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Abstract

Recently, the development of feed additives using natural substances has been actively
progressed to increase the growth and immunity of cultured fish. The marine diatom Melosira
numuloides are reported to contain a variety of physiological active substances and are
available for animal and fish nutrition. Silicon isolated from diatoms is called bio-silica and
has been extensively studied related to skeleton formation and bone regeneration in terrestrial
organisms. Objective of this study was to determine the effects of diatom powder and diatom-
derived bio-silica on the growth rate, feed efficiency, survival rate, anti-oxidants, non-specific
immunity, immune gene expression and the physiological responses of olive flounder
(Paralichthys olivaceus).

As a result of feeding with the additives containing 0% (Con), 1% (D1), 2% (D2) and 3%
(D3) diatoms for 8 weeks, growth rates and feed efficiency rates were significantly increased
in olive flounder in all diatom groups over the control accompanied with the higher survival
rates in D1 and D2. The results for anti-oxidant enzyme such as superoxide dismutase (SOD)
and catalase (CAT) showed no significance difference compared to the control group; hence
the glutathione (GSH) changes were also did not show a significant difference. The results in
the non-specific immune activity and lysozyme (LYS) revealed that diatom supplementation
possess significant effect in a concentration dependent manner while the Myeloperoxidase
(MPO) showed the highest immune activity. In addition, the supplementation of diatom feed
additives was found to lower the expression of galectin and c-type lysozyme in the kidney
suggesting that low immune activity could be occurred due to low pathogen invasion. The
supplementation of diatom feed additives to the cultured fish was also shown to effective in
the growth, LYS and MPO immune activities.

Moreover, bio-silica not added control (Con), bio-silica 1% (BS), Lactobacillus plantarum



1% (LP), Lactobacillus sp. 1% added bio-silica 0.5% (BL 0.5), 1% (BL 1) and 1.5% (BL 1.5)
feed additives were supplied for 8 weeks. As a result, the weight growth rates and feed
efficiency were highest in BL 0.5 while the survival rate was high in LP, BL 0.5 and BL 1.5
respectively. The results for the supplementation of bio-silica feed additives in anti-oxidant
enzyme, SOD showed no significant difference, but in CAT showed a significant difference
between individuals, and observed that there was no significant difference between the control
group and the experimental group. In addition, the changes in GSH were found to be low in
the BL in which bio-silica and Lactobacillus sp. were mixed, and were considered effective in
stress resistance. In the results for non-specific immune activity, LYS was shown to increase
in a concentration-dependent manner with the addition of bio-silica, showing the highest
immune activity in BL 1.5, and MPO showed the highest immune activity higher in BL 1.5
(added 1.5%). In addition, supplementation of bio-silica feed additives was found to lower the
expression of galectin, indicating that the chance of pathogen infection in farmed flounders
was reduced in response to the supplementation of bio-silica feed additives. It was
hypothesized that high immune activity compared to low galectin occurred due to immune
activity. In the breeding experiment conducted in the laboratory revealed that the
supplementation of feed additives (with bio-silica 1.5% added at the farming site showed the
highest immune activity and the maximum growth effect on intermediate breeding fish. The
non-specific immune activity was also found to be high.

Altogether, these results suggest that the addition of 2% of the regulation in the halibut
resulted in increased growth and immune activity, and in bio-silica, there was no changes in
the higher value compared to the addition of diatom. Therefore, the addition of M. numuloides
and bio-silica tested in this study is expected to contribute directly to the fish industry as a feed
additive that could promotes growth of flatfish and induces birth immunity. However, since,
bio-silica also has an increased immune system effect, requiring further research to investigate

the role of silicon in fish.
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Table 1. Dietary formulation and proximate composition of the experimental diets for
olive flounder, Paralichthys olivaceus (% of dry matter)

Experimental diets

Ingredients

Control D1 D2 D3
Fish meal (sardine) 60 60 60 60
Soybean meal 12 12 12 12
Corn gluten meal 3 3 3 3
Soy protein concentrate 3 3 3 3
Wheat flour 11 11 11 11
Fish il 35 35 35 35
Lecithin 0.5 0.5 0.5 0.5
Monocalcium phosphate! 0.5 0.5 0.5 0.5
Vitamin premix? 1 1 1 1
Mineral premix? 1 1 1 1
Choline 0.5 0.5 0.5 0.5
Cellulose 3 2 1 0
Lactobacillus plantarum? 1 1 1 1
Melosira nummuloides® 0 1 2 3

!Mono-Calcium Phosphate (22% of phosphate). 2Vitamin premix (g/kg-1 of mixture): L-ascorbic acid,
121.2; DL-o tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine
hydrochloride, 1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic
acid, 0.68; p-aminobezoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003;
cyanocobalamin, 0.003. 3Mineral premix (g/kg-1 of mixture): MgSQ4.7H,0, 80.0; NaH:P0O4.2H;0,
370.0; KCI, 130.0; Ferric citrate, 40.0; ZnSO4.7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICls. 6H,0,
0.15; NazSez0s, 0.01; MnS04.H,0, 2.0; CoCl..6H:0, 1.0. 4 Lactobacillus plantarum was purchased
from woojin B&G Co. Ltd., (Gyeonggi, Korea). *Melosira nummuloides containing from JNC bio Co.
Ltd., (Jeju, Korea). D1, 1% of diatom powder in diet; D2, 2% of diatom powder in diet; D3, 3% of
diatom powder in diet.



223. AT L ASE W3 14
T2 Als W H7P Adgo]e AT W AES nAE 9IS FA]
Aste] 877 AR T AY T ojFe Hit ATE FHse] S A E(weigh

gain, %), A5 & S (feed efficiency, %) % A<=&(survival rate, %)= Z+2F AlLFsESH

i

Aol oA SAHS A 24X AFE AAAN F, ZF A3 TeA A=
65ut2] & A3t 100 ppm<e] w38 9 (2-phenoxy-ethanol) o2 wEFHAIZT  F

Aaston, AEES 14 HHor 7p Adgel HARE AAE A

b4

=
#aske] olshe] Ao A&t

- Weight gain (%) = 100 x (final mean body weight — initial mean body weight) / initial

mean body weight
- Feed efficiency (%) = Weight gain of fishx100 / feed intake

- Survival rate (%) = number of fish at end of feeding trial / number of fish stocked x 100



2.2.4. Superoxide dismutase (SOD) &4

SOD+= AFS}AEw2o] theh 12} Wefr]#to s 2hgshs Pt aneA, 2

ZX-E SOD assay kit (Sigma-Aldrich, USA)E A}-&3}o]

>
oot
2
=
rir
o
N
»
o

#2359 th Buffer solution® 7+ &S #A31E 5 10,000 golAd  104&3F

ol gste] EAEgITh. FHE AE NS sample

o

A este €& s
blank 2 wellol] 20 uL* -3}, ddH,0E blank 1 2 blank 3 wellol] 20 uL* =3
H HE 9IS o] &3ste] EE wellol WST working solution 200 pLE 3 7}38}¢]
U}, Dilution bufferi= blank 2 2 blank 3 wellol] 20 uL# # 7}3}| 5=31, enzyme working

solution:= sample & blank 1 wellel 20 uL® F7}3kc}. 37°Co A 208-7F BFS-A] 71

o

.

