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Effect of single/combined dietary supplementation of host-associated
probiotics and prebiotics on temperature stress tolerance in juvenile olive
flounder

(Paralichthys olivaceus)

Hyuncheol Jeon

Department of Fisheries Biology, The Graduate School,
Pukyong National University

Abstract

It is known that the gut microbiota-brain axis plays a role in feeding behaivor,
digestive/absorptive processes, metabolism, and immune responses. Little is known about
effects of dietary supplementation of synbiotics in the regulation of host physiology in response
to temperature stress. Therefore, the current study was conducted to evaluate effects of
synbiotics, consisting of a single or mixture of host-associated probitcs isolated from olive
flounder and fructo-oligosaccharides (FOS) as a prebiotic on lethal and acute temperature stress
responses in juvenile olive flounder. Four hundred eighty-six juveniles (initial body weight: 7.26
+ 0.04 g) were randomly distributed into 27 rectangular tanks (18 fish per tank; N=3 tanks per
treatment). Three HAPs, including Bacillus sonorensis, Bacillus subtilis, and Bacillus velezensis
and one prebiotic, FOS were supplemented in a basal diet to prepare for nine experimental diets
as follows: no addition of probiotic and prebiotic as a control diet; prebiotic only; three different
synbiotics with single addition of each probiotics with FOS; three different synbiotics with
mixed addition of two or three probiotics with FOS. The concentration of each probiotic and
FOS was 1x10’CFU/g and 5g/kg basal diet, respectively. Following the 8-week growth trial, the
juveniles were subjected to temperature stress exposures: 1) lethal test: gradual increase in water
temperature (0.5 °C increment every 30 m) until reaching 30.5 °C and 2) acute test: 2-h heat
shock at 30 °C followed by 2-h recovery at 19.7 °C. The lethal exposure test result demonstrated
that the relatively higher survival rate (16.4 %) of the juveniles fed the synbiotics diets (FOS+B.
sonorensis+B. velezensis, FOS+B. sonorensis+B. subtilis+B. velezensis) than that (4.2 %) of
those fed the other diets although no significant difference was detected among the diets. In the
acute temperature stress test, there was no significant effect of dietary supplementation of the
synbiotics on the plasma metabolites (GOT, GPT, glucose, total protein, total cholesterol, and
triglyceride) as well as on the relative gene expression levels of heat shock proteins 60, 70, and
90, glucose 6-phosphatase, and activated protein kinase-beta in brain, gill, kidney, and liver

tissues. These preliminary results can be used in future studies to elucidate interaction between
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A7) @A AbR W 55 ol TR QB 9L Zejuto] QB /59 47t

20}
A AR HS A BE 2SHES Y, oAb 8 WY s 98
g d Aow A A L% AEdsd WEdt &7 A 224 9o
Auto] 9 E 2o Aol mF el thaiA ezl vk A gtk mebd B o

oA e &5 Fd Z=Eulo] @ 8 A (Host-associated probiotics, HAPs) 9}
2 2 TR Ak 092} Holel Ax
0 FAH LR AEds wgel WAL GBS WA Ad FAH AL 4560}
o] xo7] PX(Z7] AF: 7.26 + 0.04 g)F 27719 A Gzl FE Hal
Ak Fa17] 18], A 39EE). Bacillus sonorensis, Bacillus subtilis 2
Bacillus velezensisE X338k Al 7}X] HAPS} 3hupe] X gjulo] @ Bl A FOSE Ui x7-
of A7bste] th=3 ol 97k AT AlRE v AT txole ZRuole
o) sejutol e Y as HUbehA] QFghth. Eejupo] @ HAwk FOSTF EFE 7
ZRule] R YAS T HUEE Al 7HA] v Albpo] 8 A 23744 TR ubo] @
29} FOSE &3 374 tE Alupo] @8 Aojn, ZRulo] @ §l A8l FOSS| F &

d

B}
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1. Introduction

[kl

FE ko] @ A(probiotics) = w2 7ol eldt v

= T 249 HEo= Ao H t(rianto et al., 2002). ©] 23 X

Toltn 2, AW oAz A 2 AA 95 7FA 11 A tHLazado et al., 2015;
Ohashi and Ushida, 2009). >~ 2]H}o] @ € X(prebiotics)= =72 3 Ul
NS 7471+ HlAsAd A2 ol th(Roberfroid, 2005). X ZH}o] @ Bl A
7h ZEbpol e g AE Had o AAEE FAHES 579 1A iAol 5
Q3 93-& strfar e A Sl tH(Song et al., 2014). 4lH}o] 2 E] A (synbiotics) 2}
1 EEE ZRulo] B AL Zaulo] @ ¥ 0] A AR AT &I

u] A&l 2dE& FAAIZ 4= SITH(Gibson and Roberfroid, 1995; Cavalcante et

rir

al,2020). Ol A v AEE, AIkA W, HAE ¥ ANA A% )
W3t o] offel FEe oS 7H43 ArkHuynhetal 2017). T2,
A R Robel A ALEEIO1A T g gREY Xunfol 0¥ Ak S
o] Ae BRIt 4% FEo| ohyl §4 FEAA B, 47
of Az el Ry fed ANE ATHE Sol Auw
Gatesoupe et al., 2008; Van Doan et al., 2020; Jang et al., 2023).

= 8 ZEulo] @ Bl A (host-associated probiotics, HAPs)«&= <2
A3 A7 WA Sl S5 AT B el Eed v
glot= 4 o] ¥ Th(Van Doan et al., 2020). ©]& 3t <5 Fd ZZHlo] QL E A=
ngEe]l A HEE Ao o] Ao wM, Eefstery w

T2 A3 WAs= HEIANES AAT 5 SAth(Vadstein et al., 2013;

Verschuere et al., 2000). =3+, v &9 714 =& Ay A A2 %] o
AodolAY] wiZel, 22 24 AL off Hoe aes dekd F
A& Aolgt ALE E th(Ibrahem, 2015)

Z1FRstE Qs A 2k ES AA W3 ow, Wiyl o
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3 dkeko] F Q3 98-S Fth(Ngoan, 2018). £3], o] F= WA FT&Eo|m
2 7]1% WeE Agt 2% W3t wskAl HE-S-$kth(Sae-Lim et al., 2017;
Adhikari et al., 2018). #2] Wsl= AR AF, AE, 43, 14, g5, =X
v 5 9 A B2 227 5A4& xFste] o7 A o
Wl geS v X th(Islam et al., 2022). 53], S U F2 W3-

= =2
dd= Welsta AEUAR Fgel] dAnkAl ofF el A4

0%,
A/

2
ot
S
2
S
o)
o

98-S =T} (Pickering, 1998).

