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Evaluation of dietary micro-algae Schizochytrium sp. as a fish oil

replacer in rainbow trout, Oncorhynchus mykiss

Cheol-Oh Park
Department of Fisheries Biology, Graduate School, Pukyong National University

Abstract

The present experiments were conducted to evaluate the dietary micro-algae,
schizochytrium sp. as a fish oil (FO) replacer in rainbow trout, Oncorhynchus mykiss.

Exp.1: Seven diets were formulated to replace FO at 0% (CON), 20% (T20), 40%
(T40), 60% (T60), 80% (T80) and 100% (T100) by using schizochytrium sp., and 38%
of commercial schizochytrium sp. (DSM). Triplicate groups of 20 fish averaging
3+0.4g (mean+SD) were fed one of seven experimental diets. After the 8 weeks of
feeding trial, weight gain (WG), specific growth rate (SGR), feed efficiency (FE),
and protein efficiency ratio (PER) of fish fed T20 diet were significantly higher than
those of fish fed the other diets (P<0.05). Fish fed CON had higher WG, SGR, FE,
PER than those of fish fed T100 and DSM diets. However, there were no significant
differences in WG, SGR, FE, and PER of fish fed CON, T40, T60 and T80 diets.
Superoxide dismutase (SOD) activity of fish fed T20 and T40 diets were
significantly higher than those of fish fed CON diet. Lysozyme activity of fish fed
T20 diet were significantly higher than those of fish fed the other diets (P<0.05).
However, there were no significant differences in SOD and lysozyme activities
among fish fed diets CON, T80, T100 and DSM (P>0.05). For 10-days challenge
test with pathogenic bacteria (Lactococcus garvieae 1x10® CFU/ml), cumulative
survival rate of fish fed T20 diet were significantly higher than those of fish fed
CON, T80, T100 and DSM diets. However there were no significant differences
among fish fed T40 and T60 diets. Survival rate, whole-body proximate composition
and hematological parameters were not significantly affected by the experimental

diets. These results indicated that 20% replacement of FO with schizochytrium sp.
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could improve growth, non-specific immune responses, and disease resistance in
rainbow trout. Also Schizochytrium sp. can replace FO up to 80% on growth and
non-specific immune responses in rainbow trout.

Exp.2. Apparent digestibility coefficients (ADCs) of dry matter, crude protein
and crude lipid in various feed ingredients including schizochytrium sp. were
determined for rainbow trout. The ingredients consisted of fishmeal, soybean meal,
poultry by-product meal, schizochytrium sp. produced by CJ Inc. and schizochytrium
sp. produced by DSM Inc. A reference diet with 0.1% Cr203 as the inert marker was
mixed with test ingredients in a 70:30 ratio to produce a series of test diets. Fish
were fed their respective diets and fecal samples were collected by stripping. ADC
of ingredients of protein and lipid for rainbow trout ranged from 86.7-98.0% and
24.61-55.3%, respectively. ADC of fishmeal was significantly higher that of
schizochytrium sp. for protein (P<0.05). However, schizochytrium sp. had significant
higher ADC of protein than other ingredients (P<0.05). ADC of schizochytrium sp.
for lipid was significantly higher than other ingredients (P<0.05). These results
indicated that schizochytrium sp. can be feed ingredient as lipid source for rainbow
trout.

Therefore, it could be concluded that Schizochytrium sp. can replace FO up to 80%
without any negatively influence on growth, non-specific immune responses and in

rainbow trout.
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Table 1-1. o tm 5= H7FE thekst v A 272

i

, A2A (% dry matter)

Species Protein Lipid Reference
Nannochloropsis oceanica 453 8.0 Skrede et al. (2011)
Nannochloropsis gaditana 52.5 15.5 Teuling et al. (2017)
Phaeodactylum tricornutum 47.5 .2 Skrede et al. (2011)
Isochrysis galbana 17.8 14.4 Skrede et al. (2011)
Scenedesmus dimorphus 40.7 8.1 Yangyang et al. (2019)
Nanofrustulum sp. 11.9 3.1 Kiron et al. (2012)
Tetraselmis sp. 27.9 3.8 Kiron et al. (2012)
Tetraselmis suecica 45.8 7.5 Cardinaletti et al. (2018)
Tisochrysis lutea 41.7 23.4 Cardinaletti et al. (2018)
Spirulina sp. 61.3 5% Sarker et al. (2016)
Spirulina pacifica 55.3 6.8 Kim et al. (2013)
Chlorella sp. 54.5 9.4 Shi et al. (2017)
Chlorella sp. 56.2 8.5 Wei et al. (2014)
Schizochytrium sp. 12.0 57.6 Sprague et al. (2015)
Schizochytrium sp. 11.9 54.1 Sarker et al. (2016)
Schizochytrium sp. 13.2 61.4 Kousoulaki et al. (2016)
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Al 2 & Ar=s Y B A ZEFH, Schizochytrium sp. &

el FAASY 43 U Bl nl A 3P

A1AAS

AA L o7 ARl A g &
Essential fatty acid) ¥ olUxdo g uj$ FQ3t Aioln E3]
NI A 7} (energy) 7} ot #BIRE Alm @M AS HAIAA F Qle
5l oJokiolt} (Lee and Kim, 2009). ol&F2 AArA el A&}