% micro plate readerE AF8-3}] 450 nme] FH oA SA



2.2.5. Catalase (CAT) &4

CATE= &/t aFol Auel BZuH w=A AAsH7] f1s] &4o] FokA=

Aoz <d#A ti(Barnes et al., 1999). ojo] ¥ Ao = Al IA FHo

g AW skl WstE Z48t7] fleke] CATE 48 SItE CATY
442 7 x2S Catalase activity colorimetric kit (BioVision, SanFrancisco)E

S~
ofo

}83te] assay buffer® &3}t 9 10,000 goll A 15%3F F4lEeE]ste] B

ox
ofj
12
fljo

ol-gste] FA 5t FHlE AT NS sample R HC lineell 20 LA

3}aL, assay buffer 58 LA % 7}l =t}. HC line®ll T} stop solution 10 L& % 7} gk

M
N

% standard curve line®] 1mM H,0, 2 assay buffers Z+7zF % 7}st % stop solution 10
uL® Z7}Fgkc) Sample @ HC lineoll 1 mM H.0; 12 pLE H713F 5 25°Col| A
30%-7F WHS-A1Z1 H stop solution 10 pL2 % 7}3kar, #|2HeE develop mixE 50 uLA
A7 ek 5 25°Col Al 10%-7F ¥HS- H micro plate readerE AFE3}e] 570 nme]

Tz A9

10



2.2.6. Glutathione (GSH) &4

GSHE A AT 9&f frieso] As2EY s Aie 489
9l o™ (Jee and Kang 2005), ¥ A dolr GSH &AL Ao 1+ 24§
GSSG/GSH Quantification kit (Dojindo, USA)E A}-83}] 5% 5-sulfosalicylic acid
(SSA)= A7bskol w23} - 8,000 goll A 1027+ dAZEste] e FSh&
o]-g3lo] #2413} th GSH solution 200 pumol/LE 100 uL= micro tubeol] 0.5% SSA
100 uLE A4 8|4 sto] ARE3kar, 7+ welloll coenzyme working solution 20 uL, buffer
solution 120 pL % enzyme working solution 20 uLE 3 7} % 37°Col| 4] 5&3t
HE-S-A]1 71 % GSH standard solution % sample solutionS 20 pLE 7} F
37°Coll A 10°&3F ¥H&-A] 71T}, Substrate working solution 20 uL& % 7}slalL, plates

Ao 4] 1023} incubate A]Z!1 % micro plate readerE ©]-8-35}o] 405 nm H=& 415

11



2.2.7. Lysozyme (LYS) &4

LYSE Al Alx=H o AHEZY5S 7Feasiste] &+ 285 st
a4 AR ABelA S5 Wolshs S sk Ae=® 4l Slrk(Saurabh
and Sahoo, 2008). & g el 4 U LYS €42 S 15 uL™ 96 well
platee] =%+ % 150 uL Micrococcus lysodeikticus solution (0.2 mg/mL, 0.1 M PBS,
pH= 6.8)= H7Fst & 25°ColA 533F HH-g-A1Z1 % micro plate reader (Thermo,

USA)E o]&3te] 540 nmoll Al F3 =5 AT &, v 587 ¥h-& A7

2.2.8. Myeloperoxidase (MPO) &4

MPOE S axs 7MA+= Hitsl g4 A7 284S e oz deA
21 2.1 (Klebanoff, 2005), & A& o 2] &% U] MPO 42 96 well plated] 37
20 uLE ¥ ¢ HBSS (Hank 's Balanced Salt Solution, Sigma-Aldrich, USA) 80 uL, 20
mM TMB (3, 3' 5, 5-tetramethylbenzidine hydrochloride)&<} 35 uL % 5 mM H,0,& 35
uL F7F8FaL, 35°C incubatoro Al 2:&7F WESAIZL F 4M H,SO:, £S5 35 uL

71s % micro plate reader (Thermo, USA)E ©]&3}e] 450 nmel A

12



A I FHAA EAS 9k RNAS FE& 4, Ado]25E A% (head
kidney) %2 S %Z3}o] RNAiso Plus (Takara Bio Inc, Japan)S % 7}ale] #2383k
el A 5EFE WEEAIZIAL 4°C, 12,000 g2 10%3F YAlEE st S
Balslel AAlskdtr 23k AEae Al micro tubed] %71 ¥, 200 pLo
chloroforms  #7}8}]  inverting A]X1 Y& 4°C, 12,000rpmo.2  15%-7F

dAEEE A NS A micro tubedll FTE o7]el 200 uL2] isopropanol<:

Z7Fske] inverting 3 & AF2oAl 1083 WESAIZL H o 4°C, 12,000rpm o=

1027 982 3l 75% ethanol2 700 pL 73 F 4°C, 12,000rpm o=
1047 A s FAS 3 REEste] AlFHSEIT g o] % ethanolS

AAsF] 7x¥ RNA pelletS RNase-DNase free water (Sigma-Aldrich, USA)?]
4-3ll3kaL, Nano Drop (Thermo Scientific, USA)E ©o]&3le] <X (purity) %

&% (concentration) & A 3te] cDNA 3/l A8k T,

13



2.2.10. cDNA 34

cDNAE cDNA Synthesis kit (Takara Bio Inc, Japan)ES A}-g8-3lo] $HAl&LSA T}
cDNAT cDNA synthesis 1 step (Table 2)S PCR-tubeol] #7}gk F 65°Co|A 5#-3F
H-S-A1 71 % cDNA synthesis 2 step (Table 3)2 F7}3F T 42°Co|A 30~60%,
95°Coll Al 53t TEHAIA cDNAES e F -20°CollA ®¥tste] PCR S

ALg3 e,

Table 2. Volume of buffer for cDNA synthesis 1 step

Reagent Volume
Oligo dT Primer (50 uM) 1 puL
dNTP Mixture (10 mM each) 1 uL
Template RNA(<1 pg) X Ug
RNase Free dH.O x uL
Total 20 pL

Table 3. Volume of buffer for cDNA synthesis 2 step

Reagent Volume
Template RNA Primer Mixture 10 pL
5X PrimeScript Buffer 4 uL
RNase Inhibitor (40 U/uL) 0.5 png
PrimeScript RTase (200 U/uL) 1 uL
RNase Free dH20 4.5 uL
Total 20 ulL

14



2.2.11. Real-time PCR (RT-qgPCR)S £3 W9 #d fAx 24

Real-time PCR (RT-gPCR) cDNAE 3% S =2 SYBR Green (Enzynomics, Republic
of Korea) % real-time PCR machine (Bio-rad, USA)E A}g&3sle] 2AgS
8t th(Table 4). B-actine UWF tixza" o= ARE-3to]  galectin?}  c-type
lysozyme2] Athz 2d 58 RT-QPCRS AM&3te] el tH(Table 5). RT-g-
PCR-> mixture (Table 4)= platee]l %7}t H initial denaturation 95°Cl| 4] 10~15%-%F
HE-S-A171 H, denaturation 95°Col|A] 10%, annealing 60°Col| 4] 15%, elongation
72°Coll A 15~30%3t F 353] = 403]0l] BAH HDS FHAVIAL vpAHo R