1) A& (microbiome)> 578 el Ak whHEHEol, A+,
w3go], vl A 9 AdF=E 7Y vAE SHoE AT F U
(Infante-Villamil et al., 2021). U ©] A =% (gut microbiota)> =2 gl
MAskE vAEToR G, 1Y, Ay, HAAETH BE 9 417384
7'l 7] stk (Egerton et al., 2018; Flint et al., 2012; Lee and Hase, 2014). "]
n s Fo BHd e o7 A AUAME 75 Foll, IFETS ol
Wl Ay oA, Wdel] FH ok T

fu)
ot

B A, A% gl D AR
A

=712 o] X th(Nayak, 2010; Wang et al., 2018). " = (gut-brain axis)i= 2!
7, W&En 9 Hod JAES Edhel= TFAAGA 4 T Aol oFwgk

T

A5 28 A A"o|thDing et al, 2020). g "AEFS AAFALEA
(gamma-aminobutyric acid, GABA; dopamine, DA; noradrenaline, NA), &2 %] -4}
(shorts chain fatty acid, SCFA) & & JAtsto], -3 2] Az #ofgtt. of
FHO R AL EEAR Fo7F A-H FS Foll Hol AEE B
U= sAlol AASHE- 3 Al-F- 41 = (hypothalamic-pituitary-adrenal  axis,
HPA axis)5=&= Auf WA Ao AHA oz J3FS v @4 Q) Th(Sarkar et al.,
2016). H ABHIAHAE ddoz JyE Ao mEw, A=t 4o
Apfo] QEIAE FFells W, ZEEHIERZH WE 3 = F(corticotropin-

IFEZHEF FAFE HF 2 iEEeE 3w
= =°la 2AEHA HgS 7FASHS TH(Davis et al., 2016; Forsatkar et al., 2017).

QA Paraluchthys olivaceus= =l T2 FAoAF 5 o=, ¢



vt o] F AAFEES] 50 % ©]AFS *FA|(Korean Statistics Information Service;
KOSIS, 2023)3t= AAA oz g T35 Folvy, g, gx&= #F24d of
F(Cho et al., 2012)J o= &35t 7| FW39 A FH 15207 A3 o
4 A Bt vk A ETbest A FAE o] 7] flEiA =

< Wgle] mE o7 YA REgol g A5t Bostth webA, &

e

T xo]7] ¥ AR U &3 G@ Zzulo]| Qe A9 Zgujo] o el A
SE5/53 A7 £ 2B U vAE 9FE Bk £33y
ATt



II. Materials and methods

1. Ethics Statement

rhe
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2. Availability of prebiotics

AP AHgH ZEutol o uhegol AFF AAN YA

W FAE SR, e RlE) EAF Aser dddelM At F

Juista FAFFEABAY £ee ol hepa

ofN

o o] R Bl A
o 213t B. sonorensis, B. subtilis, B. velezensis 7372 37} t}. LB broth+=
Z/J(De Man et al., 1960)°ll w2} FE(0.2um) B+ ¥ MRS Broth®} MRS Broth
without Glucose &2 4331 0™, =79 Z % (Glucose), M EF-=FZHB-
glucan), =& &2 11 (Fructo oligosaccharide)= 5 g/LE H7tst & 72} &
go]E tl4fe] Zzulo] @ F Hig2olE 1 x 10' ~ 1 x 10" CFU/mMLE % &3t
Atk HJEs ZEolE tH & 37 °CollA] 24A13FERt wiketH, FRUE
Attt F7H o2 ZF Zejnpo] e YAs 5 o/LE H7FeE wjefde] =X
Zulo] @ & g glol= 1 x 107438} 3L shaking incubatoroll Al 37 °Coll B %k

St 4A]7F 7FA © 2 UV Spectro photometer (Shimadzu, Japan)E ©]-23l 600
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Figure 1. Culture and counting in petri dishes (A), (B) and (C) measure OD value by culturing in culture medium (D) and (E)



3. Experimental diets preparation

Aol AHEE AAAE wiEEel ANbdE A2 Table 10 e
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Figure 2. Added of prebiotic (FOS, fructo oligosaccharide) (A), added of probiotics (B), process of making experimental diet feed (C),
(D), (E) and (F)



Table 1. Formulation and proximate composition of the experimental diets for juvenile
olive flounder (g kg™)

CON AF F
Fishmeal(Anchovy)' 600 600 600
Starch 50 50 50
Wheat flour 121 121 121
Squid liver powder 50 50 50
Soybean meal 100 100 100
Fish oil 30 30 30
Lecithin 3 3 3
Betain 3 3 3
Taurine 3 3 3
MCP 3 3 3
Methionine 1 1 1
Lysine 1 1 1
Mineral mix? 12 12 12
Vitamin mix3 12 12 12
Vitamin C 2 2 2
Choline 5 5 5
a-cellulose 5 0 0
FOS 0 5 5
Probiotics 0 1x 107 0

Proximate analysis (% of dry matter basis)

Moisture 9.67
Crude Protein 57.35
Crude Lipid 8.28
Crude Ash 14.23
Energy (KJ/KG) 3949.2

! The feed Co. Goyang, Korea

2 Mineral mix (as g/kg premix): Ferrous fumarate, 12.50; Manganese sulfate, 11.25; Dried ferrous sulfate, 20.0; Dried
cupric sulfate, 1.25; Cobaltous sulfate, 0.75; Zinc sulfate KVP, 13.75; Cancium iodate, 0.75; Magnesium sulfate, 80.20;
Aluminum Hydroxide, 0.75.

} Vitamin mix (as mg/kg premix): A, 1,000,000 IU; D, 200,000 IU; E, 10,000; B1, 2,000; B6, 1,500; B12, 10; C, 10,000;
Calcium pantotenic acid, 5,000; Nicotinic acid 4,500; B-Biotin 10; Choline chloride, 30,000; Inositol, 5,000.



4. Experimental fish and temperature exposure

4.1 Experimental fish and feeding trial
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Table 2. Water quality parameters (mean £ SEM)

Water quality during feeding trial

Ammonia' (mg/L)
Nitrite! (mg/L)
Nitrate! (mg/L)
pH'

DO? (mg/L)
Temperature (°C)

0.51+£0.03
1.09 £0.08
47.0+3.5
7.49 £0.02
7.32+£0.02
19.7+0.1

! Tested by saltwater master test kit (API fish care)
2 Dissolved oxygen tested by YSI DO meter (ProODO/T)

12



4.2. Lethal exposure temperature experiment (Experiment II)
9FZEe] AR TR F, 7 FxolM |A 1-10mbE & FASR
13} lethal exposure temperature 2 ol AFE-3FATE A 27 L ofA™

Gz 7)Ee AR F2E Bl AESAh e

flo
ol
m
&
{
il

AFEE] 1°C/30min® 31°C7HA] A A3 &7 & gA|7huleh S9to g Bels)
of 7z} AL o7t 74 wEel AHE AMdeR s AR hAE

uo]-}\

AR As, g A

A

2 715t Aol AqHE <t

HOBO H|°o]E ZAE Alg3lo] =

flo

WH3lE 7] 53513191, lethal exposure

<M 3}= Figure 30 WEFSITE

+

temperature 23 &<t

13



Lethal exposure temperature

30.5

27 -

Temperature (°C)

23.5 -

20 .

0 4 8 12
Hour

Figure 3. Water temperature change during lethal exposure temperature experiment
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4.3. Acute temperature stress exposure experiment (Experiment III)

9% 2ke] ALFAY F 7 Fxeld ¥ 3wt E 4o Lhrold
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=223 5 AE slHe Ad A db HAEE AXH 2 2

M

(31°Cyel Hhst 7H7he #hs AAska, A3e] Wy = F<t HOBO T
©]E] = A (HOBO water temperature Pro v2 data logger U22-001, Onset, Bourne, MA,

of =& 4

e

USAYE Abgste] ewstE 7SStk §4 £8 -
AE 107 CE §710 247 B A2 F ampled AANGTE. FY F
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Figure 4. Water temperature change during acute temperature stress exposure experiment
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A = (final

3]

5. Sample collection and analysis
5.1. Growth performance
AR A FE S ADE 44 AAA 5 F
body weight, FBW), < | & (weight gain, WG), Y3+ A& (specific growth rate
SGR), A= & & (feed efficiency, FE), A< (survival rate, SR)= AAtsl7] §
3l Z2t Fxo B Adole AAl vl FAE S48 2 A
glo] 3ulg]lE F&$ 2 A3} 2-phenoxy ethanol (51, 200 ppm)°l| v} ot
<, 2A7rel AAI FAE SHsseH, e Fotel A FAE =
siato] o, ofrtm], H AR, B, FETE AMFSAH I F
, W& =% A5 (viscerosomatic index, VSI)
+ Aol web AAbeki.

