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Effects of Dietary Prebiotic, Probiotics and Synbiotic on Growth, Non-
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nephelus Ianceolatus 3)
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The effects of dietary mannan oligosaccharides, Lactobacillus plantarum, Bacillus subtilis, and Bacillus lichenifor-
mis supplementation on hybrid grouper Epinephelus akaara 9 x Epinephelus lanceolatus & were evaluated. The fish
were fed a basal diet and five other diets consisting of 0.6% mannan oligosaccharides, L. plantarum, B. subtilis, and
B. licheniformis and mixture of each 0.15% prebiotic and all the probiotics (designated as MOS, LP, BS, BL, and
SYN) for 56 days. Growth performance and feed utilization showed no significant differences among all experi-
mental groups. Lipid level of whole-body was significantly high in MOS and BL groups. Plasma aspartate amino-
transferase was significantly low in BL and SYN groups. Nitro-blue tetrazolium, lysozyme and anti-protease, and
glutathione peroxidase in BS, SYN, and all probiotic groups, respectively, were significantly high. Intestinal Vibrio
bacteria was significantly low in all probiotic and SYN groups. Gene expression of interleukin-18 and interleukin-10
in SYN group; transforming growth factor 2 in MOS and BS groups, toll-like receptor 2-2 in BS and BL groups;
and C-type lectin in MOS, LP and SYN groups were significantly upregulated. Our findings indicate that mannan
oligosaccharides, L. plantarum, B. subtilis, and B. licheniformis could improve innate immunity, antioxidant capac-
ity, anti-inflammation, and intestinal microbiota of hybrid grouper.
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N = o502, 0|2 o8] 21 Wislo] Ao] wh w3 v}
] (hybrid grouper) A§AH} T H AE0] EHts] e Fo]
tHKang et al., 2020; Zhu et al., 2023). o7 8}2|(E. akaara
2 X E. lanceolatus § )= Bvle]o} thute| o ngEog &
2] o) Azt A wAIE s d sk fisl e 2l o, 2470
ol Fax &3} A7)0 = 4= Qlrkal RarE Qlth(Kang

Fvte](Epinephelus akaara)= %=1, Y28 H|&£35 FHOkA|
o AIE] thEA QI A FA GO R, Q7 AT AdA o]
L& 4 E3} 37191 0.6 kg7tA] oF 31 0] 4~ 2 FItH(Kang et

al., 2020). o 2H}2](Epinephelus lanceolatusy= £-3} & 1d

°fl 3 kg, 4] 20 kg, |t 400 kg7}A] W=7 AJgsh= S

et al., 2020).
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s, wol2), ghakesT} 2 AR Aol
2} QIth(Yukgehnaish et al., 2020). 2|+
Al Aol A A7t A of] Toled 4= Ql= o 7 A mAES
FaAo] A FEa glom, AU nE 2SS 5
¢l prebiotics?} probiotics Al&-50] EHFsA A5- 7 E 1L
Qlti(Dawood et al., 2018). Prebiotics+= < &0 4318
T glett A probiotics©] B o] 7} Eof Fff WA EE 7N
AskaL 7 ol f-elet ok vl A= Al S et Davani-
Davari et al., 2019). Probiotics= | pH 14y, Bt 4
A7AS 1Y) WA, Aok 28 ol Aol froje o
= "= ARl ndER YA Aek(Williams, 2010).
Prebiotics@} probioticsE &3 d 75t A4S Bob49l 3=
Y+ synbioticse= FoJAIR Y| prebioticstt probioticse] T
A7rel vls Al -+ SVt Bt A, HeE SR
37} ol i} BRI ol el Sig A7k ko] eE T
Qltk(Cerezuela et al., 2011). & X Saccharomyces cerevisiae

0%

o] Al of|A] %% prebiotics¢! mannan oligosaccharides
£ hybrid grouper E. lanceolatus § X E. fuscoguttatus $ At
& W A7k A, At vj5olA Wogs sleta
Vibrio harveyiol tieh AH A3 e S7HAIA AEes Y
= Tt R EItk(Ren et al., 2020; Zhu et al., 2023). 9Fo]
Atz ) Bacillus subtilis, Bacillus licheniformis2} Lactobacil-
lus plantarums 333F ThFS) probioticsE 71k 749, 7
3= (Acanthopagrus schlegelii, Sagada et al., 2021), Nile ti-
lapia Oreochromis niloticus (Han et al., 2015)2} orange spot-
ted grouper Epinephelus coioides (Son et al., 2009; Liu et al.,
2012)9] 43737t vl Eo] 4] o gS F7HAIZIThaL HAlE Qle)
I8y dA7EA] o 2aHte] Ak of] mannan oligosaccharides,
B. subtilis, B. licheniformis%} L. plantarum®] @5 3.2 5.3+
Hlol the ARE Wrle A AR Aol
Prebioticst} probiotics©] 717} o frol| v x| = G- 1%
of wfa} k2] Wil 7t oj o] whak Al v A7} £312
7FeljoF 3k =2 7} QIth(Hai, 2015; Yukgehnaish et al., 2020).
upebA] 2 Aote oj9hEie] AR U] mannan oligosaccha-
rides, L. plantarum, B. subtilis?} B. licheniformis®] &= 3.2
B3k W4, HSold welel, atsls, A nlAEE
243 FUF WG] 1A e 2R el