72°Col A 1023t QA SkAA RT-gPCRE w2 &kl

15



Table 4. Volume of standard reaction RT-gPCR mixture

Reagent Volume
TOPreal gPCR 2X PreMIX (SYBR Green with low ROX) 10 uL
Template DNA 1 uL
Primers F 1 uL
Primers R 1 uL
Sterile water (RNase free) up to 20 puL

Table 5. Gene specific primers of olive flounder, Paralichthys olivaceus B-actin and

immune related genes used in this study

Primer Direction Sequences(5°- 3”)

Forward TTCCTCGGTATGGAGTCCTG
B-actin

Reverse AGCACAGTGTTGGCGTACAG

Forward CTGTGGGCAGGAAAGACTTC
c-type lysozyme

Reverse GGAAGTGTTGGTGGAGAGGA

Forward TGTTGAGTCACGGAGACGAG
galectin

Reverse ACCTCCATCCAGATCAGTGC

16
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A4 Ag APe AFE Y G oA oA FAA) L F=18A0B
U2 S o s MU, A F2 o= A Hit AlF 10.24+2.55 g9
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2.2.13. BAAY

RE B2 Avl= IBM SPSS Statistics 24 (SPSS Inc, USA) 2138 o] -&3}o]
A Agedon, 99 ujx EAHE2(One-way ANOVA-test) &2 E74] 45
SEA T dlolHate]l -2l 2= Duncan’s multiple test (P<0.05)E A}F-&-3Fo] thz=+-9}

AT Hats vlwsd o, Hf gkt E =T A (meantSE) = LEFAH
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231 AZE 2 HEE

N

TR AREIM FEd wE gxe 4F4E, ARad 2 AEs9

rE
2

A= Table 60 WebHth A3 JHA A AT Bt 29.79+4.60 g2 8719
AR FE AT, S A AT tlEToll A 64.76+9.93 g, D1l 4] 81.61+15.02 g,
D20l A 79.30£16.24 g, D394 75.16+11.06 g& U EF} thETol Hlwsle] Fx
A7b7E A dErsen], D1 AdTelA AF A dell e 173.94%9
TAES dEpdo] 7B we S dERth AFRa gl oA E izl A]
0.303%, D1o14 0.411%, D2°lA] 0.369%, D3°lA 0.356% %, D1ol4 7H4 =4

velyth dbd, AESS )Xol 4] 98.13%, D14l 98.75%, D2l 4] 99.06%,

D314 98.13%= D2l A 7H A vEbsth o]8 g ARz Fx2o] AR

HHPQl D2olA] AEFe] 4 BE Aom veht ae) AmEsblE 3

wxe A % AEFE el aH Aow Add
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Table 6. Growth performance of olive flounder, P. olivaceus fed the diatom diets for 8
weeks

Growth Experimental diets

performances

Control D1 D2 D3

Final body weight () 64.76+9.93 81.61+15.02  79.30+16.24  75.16+11.06

Weight gain (%) 117.40 173.94 166.21 152.31
Feed efficiency (%) 2 0.303 0.411 0.369 0.356
Survival rate (%)3 98.13 98.75 99.06 98.13

Weight gain (%)=100x (final mean body weight—initial mean body weight)/initial mean body weight.
2Feed efficiency (%) = Weight gain of fishx100/feed intake (dry matter). *Survival rate (%) = number
of fish at end of feeding trial / number of fish stocked x 100. D1, 1% of diatom powder in diet; D2, 2%
of diatom powder in diet; D3, 3% of diatom powder in diet.
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2.3.2. Superoxide dismutase (SOD) activity 4]

SOD+=  AFstAEgg s ok 12k wWolr|Eke.2  superoxide radical=

FAES}GE A (H02) 9 A (0) 2 el 3= & 4~o] ™ (Forman and Fridovich, 1973), ©]

%

HakslEaE CATSE GSHE wy E(H002 H3 3 wj&Este  4bks)

e

JoRRY RIIAE REFHE

18
k.

S St Aoz dHA JAtHGiulio et al.,
1989). SODE i Zoll A 99.06+3.67 U/mL, D1ol|A 100.14+3.46 U/mL, D2°]A]
99.85+1.33 U/mL, D3°l4 99.63+1.42 U/mLE Y& Z2Fo|A 922 2ol
UEFA] eFdTH(Fig. 1, p>0.05). ol&lgt A= Fx AFEHIIAl F52 SOD

Hstol] G MAA &= Ao ddEn

120

90 |
-
E
2
o 60 |
O
w

30

0 1 1 1

Con D1 D2 D3

Figure 1. Changes of superoxide dismutase in liver of olive flounder, Paralichthys
olivaceus fed the experimental diets containing different levels of diatom powder 0%,
1%, 2% and 3% (Con, D1, D2 and D3) for 8 weeks
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2.3.3. Catalase (CAT) activity #4]

CAT= SOD7}F #all st FAbshra(H02) 5 AAol Falgh AR 0.9 H.0=E
alste] EAdakAe FaldS Al D AASE 242 delA AthGiulioetal.,
1989). CATE tixTol4 551+2.39 mU/mL, D1cl4 4.67+2.42 mU/mL, D2¢lA]
4.64+2.08 mU/mL, D3°]14 539+1.75 mU/MLE RE ZFoA fo#el xfole

SLATH(Fig. 2, p>0.05). oJell & HdolMe] Atz stz AFRH7MAl &2 CAT

CAT (mU/mL)

Con D1 D2 D3

Figure 2. Catalase in liver of olive flounder, Paralichthys olivaceus fed the experimental
diets containing different levels of diatom powder 0%, 1%, 2% and 3% (Con, D1, D2
and D3) for 8 weeks
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2.3.4. Glutathione (GSH) activity ¥4

GSH, glutathione reductase (GR), glutathione peroxidase (GPx), = glutathione
sulfotransferase (GST)E X&3gt S FEE 2 o|EA Wo| A|~HE HAEHA
2Ef a8l A o7 ME A g 3AAEE FAlGte eR dHA
A TH(Srikanth and Gwack, 2013). GSHE tx7olA  5.25+1.30 pmol/L, D19l 4]
6.01£1.42 pmol/L, D29 4.72+0.65 pmol/L, D314 6.32+0.27 umol/LE }EFL D1
2 D3olA diETel HEl E=A dEwen, D2oAME fFosk Al A
e TH(Fig. 3, p<0.05). o]l & A3 oA o] thxT(AHALE)} 13 AFEFH7HA

Tl wE GSH Wzt 2 atolE UEhiA &2 Aow yekE.