Al AR W dFEHor HUbs| Folof sk AWabE
WAtol gk sh=d|, ol F A2 g3l wet X HAke] FF 2
o] Tt slow A 9t} (Sargent et al.,, 2002; Higgs and

ofN
ko

~
FPN
flo

3

|
=

X

ko
Tl
ofY

Dong 2000; Ruyter et al., 2000) (Table 2—1). YRI& 072 HFoF{F=
linoleic acid(18:2n—6) 2} @ —linolenic acid(18:3n—3)S IdFA o2
g8k, ajatel ek FAZNS o = n—3 A E =X 3HA WA (n—-3 highly
unsaturated fatty acids, n—3HUFA)<l EPA (eicosapentaenoic
acid,20:5n—3) %+ DHA (docosagexaenoc acid, 22:6n—3)%
Q sttt (Webster and Lovell, 1990; Ruyter et al., 2000; Lee et al.,
2003; Fonseca—Madrigal et al., 2005; Kim et al, 2002; Mourente
et al.,, 2005). doJAtm WY RXAYO 2= F=2 o]F7F AFEEHT, o]+=
g U AAY FolA oF 87%E A} (Tacon et al., 2006).
FortE oA T oofF AREF T o], FAMNEO ARV 66.4%%

2 AL, dEo2e Ve Akl w(13.8%), AF-(7.3%),
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D1 (5.5%), Eetaor(2.0%), WEel(1.4%)7F FE I (Turchini
et al., 2009).

Lolu o= o7 Jhes Fdl dAHEE 22 AAEAEE,
°® 100 kg9 olFE AAstA ¥, 20kge °&3 5Skgl
ZF A = Qv FH2 FAERr B 2,5600RHE2] o /Ut
I ABAtE Lo, o5 26%+ A o7 Als Y8Rl ofE 3
AArsl7] Y&l AFEETH(Turchini et al,, 2010). w2k 1kg9
AAEsE7] S8 A AFE (O 40% o178, o 10% °©17d, At= Al
woke 218 2kg o142 o] 7 & AFE-8h= A (fish—in/fish—out
>2.0)01n %2, Hla& Aol 873 HZ sl Bhgoletar Sl

AlA o B S e 7SStk o5t o ¥ AR HT
10l 23 A HEch(Table 2-1). °F 160%E] D3l H1
ke 198733 1990l 3 em, 200549 ol off A

o

2 04

il JN
N

e 2 2
o o
ftlo
off
ol

2
ot do
o it

lr

[\
e
i
ok
Of

8] s dA= 100%HE% m[AA] Xekal UtH(Tacon and
Metian, 2015). o+ FHo] A|gtA Q] Hbdof k2 AYitge] &
S7t2 Qs AAFY Fert SISl wEt ofwe UM e
7M. wEbq A E7bsd ol Al A5l 'S ARy
o Q3% Qo g 223ttt (Tacon and Metian, 2015). FojAls
W oAFE A fst A= s JdyEo gkow AEA
A A2l Fh=e(Bell et al.,, 2001), aiv}g}7]-8 (Bransden et al.,

-lN

2003) W5 (FigueiredoSilva et al., 2005), o}=}F2l - (Nayak et al.,

2017), s=4 ANADOoZ = A (Bowyer et al., 2012), 4] (Pérez

et al., 2014), =] (Zhu et al., 2015) 5] H7}E ). A=A x 27}
11



= TAMES o] &3k AHAL offrel HlEl bAol AHE Wk,
A4 o2 DHA, EPA §&o] F=ato] of AREZel wel o] st
d8=9 fAEe] AgEH= SARES 7HAEE(Turchini et al,

2009) (Table2-2), ol#XEt AHHAE n-3 ILEEFIALA
gafo] TR Al A AP o7 e Zlo] FQ s}

b, 2 A AR Wl o diAAlEA wAlRR,
Schizochytrium sp. & Z7FFo] FANE 9] 4%, Ay 2 Fx4

Sreol v X G9E Felshy) g8 FaE gl
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Table 2—1. o]

FAY QT

-

Common name

Grass carp
Common carp
Channel catfish
Nile Tilapia
Chum salmon
Japanese eel
European sea bass
Coho salmon
Barramundi
Rainbow trout
Atlantic salmon
Turbot

Gilthead sea bream
Red drum

Red sea bream

Korean rockfish

EFA requirement (% dry diet)

Scientific name

18:2n-6
Ctenopharyngodon idella 1.0
Cyprinus carpio 1.0
Ictalurus punctatus 0.5
Oreochromis niloticus 0.5
Chanos chanos 1.0
Anguilla japonica 0.5
Dicentrarchus labrax
Oncorhynchus kisutch 1.0
Lates calcarifer
Oncorhynchus mykiss 0.8-1.6

Salmo salar

Psetta maxima
Sparus aurata
Sciaenops ocellatus
Pagrus major

Sebastes schlegeli

18:3n-3
0.5
0.5-1.0
1.0-2.0

1.0
0.5

1.0

0.7-1.0
0.5-1.0

n-3 HUFA

0.5-0.75

1.0

1.0
0.2-1.0
0.5-1.0
0.6-1.3
0.5-1.9
0.5-1.0
0.5-1.0

1.0

n-6 HUFA

0.3
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Table 2—2. o]+, A &4 XA, =4 A2 XAt 24 (% total fatty acids of oil/fat)