Mz L gt

k3

ez

AR o]l = 22 el ©] mannan oligosaccharides (Alltech,
Lexington, KY, USA), L. plantarum (FNCbio Co. Ltd., Dae-
jeon, Korea), B. subtilis (FNCbio Co)¢} B. licheniformis
(Woogene B&G Co. Ltd., Seoul, Korea)E AR5},

7}t probiotics2] o 5=+ 1.0 X 10" CFU (colony forming
unit)/g 2 2 5 U3}3 ) )2 AR (CON)+= o] E(sardine meal)
I ek = TRl 0 2 ARESRG AL, ek AL 22
9] ek 717} 58.8%9} 12.0%% A5 TH(Table 1). Pre-
biotic %7} mannan oligosaccharides& 0.6% d7}5}%2
™ (MOS), probiotics 7= L. plantarum, B. subtilis2} B.
licheniformisE ZVZ} 0.6%%] 718 tHLP, BS, BL). Synbi-
otic A ¢+ mannan oligosaccharides?} 37}4] probioticsE
Z}7}0.15%4 % 0.6% F7FsFATHSYN). A AR 71
mannan oligosaccharides®} probioticss= CON9] starchE T
Asto] Artstelch AAIRE URE BHG 5, ol 49 57
(=T TFY 13%)E Ad7Fske] Al A F71(SP-50; Kum-
kang ENG, Daegu, Korea)E ©]-8-3l 217 7 mm 7|2 A&+
sholet. AFAFR S 7A2(25°C, 8 h) T WAH4°C) Rastglct.

Ao AtsH|

AR o AREE i HERk = Aebd e 7okl 1At
Ao Felste] AFoElL ST LR ol
19 97 4SS Slal 122 2ol 25 B9 SAelsint
% 234nfz] o] Ado|(Z27] B FA, 183.95+4.43 g)= 9
polypropylene 4=%(300 L)of| =25 13u}2] 4], A9+ 38k
oz 1871 o] wiA|skIth AR A F 857 X35t
o om] A3 7]7F Eok AR 19 23](08:30, 18:30 h)ol| 24
wh gt LE AR4no) A4St A A4S we)
oftsto] 420] 3 Limin®.2 5 UsPl Fashelon, §24
2L G251 Yl &7] 2 7] (aeration) S A 2|5}t 2t
TR FEAAT 22 Pro20 Dissolved Oxygen Instru-
ment (6050020; YSI, Yellow Springs, OH, USA)E Al-8-5}¢]
14 13] SA8E0tE A 7|17 &9 Be A4z §E4k4
gt} 2.0 7+7F 8.24-9.05 mg/Le} 24.4+2.3°CE AI5F
t}. A 717 B9t B7]= 12 light: 12 darkS 925151},
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Samplingzt £

AE o5 24 h HA)3 £ 2F77(final body weight, FBW)
£ SAskelth FA 574 5 U7d7%E(specific growth rate,
SGR)} A&E(survival)S ARSI CH, A=A T (feed
intake, FI)2 A5} A= A4 (feed conversion ratio, FCR)
2} Al o]-8-§ -8(protein efficiency ratio, PER)S A4}
th FBW 34 & 2= AY xolA 21 3uk2] 9] A7
S TR Adstlot Ade Aol 100 mg/L FE9
MS-222 (M10521; Sigma, St. Louis, MO, USA) 28912 A}
gafo] ohxs}oon, vRgmolA Hae T sptelel 218
sampling 3} T} A& e & N2 &3 (serum)y} 4 (plasma)
o7 B4 o, plasmas heparin (H6279; Sigma) A 2]
% nitro-blue tetrazolium (NBT), hemoglobin (Hb)¥} hema-
tocrit (Ht) &4]0]] ARE-3FSITE. 4] & -2 plasma= Y42
2](5,000 g, 5 min, 4C)alo] A42L 218190} Serum e 4l
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Table 1. Dietary formulation and proximate composition of the
experimental diets for hybrid grouper Epinephelus akaara @ Epi-
nephelus lanceolatus & (% of dry matter)

