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Figure 1: Comparison of the final weight between the treatments (Column marked with different letter indicates
statistically significant difference (p<0.05) between the treatments)
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Figure 2: Comparison of the specific growth rate (SGR), daily growth rate (DGR), hepatosomatic index (HSI) and feed conversion

ratio (FCR) between the treatments (Columns marked with different letters indicate statistically significant difference (p<0.05)
between the treatments)
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Table 1: Comparison of the count of blood cells (CBC), the level of hemoglobin (Hb) and the differential proportions

of white blood cells (WBC) between the treatments (Mean+SE)
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Figure 3: Comparison of packed cell volume (PCV), mean corpuscular hemoglobin (MCH) and mean corpuscular

hemoglobin concentration (MCHC) between the treatments
(Columns marked with different letters indicate statistically significant difference (P<0.05) between the treatments)
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Sl sl
S gty 99 slod S gt oy Syl el
FY .- £Y[E BOY/YE- /A 0O« [+ £/ (pS9hS 15 2,8 pl> iy
YV /o0 Yaviay/-? YAV YES/E (555 o o) Stz ool
A ARYRESTR YYO/FEV AR Y&V oY (pSokS 10 28 pl> o)

A-f-£\] 2 FOI8E- V¢ 9/ Y (pSohS 10 p,5) S

(Rows marked with different letters indicate statistically significant difference (p<0.05) between the treatments)
Yoo



el Sl &l 5 (il o155 =3

OlKaa 5o SulsT

Sy Gl s 4 53 4 003, JbiplslsSs, b
bS5 50 odhle Sigmsn 5o Ssrge slouskenls
" 2, 5LosS ISV S Ssas 2
el pal i O gly w8l lglleg !
DY ;LEJ) |) (RVS uJ} 9 rb..a.ﬁ u.o.lab 9 099,
S ass sl ol o (Aftabgard et al., 2019)
0 yu> )O L{bs.i;.)s.gd): )l oolaiwl aS el L)Jl wa.{b‘
7 8B 9 Slapssl wix Gl e e 2lis
oyl b .denkins et al., 1999) 55 5 o004, ;5 oyl
20,0 9 GmslSgen o8 SledslS slasd o e d5upe
99 Jlosd & Cand Sgmiem S sled 5o S S giles
SSmsn A @b Sk S
o lesSlgtllognl 4 Cans a5 LugK IS YE
ol iz o by usleols ladise b oS 30
039 4y sbye ol ol el laleaz ooy,
S 90 o ;0 WBC o sme sl )| caslllas () jo
oLl )] S0k wals 09,5 b anlibe 5o S (e
sl ol ale WSl laledzy sl 5 Ceodles
ol anlllas (ol ml b alie sk a4y Bl 3>
g/.»S)J l) R d.nA.u s»l.‘dc (o QL».DLA )O WBC
Zhang et ) FOS + B. licheniformis <54y
L ool adxs (C. carpio Koi) ss5 4 (@l., 2013
Linetal., ) COS+ B. coagulans <5 gy <S5

oelS (g 5l 8 S 18 2l 3,90 5 (2012
4 o Sgmaimm 99 )les 50 Jdg g g Cmgig
doslig Sl blite 1 5l 230 Yot sals 698
ohly Ssmsn Lol 5 llawsise
5 okl 5l S5 b B lesSlsilleg nl S 2
Sl ol a5 Wil oo 2l 0 oS LsSlgtile
L ye S5 el p3lSe Jrowi U] Sgm sla oo
o Iranto ol aslllas b Liwl,poe 45 5 sbas ails oo
s (Yo+A) o Ken g Kumar «Y--Y) Austin

3l bl 45 Sl ples ol g | Jols s
SEemen LSS 0 skl slhage
s Yozl oy S LusSlsillog sl b oy IS LusS 1S YIS
WS 50 g opx ke Slge I eslitul Bl il 4
5 SGR DGR . ol (339 w3, Jelse o some Sl
oBeuSl al> o 0 535 sbys ol ale o (FCR
@I aSgn i s Gl @l Alie 008
S, Bl s skl GloSSsmen o>
+ B. licheniformis ak> I SSsmsp
e po Ble ;5 FOS) o Ly Sllgi55)8
B. clausii «(Zhang et al., 2015) (M. terminalis)
B. 4 FOS+B. clausii (MOS) u, ,51usX ]l \ble +
sl S el 0 FOS+MOS-clausii
B. «(Ye et al., 2011) (Paralichthys olivaceus)
C.) 55 ;0 (COS) w5l ;908 +COagulans
+ B. subtilis 4 (Lin et al., 2012) (carpio koi
Kumar ) (C. mrigala) J& o oo 5.5 ,0 MOS
B oy o Sles o5, 4 e (et al., 2018