. n-6 n-3 n-3/n-6
Oil/fats SFA MUFA LA AA ALA EPA DHA PUFA PUFA ratio
Fish oil

Anchovy oil 28.8 24.9 1.2 0.1 0.8 17.0 8.8 1.3 31.2 24.0
Capelin oil 20.0 61.7 1.7 0.1 0.4 4.6 3.0 1.8 12.2 6.8
Menhaden oil 30.5 24.8 1.3 0.2 0.3 11.0 9.1 1.5 25.1 16.7
Herring oil 20.0 56.4 1.1 0.6 0.6 8.4 4.9 1.4 17.8 12.7
Cod liver oil 19.4 46.0 1.4 1.6 0.6 11.2 12.6 3.0 27.0 9.0
Vegetable oils
Crude palm oil 48.8 37.0 9.1 - 0.2 - - 9.1 0.2 0.0
Soybean oil 14.2 23.2 51.0 - 6.8 - - 51.0 6.8 0.1
Canola / rapeseed oil 4.6 62.3 20.2 - 12.0 - - 20.2 12.0 0.6
Sunflower oil 10.4 19.5 65.7 - - - - 65.7 0.0 0.0
Cottonseed oil 45.3 17.8 51.5 - 0.2 - - 51.5 0.2 0.0
Groundnut oil 11.8 46.2 32.0 - - - - 32.0 0.0 0.0
Corn oil 12.7 24.2 58.0 - 0.7 - - 58.0 0.7 0.0
Linseed oil 9.4 20.2 12.7 - 53.3 - - 12.7 53.3 4.2
Animal fats
Beef tallow 47.5 40.5 | 0.4 0.6 - - 3.1 0.6 0.2
Pork lard 38.6 44.0 10.2 - 1.0 - - 10.2 1.0 0.1
Poultry fat 28.5 43.1 19.5 - 1.0 - - 19.5 1.0 0.0

* AA, arachidonic acid, 20:4 n-6; ALA, a-linolenic acid, 18:3 n-3; DHA, docosahexaenoic acid, 22:6 n-3; EPA,
eicosapentaenoic acid, 20:5 n-3; LA, linoleic acid, 18:2 n-6; MUFA, monounsaturated fatty acids; n-3 PUFA,
polyunsaturated fatty acids; n-6 PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids.
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A22 Az 2 EH

1) gl % A&

22 13+1C (mean®SD) & &% 3}2it}.
AMa TS APV B AT 4~7% =2 1Y 23] (9:00, 18:00)

Tt o, AlR ¥ § &ty Wi =3 A A& Al ekl

2) A¥ At 4 AF AA

CIALA Gl e mAEF] oFhAl ass AFsh7]
o] (Fish oil with Essential fatty acids), 2| A %5 (Schizochytrium
sp.) ZH] &S FE100%+SC0% (thx7, To), FE80%+SC20% (T20),
FE60%+SC40% (T40), FE40%+SC60% (Ts0), FE20%+SC80(Ts0),
FE0%+SC100% (T1o0) 2 A8k, 71+ 4948 Az (DSM)
A7bE FUkete] & 77 A AMRE AlFsiv Y AR

ot ofi, tFul, sbERAE, dE, SEE UITAL

rUO



Table 2-3¢] YR, Ao Axy4EL Figure 2-29)
al

TS § WAL Y sto] Dol

Zh E= 3ol A Ak A XA o Aol A7) WEE Ut AV E
T}

12A R F, Este] 20T W ®maste] AT
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Figure 2—2. A3 L5 A x=94.
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Table 2-3. Composition of the experimental diets in Rainbow trout(% of DM

basis)
Diets(%)
Ingredients
CON T20 T40 T60 T80 T100 DSM
Fish oil 6.80 5.43 4.07 2.71 1.36 0.00 2.60
1.00 - - - - 0.00
- 2.01 - - - 0.00
Micro algae - - 3.01 - - 0.00
- - - 4.02 - 0.00
" 3 - - 5.01 0.00
Fish meal (Chile) 20.00 20.00 20.00 20.00 20.00 20.00 20.00
Soybean meal 19.00 18.55 18.20 17.80 17.20 16.90 17.10
Poultry byproduct 16.12 16.12 16.12 16.12 16.12 16.12 16.12
Blood meal 5.70 5.70 5.70 5.70 5.70 5.70 5.70
Meat and bone meal 9.00 9.00 9.00 9.00 9.00 9.00 9.00
Wheat gluten meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Wheat flour 12.90 12.87 12.73 12.56 12.76 12.58 10.00
Soybean oil 0.00 0.82 1.63 2.52 3.24 4.06 1.20
Methionine 0.43 0.44 0.44 0.44 0.45 0.45 0.44
Lysine 0.51 0.53 0.56 0.59 0.61 0.64 0.59
DSM 0.00 0.00 0.00 0.00 0.00 0.00 7.70
*Etc 4.54 4.54 4.54 4.55 4.54 4.54 4.55
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Moisture 9.36 8.50 8.81 9.05 8.71 8.54 9.28
Ash 11.18 11.17 11.16 11.41 11.14 11.02 11.57
Crude Protein 50.46 49.57 49.69 48.71 49.81 49.84 49.29
Crude Lipid 12.00 11.92 11.54 12.6 12.72 12.16 12.49