U=
=
=3

A 5k
& ] 4*(hepatosomatic index, HSI), U

4! H] k% (condition factor, CF)=
initial weight (g)] /initial weight (g) x 100

WG (%) = [final weight (g)
SGR (%/day) = [In final weight (g) — In initial weight (g)] / days x 100
FE (%) = (final weight (g) — initial weight (g)) /feed consumed (g) x 100
SR (%) = (final number of fish/initial number of fish) x 100.

HSI (%) = liver weight (g)/body weight (g) x 100
VSI (%) = viscera weight (g)/body weight (g) % 100

CF = wet weight (g)/total length (cm)3 x 100
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Figure 5. Sampling of olive flounder fed 9 experimental diets for 9 weeks
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5.2. Diet and fish whole body proximate composition analysis

DY B Aol AT 9FFI AR HY ER

o

2 3ukgl s F2A9 2 ddEste] dojAlE #4359 th AOAC (Association of
Official Analytical Chemists, 2005) Wi el we} ARHE 415 WPsel e
], B = samplex 3Y3Fe] #7471 Z(Advantage 2.0, VirTis, New York, USA) $
=kt 232 oF 1 g A% FAY samples 550 °Ce] 3] 3}E(Yj-

8500D, Korea)ell 3A17F &< A43to] SHst= A3 sPHS AFgsto] &

Z 21 7] (Buchi B324/435/412, Switzerland; Metrohm 8-719/806, Switzerland) & ©]
2-3Fo] Kjeldahl 2 A~7d =FH¥ (Nitrogen x 6.25) 0. %, =A% Folch et al. (1957)
o] ®H ol whe} soxhlet 5% *|(Soxtec system 1046, Tecator AB, Sweden)E A}

g3l wAlsteict
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5.3. Plasma metabolites analysis

AFFAY TR 3 AR BAS flste] 24 xeA gA 3nky
5 SR AW¥Este] &g LA (dipotassium  ethylenediaminetetraacetic acid:
EDTA) A&l¥ 1 mL FAM|E AREsto] vl g2 nAdmoa oo
< AT 2 AT N 1 mLE 5.4 mg K2 EDTA (Becton Dickinson

and Company, USA)7} A 2l¥ 3 mL A& A3 o] =& F, 1.5 mL micro

i

tubeoll LHFo] 11,000 x goll A 527+ A2 e]3ke] 8 (plasma)S 223+
ok By dge B A7A -84 °Cco] WE KB#38FS O 1 Glucose (GLU),
total cholesterol (TCHO), triglyceride (TG), total protein (TP), glutamic oxaloacetic

transaminase (GOT) %! glutamic pyruvic transaminase (GPT):= FujiFilm DRI-

_{

CHEM SLIDEZ 712] A3}st #247](Fuji DRI-CHEM 4000i, Fuji Photo Film,

Tokyo, Japan) S Al&-3}o] X519t

20



UFiLm

Figure 6. Blood collection from olive flounder (A), separate plasma by centrifuge (B) and plasma metabolites analysis using Fuji DRI-

CHEM 40001 (C)
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5.4. Antioxidant reaction, immune responses and stress responses

o
olo

Adojo A AAHSE plasma= FAFs), WS wEg 2 AEF A R

A5}

Aot AFSSEITE SB35 A]ThA| (glutathione  peroxidase,

rlr

o
=

GPX), 773 ZAFo] = U] A H-EFA|(superoxide dismutase, SOD), &7

e

=% M (plasma Immunoglobulin M, IgM), 2] 2~Z}9)(lysozyme, LZM), F.EFE]

L

(cortisol) & A F2Z T A 70 (heat shock protein 70)8] FE+= GAATZ

rH

ol &2 ¥k$ EA(ELISA) H % 7] E(CUSABIO, Huston, TX, USA)E A}-4-3}
of B8t z E Alkat I ABe AXAY] ARl wE £
Por At 24 ol @R F, violAZ ZdolE Z|HY]
(AMR-100, Allsheng, Hangzhou, China)E AF-8-3F%] 5+ ©]ul 450 nm&] 3}

_‘l

3 2t Fxe aiEo R sl

flo

boie, 24

Oll

A

.llN'
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5.5. Histological analysis
7zt A e 3ukg] e gAelA ¢ 1 em 719 T4 (midgut) 3
25 2F3] 10% neutral buffered formalin®l] 144 7F 1274 3 70% ethanol®l] X

watolth BAYsE gest AT =g o =

»

3 A4S 2193

gom, A Y F& AAS 25t ethanolS 70, 80, 90, 95 2 100% =<

2N AgEoMd agER o] @A ges APl g 3
d o159 ®EE xyleneol WOl FH3} Fol dhd s e AA E

] & 2183}t Microtome (CUT 4055, MicroTec, Germany)= AF8-3}o] 4-5
um?® FA 2 vbdsle] Lelol|= FelAe] KA}l heating plate (50°C)°l
Azxsto] A RIS A S TE ©]F Harris hematoxylin-eosin (H&E) .=
dAstglon, dMeks $ Canada balsame AF8-slo] B Sdakqith ¢4 0]
ke & dn)4dE 93t txd FhdElDIXI Optics, Daejeon, Republic of
Korea)7} 2%l 33383 n] 7 (OLYMPUS BX41, Tokyo, Japan)S Al-&-3Fo] 3z
SFTE. o]m R 2 ZX] (Motic Image Plus 2.0, Motic Instruments Inc, China)S
okl dAmA AR S ZYPeta, Y AZES OIS AREete] g5 Aol
(villus length, VL)®} 53 2] F7|(muscular thickness, MT)E =73}t VL

(nm)& FES oA shezhx o] Aelel Fstal, MT (um)= 9% <

F3olA F uS7AY FAS vkl 24 B2l i w1070

o Z4& FAste] WEake TaraATh
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Figure 7. Sample dehydration, transparency, and embedding process (A), make a histology block (B), sectioning using a microtome (C)

and staining with Harris hematoxylin-eosin (D)
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5.6. Gene expression

/\]_jgl.le 3]

= U=

ofN

2 F Ageld ), oprbul, 1k @ e AAse] -

84°Ce] W& RIS 100mg ©]3Fe] samples RiboEx™ef| A 5:3F 4

N

s} gk % Hybrid-R™ (GeneAll, Seoul, Korea)= AF-8-3fo] A3 ofo A 3

¥, ob7bu], b 9l Al RNAS FESSTH RNAY skd £

rr

Thermo Scientific™ NanoDrop Lite Plus Spectrophotometers (Thermo Fisher
Sceintific, Massachusetts, USA)S Alg-5lo] 2135ttt AA|E RNAo+=
DNAS} duizo] glom i, ofyju], 3+ 9 Ao FE3 449 £k
= A260/A2808] EF oA AT A3} 21540,2.18+0,2.15£0.01,2.15
+ 0 (mean £SEM)©. 2 U} EFRITE

