt ey gy Rl o bl 3L Geizran 0)S
S35 ool plp 53y 9 S o B Sl
AYAY e 5 Slogw) ool fd azm 0 Lo
TR W) DR SNVIRINPIN GO Q b i VARPR S COV-NP P OWE 9%
LSen 5 areg ) Y155 obe s QYA () San
el 00wy LS4 (VYR

@l Fahw o cxe 3 Sly ool &l slacsls
D alY Cusb, g (25 (wSgn polie popa (Sl
@ oeFen Ol ool (238 0pz @ 3l g3l L
b Ay oy Bl o 5 (Rl g y5b
e oz 0 Gl 0y a8l alS (gl e

1y o] Jols5 5 sremsliyr s comg 2l ) lenle
ool 5 90l o S on Lk s Jshos ol (55,51 o L
O 50 Mg S o Al | 0ad (92 40 (655
oy ad; g e n Cole al 0 g wles oolanl

(Moeckel et al., 2002) oS o0 loJsh

Jeto (Swimd G b rditns job 4 (8l (izeen

So olge 4 (Shgdnd g Sple ol aily)

e 3l xSl ca 5 WS (o Joo S50

oyl plo .(Kasper et al., 2002) 545 o oS, o>
5 e aslonl (igaite il (g0lge el o

Oeed g 3 (il egn Sl &5 )8

Wsdise oy il g pas 5 ooz (gl
Polat and Beklevik, 1999; Eklund et ) s s &
2 2o a asmale Sud il caw a5 @, 2005

So9n Sl g ol 0 Cuols (pl Logh e

ch Gl S 8 45 e 2l 5 Sl
ged o)Lal 4l o2 j0 (2LS (s

355 3 yySB cnl o)ls (o o iz 5 ole S0

o ygo (e 090,5 co s O3 slaaswlgial g laoiy
3 S oz SosS slaviy sl slalae a5

Choetal., ) a,ls 5,5 sloacs b slblie b anslis
Sl oo > lasdl> aige polis (043381 (2008
as asl e cpl @8, Gl > oly wlgs o Lgaw o]

, o3l of5T slasnwlgel 5 ams (malS 1) bgw &b oje
(b5l elul » (Ma et al., 2013) sl o3
Y- (_;Yl.‘: LQLQ’C)).B L Gbl.»f ‘_gl.bu.:)i:b )| oolaiul QUT
Ol QL:,mLaol)‘] Ay 0 Slas o aie LSU e 6,8
oen 5 Kraugerud olidss gmlo .ol pdy
e, TVl goime old o wls las (Y40 Y)
ST ale po p Koz ab, ials cel Lgw dlbus
ol Sldlas 51 Sy aldl as bl gl
PS8 b ple 0yl uo o Ve e 5 Ve (Kl
0y 08es 50 2l b 536 L i 556 (p
on Ol oS 5:55) VI JB (b (13 0
yol> adllas mls b as (Slawski et al., 2011) o
adle & plie

odd oS 0jg p ) N 2 09 ol addllas 5o
G5 o> b ool 4dss Lol ofg o, ald
ouls adsi Slabe 1 ghlo g job 4 (p3ly ws o YA
0938 a5 el )] Silo 095 cpl 090 YL Wb o> b
e o 4 Gluds S S glge 4 0l
Slo,sSB S Sl B LS sy sl
Slgo Bras ol & hled ple cpl jo Gladss as
Sl3T ooy 0l o Shas 8400 5 (25 a4t o olae
2355 oS5 Vezsl s walys s | 35 by
i8S 50 005 oo 2l i S
2y @bl Sse e x5 5 (STt s

305 Olo Ol os sl (nl @S 4 x5 b oo S o

VFY


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.3.2.1
http://isfj.ir/article-1-2322-fa.html

[ Downloaded from isfj.ir on 2026-02-04 ]

[ DOR: 20.1001.1.10261354.1400.30.3.2.1 ]