*Etc: Vitamin premix, Mineral premix, Choline, Lecithin
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3) AF A L oA LAY BA

Ade] ol&¥ ALRE 727} AOAC(Association of Official
Analytical Chemists, 2000) ®He| w2t F A7 Az
(135° C, 2A17h), 2 A 2 Kjeldahl A4 & (NX6.25), 23]+

ARy eor Ao, EAWE Folech & ©]&ske

AAE #42 Foleh et al. (1957)°] Wel wet S2ZXF%
es EgA@nez F AASE FE359 14% BF3—methanol
(Sigma, USA) f£do 7 XHAS methylation A% &, capillary
column (SPTM-2560, 100 m X 0.25 mm i. d., film thickness 0.20
um, USA)©o| Z2r¥ gas chromatography (PerkinElmer, Clarus 600,
USA)E AHARS BX319th Carrier gas®= FFS AFE3G oM,
Oven <%+ HZ 140TColA 240C7kA 4C/min F7HAZAtE ol
injector &%+ 2507C, detector (FID) <%+ 260C= ZH7t
AARstd e, xF AHAre=w 377 AwWAb &3HE (PUFA 37
Component FAME Mix, USA)S AFgsigt. AdAls A ukak
P A 3}+= Table 2—4°] YeER) ST
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Table 2-4. Fatty acids composition of experimental diets (% in total fatty acid)

Diets(%)
Ingredients

CON T20 T40 T60 T80 T100 DSM
14:0 6.43 6.31 6.01 5.66 5.19 5.10 9.57
16:0 334 343 35.0 37.3 37.5 36.7 34.35
18:0 15.4 15.3 14.7 14.3 13.3 13.1 13.0
18:1n-9 17.0 16.4 15.8 15.8 15.4 14.9 14.5
18:2n-6 LA 4.24 4.27 4.60 4.52 6.90 7.73 5.77
20:1 1.24 ™ 0.85 0.68 0.49 0.28 0.66
18:3n-3 ALA 0.18 0.17 0.25 0.16 0.31 0.39 0.30
22:0 0.41 0.45 0.42 0.45 0.42 0.43 0.36
20:5n-3 EPA 9.49 7.36 6.53 4.48 2.96 1.42 4.39
22:6n-3 DHA 6.45 8.65 10.5 11.9 13.4 16.1 12.2
EPA+DHA 15.9 16.0 17.0 16.4 16.3 17.5 16.6
DHA:EPA 0.68 1.18 1.61 2.65 4.52 11.3 2.79
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=

flate] 24A12F A2 o 72+ 28] Ao dFdFa S5kt (Figure
2—-4). A8 F5 5 FAEWeight gain, %), A7+ 4E (Specific
growth rate, %/day), Al58 & (Feed efficiency, %), YWz

3ta S (Protein efficiency ratio) %2 A& (Survival rate, %)=

ARG A7) 54 GRS AN S Be3) 2t

Weight gain (WG, %) = (final wt. — initial wt.) X 100 / initial wt

Feed Efficiency (FE, %) = (wet weight gain / dry feed intake) X 100

Specific growth rate (SGR, %/day) = (In mean final wt. — In initial wt.)
X 100 / days

Protein efficiency Ratio (PER) = (wet weight gain / protein intake)

Survival rate (%) = (total fish — dead fish) X 100 / total fish

Hepatosomatic index (HSI) = (liver weight / body weight) X 100

Visceralsomatic Index (VSI) = (Visceral Weight / body weight) X 100

Condition factor = [fish wt. (g) / fish length (cm) 3] X 100
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Figure 2—4. 2 3o] 574 4 3|F7,
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5, SAE AR @A R B S Slete] AdelE
ANAat7] A7EA oF 24413 FF AAA ) § 7z 3 o 3ufe]H T2
F=oto] MS—222(100 ppm) & wHHAIZH. Aol o] w7 ol A
gHE st o (Figure 2-5), 83 A9 +4& flste] Adst
g (Figure 2-5)5 FE2A7F A=A e ddFgded ¥
Ao 30%3F WA F 10,000 rpmeflA 1083 H4 Eal st
WAR sty 24A7F o]  #4ek%Ith. Glutamic oxaloacetic
transaminase (GOT), glutamate pyruvate transaminase (GPT),
total protein¥ glucosei= #4 AL kitE ©]€3] DRI-CHEM 4000i
(Minato—ku, Tokyo, Japan) &2 4138} t} (Figure 2—6).
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Figure 2—5. FA| /%o A d 74
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FusFM

Figure 2—6. 8 #47].
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7) v 50| HAuk-S

Superoxide dismutase (SOD) 9] &A4]

2yzr ol AP o Fo A et 2 SOD assay kit (Sigma—
Aldrich, 191600) & AFg&3sle] A xAFS] AAE wel WST-1(Water
soluble tetrazolium dye) 2} xanthine oxidase®. @ &4 9 A3 &S