AR 7] DNA (cDNA)+ PrimeScript™ 1st strand cDNA S 4] 7] E (Takara
Bio, Kusatsu, Shiga, Japan)& AF-&35to] AR T 314 ¥ cDNA+ Real-time
PCR4 A7kA] 20 °Cell ¥F R#ASAT. 314 3sF cDNAT heat shock
protein 60 (HSP 60), heat shock protein 70 (HSP 70), heat shock protein 90a (HSP90a),

heat shock protein 90B (HSP 90pB), glucose 6-phospatase (G6pase) X AMP-activated
protein kinase-B (AMPK-B)2] mRNAZH FFS H7lst7] 915t Real-time
PCR (qPCR)° AFEH AT U5 dixzfd2Zs gxlolA 44 2 a&
Aol HASH B-actine A3 T} Real-time PCR TB Green©Premix EX
Taq™II (Tli RNaseH Plus) (Takara Bio, Kusatsu, Shiga, Japan)2] =] ef| w2}

StepOne Real-Time PCR system (Applied Biosystems, Waltham, Massachusetts, USA)

S Abgete] FAFAL. B AT AGR fAAY Eefoln @74
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& Table 4o YJERH QAT gPCR =2 738 95°Co| A 30% 3, 95°CollA 4%
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Table 4. List of primers used for gene expression

Genes Primer sequences (5°>3") ;rz(;dg:;) Accession number
i IANCCAOAPCAT 2w oamn,
iy ESSOOGCCTMCTNAC o o)
ot ETIGAONICIOMAGECNE 113 o oo
HSP90-a® ll; g?ggg?géféﬁ%g?gggﬁg o 100 XM 020091873.1
HSP90-BS F: GGAGCTGAACAAGACCAAGC 109 XM_020097585.1

R: CAGATGATCCTCCCAGTCGT

! Adenosine monophosphate-activated protein kinase beta (AMPKf)
2Glucose 6-phosphatase (G6pase)

Heat shock protein 60 (HSP60)

“Heat shock protein 70 (HSP70)

SHeat shock protein 90-alpha (HSP90-a)

®Heat shock protein 90-beta (HSP90-B)
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6. Statistical analysis

AdFx0 w A= ¢ o ul 2] HH (randomized complete block design)
of whe} AA)Eked a1, Alulo] @ ¥l A~ (th %, AF, BF, CF, ABF, BCF, ACF, ABCF,
F) B4 Ay ddu)x] BAHEA (One-way ANOVA)S X &&kqitt A4 =
A AatEs Alblo] QEl A9 £ AEYA(NS, TS) B¢ 71 A5 z8S
gelat7] 98] ol duix] A 4 (Two-way ANOVA)= %13 stqltt. A3
4> Tukey HSDE AR&-8to] Batzhe] [FoA5 &lsivh. Be A4 &
232 SAS analytical software, version 9.4 (SAS Institute, Cary, NC, USA)E A}&-3}
of Xgstglor, e HolEHE Hi 2 ET 2 AH(mean £ SEM)E L ER]

ATt
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II1. Results

1. Feeding trial with synbiotics

A2 ALS W synbiotics @, H& HI7Fe 957k ASAH

1.1. Availability of prebiotics

27 ZEnfo] QA A4 A= Figure 89 YERUSITH A%
9s F Ay 7] Bz Zaulo] QE A 6714 prebiotics & in-
vitro 1= i 53 A% prebiotics & A7 5t 2 3},
FOS(Fructooligosaccharide)& #7}s A F7F EZ probitioese] 7G40 A

e venygic
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Bacillus sonorensis
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Figure 8. Selection of the best prebiotics for three selected probiotics through in-vitro

multi-analysis
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1.2. Growth performance

HX] AbE Wl synbiotics @, 3 H7FsE 977k AL

FEE w435 Ay Table 40 YERITE 25 AP FoNA HF FA

(FBW), =48 (WG), Y7H &5 (SGR), AFEEH(FE) ¥ AEE(SR)NA

o3k WA A AQTHP > 0.05). 3, FHetd WIS =73

F AFHIS), Wg TF A(vs) 9 HIREE(CF)ol= o4

ZhE 2] kS eH(P > 0.05).
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Table 4. Growth performance and morphological changes of olive flounder fed 9 experimental diets for 9 weeks !

Diets
CON AF BF CF ABF BCF ACF ABCF F
Initial mean weight
724+021™ 726+£0.09 7.28+0.15 7.00+£0.03 7.18+0.06 7.35+0.13 728=+0.15 7.37+0.18 7.32+0.16
(g olive flounder ')
Final mean weight
40.7 £ 0.6™ 41.1+0.6  41.84+0.8 42.5+0.1 39.6+1.5 42.0+1.7 412+0.6 403+0.62 39.8+1.1
(g olive flounder )
WG (%) 2 462 £12™ 467 £ 15 475+£22 506+ 1 452 +20 470+ 14 466 £ 16 448 £22 444 £25
FE (%) 3 126 £271 126 £2 129+3 135+ 0 124+5 130+ 6 128 +3 123 +3 122+5
SGR (%/day) * 2.78+0.03™ 280+0.04 2.82+0.06 291+0 275+£0.06 2.81£0.04 2.79+0.05 2.74+£0.06 2.73+£0.07
Survival (%) 5 98.1+1.9m 90.7+1.9 98.1+1.9 100 £3.2 944+32 94.4+0 96.3+19 94.4+0 96.3+3.7
CF* 1.19+0.02™ 1.20+0.03 126+0.04 1.18+0.02 1.18+£0.03 1.11+0.04 1.19+£0.04 1.16+0.05 1.16+0.06
HSI (%)’ 1.54+0.05™ 1.70+0.07 1.36+0.15 1.52+0.06 142+0.05 2.11+0.72 1.38+0.11 1.48+0.11 1.48+0.11
VSI (%)8 3.57+0.25 388+£0.08 3.72+0.21 3.48+0.07 3.52+0.08 2.86+0.67 3.71+£0.13 3.58+0.07 3.58+0.07

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

2 Weight gain (WG, %) = (final weight - initial weight) x 100 / initial weight.

3 Feed efficiency rates (FE, %) = (wet weight gain / dry feed intake) x 100.

4 Specific growth rates (SGR, %/day) = (log. final weight - log, initial weight) x 100 / days.

5 Survival rate (%) = (initial number of fish- dead fish) x 100 / initial number of fish

°CF: Condition factor = (wet weight (g) / total length (cm)3) x 100

"Hepatosomatic index (HSI, %) = liver weight (g) x 100/ body weight (g)

$Visceralsomatic index (VSI, %) = Viscera weight (g) x 100/ body weight (g)
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1.3. Fish whole body proximate composition analysis
97 AFFAY TR F, WA AojAl &4 A= Table 5o o

BAgith B4 A3 SR, 29wd 2449 2 E FRA 29T 2
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Table 5. Whole-body proximate compositions' (%, As-is) of juvenile olive flounder?

Diets
CON AF BF CF ABF BCF ACF ABCF F
Moisture 72.9 £0.5™ 73.7+1.1 73.5+1.1 73.9+0.5 73.7+0.6 72.4+0.3 741+1.5 74.6 £ 0.6 73.8+1.0
Crude protein 20.5£0.4" 199+£1.0 20.1+0.8 19.9+0.3 199+0.5 20.7+0.9 19.7+£1.1 189+0.6 19.9+0.9
Crude lipid 3.00£0.14™ 289+0.27 276+022 271+029 286+0.10 277+0.10 280+032 282+0.13 2.83+0.01
Crude ash 4.09+0.10® 395+0.16 395+020 397+001 4.01+0.15 4.12+0.02 3.89+0.17 3.82+0.13 3.59+041
TAfter the 9-week feeding experiment was over, 9 fish per experimental group were analyzed (3 fish per tank).