Yo (M) Ol odled gale dlas

Ly oo e I spdypan (e ol o (BLS
Sldb pleleslil aliwsar o1 Gl iz 4 azg
Krogdahl et al., ) culs salys o, o  ssllasl
bl o ean e (2004; Gatlin et al., 2007
AO-AD g gy sl doj0 YO-0 oogaze (slylo
elpls (NRC, 1993) wibie oy &lp 2oy
adllas o olaé o, sled Dged ledl 4lgs o
s 94 g Wl oo VL (2lde 5y slils ol

TRV
BB S 5 el el U &1 4o sy oyl
S5 1y peabe Gl sl Wsioe o Sl 5 e
Gl S e S ol ol las Lol adlas yles
(> G29%) @iz dgn el Wilgs oo a5 Cesl g
Wy b (2lS (S n ol 28 oy Srae s
50 0gh 43 by ol el lae o YL soladl
5 Seislpid il o Lis cgr b Lyl
oolall3sd Joto oaims plyie ) (alo (o pedlie
i sl e (LIS 0sS (30l ce 593
VU b ol A5 sl s, &g, el 5 o (el
csheme Syl lulyd ply )o (ale Cuglie (23,
o 1y b gyt ol alin ley Soe o Glei so
L ods slaanpo ccud 5 cny g ol (g p gl 92y
S50 s arly dsgs (IS aig, camlice ol als
Slooyz 5o oily gshe (RB L plges o) n
Ob golasdl @dp0 L) LS (nfspn soiome (26
ae )3 YIN sgome oldé oy 5l oolainl as ols las
d3e Bras (Sh> (595) 22 dgnn 4 ymie (il
Slagly A8 dingy S5 oDy Ak 4 (et

wals> (Byon S ale 4z o pan bl ol
-

1y g SRS
pole wlidos anie Jb coles L ol iagh
L ysaS 2o lale Glidos 350 )0 Heu8 b
7 by ST ale lie ads 5 sile angy” oy
SAY- VAV £ iogae o)l L 7(S. caspius)

VFY

Yo g el CobS Gl can g Conl Ggllas Ly

2 ALl Ged w0 F e oyr @ ST Cawd (8,

gl oo pgmme Olulo (oSS absme slogyz 5k
g Sl 435 0 4l al oo,z 5 olipt o
b Ky cum ool Sools nl o)l (slosliul

Sl 5 g lon plo 5 0y S pgyoin S5

ST 22 9995 o0 55 (o7 SRIP S8 oS
(Kasper et al., 2002) sas oo zals |, alae g aiV

el gyl ok il JoSe pol aslllae o

S5T oo e ;3 AST 5 ALT (sl 51 ol juals
Coled a3la plyie 4 j55e oS slape sl oS
Th 5 g Sl (e )0 i g Wigd (oo Cgmame G5
ol o 5 (So5d sloysiSl 5l ke wig oo L]
5 O O (PEras op> E95 i shyon hulrd @Sy
(Racicot et al., 1975) asb olale codw cunsy
St sbalss igtebe 5l (S sblas IS
2 Ol g Glads Cusds bl cer Sl
aslllas o (Mozanzadeh et al., 2015) wib o 2l
oo lsgie polie b 5blaws ST olis ol
XU asllas po cosls usSae bLi | o3 oy by
oo 55 3l T 0a3T Liglsdl (V1Y) o San
51 o6 1, (Acipenser schrenckii) ,sel (o,Lgl>
sl lom 5 (hwome pgon 95 (o) b !
dged Gl (Sghe

5 bl o gme BB GFzme ol adlas o
obole g aaldh diged 3 uiign ol paa colB
oS (BLS (B9 n e 28 0px b ond i
G| paizman i odalice il ao s YA b osds
bl 4 oy mad Coll bugie o gkl o sae
losine jb 4 a5 b oz boosd 405 lale
nlS Jelge 51 ks camlive e sl bylews b
Wilor (AL Gedon mle 5 o 979 S pdyeae
Slge sy ol yeee b s> 8 (Gul et al., 2007)
9983 o0 JRalS 1) 138 g pdypan (il wsg) 3 2lae
Liang, ) ssdice o 53 O35 (S9yd W e
e b )3 Do S 5 b YL ol (2000