S 37" C Incubatorels] 20&87F

il

wRoe Austach. Zhzke] A
NSAA BN m=Pege W, 450nmabg (WST-13}

FY A7 gl vhebd fA1E S % g FRE) A

Lysozyme?] &4

Ztzke] AdTd offeld EEd dF 0.1 mi¥ 0.05M sodium
phosphate buffer (pH 6.2) ¢l Micrococcus lysodeikticus (0.2 mg/ml)
2 ml7} Esigleh W2 20C A NA 23 SF =AY 53 % 530
nmell A 0.5 4.5%° FA3SIE lysozyme® &4 @9l w3

0.0019] 3% H4aE Uehile a4a"o 2 4 osiilt
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8) Lactococcus garvieaeS 0| €3 34 A¥
327 A& AV gH Lactococcus garvieaevS BHI broth =] of A

27TC=E, 24~48A1zF wjekslel WA SHFo 1X107 CFU/mlZ

9) A8y £4

A Fxo W= &4 AR AAsta, A W EHdde
SAS(Version 9.4) X Z13S 0| &3+ one—way ANOVAZ E7
A& AAskdTh ol g Ha FoAHLSD) 7% (P<0.05) 0%
) W&l ol do] = 732 pooled SEM (=SD/Y n) & & e T

i
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Hul, FAMEA] S EPASt DHAE Fw3] A X2z

59 AES Aot AxT u wri=A msior & AY F
o] tH(NRC, 2011). FA7i$1 ¢ EPA, DHAS &% & n-3
HUFA Q732 A& W 0.2-1.0% ©Jt-(NRC, 2011). 8F3+9]
AFSAY F, Xo)7] FARE 9] el mAl= &I Table 2—59)
Figure 2-7~14°] Yeslet.  FA& (weight  gain, WGQG),
A7H3 & (specific growth rate, SGR), Al=5 8 & (feed efficiency,
FE)3} @A A3la 4 (protein  efficiency  ratio)oll  Uo]A
T204d 87 B A7 H& [/YgHder w2 AIRE
YEM R 3L (P<0.05), tiZ&7+& T40, T60Z T80 A& #2o4
z2Fo] S HolA ekgroF(P>0.05), T100 2 DSM A& o] B]a)A
TR & ARE HERATHEK0.05). A&l JlolxE BE
A FrelA oAl AolE HolA| AUTH(P>0.05). ol E&
=7 At U] EPA+DHA €2F¢l 15.9% (in total fatty acids)©l] B] &
ol f- tiAl A¥ALE EPA+DHASH ¥ =3tAY H& 32 (16.0-17.5%

carotenoids B A €A HIEFR] 52 G2 QQlel siadelA 7]Qlsh
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=

gtom, AR W A H[E o] ofFI A AA FHUF HEs
galsto] ol {5 AT A5, o7 A

H ¥ o] gtt (Dosanjh et al., 1984, 1998; Thomassen and Rosjo,
1989; Greene and Selivonchick, 1990; Guillou et al.,, 1995).
FRME]E o] &35t Ao =W (Caballero et al., 2002), AtE Y
oAEs 30% AH&stal ol & thFt, FAMNT, B 9 ot d®
A Al A3 Aatel oAM= dix et 2z AT

Zpol 7k JAAARE(P>0.05), WM E AE HIxT B <doljdt AR
AEA dEE ol§% ofF oA Add:x e AFRE
YEF 2t} (Rosenlund et al., 2000; Richard et al.,, 2006). 3<%k
o592 ATE oFY =& T n—3 HUFAE diAlst] dalA A=
W o & Hl&o] A FAEo ok sh= FAE 7FA A AQlth Wi,
ol FANEe AR W A& A A Qe DHAE F71= 3 71sko
offt WAlg d3}, DHAE F7h= H7hst 4g+7F DHAS H7FshA
U AT vE FoFer & A%S YERY (Rinchard et al.
2007; Betiku et al, 2016). Fg, DHAE o=F #Hstun Sde
Schizochytrium sp.& ©]-&% o f-tlA AFAF, dx=72 100% thA
AT Abolell #-2Jgk Afo] S YEhA] 283k o™ (Spraguer et al., 2015;
Martin et al.,, 2018), 53] FwWojo] Qojx= £ AFP} FASH

50%tHAT-7F thzx=Ttel vls w2 4FES HEh vk (Martin et al,



2018). 9 A= FANEE WAL s W Schizochytrium sp. 37}
o FANE e A AN ade ol wAER e o erhA
849 B4, 53 AFAdatelyd X84 carotenoids i A 44

ulehyl S ety aqle] AMelA VeE RO wach

dojA] AR H4] A Table 2-6°] YERJSITE ol

AR 24 2y, FE

o

;2 22 9 23] 7 (moisture, crude
protein, crude lipid and crude ash) ol o] A A& 7o)l = F-2 &<l
kol = YERA ETH(P>0.05). wetA, o] Ul DHAE diAlsh]
et} AREHE w2 FE AoJA Q] ARAE 240 F3Fa v XA ¢