10

8 b
=y ab b
= T
(—ED 6 a
= I
B 4t
O

2 »

0 1 1 L

Con D1 D2 D3

Figure 3. Glutathione in liver of olive flounder, Paralichthys olivaceus fed the
experimental diets containing different levels of diatom powder 0%, 1%, 2% and 3%
(Con, D1, D2 and D3) for 8 weeks
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2.3.5. Lysozyme activity #4]
g U LYS AL ofFolA H|Eo]x WY F(innate immunity)e] =2 H

AbEE | Al AEH ] FAA S peptidoglycane] B-1, 4 23S JhrEd) o]

gt AES YehdleE ez dEA AtH(Grinde, 1989). LYSS UlETrol A

ul

0.016+0.002 U/mL, D1ol4] 0.029+0.002 U/mL, D2°l 4] 0.031£0.008 U/mL, D3o] 4]
0.036£0.008 U/mLZ XEE Aol vxz1ru F3HA & FHE=
Uet o, 53] DA FoAom M w2 &S YERTH(Fig. 4, p<0.05).
ojggt A¥E LYS WY &4 tx HUbol wEt sk YEHoR TSk
Aow yeht qtx AARHZMAZE F2 9A49 W

Ao g ke

0.06
¢
bc
- 004 T
E |
=,
w
>
2
0.02 f
0.00 . L
Con D1 D2 D3

Figure 4. Lysozyme activity in serum of olive flounder, Paralichthys olivaceus fed the
experimental diets containing different levels of diatom powder 0%, 1%, 2% and 3%
(Con, D1, D2 and D3) for 8 weeks
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2.3.6. Myeloperoxidase activity 4]

AA U MPOEY F7he WA wg FdanE SIHAA WdTss
771 ges dtfar G A glth(Palic et al., 2005). MPOi= ol A
2.37+0.65 mU/mg, D104 2.54+0.32 mU/mg, D2¢lA 3.59+0.24 mU/mg, D3°]A]
2.69+0.33 mU/mg= D27} tt& 1&o] Hl&] oz or =74 vebdth(Fig. 5,

p<0.05). °o]2]dF ZI}E MPOE FF 2% H7F7Q D2olA W dAdo] 74

ro
S,
o
fru
!
R
(i,
o

=A WEb FA gAe] 19 24 Sl aahA

5

4 b
g : :
2
E 3 I
@)
o
= 2

1

O 1 1

Con D1 D2 D3

Figure 5. Myeloperoxidase activity in serum of olive flounder, Paralichthys olivaceus
fed the experimental diets containing different levels of diatom powder 0%, 1%, 2%

and 3% (Con, D1, D2 and D3) for 8 weeks
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Galectin> YA E, FHFTE, FFsE L oFo IJF Ao EA5HH,
HAA o waEtta <A ATH(Suzuki et al., 2003). Galectine o] Z=7-ol| A]
0.90440.169%, D1 A4 0.614+0.144%, D2 4] 0.055+0.018%, D3] A4 0.103+0.024% =,
gzl M e s Yeldlen, gzl vlEl D1, D2 ¥ D3l A
oA o g e =22 YEWUHFig. 6, p<0.05). o213k Ay E Fx AR H A

Ao vhehY, txe] AR o8] %A

o
ll
rlo
o

=2
g

5

1o
i)
ral
o
v
o
rlr

WA WA 79 A18E el A%E fEaE Aow R4,

15
C
10 ¢
S
5
<
)
05 |
a a
0.0 — L. | I
Con D1 D2 D3

Figure 6. Change of Galectin expression change in kidney of olive flounder, Paralichthys
olivaceus fed the experimental diets containing different levels of diatom powder 0%,
1%, 2% and 3% (Con, D1, D2 and D3) for 8 weeks. Expression levels were normalized
against the internal control, p-actin. Expression levels between the two groups were
compared by real-time PCR
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A

tjo

C-type lysozyme #<
Aoz dHA Uk C-type lysozymed lZTol A 0.725£0.177%, D1olA
0.504+0.155%, D2°| 4] 0.284+0.066%, D3°l*] 0.416+0.062%= }E}} galectin}
AR dlZ277F 7HE a3l D2 9 D3A frefH oz whA vErskth(Fig. 7,

p<0.05). °o]&fgt 2 AFRHTIAl Tl &l Alge A1) galectin 2 lysozyme2]

v i Ades BdAd Hds #AaAA T oY 2ElS UFEe slew
=g,
1.2
b
08}
S ab
o
% a
04 - -
T
O'O 1 1 1
Con D1 D2 D3

Figure 7. Change of c-type Lysozyme expression change in kidney of olive flounder,
Paralichthys olivaceus fed the experimental diets containing different levels of diatom
powder 0%, 1%, 2% and 3% (Con, D1, D2 and D3) for 8 weeks. Expression levels were
normalized against the internal control, pB-actin. Expression levels between the two
groups were compared by real-time PCR
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238 ¥AEF Fo] A

FAAGoNA ] tx AFRHTIA olel wWE HAY AAAE, H5o]4 WY
44 A A= Table 70 e A RA A ATS A FA A Bt
10.24+2.55 g= YEF O™, B FA Gl Al St 376.65£79.34 g= LEFSETE 8771
AMR T 23, HFE A A F(final body weight)S A A AolA AE
54.21+9.51 g, A2% 66.75+15.28 g= L E}RLO W, B F2 e A B0 715.94+97.52 g,
B2+ 715.82+140.01 g= ‘}E}HLL.

Lysozyme activity-= A 21749 A0t 0.019+0.009 U/mL, A2+ 0.028+0.012
UmLZ uYelster, B 4213 eA B0 0.027+0.010 U/mL, B2+ 0.034+0.014
U/mL=Z YEFSETE Myeloperoxidase activity= A F217do A A0+ 1.90£0.34 mU/mg,
A2+= 20.19£0.62 mU/mg= YEF e ™, B 940l A BOE 2.37+0.74 mU/mg, B2+

2.72+0.65 mU/mg= Elskt},

oleigt Axtm FAAFoNM FRAIRFIA TEel wE A Ao
D A AR R 2% H7bY A2 HERAPRRYG SAE] w2
AoR uyehgon, FEAol tidd B FAFdAE 2 AelE UrEhiA
ol Ao wAe] @FAojel qtx ARl el wE 4F ' w2
Ao ghgbwrh @9, lysozyme 2 myeloperoxidase A4S A ¥4% 2 B
G BF oarE 2% 7 A2 9 B27E djEAbRe] Ml Ee o

e gt ARRATEA wE A gAe] mge] mabHel Al
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Table 7. Growth performance and nonspecific immune response of olive flounder, P.

olivaceus fed the diatom diets for 8 weeks in aquaculture

Experimental diets

Growth
performances A0 A2 BO B2
Final body weight (g)  54.21+951  66.75+15.28  715.94+97.52 715.82+140.01
Weight gain (%)* 429.55 551.96 90.08 90.05
Lysozyme activity
0.019£0.009  0.028+0.012  0.027+0.010  0.034+0.014

(U/mL)

Myeloperoxidase
1.90+0.34 2.19+0.62 2.27+0.74 2.72+0.65

activity (mu/mg)

Weight gain (%)=100x (final mean body weight—initial mean body weight)/initial mean body weight.

A2, B2, 2% of diatom powder in diet.
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2.4.