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.3.2.1
http://isfj.ir/article-1-2322-fa.html

[ Downloaded from isfj.ir on 2026-02-04 ]

[ DOR: 20.1001.1.10261354.1400.30.3.2.1 ]

o A8 8 saa 4 s S (u 908) 550

Q‘J‘S.A.AJU_L.HA.A

Sl g dss 2l 9 iy slaasla il jdl

5 2lebd sl 51) ()90 Glealenl (ol e

Sl o Slidi duwge (S Blonl

o VAT 55 6l plalenl Glale

p oSl g p (S pip ¢ §OLT i cdiog

Sb,5iS 0o by s zolaw 56 IVA.

o Cwglie 5 0 lerd oS Swlejl )

glo b5 cow 0 pleS oS5, VT el

VEF- (1) Yo olnl odbd sede alme . aisre

DOI: 10.22092/I1SFJ.2017.109982 .\ Y

AOAC, 1995. 16th edn. Official Methods of
Analysis of the Association of official
Analytical chemist, Vol. |, Washington,
DC, USA, 1234 pp. DOI:
10.1099/ijs.0.02372-0;

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

Cho, S.J., Juillerat, M.A. and Lee, C.H.,,
2008. Identification of LDL-receptor
transcription  stimulatingpeptides  from
soybean hydrolysate in human hepatocytes.
Journal of Agriculture and Food Chemistry,
56 (12): 4372-4376. DOI:
10.3136/fstr.26.797

Eid, A.E., Elfattah, B.A. and Mohamed, K.,
2008. Effect of fishmeal substitution by
plant protein sources on growth
performance and body composition of
gilthead sea bream (Sparus aurata)
Fingerlings. Arabian Aquaculture Society,
3:58-79. DOI::10.7324/JABB.2016

S GLlSes ads 5l a5 1l g ol YY--
Sloz) g LSS L g sy (6,b cewd 059 o0l !,
Wivgs Lo laitiy (28,5 S Lalyl jo 095 & 0

208 (o0 (S99 g ST

&b
£ 5320 o §LRuw o§ T ()3T o (gl
Ol bodd (8 yagy, STIAVAR p asog i g
5 Sulesl wd) 55 ol sl 0 uleas sl
Gap Seher 5550 slag)Y )3 wytal 4 Cueglie
s ole a=e (FENNeropenaeus indicus)

N PNl
DOI:10.22092/ISFJ.2017.109951
g wujlagily w@ «(oalSG )51 o FTogu
CEp S 9 & olmle o odljogeme
Omgeie 9 (il Alitie golan SIS (ow) n ITAY
Soilejl s oi, gl asls y Llié O3l g
¥ o)l ol OMeh sele Ao le> alold
F1-0-
9 T P s S op (B g e (o
oSty dlize zshw 6 VAL wzo(eyg
aminld (g ABY oS5 b, p (2l 0
08 e et s ol O sl
bl plo gl Girghy s Sb)sn ple
SOV (V) F s ,)lS
Cowly 3. o (055 cp (B9 cp o Smxo
Gilige zolaw Sl oy AYAA ole cola)
lor® <o 5 ) Ol 2 (2188 0 (S n
il (ole a2 ;0 (s3he dlge man ol 5
M ole ale (Salmo caspius) ;35 b,
NFO-VVA (V) YA ol
DOI: 10.22092/I1SFJ.2019.119190
3 oo Bl ey e g1 8o oIS e s
g onddr g oMo wp (Jlind,g
AYAAA oy (el g .0 SIS )8 Homde
Saa b 2l oy gile aige 03 2l GBI