(HSD (oS (azlis jlosine lalil pol> Ltmgly 5o
ol 0,5 & Coad (98 Sgmiymm slacd g0 50 50
b ocos a5 wsl cde ol 4 Yol Wiy e
oad o5 S LsSllsillagial b sy SLagS ISV
GlPl (Brae slie 5l (bl laeshsl L
WS e Do a4 olle g5l Ay g assly
HSI (als 5 a8 (5 GRalil 4 2 5 00l 033
235 55 sbye ol eale wdeuasTl laloaz o
(Hansen et al., 2008)

wor > Oleebl BB 5 pee slagasls IS
Sl arld Joris (labe $elg a8 5 (Fuedle Cundy
5 shaeme Jalge 1,35 b cow 4 b e ST g5
,o (Fanouraki et al., 2007) o,ls 1,5 Ll oo
Slass o e 2ol aSul @ axgs b ol aslllas
Ol b Sigmiee Jlesd 90 2 50 08 SllelS
olyon wald 055 4y Coed 0y Jelse polie o gee
ool slels, zals b Ylas! je8ie 2als 13 oy

\R¥4



olyod Sigmipms So jland jo 4l pls o)z )lo cne
Sesd 93 o 50 S Sl b cme il L
KW E.‘a.w S ol ol Sl Sgu e
oy IV mhe boceS S e okl Ssgn
(SSgmirm 90 5loed) o S LasSlgdleg ol Sdss
S S Hlesd @ S (55550 il sl)lo
25 o% sk @5l Wy sly ez Sras o
Al hasd 5 (eSsn Srae 0 (57480 axi
Sonsil shol Bae lyis @ (elign & (Brae slié

Db e 535 by ol ale wdeiSl lale azy o

&bw

9 p She oo g L e (JFhe Sl
o by IFAY (e ool
2o B oelug 9 C by il
sbyo obl oale (ol s 5 03, slayiall
AP-A0 (VY ol Ol ede dle 35
DOI: 10.22092/1SFJ.2015.103171

9 TP Smwdw p (BB wp (S
oY s O JoSe S1AVAD ch o less
N S g wan Sl i LISl g,
oy b oo 4das (HUSO huso) b9, ol s
Olpl et (oole dlme b (pgn ot
DOLl: AYY-1a (VYD
10.22092/isfj.2017.110228

Aftabgard, M., Salarzadeh, A., Mohseni, M.,

Bahri Shabanipour, AH. and

Zorriehzahra, M.E.J., 2019. The

combined efficiency of dietary

isomaltooligosaccharides and Bacillus spp.

on the growth, hemato-serological, and

intestinal microbiota indices of Caspian

brown trout (Salmo trutta caspius Kessler,

1877). Probiotics and Antimicrobial

A%

L oalie mbs a4 55 (Y410) ol SKsa 4 Jafarzadeh
A8l Ced S slaJoSe nle

o g5 3 cos bl o bty S
Dumas ) wls ;130 5 oS 5 5 L2 g5 ¢ BOIAE 0950
5 Ay B e o sae (i3l (et al, 2007
9 Ssmiew S )lesd A Cad Sismie 99 ke
w55 Jeial cote UL Glgee 1) sald 098
S T
sl Glasel U5 2ol 2 o, LegSlgillog
by ole G (efign Fe Sgne dm 50 5 oM
sl o (Grisdale-Helland et al., 2013) ol
S (Rl ( SSgm e 99 sled slaaidly L alie
B. gt S5 90 pibicos 4t ol sy
w5 ¢ FOS + MOS + B. clausii 4 FOS + clausii
S 90 b Cow Al pl oz oine SualS
MOS + B. clausii 4 MOS + B. clausii <5 g0y
Ye et ) wal cdnlin olj Sass ol 0 FOS +
)5S i ols et mls B, .@l, 2011
,o B. subtilis ATCC 6633 L, (C. catla) Ssl5 sosn
yoe 5loas ite Wy SLSIlble b oS
L (W-MOS) Wickerhamomyces anomalus
JUE” 5! W e a1 oI e
4 e (S-MOS) Saccharomyces cerevisiae
O Wz 3, Al S 50 ) S
Looad adw bl jo o)l gme Oglas b oy o Slos
saalie W-MOS + B. subtilis ATCC 6633 .S
(Guptaet al., 2020) o