Ao w dekEnh

3) stz 4

gNEA A= Table 2=7°] YEFHIH. Glutamic oxaloacetic
transaminase (GOT), glutamate pyruvate transaminase (GPT),
Total protein (TP) 3} glucose (GLU)® o] A A3+ 529 4¢<]
zpol & HolA| ¢Skt o 7o AR Ak, WA H B AEHA
AZE ARRO]l Zhssta, AlsW g dYne Afolu oF
A28 2 e whep e W ety BaE vl ok (Siddiqui 1977;
Garcia & Garrido et al. 1990). ¥ AF-elA 3 A2 HetE A
A3, GOT, GPT, TP ¢} Gluell 3lof & 73t 72411 2fo]& v A

e Z10E Wop ol f AL Ad A MAZERE ofF 4
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H] So]2 HWRkg-#+4 ZAy= Table 2-8, Figure 2—15, 16°]
YUel 2t} Superoxide dismutase (SOD) #4 A3, T203 T40
7 Azl vlsl fFoder F=A YER e w(7<0.05), T20,
T40, T60, T80¥ TI100 AFTele FAXA zolE HERA
R H(P>0.05). TS, tx=, T60, T80, T100¥} DSM A& F-7toll =
oAl Aol YERAl 3ktH(P>0.05). Lysozyme?| #4] A3
T20% T402 ©E Ee dd7el va #AHe=z w2 2dHE
YER A TH(P<0.05), 58] T20 A3+ T403 T60 AF o vl
Ao ® =A YeERSH(P<0.05). BHAE, tix++, T80, T1003% DSM
AP Fgrel= 794 Apols YWEAl ekStH(2>0.05). €% SOD
activity = @9d, 34k, A 5o AEASS FAst] Z A7
1 715S AsEA de= EX4AkAF  (reactive oxygen species:
ROS)& Alojst= Wol HwAYUFozA Ade Hdd HAAE
AAsH= o b= oAl &dAkst @aolth (Fridovich, 1969).
Lysozyme< ©]7F2 A4 8l 7[ep A g A8t (Hikima, 2001),
o7 e HF FEW} oprfmle] Fr EAS= HY lysozyme Al
Aol thst 271o] &S Fsra delx o, &, sA4=4
& W AEHA AHRo wWEk lysozyme #Ado]  ThFsHA

et (Saurabh and Sahoo, 2008). Adel et al.(2016)¢] ut=wH

i
o
ol

=
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great sturgeon At® Y w|AMZFQ Spirulina platensisE 10%
7S A9 lysozyme activity®S E3HsF Wl w2 X E7} Z7}e=
e & F Ao, o= S platensis 7¢ #AEEE Fol Aol o H)
A= MET9 Ves A3 A B ofyEl, AE el Ad
Farsta s Qs dentgo] T7hE Jlo® ddtEn Ed o] AR
U chlorella sp.& 2% Z7}st Ao AL H|Eo|F HAWLS X%l
SOD$} lysozyme &4 A7 2 A3 FAF8F 3¢S JeERY At Xu
et al., 2014). o]= A8 Y vAIZ5F7F SODS} lysozymed} 72 o] 79

WY FYEAL FHA

(A5

Foodths bsAe RelFEglon, ¥F

F7HA9 A7k WA H o Aok F A 0w AR H

O:

5) Lactococcus garvieaed < 0|43 73 Ag

37 A8 A= Figure 2—179) YERN T, Lactococcus garvieae
g Eote] 1x10" wEZ ¥4 AP AAE Adx, FA F 1044
F2 AEEC Qo] T20 A8 = g £, T80, T100, DSMA & 0]
vl fo)dow w2 @S dEhsler, T40, T60 Ad &=

g3 e WA E7E =25 Fddel dd AT sl w2

>
o

shelek = Qldnt o= AFR W mAEF H7F Al B[ So]H W
S7t2 18, 9ol FdEHe WA IS AT &
Farstan 9 NET VlsS St A2 s}

H] =3} (Duncan et al., 1996; abdel—Tawwab and Ahmad 2009).

=
(o4
to

2

o}

I3
ki
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Wepd B APlAE AR Ul mAZR A7 A oY 3

AgAel Fe AL BAR S YAen, TAAE AR o) fE

vl M 25+, Schizochytrium sp.2 20%7FA tiAlst A7 73
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Table 2-5. Growth performance of juvenile Rainbow trout fed experimental diets

for 8 weeks!

CON  T20 T40 T60 T80  T100 DSM Pooled SEM
IBW? 3.5 317  3.15 3.15 3.15 3.17 3.15 0.02
FBW? 9.1  10.9* 9.01%* 870% g42% 728¢ g1« 0.50
WG (%)* 191° 246 186™ 176 167  130¢ 1559 13.6
SGR (%/day)® 194> 225  191° 185 1.79% 1519  1.70% 0.09
FE (%)° 110° 139° 105> 98.8% 94.7*  736¢  89.2° 7.70
PER’ 2/ 6= 2730  Qeribcamll BB 103" . 150% % 1.78% 0.14
Survival (%)% 93.3™ 967 933 98.3 96.7 983 98.3 0.85
HSI (%) ° 1.49%  1.40 1.55 1.47 1.50 1.12 1.43 0.05
VSI (%) '° 431" 466 495 440 478 432 494 0.11
CF ! 1.06"™  1.03 1.08  0.96 1.02 1.02 1.04 0.01