V¥F


http://dx.doi.org/10.22092/ISFJ.2017.109951
https://dx.doi.org/10.22092/isfj.2019.119190
https://dx.doi.org/10.22092/isfj.2017.109982
http://dx.doi.org/10.1099/ijs.0.02372-0
https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.3.2.1
http://isfj.ir/article-1-2322-fa.html

[ Downloaded from isfj.ir on 2026-02-04 ]

[ DOR: 20.1001.1.10261354.1400.30.3.2.1 ]

Yo (M) Ol odled gale dlas

Eklund, M., Bauer, E., Wanata, J. and
Mosenthin, R., 2005. Potential of
nutritional and after social stress in pigs.
Physiology and Behaviour, 85: 469-478.

Gatlin, D.M., Barrows, F.T., Brown, P.,
Dabrowski, K., Gaylord, T.G., Hardy,
R.W., Herman, E., Hu G., Krogdahl, A.,
Nelson, R., Overturf, K., Rust, M.,
Sealy, W., Skonberg, D., Souza, E.J.,
Stone, E.D., Wilson, R. and Wurtele, E.,
2007. Expanding the utilization of
sustainable plant products in aquafeeds: A
review. Aquaculture Research, 38: 551-
579.

Gul, Y., Salim, M. and Rabbani B. 2007.
Evaluation of apparent digestibility
coefficients of different dietary protein
levels with and without fish meal for Labeo
rohita. Pakistan Veterinary Journal, 27:
121-125. DOI:10.1016/S0044-
8486(00)00499-3.

Hardy, R.W., 2010. Utilization of plant
proteins in fish diets: effects of global
demand and supplies of fishmeal.
Aguaculture Research Institute, 41: 770-
776.

Hevroy, E.M., Espe, M., Waagbo, R,
Sandness, K., Rund, M. and Hemer, G.1.,
2005. Nutrition utilization in Atlantic
salmon (Salmo salar) fed increased level of
fish protein hydrolysate during a period of
fast growth. Aquaculture Nutrition, 11:
301-313. DOI: 10.22034/AEJ.2020

Hughes, S.G., 1993. Single-feeding response
of chinook salmon fry to potential feed
intake  modifiers.  Progressive  Fish-

YFo

Culturist, 55: 40- 42. DOI:10.1577/1548-
8640(1993)055<0040:SFROCS>2.3.CO;2.
Kasper, C.S., White, M.R. and Brown, P.B.
2002. Betaine can replace choline in diets
for juvenile Nile tilapia, Oreochromis
niloticus. Journal of Aquatics, 205: 119-

126. DOI:: 10.1126/science.aab3916.

Kaushik, S.J., Coves, D., Dutto, G. and
Blanc, D., 2004. Almost total replacement
of fish meal by plant protein sources in the
diet of a marine teleost, the European
seabass, Dicentrarchus labrax. Aquaculture,
230: 391-404.

Khaksar, V. and Golian, A., 2009.
Comparison of ileal digestible versus total
amino acid feed formulation on broiler
performance. Journal of Animal Veterinary
Advances. 8:1308- 1311. DOl::
10.3382/ps.2009-00234

Kraugerud, O.F., Penn, M., Storebakken,
T., Refstie, S., Krogdahl, A. and Svihus,
B., 2007. Nutrient digestibilities and gut
function in Atlantic salmon (Salmo salar)
fed diets with cellulose or non-starch
polysaccharides from soy. Adquaculture,
273: 96-107.

Krogdahl, A., Sundby, A. and Olli, J.J.,
2004. Atlantic salmon (Salmo salar) and
rainbow trout (Oncorhynchus mykiss)
digest and metabolize nutrients differently.
Effect of water salinity and dietary starch
level. Aquaculture, 229:335-360.