g o) 3,8es a5 09 (pl 5l Sk wmls ggexe )3
el el Glee 4 o e G elS slaws
Mgy Sgmiee DS 90 2 5 Jobe colais
» S byl wiz e sl b gee ol
Slord & S 1) (65 9 8o g o les
S IRl (e 3 0l Gl SSgmiren 99
oIBR8 g Sgmime 99 e ,0 aBY a5


http://dx.doi.org/10.22092/ISFJ.2015.103171
http://dx.doi.org/10.22092/ISFJ.2015.103171
https://dx.doi.org/10.22092/isfj.2017.110228

el Sl &l 5 (il o155 =3

OlKaa 5o SulsT

Proteins, 11(2): 198-206. DOI:
10.1007/s12602-017-9361-z

AOAC, 1990. Official methods of analysis of
the Association of Official Analytical
Chemists, 15th ed. Association of Official
Analytical Chemists, Washington, DC.
USA.

Dumas, A., de Lange, C.F.M., France, J.
and Bureau, D.P., 2007. Quantitative
description of body composition and rates
of nutrient deposition in rainbow trout
(Oncorhynchus  mykiss).  Aquaculture,
273(1): 165-181. DOI:
10.1016/j.aquaculture.2007.09.026

Fanouraki, E., Divanach, P. and Pavlidis,
M., 2007. Baseline values for acute and
chronic stress indicators in sexually
immature red porgy (Pargrus pagrus).
Aquaculture, 265(1-4): 294-304. DOI:
10.1016/j.aquaculture.2007.01.006

Gibson, G.R. and Glenn, R., 2004. Fibre and
effects on probiotics (the prebiotic
concept). Clinical Nutrition Supplements,
1(2): 25-31. DOl:
10.1016/j.clnu.2004.09.005

Goffin, D., Delzenne, N., Blecker, C., Hanon,
E., Deroanne, C. and Paquot, M., 2011.
Will isomalto-oligosaccharides, a well-
established functional food in Asia, break
through the European and American
market? The status of knowledge on these
prebiotics. Critical Reviews in Food
Science and Nutrition, 51(5): 394-400.
DOI: 10.1080/10408391003628955

Grisdale-Helland, B., Lemme, A. and
Helland, S.J., 2013. Threonine requirement

for maintenance and efficiency of
utilization for threonine accretion in
Atlantic salmon smolts determined using
increasing ration levels. Aquaculture, 372-
375: 158-166. DOI:
10.1016/j.aquaculture.2012.11.004

Gupta, S., Bhathena, Z.P., Kumar, S,

Nuzaiba, P.M., Srivastava, P.P., Gupta,
S.C. and Jadhao, S.B., 2020. Comparative
efficacy of mannan-oligosaccharides from
two yeast species fed alone or in
combination with probiotic Bacillus subtilis
ATCC 6633 to Catla (Catla catla)
juveniles. Aquaculture International, 28:
691-710. DOI:10.1007/s10499-019-00488-
X

Hansen, J.@., Berge, G.M., Hillestad, M.,

Krogdahl, A., Galloway, T.F., Holm, H.,
Holm, J. and Ruyter, B., 2008. Apparent
digestion and apparent retention of lipid
and fatty acid in Atlantic cod (Gadus
morhua) fed increasing dietary lipid levels.
Aquaculture, 284(1-4): 159-166. DOI:
10.1016/j.aquaculture.2008.07.043

Hoseinifar, S.H., Khalili, M., Khoshbavar

Rostami, H. and Esteban M.A., 2013.
Dietary  galactooligosaccharide  affects
intestinal microbiota, stress resistance, and
performance of Caspian roach (Rutilus
rutilus) fry. Fish and Shellfish Immunology,
35(5): 1416-1420. DOL:
10.1016/j.si.2013.08.007

Houston, C.B., 1990. Blood and circulation.

In: Shreck, C.B. and Moyle, P.B., (eds.)
Methods for fish biology. American


https://doi.org/10.1007/s12602-017-9361-z
https://doi.org/10.1016/j.aquaculture.2007.09.026
https://doi.org/10.1016/j.aquaculture.2007.09.026
https://doi.org/10.1080/10408391003628955
https://doi.org/10.1016/j.aquaculture.2008.07.043
https://doi.org/10.1016/j.aquaculture.2008.07.043
https://doi.org/10.1016/j.fsi.2013.08.007

Fisheries Society, Bethesda, Maryland,
USA, pp. 273-322.