Experimental diets
CON MOS LP BS BL SYN
45.00 45.00 45.00 45.00 45.00 45.00
Soybean meal 12.00 12.00 12.00 12.00 12.00 12.00
Tankage meal 8.00 8.00 8.00 8.00 8.00 8.00
Wheat flour 7.00 7.00 7.00 7.00 7.00 7.00
Soy protein concentrate  5.50 5.50 5.50 5.50 5.50 5.50
Poultry byproduct meal 450 4.50 4.50 4.50 4.50 4.50

Ingredients (%)

Fish meal (sardine)'

Wheat gluten 450 450 450 450 450 4.50
Fish oil? 430 4.30 4.30 4.30 4.30 4.30
Starch 3.80 3.20 3.20 3.20 3.20 3.20
Mannan oligosaccharides - 0.60 - - - 015
Lactobacillus plantarum? - - 060 - - 015
Bacillus subtilis* - - - 060 - 015
B. licheniformis® - - - - 060 0.15
Betaine 1.00 1.00 1.00 1.00 1.00 1.00
Taurine 0.50 0.50 0.50 0.50 0.50 0.50
Mono-calcium phosphate 0.70 0.70 0.70 0.70 0.70 0.70
Choline 0.50 0.50 0.50 0.50 0.50 0.50
Lecithin 0.50 0.50 0.50 0.50 0.50 0.50
Mineral premix® 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin premix’ 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin C8 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin E® 0.10 0.10 0.10 0.10 0.10 0.10

Proximate composition (%)
Crude protein 58.80 59.48 58.37 58.97 58.52 59.63
Crude lipid 12.04 12.2512.1312.14 12.49 12.19
Ash 11.58 11.49 11.47 11.48 11.54 11.49
Moisture 1045 8.54 827 830 7.57 8.21
'Orizon S.A., Las Condes, Chile. 2E-wha Qil Co. Ltd., Busan, Ko-
rea. 3Alltech, Kentucky, USA. FNCbio Co. Ltd., Daejeon, Korea.
SWoogene B&G Co. Ltd., Hwaseong, Korea. ‘Mineral premix (g/
kg of mixture): MgSO,-7H,0, 80.0; NaH,PO,-2H,0, 370.0; KCL,
130.0; Ferric citrate, 40.0; ZnSO,-7H,0, 20.0; Ca-lactate, 356.5;
CuCl,, 0.2; AICL,-6H,0, 0.15; Na,SeO,, 0.01; MnSO,H.,0, 2.0;
CoCl,-6H,0, 1.0; Starch, 0.14. "Vitamin premix (g/kg of mixture):
DL-a tocopherol acetate, 20.0; thiamin hydrochloride, 4.0; ribofla-
vin, 4.4; pyridoxine hydrochloride, 4.0; niacin, 30.0; D-pantothen-

ic acid hemicalcium salt, 14.5; myo-inositol, 40.0; D-biotin, 0.2;
folic acid, 0.48; menadione, 0.2; retinyl acetate, 1.0; cholecalcif-
erol, 0.05; cyanocobalamin, 0.01; Starch, 881.16. *AlphaAqua Co.,
Busan, Korea. CON, Control; MOS, Mannan oligosaccharides;
LP, Lactobacillus plantarum; BS, Bacillus subtilis; BL, Bacillus
licheniformis; SYN, Synbiotic, mixture of each 0.15% mannan
oligosaccharides, L. plantarum, B. subtilis and B. licheniformis.
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Y5 Bl AojA|(whole-body)s LR 2L 9
3l ¥5(-24°C) Bastoict.

Ht2 ZA| 2 Y] plasmas ¥4]&2]7](Hematospin II; Hanil
Science Co, Daejeon, Korea)E ARE-sFo] €A1E2](12,000 g
15 min, 4C) ¥ 2451%ck. AEABEHLA7ICH 1000
RADIM Company, Firenze, Italy)E ©|-8-5}o Hb, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
cholesterol (Chol)¥}- triglyceride (TG) =& =43}3tt.
NBT<%} myeloperoxidase (MPO) 242 Kumari and Sahoo
(2005)2] W o 2 B39t} Lysozyme €43, anti-protease
A7} immunoglobulin (Ig) g=F2 2+ Mohammed et al.
(2018)2} Ellis (1990), Siwicki and Anderson (1993)2] ®H
of whe} EA515 e} dAksks 24991 glutathione peroxidase
(GPx) &A1} superoxide dismutase (SOD) 42 GPx as-
say kit (703102; Cayman Chemical, Ann Arbor, MI, USA)<}
SOD assay kit (19160; Sigma)& AM&-5}o] 244514 ct A S A}
=20} HolA| o] ARME 24 F i, I, 2 ke
AOAC (2005)] HJH-<, 222 9] k2 Folch et al. (1957)
of wol whet 2432 Mtk