2Values are means from triplicate groups of olive flounder where the values in each row with different superscripts are significantly different (P<0.05).
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1.4. Plasma metabolites analysis

977kl AFSAE %, % U dAHEZQ] glutamic oxaloacetic
transaminase (GOT), glutamic pyruvate transaminase (GPT), total protein (TP), total
cholesterol (TCHO), glucose (GLU) %! triglycerides (TG) [0l & =493t 4}
A= A= Wl probiotics T, HE H7bel wE AFF 1 [ Aol
HEE A ASTHP > 0.05) G o A=A Aol S A4 E A= Table 6

of YERH AT
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Table 6. Plasma metabolites of olive flounder fed 9 experimental diets for 9 weeks'

Diets
CON AF BF CF ABF BCF ACF ABCEF F

GOT

Onp 197097 220420 18010 170510 217£30 180206  193:15 193213 19717
(%1;33 19.0£0%  203+£22  190+17 173415 217423 177403  187+23 19012  19.7+22
(ﬁéé{y 1974297 287456 207429  240+£32  300+152 227435 257463  263+86 39.0+13.1
TCHO

gl 126+13" 140 + 5 12443 1165 126 « 11 129+ 8 12442 13848  130+11
(g%)é 313£020%  323£007 3.00£010 297£0.09 3.00£031 3.00£006 3.03£009 320£015 3.13+0.18
(m;fuy 255£70% 272435 195+8 200£5 210419  208+22  180+5  235+55  269+55

'"Values are presented as mean = SEM (Tukey test at alpha=0.05)
2GOT: Glutamic oxaloacetic transaminase (=AST)

3GPT: Glutamic pyruvate transaminase (=ALT)

*GLU: Glucose

STCHO: Total cholesterol

TP: Total protein

"TG: Triglycerides
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1.5. Antioxidant reaction, immune responses and stress responses
YA A= Ul synbiotics &Y, H3 H7be] WE plasma W FAts)

el whg

1l AEYA HESS 243 A= Tabel 79 UERHTY WY g

v

Z~ Immunoglobulin M (IgM), cortisol, lysozyme (LZM) % heat shock protein 70
(HSP70)3} &41Fstd A glutathione peroxidase (GPX), superoxide dismutase (SOD)
HEg-of vzl xfo]l & A3k AifoA AlLE U] synbiotics T, EH3F 37}

e AT I Fo A Aozt AR EHA QEXTHP > 0.05).
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Table 7. Immune responses, antioxidants and stress responses of olive flounder fed 9 experimental diets for 9 weeks

1

Diets
CON AF BF CF ABF BCF ACF ABCF F
(m%l/)r)rill)z 253 £ 2091 322 +27 208 £45 216 £37 290 £+ 55 204 £ 32 197 £ 51 235+ 10 370+ 95
(nsg/onlljlf 553 + 38ms 639+ 70 521 +62 640 + 59 524 + 38 604 + 63 538 +41 539 +£40 512 +28
(ulgg/XI)“ 1.57+0.09" 148+0.04 151+£0.12 1.52+0.11 1.44+0.07 1.55+£0.05 1.57+0.05 1.45+0.05 1.42+0.02
Cortisol s
(ng/ml) 3.24+03 32603 355+024 4.03+£0.38 297+032 3.02+0.15 342+0.08 3.11+029 2.70+0.13

(uljnl\ﬁ)s 735+1.16™ 790+080 7.16+1.28 932+125 472+255 7.02+044 729+1.00 9.73+1.11 9.09+0.64

HSP70

(pe/ml)S 26.8+ 6.0 33.5+10.2 232+1.0 25.0+42 27.4+10.9 19.8 £4.8 28.6+ 8.6 293+8.8 24.1+4.1

"Values are presented as mean + SEM (Tukey test at alpha=0.05)
*Glutathione peroxidase (mU/ml)

3Superoxide dismutase (ng/ml)

“Immunoglobulin M (ug/ml)

SLysozyme (ng/ml)

®Heat shock protein 70 (pg/ml)
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1.6. Histological analysis

| AF= Ul synbiotics &, &3 H7le] uwh

e
\ A

4 sk AR

=]
o

Table 837} Figure 9 YEM

R

ok o)

synbiotics

THP > 0.05).

39



Table 8. Villus length and muscle thickness in the intestine of Olive flounder fed the experimental diets for 9 weeks'

Diets
CON AF BF CF ABF BCF ACF ABCF F
VH
(um)? 776 £ 18 898 * 95 862 £ 26 734 £ 246 906 * 30 792 *+ 34 783 *+ 84 829 65 793 = 120
um
MT
(m)? 599 £ 3.5% 56.6 £ 45 582 £ 54 564 £ 6.0 48.1 = 80 605 £ 48 63.6 £ 3.7 593 5.1 48.1 £ 59
pm

"Values are presented as mean + SEM (Tukey test at alpha=0.05)
2VH: Villus height (um)
SMT: Muscular thickness (um)
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Figure 9. Histological structure (representatlve micrographs of H&E stain image magnlﬁcatlon x100) of the intestine (A: CON, B: AF, C: BF D:
CF, E: ABF, F: BCF, G: ACF, H: ABCEF, I: F) of olive flounder fed the experimental diets for 9 weeks. VH and MT represents villus height and

muscular thickness, respectively.
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2. Lethal exposure temperature experiment
dx A}E W) synbiotics ©, 3 H7bste] 9F71e] AlS A I

4

v

AL (31 CTR4hrel EAA 74 AEE

2.1. Survival rate analysis

Y2 AbZ U Synbiotics T, B3 Hriste]l FEE WS o w XA}

o

F2o =EAIA T AEES T3 Ao A 723 2pol=
ZEx] G THP > 0.05). AN, == 24X B3 H7Q) ACF9F
ABCF A3 oA Adgaez H& AMEgo] AFHdt AFdoE A4

T =EAA FH AEES F4 S A= Figure 100 YERA AT
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Figure 10. Survival rate of olive flounder fed 9 experimental diets under Lethal exposure (31 °C). Values are presented as mean = SEM (Tukey test

at alpha = 0.05).
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3. Acute temperature stress

dx A}E W) synbiotics ©, 3 H7bste] 9F71e] AlS A I

zll
oX

T AEYA =31 C2hr) B 35 (19.7°C2 hr)ol] WE ~EHA

=
olo

3.1. Plasma metabolites analysis

HA AFS Ul synbiotics W, H3 HI7F APTE dFoE A4

H o
FL AEYA =F T FEAZF3E1 T2 hr 19.7 T2 hr)2 71 2go] 9]
g Ul gixtEA AbolE EA s A=

Table 90| LWERATE A A3} A
F W synbitoics T, /S H7bel wE AT 3 o Apo|vh wEH
A Sk THP > 0.05).
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Table 9. Hematocrit and plasma metabolites of olive flounder fed 9 experimental diets for acute (31 °C)!