Z

K

A ZF SollMe e bdFd FolA Yol s &5l gl oM (Kang
et al, 2011), AbE Wl = 7k olwidl{o AT, 4 2 A4aY A=
S7HA T A o2 B g ti(Chen, 2007). g AJ-9-?1 black tiger prawn Penaeus

monodon®l] o] F<¢] WA ZF(Nannochloropsis sp., Melosira sp., Entomoneis sp.,

Chlorella sp., Stauroneis sp. % Dunaliella sp)E 453 F33 Ay, Fx27/FA
Melosira sp.2] &3o] tE HMZF &g vl8] AEE o] Fgyo=z
o TAE vEWlon, AFEAARE FoFS Aol Aoy T =2

FAE Yeditta Basith(Li et al., 2016). 3}, Pacific red snapper (L. peru)<

thato 2 A3k Reyes-Becerril et al. (2014)0l M= +F 2 FAAS E55}H]

7}k A& (T2, Navicula sp. + Lactobacillus sakei, Navicula sp., L.sakei)Z % 7}&}o]
=
2 L. sakei Wt HESE oixte] vl w2 AEAES dERET o 2

A8 E 877 AFAS d38(FHE AT 29.79:4.60 g)o] AT 64.76+9.93
2 0303%Z UeHew, Atz Wl s HtE RE

TR AFRFEVH sl wE |9Ae A WElelM Als Wl e AP

Tded % A3NE T oF At g7 AE#H A= ofFe Al



gk k4 (reactive  oxygen species, ROS)9] AAS FT7IAFA AIFAEHAE

et Ao®  HugithDalton et al, 1993). AEA T FAATAO] o

Ho

BB AREY AAE Besta dAS wAs] flste] @4l

>
o

Wol71zks 7L glem, @A s AaATIAY AAsE EAE 3

2
ot

a9 3rst Ed® v th(Martinez-Alvarez et al., 2005). a1 Ao A a4l

o

ol 7| zhe]  Fojsls EACl ksl §4A2E SOD, CAT % glutathione
peroxidase (GPx) s©°| lom, &4tst &= GSH, ascorbic acid, metallothionein
(MT) % a-tocopherol So] EAlstH, 3lg AES oA A= A=
B git(Basha and Rani, 2003). 1% SODT Atst~Egzel sk 13
Wol7] 2o = superoxide radicals  HAFSEFA(H0)9F  AFAR(O)E Sk
Faaolm, o] HitsleiE CATS GSHE v E(H0)2 We $ wjE3s)o]

el EoRRYH FUIAE BEdhs 9

mﬂ

S gt Ao ® Husith(Forman and
Fridovich, 1973; Giulio et al., 1989). H=3%} GSH, glutathione reductase (GR), glutathione

peroxidase (GPx), % glutathione sulfotransferase (GST)ES X33t =FELE]29
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ri
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>
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W
ko

2 SAA oiFel AT A3 B9

S A=Y Qo] 2F A0l d5H HE dvk(Srikanth and Gwack, 2013).

oAl AfolE HolA ko™, GSH &4 A¥ tix+-o] Hs] d Aol A
FoAE e Ao UElstew, 1% D27F foldem P v FAE

UERTE ol#fgr A B Ao tx HVMA e A "AY
Grta Wetels 2 4TS vAA B o #uEu, GSHY 44 D29

ANtz HlE w2 FAE dEhlo] oF E s tig WA
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g, A=Al 7= A AR W SolH o} 7]k W A=Alel o 8
A& dAdsteH, Wl tdste] ofFE BEsr] 9l wEA FdEs
Ao 2 HiFIthSmith and Lumsden, 1983). 1% LYS ©ofF<] 1A Wojdo=
H|5o] % W5 (innate immunity)e] =24 Al&-Eo] gkow(Bols et al., 2001),
tFe ol 2SS YEhE SAEA Al AEEe RS

peptidoglycan®] -1, 4 ZH3ES 7hidste] &+ AE&S dehle o=

fols
2
N
-
SE
fols
>
-
K-
riy
2
of

Ir

123151 CH(Grinde, 1989). MPO2] 750l F3

Faksl § o], A3l E hypochlorus acid (HCIO) 2 A sha] HYA nA=S

AEA 7= Aol e AoR, AA U MPOEY TUIE WA s
FHadsE FHAA AYESS SV E 98S st Aoz R asti(Palic

et al., 2005). Reyes-Becerril et al. (2014)< pacific red snapper (L. peru)S ©]-&3}]

=Y
BN
u

o] 232l Naviculasp.&} 42l L. sakeis AlEol H7lete] &53 Ay}

fu)
BN

T-o H]3ll Navicula sp.+L. sakeis #H7Fgt AE¥F7F FoHo= =& LYS

ik
o,
o

Hoow Navicula ©HET 2L L. sakei ©HET S Ol HE] =

o
o
o
i
Au)
£
poy
o
il
[
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o)
vl
ko
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Sparus aurata L.ol T+xE Joldt Ax AP WAS AFs o] FollA
H|Eo]2 wWolsS F7MATI Busta Qlth B ATFME Fxd M,
nummuloidesE Akl H7bste] &R A, LYS Aol s AU
ARTelA TR fFfHor w2 AFE RHOoH, FE gEHow
S7tete A%E Jeleh B3 MPO Ao M % 2% FEE FH7HeE D20 A
FoletAl =& MPO 24d& uEWleon, DI 2 D3 A= fFo7 Aole
pAo 2 AFe YERAtKFig. 5). WEkA i ATl vERd LYS B MPO

249 Frhe FE A7 AR FHE Batel FA olF HKeld wejuge



ARk om HHWY dd FHAAE S50 FEFH HAAVE FdEd
438 F7Fste Ae= Raglti(Magnadétti, 2006). 1% lectin A A
AARkgol] &otH, FE dwAy gestE JeA8S 3 ¥ AT (PAMPs) Y
Q1 A)ol estar ) S ™ (Robinson et al., 2006), lectin®] 3+ FF<1 galectin (GAL)>

AYYE, FAFER R olFe AR gl EAs, BAA o3

(2001)° w=w  wiZoi(Anguilla japonica)oll UoiA dGoll A H42 o] o]
o3k of7tm|ol 2] c-type lectinse] WEo] HAA3F] FUlet= AR HIskal
A, olgl Ades GE 2EHE B A9 wEH ot o3 AE# 2o
o3t Axtz2 Wt E=3F Manila clams(Ruditapes philippinarum)< th o2 3k
Aol A= Perkinsus olsenidll ZAE F7AA EF galectino] THEF SO,
AAHA Fe HELFoA = galectino] DA A ol o= viH g olr} #E 9
1S FE3 Aor waEolxthKang et al., 2006). ¥ Aol W
FAAe] W= gt 7 aAFRY dixTelA fFYHeR & FAE
e thFig. 6). tET9 =& galectin®] %= AAFxA AL 77 F
o -0 HAAmFE ol & FUIE AAAM, 7t HI7F APl =

Ay W 5 WSold W] ofs] oMol JJEH @Y Fe] ol

-

EN

4

B

2 el HE) u

rlo
Jo
2
_>‘i
i3
e
ol
flo
i
Au)
£
POy
o
il
e
o
i,
ui
o,
_\N_rl

)

Atsdl xR FH7F FEel g |Wdy Fdie AnE fxE o] &%t
APRHZEAZE o/ 2Eds 2 FHAd w2 anE f:Ed% o=
T =8 LYSO oAM= 2 Aol A= galectin®] Ao} {FARE A=

UERE GALS] ZduiH]l Lyse] 2EE dixgrolA Hlad v wdEs
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Aoz YEyllth(Table 7). &

Freete

oj

2O
T
8
B

mK

SERCE

=
=

7] Al

Aol A e v

O
1l

i=h

& %] a1 Q) Th(Seaborn et al., 2002; Russell

17} Abszh

Z
=4

shef ut

S O

T+

1

R

2 3}

ki3

2 K E o] S (Seaborn et al., 2002), "} AT FAE

]