Liang, D., 2000. Effect of supplementation on
the nutritive value of canola meal for
broiler chickens. Thesis, University of
Manitoba, Winnipeg, Manitoba, Canada.


https://doi.org/10.1016/S0044-8486\(00\)00499-3
https://doi.org/10.1016/S0044-8486\(00\)00499-3
http://dx.doi.org/10.1577/1548-
https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.3.2.1
http://isfj.ir/article-1-2322-fa.html

[ Downloaded from isfj.ir on 2026-02-04 ]

[ DOR: 20.1001.1.10261354.1400.30.3.2.1 ]

o A8 8 saa 4 s S (u 908) 550

Q‘J‘S.A.AJU_L.HA.A

Loguercio, C., Federico, A., Trappoliere,
M., Tuccillo, C., de Sio, I., Di Leva, B.,
Niosi, M., D'Auria, M.V., Capasso, R.
and Del Vecchio, B.C., 2007. The effect of
a silybinvitamin E-phospholipid complex
on nonalcoholic fatty liver disease: a pilot
study. Digestive Diseases and Science, 52:
2387-2395. doi.org/10.1093

Ma, Y.S., Wang, L.T., Sun, X.H., Ma, B.C.,
Zhang, J.W., Gao, F.Q. and Liu, C.L.,
2013. Study on hydrolysis conditions of
flavourzyme in  soybean polypeptide
alcalase hydrolysate. Advance Maternal
Research, 652; 435-43.

Moeckel, G.W., Shadman, R., Fogel, J.M.
and Sadrzadeh, S.M.H., 2002. Organic
osmolytes betaine, sorbitol and inositol are
potent inhibitors of erythrocyte membrane
ATPase. Lifestock Science, 71: 2413-2433.
DOI: 10.22059/jvr.2018.136397.2383.

Mohseni, M., Hassani, M.H., Pourali, F.H.,
Pourkazemi, M. and Bai, S.C., 2011. The
optimum dietary carbohydrate/lipid ratio
can spare protein in growing beluga, Huso
huso. Journal of Applied Icthyology, 27:
737-742.

Mozanzadeh, M., Marammazi, J.,
Yaghoubi, M., Yavari, V., Agh, N. and
Gisbert, E., 2015. Somatic and
physiological responses to cyclic fasting
and re-feeding periods in sobaity sea bream
(Sparidentex hasta, Valenciennes 1830).
Agquaculture Nutrition. DOI:10.
1111/anu.12379.

NRC, 1993. Nutrient Requirements of Fish.
National Research Council, National
Academy Press. Washington D.C. 114 pp.

Nussler, A.K. and Thompson, A.W., 1992.
Immunomodulatory agents in the laboratory
and clinic. Journal of Parasitology, 105: 5-
23. DOI:10.1017/S0007114500000210

Otubusin S.0., Ogunleye F.O. and Agbebi
O.T. 2009. Feeding trials using local
protein sources to replace fishmeal in
pelleted feeds in catfish (Clarias gariepinus
Burchell 1822) culture. European Journal of
Scientific Research, 31(1): 142-147.

Polat, A. and Beklevik, G., 1999. The
importance of betaine and some attractive
substances as fish feed additives, In: Feed
Manufacturing in the Mediterranean
Regiaon: Recent Advances in Research and
Technology Zaragoza (Brufu, J. and Tacon,
A.eds), CIHEAM, IAMZ, Spain. 217-220.
DOI:10.1186/s10194-016- 0639-4.

Racicot, J.G., Gaudet, M. and Leray, C,,
1975. Blood and liver enzymes in rainbow
trout (Salmo gairdneri) with emphasis on
their diagnostic use: study of CCl4 toxicity
and a case of Aeromonas infection. Journal
of Fish Biology, 7: 825-835.
DOI::10.1016/j.aquaculture.2010.02.007

Rumsey, G.L., 2001. Choline-betaine
requirements of rainbow trout,
Oncorhynchus mykiss. Aquaculture, 95:
107-116. DOL: 10.1046/j.1365-
2761.2001.00314.x 40.