Diets
CON AF BF CF ABF BCF ACF ABCF F
Heﬂ(l(;tscrit 18.3+0.6™ 18.3+0.7 18.7+0.4 19.240.5 17.8+0.4 19.240.6 18.8+1.0 19.2+0.5 19.0+0.4
0
(%(/)1?2 320+75% 240+17 373+49 507+233 383+11.6  263+89 433+174 350+7.1 21.7+57
((13}1;53 257+41%  200£26 227422  217+£32  207+26  207+37 273469 24354 18709
(rS;é{)4 47.0+£1257% 313+59 253+64 240+21 437+109 553+52 41.7+102 340+102 287497
TCHO .
, 84.0+12.1m 100 +5 111£6 97.7+43 104 +2 101+ 1 101 +5 110+5 97.0+3.0
(mg/dl)
(;;’1)6 250+£021™ 273+0.17 293+017 280+0.15 3.00+0.15 283+009 287+020 293+0.12  3.00+0
TG S 119+ 15m 130 + 14 158 + 8 140+9 161 +4 124+9 128 +7 160 + 27 147 +3
(mg/dl)

"Values are presented as mean + SEM (Tukey test at alpha=0.05)

2GOT: Glutamic oxaloacetic transaminase (=AST)

3GPT: Glutamic pyruvate transaminase (=ALT)

4GLU: Glucose

STCHO: Total cholesterol
TP: Total protein

"TG: Triglycerides

*: No significant
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3.2. Plasma metabolites Two-way analysis

A2 AFE U] synbiotics @, H3 H7F AETE FoE 4
FL AEHA =231 CR2hr, 197 T2 hn)E o179 4 W tArE4 =}
°] & Two-way ANOVAZE 413k ZAvli= Table 100 YEFWITE @7 o A}

=24 4 A3 synbiotics F7F WE ot JITF> oL 2 AE

2|

g ae] wE @ o thakEAe] fo8 &l aREHAY. 72 AEd
2o wE:E AYGY @4 Ul glutamic oxaloacetic transaminase (GOT),
glutamic pyruvic transaminase(GPT) ! glucose (GLU) %7} &2 AEH A0
A o ATl Bl FYHCE A HEREC (P < 0.05), total
cholesterol (TCHO), total protein (TP) 2! triglyceride (TG)Y] &+ T2 A~E

gzl mEFHA oF2 Aol nls FeeiAl 2 U TP > 0.05).
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Table 10. Plasma metabolites of olive flounder fed 9 experimental diets for acute (31 °C) test
Two-way statistical analysis'

Diets GOT GPT GLU TCHO TP TG
(uny uny (mg/dl)* (mg/dl)® (g/d1)° (mg/dl)’
NS-CON 19.7 £ 0.9™ 19.0 £ 0™ 19.7 £ 2.9™ 126 + 13%° 3.13+02™ 255 + 72%
NS-AF 22.0£2.0 20.3+22 28.7+56 140 + 5 3.23+0.07 272 + 35°
NS-BF 18.0+ 1.0 19.0+ 1.7 20.7+29 124 + 3¢ 3.00£0.10 195 + 8%
NS-CF 17.0+ 1.0 173+ 15 240+32 116 + 5% 2.97 £0.09 200 + 5%
NS-ABF 21.7+3.0 21.7+23 30.0+15.2 126 + 117> 3.00+£0.31 210 + 19%®
NS-BCF 18.0+0.6 17.7+0.3 227+35 129 + 8¢ 3.00 + 0.06 208 + 22%
NS-ACF 193+ 15 18.7+2.3 257+6.3 124 + 2% 3.03£0.09 180 + 5%
NS-ABCF 19.3+1.3 19.0+1.2 26.3+8.6 138+ 8® 3.20+£0.15 235 + 55%
NS-F 197+ 1.7 197422 39.0+13.1 130 + 118> 3.13+£0.18 269 + 55
TS-CON 320+75 257+4.1 470+125  840+121° 250+0.21 119 + 15
TS-AF 240+ 1.7 20.0+ 2.6 31.3+5.9 100 + 5% 2.73£0.17 130 + 14%®
TS-BF 37.3+49 227+22 253+6.4 111 + 62 2.93+0.17 158 + 8%
TS-CF 50.7 + 23.3 21.7+32 240+2.1 97.7 £ 4.39 280+0.15 140 + 9*
TS-ABF 38.3+11.6 20.7+ 2.6 43.7+10.9 104 + 2% 3.00+0.15 161 + 4*
TS-BCF 26.3+8.9 20.7+3.7 55.3+5.2 101 + 10 2.83+0.09 124 + 9*
TS-ACF 433+17.4 27.3£6.9 417+10.2 101 + 5" 2.87+0.20 128 + 7%
TS-ABCF 350+7.1 243+54 34.0 £ 10.2 110 + 52 2.93+0.12 160 + 27%
TS-F 21.7+57 18.7+0.9 28.7+9.7 97.0 £ 3.0¢ 3.00+0 147 £ 3%
Main effect of temperature
NS 19.4+05° 19.1+0.4° 26.3+2.0° 128 + 22 3.08 + 0.032 225+ 5°
TS 34.3+3.1° 224+1.0° 36.8 £ 3.6 101+ 3° 2.81+0.05° 141 + 5°
Main effect of diet
CON 25.8 £6.2™ 22.3+£3.3™  333%13.7™ 105+21™  2.82+032"  187+68™
AF 230 1.0 20.2+0.2 30.0+1.3 120 + 20 2.98 +0.25 201+71
BF 27.7+9.7 208+1.8 23.0+23 118+ 6 2.97+0.03 177 £19
CF 33.8+16.8 195£22 2400 107+9 2.88 +0.08 170 + 30
ABF 30.0+8.3 21.2+05 36.8+6.8 115+ 11 3.00%0 186 + 25
BCF 22242 19.2+15 39.0+£16.3 115+ 14 2.92+0.08 166 + 42
ACF 31.3+£120 23.0+£43 33.7+8.0 112+ 12 2.95+0.08 154 + 26
ABCF 27.2+738 21727 30.2+38 124 + 14 3.07+0.13 198 + 38
F 20705 19.2+05 33.8+52 113+ 17 2.90+0.23 208 + 61
Two-way ANOVA (p-value)
Temp 0.0005 0.0273 0.0121 <.0001 0.0008 <.0001
Diet 0.8021 0.8957 0.5938 0.2023 0.8935 0.6366
Temp*Diet 0.6408 0.7204 0.2782 0.5077 0.5011 0.4816

Values are presented as mean + SEM (Tukey test at alpha=0.05)
2GOT: Glutamic oxaloacetic transaminase (=AST)

3GPT: Glutamic pyruvate transaminase (=ALT)

4GLU: Glucose

>TCHO: Total cholesterol

TP: Total protein

"TG: Triglycerides

*: No significant
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3.3. Stress response

HA AFSE Wl Synbiotics @, 53 H7IE didoE 94 T
AEHA =F@B1 C/2 hr, 19.7 T/2 hr) ¥ plasma W) ~E#HA -2 F4
3t A3}= Table 119] YEFWTE Cortisol BF-S-o] 1] x}o]S 1413k 23}
A1 Ab= U synbiotics @, H3 H7bel whE AT 7F F940 Zolvt

T A AETHP > 0.05).
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Table 11. Stress responses of olive flounder fed 9 experimental diets for acute (31 °C)!