Irianto, A. and Austin, B., 2002. Use of
probiotics to control furunculosis in
Rainbow trout, Oncorhynchus mykiss
(Walbaum). Journal of Fish Diseases,
25(6): 333-342. DOI: 10.1046/}.1365-
2761.2002.00375.x

Jafarzadeh, E., Khara, H. and

Kumar, P., Jain, K. K., Sardar, P., Jayant,
M. and Tok N. C., 2018. Effect of dietary
synbiotic on growth performance, body
composition, digestive enzyme activity and
gut microbiota in Cirrhinus mrigala (Ham.)
fingerlings. Aquaculture Nutrition, 24(3):
921-929. DOI: 10.1111/anu.12628

Kumar, R., Mukherjee, S.C., Ranjan, R.
and Nayak, S.K., 2008. Enhanced innate

Ahmadnezhad, M., 2015. Effects of
synbiotic  (Biomin IMBO®)  on

haematological and immunological
components of Russian sturgeon, Acipenser
guldenstadti. Comparative Clinical

Pathology,  24(6): 1317-1323. DOI:
10.1007/500580-015-2071-6

Jalali, M.A. and Mojazi Amiri, B., 20009.

Threatened fishes of the world: Salmo
trutta caspius (Kessler, 1877)
(Salmoniforms:
Environmental Biology of Fishes, 86(3):
375-376. DOI: 10.1007/s10641-009-9527-y

Salmonidae).

Jenkins, D.J.A., Kendall, CW.C. and

Vuksan, V., 1999. Inuline, oligofructose
and intestinal function. The Journal of
Nutrition, 129(7 Suppl): 1431S-1433S.
DOI: 10.1093/jn/129.7.1431S

Karimzadeh, S., Keramat Amirkolaie, A.

and Parhizkar Miandehy, S., 2014. The
effects of different levels of Beta Plus on
growth performance, microbial flora and
blood parameters of Caspian trout, Salmo
caspius (Kessler, 1877). International
Journal of Aquatic Biology, 2(6): 292-298.
DOI: 10.22034/ijab.v2i6.124

immune parameters in Labeo rohita (Ham.)
following oral administration of Bacillus
subtilis. Fish and Shellfish Immunology,
24(2): 168-172. DOI:
10.1016/j.fsi.2007.10.008

Lee, S., Katya, K., Hamidoghli, A., Hong, J.,

Kim, D. J. and Bai, S.C., 2018. Synergistic
effects of dietary supplementation of
Bacillus subtilis WB60 and
mannanoligosaccharide (MOS) on growth
performance, immunity and disease
resistance in Japanese eel, Anguilla
japonica. Fish and Shellfish Immunology,
83: 283-291. DOl:
10.1016/}.si.2018.09.031

Lin, S., Mao, S., Guan, Y., Luo, L., Lio, L.

and Pan, Y. 2012, Effects of dietary
chitosan oligosaccharides and Bacillus
coagulans on the growth innate immunity
and resistance of koi (Cyprinus carpio koi).
Aquaculture, 342-343: 36-41. DOI:
10.1016/j.aquaculture.2012.02.009

Merrifield, D.L., Dimitroglou, A., Foey, A,

Davies, S.J., Baker, R.T.M., Baggwald, J.,
Castex, M. and Ringg, E., 2010. The
current status and future focus of probiotic
and prebiotic applications for salmonids.


https://doi.org/10.1093/jn/129.7.1431S
https://doi.org/10.22034/ijab.v2i6.124
https://doi.org/10.1016/j.fsi.2007.10.008
https://doi.org/10.1016/j.fsi.2018.09.031
https://doi.org/10.1016/j.aquaculture.2012.02.009

el Sl & 5 (il o 55 =3

OlKaa 5o SulsT

Agquaculture,  302(1-2): 1-18. DOI:
10.1016/j.aquaculture.2010.02.007

Singh, K., Kallali, B.,, Kumar, A. and

Thaker, V., 2011. Probiotics: a review.
Asian  Pacific Journal of Tropical
Biomedicine, 1(2): S287-S290. DOI:
10.1016/S2221-1691(11)60174-3

Ye, J.D., Wang, K., Li, F.D. and Sun, Y.Z,,

2011. Single or combined effects of fructo-
and mannan oligosaccharide supplements
and Bacillus clausii on the growth, feed
utilization, body composition, digestive
enzyme activity, innate immune response
and lipid metabolism of the Japanese
flounder Paralichthys olivaceus.
Aquaculture Nutrition, 17(4): €902-e911.
DOI: 10.1111/j.1365-2095.2011.00863.x