=

o} o]

=<

o)

B w o] Hch(Russell et al., 2016). webA]
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& 9=l

Zhel]
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=

33



7

B

No
il

D20 A Tzl

S %E D1 2

=
T

o, 4

7} ATl A

b ostE A

ks
pid

etRlon, MPO &

g

s

=]
=

A= 1%

37l

HE we A2 et gep

ozl

o=

=0
B 2 B

o) AN

AE R A S

1
R

bt olel e 2t

N

oj

ALt

9] 2] o

M. nummuloides2]

Abs W el

ki3

5)
=

A
=

el H Aol A

=]
=

34



A 37 Bio-silica A7} AR FF¢ ©E gx 9 Az W

31 A&

afubo] ™ (Lassus, 1993; Martin, 2013), A3 Al avhes, 2=, €93 3 Add A
S FEshe o2 H Iy o H oh(Reffitt et al., 2003; Nielsen, 2014).

ol d BN FEH AE7tY A9 AA Y o Z(Martinovic et al., 2006), A]-

o] A} kS Wol FElEA st o] glal(Inglethorpe etal. 1993), -2 Aol
A DS F 9o (Kadey, 1975), Yyt B A AAtE = 97te] A dd F
(species) .2 H-E] AJAE A ol 3] Zh(frustule)e] HEl 2 silica =24 5 FEr}

AAstA] & HolA AtFA A AgA R o] &= tk(Yilmaz and Ediz,
2008; Ergiin, 2011). A=A ¥ A+ vlol e A 7Hbio-silica)= & ™, $-

=3

S8 BEAL AR, 2 AR AR ML oA

)

o

EER

b 719

o

A

o

rr

o7 AA3E 7150 Ut} 2 Bl o (Lee et al, 2020), A AES U

o w AN 5 24 Y

o,

W P g

L

T7F kel A o] Fo] & AtH(Weeetal.,

ry

2005; Bariana et al., 2013; Li et al., 2014). T8+ 2kebr] v S=g}7](quail)oll 74 F oAl
ol FA % AAe FAE FVMAIIE AoR HiuEo ] Sw(Faryadi S and
Sheikhahmadi, 2017), 7}-$-2 AFoM % FH2HZ Al5o] F42 &3 Fo|3
At AE AERREES 7F E4d BE &3 yeha Az ASH(NASH) 2
B S WFe o By ol tH(Garcimartin etal., 2017).

meby B AT E 7

by

4 AR daomyr ASHUR vlole A
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32. Alg 2 Wy

321 A3 2 48 =4

OAYS AFddtn aFHEATA W AR FRAA AAES o,
Ao AbEE 9AE 159 3000E]Y AR wj A sk § oFE gl 25Uzt
=2 717Ee 7E 3 Aol ALEE T AR =2E 15 x 1.5 x 0.7 md, 1,100 L
S0 dAY FxE olfstd HAFS HAAsGen, 43 7 BRE xR
A 2 18.75£2.11°C, G4 33.67+1.11 psuz A ¥ At}

322. A4¥ A8 ¥ FH

Aglo]  AbgE mlo]l e A FHbio-silica)s oI BAFRCL  EA o] M o A

Al-grrol Ad o] ALgE AT A= bio-silica 2 L. plantarumo] 7} A ¢k
Control (Con)¥} bio-silica 1% 7 7}-(BS), L. plantarum 1% 3% 7}+(LP), bio-silica &

7} 0.5%, 1% 2 1.5%¢°l L. plantarum 1% (BL 0.5, BL 1 % BL 1.5)7} H7}¥ 6% <]

APEE A AlFste] A el ARE-SHltH(Table 8). Abs w2 19 23](09:00,

14:00 hrjell AA vy FEEglen, ¥E § 60w F s sho] R
TR FABR LT, ARFE F 81 Ao
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Table 8. Dietary formulation and proximate composition of the experimental diets for
olive flounder, Paralichthys olivaceus (% of dry matter)

Experimental diets

Ingredients
Con BS LP BLO0.5 BL1 BL 1.5

Fish meal (sardine) 60 60 60 60 60 60
Soybean meal 12 12 12 12 12 12
Corn gluten meal 3 3 3 3 3 3
Soy protein 3 3 3 3 3 3
concentrate
Wheat flour 11 11 11 11 11 11
Fish oil 35 35 35 35 35 35
Lecithin 0.5 0.5 0.5 0.5 0.5 0.5
Monocalcium?!
ohosphate 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin Mix? 1 1 1 1 1 1
Mineral Mix3 1 1 1 1 1 1
Choline 0.5 0.5 0.5 0.5 0.5 0.5
Cellulose 4 3 3 25 2 15
L. plantarum* 0 0 1 1 1 1
Bio-silica® 0 1 0 0.5 1 15

!Mono-Calcium Phosphate (22% of phosphate). 2Vitaminpremix(g/kg-1ofmixture):L-
ascorbicacid,121.2;DL-atocopherylacetate,18.8;thiaminhydrochloride,2.7;riboflavin,9.1;
pyridoxinehydrochloride,1.8;niacin,36.4;Ca-D-pantothenate,12.7;myo-inositol,181.8;D-biotin,
0.27;folicacid,0.68;p-aminobezoicacid,18.2;menadione,1.8; retinylacetate,0.73;cholecalficerol,0.003;
cyanocobalamin,0.003.3Mineralpremix(g/kg-1ofmixture): MgSQ,4.7H,0,80.0;NaH,P04.2H;0,
370.0;KCI,130.0;Ferriccitrate,40.0;ZnS04.7H,0,20.0;Ca-lactate,356.5; CuCl,0.2;AICl;.6H,0,
0.15;Na,Se03,0.01;MnS04.H,0,2.0;CoCl,.6H,0,1.0.*Lactobacillus plantarum was purchased from
woojin B&G Co. Ltd., (Gyeonggi, Korea). °Bio-silica containing from JNC bio Co. Ltd., (Jeju, Korea).
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323. AS 2 A&E 4
nio] @ AeE7te] At Ul H7P7F Ao AT Wgte nA & TS A}
st 87y AR FH AP ¥ oFfe H AFS A FAE,
Aggs W AEES 7247 AAEY RE O5e 85 Alg v A &

7y Z1F oA e5ukeE] & A Eke] ul3 -8 9 (2-phenoxy-ethanol) 100ppmo.2 W} A 7]

T oAE AP o, AEEE 1Y Ao g ZF gt Ak A7)
A=A FEst] o]l ALk oz AFESESl T
- Weight gain (%) = 100 x (final mean body weight — initial mean body weight) / initial

mean body weight
- Feed efficiency (%) = Weight gain of fishx100 / feed intake
- Survival rate (%) = number of fish at end of feeding trial / number of fish stocked x 100
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3.2.4. Superoxide dismutase (SOD) &4

SOD &S SOD assay kit (Sigma-Aldrich, USA)E A}-8-3lo] HAlslglon, 7F

ol

25 Buffer solution©. 2 # A 3}gE § AT oS Ao Aol ARgsith 4

W BekA Adsianh

o

27 1

3.2.5. Catalase (CAT) &4

CAT &4& 7+ z%ZS Catalase kit (BioVision, SanFrancisco)S A}-g&3}o]
A=A} Assay buffer2 A gojo] 3+ 22S #23ksk & 10,000 g, 155, 4°C