Diets
CON AF BF CF ABF BCF ACF ABCF F
Cortisol? s
(ng/ml) 7.58 £0.28 8.56 +0.73 104+1.7 833+031 7.00+£0.80 7.89+143 11.3+25 8.61+237 9.58+0.69

"Values are presented as mean = SEM (Tukey test at alpha=0.05)
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3.4. Stress response Two-way analysis

HA AFR Wl synbiotics @, H9 M7 AATE dtoR HA4
& 2~E#XA v%@31 C/2hr, 19.7 C/2hr) & plasma W AE#H A ¥H-$ 2}
°]& Two-way ANOVAR =4 A= Table 1291 HEFHTE Plasma U

cortisol 4] A ¥}, synbiotics 7l wE o GIFE QoY

>

Ef i =29 AFF9 plasma U cortisol®] FE7F T2 AEH A

Fr

ZHA o2 Aol Bl FeH o ® EA HESTHP < 0.05).
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Table 12. Stress response of olive flounder fed 9 experimental diets for acute (31 °C) test Two-

way statistical analysis!

Diets Cortisol (ng/ml)
NS-CON 3.24 +0.30
NS-AF 3.26 £ 0.30%
NS-BF 3.55 £ 0.24bcd
NS-CF 4.03 £ (.38
NS-ABF 2.97 +0.32¢
NS-BCF 3.02 £0.15¢
NS-ACF 3.42 £ 0.08%
NS-ABCF 3.11 £ 0.29¢
NS-F 2.70 +0.134
TS-CON 7.58 £ 0.2820<d
TS-AF 8.56 +0.73%
TS-BF 104+1.7%
TS-CF 8.30 £ 0.30%°
TS-ABF 7.00 £ 0.8020<d
TS-BCF 7.90 £ 1.40%d
TS-ACF 11.3 +£2.5°
TS-ABCF 8.61£2.37®
TS-F 9.58 £ 0.69?
Main effect of temperature
NS 3.25+0.13°
TS 8.81 + 0.46°
Main effect of diet
CON 541 +£2.17%
AF 591+2.65
BF 6.97 £3.42
CF 6.18+2.15
ABF 498 +2.02
BCF 546 +2.44
ACF 7.38 £3.96
ABCF 5.86 +2.75
F 6.14 +£3.44
Two-way ANOVA (p-value)
Temp <.0001
Diet 0.3930
Temp*Diet 0.5360

Values are presented as mean + SEM (Tukey test at alpha=0.05)

*: No significant
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3.5. Gene expression

AAl A= U] synbioties ©Y, H3 H7F AISFE dFoR FA4
FE& AEYA =331 C2 hr, 19.7 T2 hr) T A7 442 &y A=
Table 133} o} Agole] o, ofrin], A W 7F of W3 wdd 4

Z}Q1 heat shock protein 60 (HSP 60), heat shock protein 70 (HSP 70), heat shock
protein 90 ¢ (HSP 90 @) 2 heat shock protein 90 4 (HSP 90 )%} olu#] oA}
9} #HE F4ARD glucose 6-phosphatase (G6pase)2} AMP-activated protein
kinase- 5 (AMPK-B)E A1t A3} ¥, of7tw], Al olxl= FJst o] 7t

TZE A EUTHP>0.05). A E )] ZF Wl molecular chaperon©. % &2 %1

kK

A -7 A1 heat shock protein 70 (HSP 70)& w415 A3} FA 802 {9
3k o] 7} #2HE Q] O LH(P = 0.0307), Tukey studentized testS AFE-3F AL$-71 74
ol i AP {Fs Aol §le Alw Yeryth g Ao 1t

U ol =] tiabel #HE 7792 AMP-activated protein kinase- 5 (AMPK- )

= =]
'é"ﬂ__&l]

=

Ay SAACE [ Aol7b AFEHE=E(P = 0.0122),

Z

had

synbiotics 3 H7Fet A2 ABCF, ACF AT olA 7+

i

>

flo
Jo

e Ayt aEEgoH, txTeks FAA R Aol flont Aty
o7 w2 Ay #ERHSI
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Table 13. Expression genes of olive flounder fed 9 experimental diets for acute (31 °C) test.!

Diets HSP60! HSP70* HSP900? HSP90B* G6PASE?® AMPK-B®
Brain
CON 1.01£0.09™ 1.05+0.23™ 1.06+0.24™ 1.08+0.30™ 1.69+0.94™ 1.32+£0.55™
AF 1.00+0.13 1.08+0.24 1.14+0.47 0.87+0.30 2.76+2.14 1.51+£0.65
BF 1.02+0.12 1.27+0.27 1.01£0.19 0.91+0.17 2.03+1.37 1.25+0.55
CF 0.93+0.03 1.04+0.07 1.04+0.18 1.11+0.08 1.55+0.67 1.26+0.71
ABF 0.88+0.10 0.91+0.07 0.91+0.17 0.77+0.07 1.24+0.72 0.95+0.45
BCF 0.93+0.13 0.90+0.11 1.15+0.51 1.01+0.05 1.04+0.17 1.07 £0.46
ACF 0.75+0.13 0.91+0.26 0.85+0.12 0.73+0.08 1.13+0.52 0.92+£0.45
ABCF 0.85+0.15 1.12+0.35 0.91+0.28 0.91+0.16 1.32+0.56 1.85+1.30
F 0.92+0.08 1.08+0.12 0.98+0.17 0.82+0.14 6.37+5.27 458 +3.11
Gill
CON 1.08 +0.29™ 1.32+£0.72™  1.03+0.20™  1.51+0.68" 1.41+0.84" 1.03+0.18™
AF 1.68 £0.91 248 +1.67 1.14+0.59 225+1.24 1.04+0.52 1.04 +£0.20
BF 1.28 +£0.49 1.95+1.25 1.08 £0.33 2.61+0.51 1.41+£0.76 0.78 +0.13
CF 1.06 £0.24 1.83+£0.32 1.02+£0.09 0.97+£0.19 3.72+£2.60 0.66 +0.04
ABF 1.42+0.35 1.61 £ 0.67 1.95+0.56 3.65+0.68 3.84+2.03 0.86+0.10
BCF 1.93+£1.26 3.58+1.75 1.21+0.50 1.49 +0.63 1.77+0.52 0.90+0.14
ACF 1.98 £ 0.66 3.51+0.67 1.96 + 0.63 1.77+£0.76 3.01+1.42 0.98 +0.05
ABCF 1.02+0.29 2.55+0.66 0.98 + 0.46 1.13£0.23 1.01 +0.29 0.75+0.09
F 1.53+0.60 2.30+0.62 1.12 +£0.40 2.15+1.27 7.61 +6.19 0.48 +0.07
Kidney
CON 1.03+£0.2"™ 128+ 0.64™ 1.07+0.29" 1.04+0.18% 1.03+0.18"  1.02+0.15™
AF 0.76 £0.16 1.30 £ 0.47 0.89+0.17 0.70£0.18 0.90 +0.30 0.84+£0.25
BF 0.99 +0.05 0.73 £0.02 1.10£0.14 1.02+0.13 1.48 +£0.16 1.00 +£0.19
CF 0.62+0.22 0.58+0.32 0.79+£0.29 0.88 +0.09 0.77+0.10 0.78 +£0.07
ABF 1.06 £ 0.28 1.92+£0.72 1.56 £0.36 1.44 +£0.45 1.88+0.01 1.26 £0.24
BCF 0.66+£0.10 0.58 £0.06 1.12+£0.43 1.04+0.21 1.45 £ 0.69 0.97 £0.07
ACF 0.58+£0.10 0.69 £0.19 1.09 £ 0.51 0.58+£0.15 1.22+£0.56 0.87+0.17
ABCF 0.75+0.16 1.42 £0.62 0.95+0.24 0.94+0.10 1.10 £ 0.58 0.88 +0.21
F 0.64 +0.06 0.90 £0.29 0.87+0.14 0.76 £ 0.04 1.64 +0.20 0.89+0.23
Liver
CON 1.01 £0.12™ 1.04+£0.24™ 136+0.75"  1.00+0.06™ 1.18+0.5™ 1.01 £ 0.07%
AF 1.26 £0.26 6.89+1.74 0.95+0.23 0.95+0.25 1.13+0.44 1.20 +£0.2%
BF 0.77+£0.22 2.76 + 1.40 0.65+0.06 1.08+0.23 1.04 +0.17 0.98 + 0.33%
CF 0.88 £0.30 3.05+0.13 1.31+0.73 1.93+1.11 1.01+£0.33 1.23 + 0.24%
ABF 0.53+0.22 517+1.16 2.60+1.93 2.19+1.48 1.19+0.24 0.64 +0.29°
BCF 1.05+0.05 2.68 +0.57 0.87+0.49 1.25+0.49 0.90 +£0.33 1.97+£0.21°
ACF 1.10+0.14 570+ 1.08 1.19+0.57 1.21+0.47 1.74+1.20 1.95+0.38*
ABCF 1.26 £0.45 6.71+0 1.44+£0.86 1.60+0.32 0.87+0.25 1.53+£0.12%
F 0.99+0.28 1.63 £0.04 1.15+0.44 1.67+0.77 0.99 £ 0.45 1.02+0.17%