Zhang, C.N., Li, X.F., Xu, W.N., Jiang,

G.Z, Lu, KL, Wang, L.N. and Liu,
W.B., 2013. Combined effects of dietary
fructooligosaccharide and Bacillus
licheniformis  on innate  immunity,
antioxidant ~ capability and  disease
resistance of Triangular bream
(Megalobrama terminalis). Fish and
Shellfish  Immunology, 35(5): 1380-1386.
DOI: 10.1016/j.fsi.2013.07.047

Zhang, C.N., Li, X.F., Xu, W.N., Zhang,

D.D., Lu, K.L.,, Wang, L.N., Tian, H.Y.
and Liu, W.B., 2015. Combined effects of
dietary fructooligosaccharide and Bacillus
licheniformis on growth performance, body
composition, intestinal enzymes activities
and gut histology of Triangular bream
(Megalobrama terminalis). Aquaculture

Nutrition, 21(5): 755-766. DOI:
10.1111/anu.12200

Zhou, Q.-C., Buentello, J.A. and Gatlin 111,

D.M., 2010. Effects of dietary prebiotics on
growth performance, immune response and
intestinal morphology of Red drum
(Sciaenops ocellatus). Aquaculture, 309(1-
4): 253-257. DOI:
10.1016/j.aquaculture.2010.09.003.


https://doi.org/10.1016/j.aquaculture.2010.02.007
https://doi.org/10.1016/S2221-1691%2811%2960174-3
https://doi.org/10.1111/j.1365-2095.2011.00863.x
https://doi.org/10.1016/j.fsi.2013.07.047
https://doi.org/10.1111/anu.12200
https://doi.org/10.1016/j.aquaculture.2010.09.003

Iranian Scientific Fisheries Journal Vol.29, No.5

The synergistic effects of BetaPlus® Ultra and prebiotic oligosaccharides on growth
performance, hepatosomatic index, hematological parameters, and carcass quality of
Caspian trout (Salmo caspius)

Aftabgard M.""; Salarzadeh A.}; Mohseni M.%; Rastravan M.E.; Bahri A.H.}; Zorriehzahra
S.J.% Najjar Lashgari S.%; Lashtoo Aghaee G.R.’

*aftabgard.m@gmail.com

1- Department of Fisheries, College of Natural Resources, Bandar Abbas Branch, Islamic Azad University,
Bandar Abbas, Iran

2- International Sturgeon Research Institute (ISRI), Agricultural Research, Education and Extension
Organization (AREEQ), Rasht, Iran

3- Coldwater Fishes Research Center (CFRC), Iranian Fisheries Science Research Institute (IFSRI), Agricultural
Research Education and Extension Organization (AREEQ), Tonekabon, Iran

4- lranian Fisheries Science Research Institute (IFSRI), Agricultural Research Education and Extension

Organization (AREEQ), Tehran, Iran

Abstract

The present study aimed to investigate the effect of the commercial probiotic BetaPlus® Ultra (BP Ultra) in
combination with the galacto-oligosaccharide (GOS) or the isomalto-oligosaccharide (IMO) prebiotics in
Caspian trout (Salmo caspius) parr. S. caspius (8.5+0.07 g) was randomly distributed in three dietary treatments
including: control group, synbiotic treatment I (0.1% BP Ultra + 0.2% GOS) and synbiotic treatment 11 (0.1%
BP Ultra + 0.2% IMO) and in nine 300 L circular polyethylene tanks with three replications per treatment and,
then, fed for seven weeks. At the end of this experiment, growth performance and hepatosomatic index improved
significantly in both synbiotic treatments compared to the control group (p<0.05). However, the trend of this
improvement was more noticeable in the synbiotic treatment | compared to the synbiotic treatment Il without
any significant difference (p>0.05). The counts of red and white blood cells in the both synbiotic treatments were
significantly decreased and increased compared to the control group, respectively (P<0.05). The values of
hemoglobin, packed cell volume, and mean corpuscular hemoglobin in the synbiotic treatment | showed
significant increases compared to the synbiotic treatment Il (P<0.05). The highest significant levels of crude
protein and lipid in carcass were observed in the synbiotic treatment Il and the synbiotic treatment I, respectively
(P<0.05). Dry matter of carcass was increased significantly in the synbiotic treatment | compared to the synbiotic
treatment Il (P<0.05). The lowest ash content of carcass was observed in the synbiotic treatment | with a
significant difference compared to the synbiotic treatment Il and the control group (P<0.05). The results of the
present study demonstrated the remarkable efficiency of the synbiotic treatment 11 on the protein increase and
lipid reduction in carcass, although the synbiotic treatment | had a better effect on growth performance and
hematological parameters in S. caspius.
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