ARG Q& AZNG o] gate] RASAT. BAL BioVisionol A A3

protocolZ} &3}

3.2.6. Glutathione (GSH) &4

GSH &4 GSSG/GSH Quantification kit (Dojindo, USA)E A}-8-3}¢
AEdon, dFoje] 3k ZAd 5% S5-sulfosalicylic acid (SSA)E %713l

& o] gate] BAjshgom,

723} % 8,000 (g, 104, 4°C YAl wE|sle] I
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3.2.7. Lysozyme (LYS) &4

4 U LYS &2 96 well platee] 7S 15 ¥ 53k % Micrococcus
lysodeikticus solution (0.2 mg/mL, 0.1 M PBS, pH=6.8) 150 uLE %7} & 25°Co A 1
w3 HESAIZl % micro plate reader (Thermo, USA)E ©]-83}¢] 540 nmoll Al

EYES 24390 o F 587 s A7 5 540 ol A FPEE ZHtol

o
of

b

lysis A3 &F= A5 Hluste] =

3.2.8. Myeloperoxidase (MPO) &4

g7 U MPO &/ 96 well platesell &7 20 uLE %7} $ HBSS (Hank 's
Balanced Salt Solution, Sigma-Aldrich, USA) 80 uL, 20 mM TMB(3, 3' 5, 5-
tetramethylbenzidine hydrochloride) 35 L % 5 mM H,0,E 35 pL #7}s & 35°C
incubatoroll A 24&-7F HE-SAIZITE o] 4 M HSOs2 35 pl %718k micro plate

reader (Thermo, USA)=Z 450 nmol| 4 3 =& ZA s}
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3.29.RNA F=

Total RNA F&2 A doje] Al%(head kidney)Z2#= %&3F] RNAiso Plus
(Takara Bio Inc, Japan)S 7138k 5 Ab2oA 5&7F wbsA]71 & #3235} s9i )
©] % 12,000 g, 10+, 4°C AAlEelste] A5ds F8lsklaL, Al micro tubeol] 71
< 200 pLe] chloroformS % 7}sko] inverting A]Z1 Tk 12,000 g, 15+, 4°C

2]

Al
=

ol
ok

e

bol

ofj

2Rt A5 NS Al micro tubedll %31 3 isopropanol

M
o
o
Sha

200 pL= H7Fske] inverting ¢F & 2ol Al 10%-3F WESAIZ] H 12,000 g, 104, 4°C

4

A4l sklth. 700 pLe]  75% ethanols 7S F 12,000 g, 10%, 4°C

F

{

4

AP et RS 38 whEste] AHF H ethanol: AAT ¥ AEF RNA

F

pellete]l RNase-DNase free water (Sigma-Aldrich, USA)E X 7}8le] &3l Al Z T,

3.2.10. cDNA A4

cDNAT cDNA Synthesis kit (Takara Bio Inc, Japan)E Al-&3slo] 351 o,

29l AT Pt FASHN 2@t
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3.2.11. Real-time PCR (RT-gPCR)

Real-time PCR (qPCR) cDNAE 53 9.2 SYBR Green (Enzynomics, Republic of
Korea) & real-time PCR machine (Bio-rad, USA)E Al-&3}o] 23S 233} p-
actine W3 thxFo = AFR3lo] galectin B c-type lysozymed] AbthE 2
TS RT-gPCRS  A&3te] e, B-actin®] primer= forward 5'-
TTCCTCGGTATGGAGTCCTG-3', reverse 5- AGCACAGTGTTGGCGTACAG-3'&
galectin®]  primer= forward 5-TGTTGAGTCACGGAGACGAG-3', reverse 5'-
ACCTCCATCCAGATCAGTGC-3'E  c-type lysozyme®]  primer= forward 5'-

CTGTGGGCAGGAAAGACTTC-3, reverse 5-GGAAGTGTTGGTGGAGAGGA-3'=

Alztsto] AH8-33l o mi(Table 5), 27l A X1 g W3t FdskAl dasaih
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32.12. 948 A

AYIFAE e AFE W PPN AN, A% 2P A4

i)

Ft A% 139.56+3.87 go] RS AFE-3HQATH
AgA AL AP AR AEE 2 AHY Ao P A JEd Als
A7 EwE J1FE@lele Awgl 15% H7FE, BL 15O HFAFE(MP)
Hlol o A7l 15%= H7Fs I 8F7 Folste] iz AT Hlw
BHSA ol 7 AT oAl AT AFES FHskel FAE(weight
gain, %) A4kl on, wWel el B4 98] Agole] wRAgue|A

gl AfF3Fe] Lysozyme activity (LYS) 2 Myeloperoxidase activity (MPO)E Z+2}

3.2.13. BAIAE
RE BA A= IBM SPSS Statistics 24 (SPSS Inc, USA) & 1#: S o] &3}o]

A Ao, A £4=

e

o Al F4FE4], Duncan’s multiple test
(P<0.05)= AF&3te] dHleolyghel FoxtE uvebih =g tixT¢f A9

HS Hd gk TH 2 (meanzSE) 2 L EFA
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33 A

331 AT 4 A&EE

Hpol & AE7b AARA VAl Ewel wE 9o AE, Alsad 2 A

ri
o
lo

Wl A= Table 99 YERAT. 8F3te] Alm i Ay, HT

oX,
o
i
rlo

o) 2ol A 80.97%, BSO A 103.62%, LPoll A1 98.85%, BL 0.5 4] 111.53%, BL 1°1 4]
83.16%, BL 1.5914 89.39%% UE} RE A oA txrTryg R AF
S7HES yBEhth AR g gl dolME tHETelA 0.14%, BSOlA 0.17%,
LPoll 4] 0.18%, BL 0.5¢11 41 0.20%, BL 19141 0.17%, BL 1.5¢1 4 0.17%= L}ER o1,
1% BLO5ONA 7Y =A YERRTE dhE, AEE&2 Con, BS, LP,BL0.5, BL1 ¥
BL 1.591 4] 86.7 %, 83.3%, 93.3%, 90.0 %, 83.3 % % 90.0 %= LPolA 74 =7
Uebskth o3k Axr wlolo AgIl AMEH7FAl FFol] uwel BL 0.5 4
AT 3dE 2 AAREEC] 7P 52 o Yedlon, LPAA AE&o] 7H

el 9k gx o] Aol nlole AE gt ALRE AN & 3HE 9
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Table 9. Growth performance of olive flounder, P. olivaceus fed the bio-silica diets for 8

weeks
Experimental diets
Growth

performances Initial body Final body weight Weight gain  Feed efficiency  Survival
weight (g) (9) (%) (%) rate (%)

Control 55.54+11.42 100.51+20.0 80.97 0.14 86.7

BS 48.71+£12.50 99.18+22.65 103.62 0.17 83.3

LP 54.33£12.06 108.04+20.97 98.85 0.18 93.3

BL 0.5 49.84+13.30 105.43+25.24 111.53 0.20 90.0

BL1 48.87+11.10 89.50+22.03 83.16 0.17 83.3

BL15 51.33£13.31 97.21+28.02 89.39 0.17 90.0
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3.3.2. Superoxide dismutase (SOD) activity 2]

SODT AbstAEd 2o gk 12 Woj7|zto s 2835t kst a4h2A, 2
A& o)A SODE th XA 36.16+8.44 U/mL, BSol A 38.92+8.44 U/mL, LPol| A
42.78+7.38 U/mL, BL 0.5 4] 40.74+8.91 U/mL, BL 19| A] 37.57+7.62 U/mL, BL 1.5°1 4]

34.69+8.18 Um= RE “1EA] f9o# el zto]7t YERLFA] e9kth(Fig. 8, p>0.05).