'Values are means from triplicate groups of fish where the values in each row with
different superscripts are significantly different (P<0.05)

*Initial weight (IW g/fish)

*Final weight (FW g/fish)

*Weight gain (WG, %) = (final wt. - initial wt.) x 100 / initial wt

>Specific growth rate (SGR, %/day) = (In final wt. - In initial wt.) x 100 / days
%Feed Efficiency (FE, %) = (wet weight gain / dry feed intake) x 100

"Protein efficiency ratio (PER) = (wet weight gain / protein intake)

$Survival rate (%) = (total fish - dead fish) x 100 / total fish

’Hematosomatic index (HSI, %) = liver wt. x 100 / body wt.
%Visceralsomatic index (VSI, %) = viscera wt. x 100 / body wt.

!"Condition factor = (wet weight / total length®) x 100
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Figure 2-7. Weight gain (%) of juvenile rainbow trout experimental diets for 8

weeks.
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Figure 2-8. Specific growth rate (%/day) juvenile rainbow trout fed experimental
diets for 8 weeks.
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Figure 2-9. Feed efficiency(%) of juvenile rainbow trout fed experimental diets

for 8 weeks.
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Figure 2-10. Protein efficiency ratio of juvenile rainbow trout fed experimental
diets for 8 weeks.
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Figure 2-11. Survival rate (%) of juvenile rainbow trout fed experimental diets for
8 weeks.
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Figure 2-12. Hematosomatic index (%) of juvenile rainbow trout fed .

experimental diets for 8 weeks.
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Figure 2-13. Visceralsomatic index (%) of juvenile rainbow trout fed
experimental diets for 8 weeks.
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Figure 2-14. Condition factor of juvenile rainbow trout fed experimental diets for
8 weeks.
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Table 2-6. Whole-body proximate composition (%) of juvenile rainbow trout fed

experimental diets for 8 weeks'

CON T20 T40 T60 T80 TI100 DSM Pooled SEM
Crude Protein ~ 745™ 751 748 747 744 710 761 0.4
CrudeLipid ~ 12.6® 116 137 134 141 119 127 0.6
Crude Ash 126 128 130 125 134 134 134 0.1
Moisture 76.4™ 784 763 785 787 787  79.0 0.5

'Values are means from triplicate groups of fish where the values in each row with

different superscripts are significantly different (P<0.05)

Table 2-7. Hematological analysis of juvenile rainbow trout fed experimental

diets for 8 weeks!

CON  T20 T40 T60 T80 TI100 DSM Pooled SEM
GOT? 30.9™ 383 32.7 34.8 38.8 394 39.5 1.39
GPT? 9.00™ 11.7 10.3 10.7 11.0 11.7 12.3 0.45
GLU* 81.7™ 80.3 82.0 87.0 88.3 87.3 84.7 1.11
TPS 3.37% 3.50 3.37 3.33 3.67 3.57 3.27 0.04

'"Values are means from triplicate groups of fish where the values in each row with

different superscripts are significantly different (P<0.05)

’Glutamic oxaloacetic transaminase (U/1)

3Glutamic oxaloacetic transaminase (U/1)

*Glucose (mg/dl)
>Total protein (g/dl)
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Table 2-8. Non-specific immune responses of juvenile rainbow trout fed
experimental diets for 8 weeks'

CON T20 T40 T60 T80 T100 DSM Pooled SEM
SOD?
(% inhibition) 84.8°  94.8%  96.0° 91.1%c 92.8%c gg9Pc 867 1.57
0
0.12

Lysozyme®
0.33¢ 1.04% 0.77° 0.76° 0.23¢ 0.30° 0.22°¢
(U/ml)

'"Values are means from triplicate groups of fish where the values in each row with

different superscripts are significantly different (P<0.05)
Superoxide dismutase (%inhibition)

*Lysozyme activity (U/ml)
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Figure 2-15. Superoxide dismutase (%inhibition) of juvenile rainbow trout fed
experimental diets for 8 weeks.
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Figure 2-16. Lysozyme activity (U/ml) of juvenile rainbow trout fed experimental
diets for 8 weeks.
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in juvenile rainbow trout fed experimental diets.
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Figure 3—1. ¥A]7]&0] A%,

53



Table 3-1. Composition of the experimental diets in rainbow trout (% of DM

basis)