! Values are presented as mean += SEM (Tukey test at alpha=0.05)
2HSP60: Heat shock protein 60
3HSP70: Heat shock protein 70

“HSP900: Heat shock protein 90a
SHSP90B: Heat shock protein 908
8GBPASE: Glucose 6-phosphatase

TAMPK-B: Activated protein kinase-p
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IV. Discussion

2 A7) AgR A8 ARE WA MFARY JWHA FF

60%2] o} F-S AFE3FTH(Lee J., et al., 2012; Kim H. S., et al., 2014). A3 +=
T R AT gA Adeld Aaedd 5" ZEbpo] A
Bacillus sonorensis, Bacillus subtilis, Bacillus velezensis®} AFA o 71445 H7}
sFol AAsk Znlo] L ¥l A fructo oligosaccharide (FOS)E &3tslo] ©hdd
53t gElE Akt A AT w2, AR Ul Bacillus spp.7F Y
g2}t o} Oreochromis niloticus (Won et al., 2020), BT o Cyprinus rubrofuscus
(He et al., 2011), 322 Sebastes schlegelii (Jang et al., 2021), thAF Ao
Salmo salar (Wang et al., 2019) ZAUANS Macrobrachium rosenbergii
(Keysami and Mohammadpour, 2013), Y 2|A|-$- Litopenaeus vannamei
(Zokaeifar et al., 2012)9} & ofe] ofF] AFEE A AOoE e
STH SHAIRE, E Ao AR EAAN HEHRA, SAE, JMEE,
AtREE B S Aol F9A A Aol yERA kst (P
> 0.05). =3, FEetd Wss A4 Ao F FTH ASFHIS), I TF
A(VSD) B HIREE(CR)lA A -3bell #2914 Ql Apolzh yehubA] oksk
o (P > 0.05). ©|i=, dFelB8]|= 153 pinephelus lanceolatus & x E.
fuscoguttatus @ (Li et al. 2019), Y4 Gt o} Oreochromis niloticus (Adeoye A.
A et al. 2016)2} @ X Paralichthys olivaceus (Kim et al., 2022)2] A 3} 9} FA}35}
t}. Kim et al., (2022)2 1.0 x 107 CFU/g Bacillus sp. 0.4%2] &35S gz A=

W 0.1,02,03,04 2 05% @73te] FFste] AAEE B4 A3 0.5%
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2] Y o] th(Mergenthaler et al., 2013). AE# A5 wom Frlsls oy A F2
E FFA717] Y8l Rl =G FH O oy E Faste A2 2544

ojm, zt

Mo
o
Ay
g
Rl
bt
ofl
ok
cjl
o
1o
B
Rl
bt
ot
>,
o
dt
oX,
1o
N
to
N,
. o)
o
ui

(Rui., 2014). & AT°lA 971 Al A3 T8 F L5Y, T G (total
protein, TP), & &2~ H E(total cholesterol, TCHO) % 4 A Wh(triglyceride,
TG) &4 A¥, Aol 941 Apol7b vepA]l bkt shAIRE,

A T AEHA

i
ji-3
flo

TIFolA GLUZF 9707 =4 Uehgow(p
<0.05), TP, TCHO ¥ TG¥ Aoz A eGP >0.05). ©]=, Guo et

al., 20232] ¥ ol Luciobarbus capitos YO %2 T2 AEYAE &

l‘

Aol Gareteh @ AFelA whE A Qoo fe AEds F 2
QAR S BAF A3 GOT, GPT 9 GLUZF 58 AEAAE w4 ghe

Tl vla FejH o A vEbRE. ofH e i AEY Ao AFs

rlr

0 oBed ouAg Feiad wug x5 UAE o 29RsS

et
FE2E|F(cortisol)= A7 A4 T wFe U AEHA
HEg o % AAsH--wtal7d-A =2 rkd A3 S (hypothalamic-sympathetic-

chromaffin cell axis)® A]7dak- 8 A]-41%F S (hypothalamic-pituitary-
interrenal axis)= &3 FFE F3l WEH 12 2EHA WSS &S

(Alfonso et al., 2021). W=¥ FEHEZS Lo YAS T3 odyA] H|5ZF
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b AEY 2] e AxE FHLAeA AR ¥ tH(Gandar et al, 2017).
ATollA 9F3e] A A TR F FEEE B4 A3 AFRE Y Albpol
QEAE Hrbsh AETe dixzggbel foA1 Aozt yEREA] ekt

g T AEHAE TS R FEEFO] WA g TFel

o
=
Y
Jo
L
B
12
ﬁg{l
flo

>

= W synbiotics H7F AbS Ad T8 F,
T AEY A xEYE e WACE ST A A RH(kDa)el
uwk2} Y7 ¥ = Heat shock protein (HSP)=> A|3E 2] aAAA FA19F AEZ A
et BReE ¥3Hsk bkt 7)sS 714 3L 3itk(Basu et al., 2002). Glucose 6-
phosphatase (G6pase):™= T& {rollA Wa¥ = aih= S 3374
A Zrde FuetcH 8% 9&-E FTi(Lin et al., 2019). AMP-activated
protein kinase (AMPK)¥ 1LE=® HIEH thAle] Fo dAEA, A 9
AA F71A Bl Al AEHA Bk ouyA 73S F &S
(Hardie et al., 2016). & A7 Ay}, £ AEH2C =ZF¢ 15 W HSP9
Gopase®] Jol4 FAA HA® £4 daelr 524 2ko]7b HElA|
otk sHAIRE AMPKOlAM = AT UlolA FolAl Aol7F yEb =,

ol o ) vARel o Ao] A ik 2| oF Row AR
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o e =S Al A, @EAE AR 9 ek A4k (shorts chain fatty

GAALALE A A PALE 2 s AlsRAol7| 2 dlo], 7He] AMPK &
A8ts Yebiitta AFEE th(Xuetal., 2022; Wuetal., 2023). A 7] A )
AEo] ofFe] FRAEH A =2HUS w, HdH= FAA ] dist A

T RS Aol F74Hq ATk Ae s,
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V. Conclusion
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