1] 2] 4]

o

ojg]gt AE ulole HE7F AIRHIIA T SOD Wdel F3F

G o wrdd,

T

120
T 2 T
80 }
-
£
=}
o
O
D40
0 1 1 1 1
Control BS LP BLO.5 BL 1 BL1.5

Figure 8. Changes of superoxide dismutase in liver of olive flounder, Paralichthys
olivaceus fed the experimental diets containing different levels of bio-silica powder 0%
and 1%, Lactobacillus plantarum 1% and mixture of silica and 1% Lactobacillus
plantarum in different concentrations 0.5%, 1% and 1.5% (Con, BS, LP, BL 0.5, BL 1

and BL 1.5) for 8 weeks
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3.3.3. Catalase (CAT) activity &4

CATE &ditigo] Aol A=A w2 A AAS 7] f18] Sdo] molA =
Aoz A 9lon, B Agox CATE 2ol A 7.43£2.50 mU/mL, BSell A
6.53+1.93 mU/mL, LPol| 4] 7.57+0.38 mU/mL, BL 0.5¢] 4] 8.98+0.95 mU/mL, BL 1] 4]
7.00£1.14 mU/mL, BL 1.5611 4] 7.72+1.79 mU/mLZ BL 0.59 4 f-ol& o= 714 =7
UEbsth(Fig. 9, p<0.05). ol¥gr A= JfA ke Aol7b ZA yERY
zTAEAR) vlole At AFRRIIAl FFel wWE CAT Wates 2

2o g UERA] S Ao R vhddr

12

ab c b

CAT (mU/mL)
(o]

Control BS ER BLO.5 BL1 BL1.5

Figure 9. Catalase in liver of olive flounder, Paralichthys olivaceus fed the experimental
diets containing different levels of bio-silica powder 0% and 1%, Lactobacillus plantarum
1% and mixture of silica and 1% Lactobacillus plantarum in different concentrations
0.5%, 1% and 1.5% (Con, BS, LP, BL 0.5, BL 1 and BL 1.5) for 8 weeks
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3.3.4. Glutathione (GSH) activity ¥4

GSHE A ATl o8] x| AstaEg 2o AR &&Hil o,
B Ag oA GSHE thZ& ol A 2.2240.34 pmol/L, BSOA] 2.14+0.25 umol/L, LPoY| A]
2.24+0.46 pmol/L, BL 0.5 4] 1.74+0.36 umol/L, BL 19| 4] 1.68+0.28 umol/L, BL 1.59]] A}
1.79£0.46 pmol/LE, BL 1914 o] o2 A yeltl(Fig. 10, p<0.05). o]o]
Aol mpole AHEgtel ARFVMAl FEel wE GSH WIt= Hio]l e

Akl fakatel EfE BLAZTOlA Al yElde] 2EHE A7

35
58 b
b
a

=T a
% 21 ]’ a ‘[
g ]
5 14|
O

0.7 |

O'O 1 1 1 1 1

Control BS P BLO.5 BL1 BL1.5

Figure 10. Glutathione in liver of olive flounder, Paralichthys olivaceus fed the
experimental diets containing different levels of bio-silica powder 0% and 1%,
Lactobacillus plantarum 1% and mixture of silica and 1% Lactobacillus plantarum in
different concentrations 0.5%, 1% and 1.5% (Con, BS, LP, BL 0.5, BL 1 and BL 1.5) for

8 weeks
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3.3.5. Lysozyme activity 4
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frolatAl =& FAE UElew, 53 BL 1504 MY =S 4
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Figure 11. Lysozyme activity in serum of olive flounder, Paralichthys olivaceus fed the
experimental diets containing different levels of bio-silica powder 0%, 1%o, Lactobacillus
plantarum 1%, mixture of 1% of Lactobacillus plantarum and bio-silica in different
concentrations 0.5%, 1% and 1.5% (Con, BS, LP, BL 0.5, BL 1 and BL 1.5) for 8 weeks
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3.3.6. Myeloperoxidase activity 4

MPOE A a¥s 7HA = Hakst 47 27 28S ke Zow oA
pom, H Adox MPOE thETolA 1.41+0.27 mU/mg, BSolA 1.46%0.27
muU/mg, LPll 4 1.67+0.27 mU/mg, BL 0.5¢] 4] 1.42+0.26 mU/mg, BL 1°] 4] 1.53+0.31
mU/mg, BL 1.5¢14 1.79£0.25 mU/mg= el om, 53] BL 1504 71 &
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Figure 12. Myeloperoxidase activity in serum of olive flounder, Paralichthys olivaceus fed
the experimental diets containing different levels of bio-silica powder 0% and 1%,
Lactobacillus plantarum 1% and mixture of silica and 1% Lactobacillus plantarum in
different concentrations 0.5%, 1% and 1.5% (Con, BS, LP, BL 0.5, BL 1 and BL 1.5) for
8 weeks
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3.3.7. Real-time PCR 3 ¥Y &€ {41 243
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Figure 13. Change of Galectin expression change in kidney of olive flounder, Paralichthys
olivaceus fed the experimental diets containing different levels bio-silica powder 0% and
1%, Lactobacillus plantarum 1% and mixture of silica and 1% Lactobacillus plantarum
in different concentrations 0.5%, 1% and 1.5% (Con, BS, LP, BL 0.5, BL 1 and BL 1.5)
for 8 weeks
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Figure 14. Change of c-type Lysozyme expression change in kidney of olive flounder,
Paralichthys olivaceus fed the experimental diets containing different levels of bio-silica
powder 0% and 1%, Lactobacillus plantarum 1% and mixture of silica and 1%
Lactobacillus plantarum in different concentrations 0.5%, 1% and 1.5% (Con, BS, LP,

BL 0.5, BL 1 and BL 1.5) for 8 weeks
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Lysozyme activity< o 2=~ 4] 0.019+0.009 U/mL, C1.5°4 0.028+0.012 U/mL=
e o, Myeloperoxidase activity-> tE7olA  1.47+0.21 mU/mg, D2l 4|

1.68+0.25 mU/mg= L}EFSITEH
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Table 10. Growth performance and nonspecific immune response of olive flounder, P.
olivaceus fed the bio-silica diets for 8 weeks in aquaculture

Experimental diets
Growth performances

COo Cl5
Final body weight (g) 187.82+16.29 213.17+£19.47
Weight gain (%)* 31.99 55.80
Lysozyme activity 0.07+£0.01 0.14+0.02
Myeloperoxidase activity 1.47+0.21 1.68+0.25
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HaAA Aol AERE &85 dvh(Fattman et al., 2003). & AollA AR
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