Diets(%)
Ingredients

Ref MAG DSM FM SBM PBM
Fish meal (Chile) 20 13.94 13.94 13.94 13.94 13.94
Soybean meal 19 13.24 13.24 13.24 13.24 13.24
Poultry by product 16.12 11.24 11.24 11.24 11.24 11.24
Blood meal 5.70 3.97 3.97 3.97 3.97 3.97
Meat and bone meal 9.00 6.27 6.27 6.27 6.27 6.27
Wheat gluten meal 5.00 3.49 3.49 3.49 3.49 3.49
Wheat flour 11.9 8.29 8.29 8.29 8.29 8.29
Soybean oil 0.00 0.00 0.00 0.00 0.00 0.00
Fish oil 6.80 4.74 4.74 4.74 4.74 4.74
Methionine 0.43 0.30 0.30 0.30 0.30 0.30
Lysine 0.51 0.36 0.36 0.36 0.36 0.36
Choline 0.04 0.03 0.03 0.03 0.03 0.03
Lecithin 0.5 0.35 0.35 0.35 0.35 0.35
Vitamin premix 2.00 1.39 1.39 1.39 1.39 1.39
Mineral premix 2.00 1.39 1.39 1.39 1.39 1.39
Cr05 1.00 1.00 1.00 1.00 1.00 1.00
Micro-algae 30
DSM 30
Fish meal(Chile) 30
Soybean meal 30
Poultry by product 30
Total 100.0 100.0 100.0 100.0 100.0 100.0
Moisture 9.71 6.03 7.73 8.94 8.84 10.1
Ash 12.4 10.6 11.4 11.1 11.2 11.3
Crude Protein 44.4 40.8 38.1 46.2 47.9 51.9
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Crude Lipid 10.6 23.6 17.8 11.2 11.2 10.5

3) &3+ 4
AR el FoA el AA AR AMEE chromium oxide 3

Divakaran et al. (2002)2] W& EdjzZ #A39th(Figure 3—2).
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Figure 3—2. FA]7%°] & 4 (Chromium oxide).
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MAGS DSM Ag77F ve AdTel mlal fFodor w2 #=
LR HH(P>0.05).
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Table 3-2. Apparent digestibility coefficients (%, ADC) for crude protein of
juvenile rainbow trout fed experimental diets'

Ref MAG DSM FM SBM PBM Pooled SEM

Crude protein 8829 914> 87.8¢ 942* 896° 88.3d 1.02

Crude Lipid 87.6° 79.4> 786> 755° 70.1¢ 69.7¢ 2.98

'"Values are means from triplicate groups of fish where the values in each row with
different superscripts are significantly different (P<0.05)
*Reference diet

Table 3-3. Apparent digestibility of ingredients (%, ADI) of juvenile rainbow
trout fed experimental diets’

MAG DSM FM SBM PBM Pooled SEM

Crude protein 95.8" 86.7¢ 98.0° 92.8° 88.44 1.82

Crude Lipid 55.3% 54.7° 44 .6 y N 24.6° 6.73

'"Values are means from triplicate groups of fish where the values in each row with
different superscripts are significantly different (P<0.05)
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Figure 3-3. Apparent digestibility coefficients (%) for crude protein of juvenile

rainbow trout fed experimental diets.
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Figure 3-4. Apparent digestibility coefficients (%) for crude lipid of juvenile

rainbow trout fed experimental diets.
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Figure 3-5. Apparent digestibility of ingredients (%) for crude protein of juvenile

rainbow trout fed experimental diets.
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Figure 3-6. Apparent digestibility of ingredients (%) for crude lipid of juvenile
rainbow trout fed experimental diets.
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A 47 F-=

Exp. 1. Growth performance of rainbow trout fed the experimental diets for 8 weeks

1 3.20 8.84 176.3 1.85 104.12 2.04 95
CON | 2 3.05 9.11 198.5 1.99 115.32 2.26 95
3 3.20 9.50 196.9 1.98 110.72 2.17 90
1 3.20 11.42 256.9 2.31 143.34 2.81 95
T20 2 3.20 9.90 209.4 2.05 122.56 2.40 100
3 3.10 11.53 271.8 2.39 151.65 2.97 95
1 3.10 9.00 190.3 1.94 109.31 2.19 95
T40 2 3.15 9.56 203.4 2.02 114.93 2.30 90
3 3.20 8.47 164.8 1.77 91.69 1.83 95
1 3.10 8.60 177.4 1.86 101.68 2.03 100
T60 2 3.20 9.10 184.4 1.90 102.36 2.05 100
3 3.15 8.39 166.3 1.78 92.33 1.85 95
1 3.20 8.68 171.4 1.82 98.52 2.01 95
T80 2 3.05 8.53 179.6 1.87 99.99 2.04 95
3 3.20 8.05 151.6 1.68 85.74 1.75 100
1 3.10 7.40 138.7 1.58 77.36 1.58 95
T100 | » 3.20 6.75 110.9 1.36 64.92 1.32 100
3 3.20 7.70 140.6 1.60 78.43 1.60 100
1 3.10 7.55 143.5 1.62 82.09 1.64 100
DSM | 3.15 8.10 157.1 1.72 92.86 1.86 100
3 3.20 8.47 164.8 1.77 92.75 1.86 95
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Exp. 2. Initial body weight of rainbow trout for the digestibility trial

. Re . Total Weight
Diets P | Fish no. weight per fish
1 11 1073 97.5
Ref 2 11 1101 100.1
3 11 968 88.0
4 11 1056 96.0
1 11 962 87.5
2 11 1111 101.0
FM
3 11 1190 108.2
4 11 1012 92.0
1 11 1056 96.0
2 11 1122 102.0
SBM
3 11 1078 98.0
4 11 1001 91.0
1 11 985 89.5
2 11 1072 97.5
PBM
3 11 1078 98.0
4 11 1132 102.9
1 11 965 87.7
MAG 2 11 976 88.7
3 11 1099 99.9
4 11 1043 94.8
1 11 1127 102.5
DSM 2 11 1018 92.5
3 10 1044 104.4
4 10 893 89.3
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