Slawski, H., Adem, H., Tressel, R-P.,
Wysujack, K., Koops, U. and Schulz, C.,
2011. Replacement of fish meal with

VY5


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.3.2.1
http://isfj.ir/article-1-2322-fa.html

[ Downloaded from isfj.ir on 2026-02-04 ]

[ DOR: 20.1001.1.10261354.1400.30.3.2.1 ]

Yo (M) AFe s Ol odled gale dlae

rapeseed protein concentrate in diets fed to
common carp (Cyprinus carpio L.). Israeli
Journal Aquaculture Bamidgeh 63:6. 1IC:
63.2011.605.
DOI::10.1002/fo0d.19950390104.

Tacon, G.J. and Metian, M., 2008. Global

overview on the use of fish meal and fish
oil in industrially compounded aquafeeds:
Trends and future prospects. Aquaculture,
285: 146-158.

Virtanen, E., Junial, M. and Soivio, A.,

1989. Effect of food containing betaine
Amino acid additive on the osmotic
adaptation of young Atlantic salmon (Salmo
salar). Aquacuiture, 83:109-122.

VFY

Xu, Q., Wang, C., Zhao, Z. and Luo, L.,

2012. Effects of Replacement of Fish Meal
by Soy Protein Isolate on the Growth,
Digestive Enzyme Activity and Serum
Biochemical Parameters for Juvenile Amur
Sturgeon (Acipenser schrenckii). Asian-
Australasian journal of animal sciences, 25:
1588.

Zhou, J.M,, Liang, Y.M,, and Gu, D., 2003.

Experiment report of substituting protein
feed of solvent- extracted cottonseed for
soybean meal to feed milking cows. China
Dairy Cattle, 2: 26-27.


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.3.2.1
http://isfj.ir/article-1-2322-fa.html

[ Downloaded from isfj.ir on 2026-02-04 ]

[ DOR: 20.1001.1.10261354.1400.30.3.2.1 ]

Iranian Scientific Fisheries Journal Vol.30, No.3

Effects of Betaine supplementation in plant protein based diets on on growth, carcass
compositions, haematological- biochemical parameters and apparent digestibility
coefficient in Salmo caspius

Mohseni M.Y"; Najarlashgari S.?; Golalipour Y.?; Rastravan M.E.?
*mahmoudmohseni73@gmail.com

1-International Sturgeon Research Institute, Iranian Fisheries Science Research Institute, Agricultural
Research, Education and Extension Organization (AREEO), Rasht, Iran.

2-Iranian Fisheries Science Research Institute, Cold-water Fishes Research Center, Agricultural
Research Education and Extension Organization (AREEO), Tonekabon, Iran.

Absrtact

A feeding trial was conducted to examine the effects of dietary supplementation of betaine on
growth, nutrient utilization, carcass compositions and haematological- biochemical
parameters in Salmo caspius fed a plant-protein based diet. 180 fish with average weight of
9.7+£0.59 g were fed the plant-protein basal diet, the basal diet with 1.4 & 2.8% betaine
supplementation, or a fishmeal-based diet (control) for 11 wk. Weight gain, specific growth
rate and protein efficiency ratio were significantly higher in fish fed the betaine-supplemented
diet (1.4 & 2.8%) as well as control diet than in fish fed the basal diet. The lowest and highest
whole body protein and lipid concentrations were significantly found in the fish fed by basal
diet. Based on the results of this study, the levels of liver enzymes were significantly higher in
fish fed the betaine-supplemented diet (1.4 & 2.8%) as well as control diet than in fish fed the
basal diet. The value of apparent digestibility of crude protein in diet-fed fish a fishmeal-
based (control) were significantly higher than fish fed plant-protein basal diet and the basal
diet with 1.4% betaine supplementation (p<0.05). Based on the results of this study, could be
said that increased levels of 2.8% of betaine is an effective feeding stimulant that can be
enhanced the palatability and intake of plant-protein based diets for Salmo caspius, improved
growth performance, feed utilization and apparent digestibility coefficient.

Keywords: Betaine, Growth, feed utilization, apparent digestibility coefficient, Salmo
caspius
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