A n] A= 242 Silva et al. (2013)2} Safari et al. (2022)
o] wiiol whet EAsEAT e 3ute] o] A olE A
= Aste] 1A 54 £, da=olA 581 s X18gsto]
b H A3 o] 9] A8 sampling 31T % sample 2 mL2]
sodium chloride (0.9%) -&-of YT 1 minZt #2A%E 3, 4]
22(5,000 g, 5 min, £Cyelo] AFEHS Helatgict AEele
Fo| upet skl o, Aol 34HE© & marine agar
(2124239; BD Difco™, Dickinson, ND, USA), lactobacilli
MRS agar (2047688; BD Difco™)%} thiosulfate citrate bile
salt sucrose (TCBS) agar (1173733; BD Difco™)of] 100 pL4]
EIHe1¢ith Marine agar, lactobacilli MRS agar, TCBS agars
ARE-310] ZH2) total heterotrophic bacteria (THB), total lactic
acid bacteria (TLB), total Vibrio bacteria (TVB)E 23141
© 1, incubator (27°C)o|A] |4 48 hollA Z|d] 72 h7kA] Y
oFal4ict. 2 lactobacilli MRS agar®} TCBS agar+= colony 2]
FE = F<15t0] LABS} VibrioS 535131, colony?] 7114
7F30-300717} =] = agarg A5t CFUE S35t

o <kEvte] ¢ 7k samples TRIzol (T9424; Sigma)©ll €L
ool RNAE FE3H310 753 RNA 5 I=+= pDrop™Plate
(N12391; Thermo Scientific, Waltham, MA, USA)Z =435}
%L, LE OD, /OD, ©] RNA 57} 1.8-2.0912 3hels}
&tt. PrimeScript™ first-strand ¢cDNA synthesis kit (6110A;
Takara, Shiga, Japan)E AM-510] cDNAE 21451 2L, nucle-
ase free waterol] 1008 2 3]A45}o] A 712 242 ¥F
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(-80°C)°l W& B3}t qPCR £-41 o= Thermal Cycle
Dice Real Time System III (TP 950; Takara) 7]7]& ©]-8-5}%
t}. Reference gene 2= B-actin, target gene > =2+ inter-
leukin 1P (IL-1p), interleukin 10 (IL-10), transforming growth
factor B2 (TGF- B2), toll-like receptor 2-2 (TLR 2-2)2} C type
lecting A&} 415 XaY5k¢Ich PCR §EE-2 95°Cofl A
30 s (initial denaturation) 3= 95°Coll4 15 s (denaturation),
50°Coll 4] 30 s (annealing), 72°Col|A] 45 s (extension) cycle
% 453] W39} B410) ALEE $7712) primer sequenc-

es+= Table 20| Vel it}

SsSB4

Algle A s-E A 2 (completely randomized design)ol]
2t Ag-E wixsklek & HloEE2 SPSS (Version
24.0; International Business Machines Co., NY, USA) =
I71E ]85t One-way ANOVAR §7 2431111, Wi
& HlofEl= A 24 Aol arcsinegh 2z HFslo] 243}
Ack B4 5 A3ko] §-2/%4= Duncan’s multiple range test
(P<0.05)2 A5 A RS 51o] 23} grel oAk vl wak,

E glo]g+ Ht g+ EFHAKmean + standard deviation)

2 YeRpf el

2 o

A

430 M= 0|18

85:7k0] LS A 5 A4 X\ E(FBW, SGR), AFR 0| § A&

3 SYN 1514 £:912 .0 2 £ITh(P<0.05). HolA] A4ty
84 2}, MOS 1504 CON 15 113 412 gl
o)A 0 & =7 UEPFTHP<0.05) (Table 4).

HISO0|% HoID} SHhsHs

292 MPO, SOD &3} Ig 3554 BLE U@ Atolol
OJ5} 2ol & Ho|x| ¢kITHP>0.05) (Table 5). NBT 8-
BS 71&¢] CON 14, LP &, BL 153 SYN 15| H]
o oA o g w2 A HUTHP<0.05). Lysozyme 24
& CON Z15°]| H|3j BS 157 SYN 150l Al foJ5HAl =3¢
Th(P<0.05). Anti-protease 2/d-> BL 1%, SYN “15°] CON
135, MOS 14, BS ZLFl| B8l F-o24 22 A ekt
(P<0.03). GPx 242 LP 13, BS 14, BL 14°] CON 1
&, MOS T35, SYN Z5o] HI 8l -2]5HA] =34 Tth(P<0.05).
HMSHA X| &

Hb, Chol, TG9} ALT= HLE AR Aol {ofgt Zfo] 7}
%121cHP>0.05) (Table 6). Ht> BS 1%, SYN Z1Eo°| BL 1
Foll vlal 594 02 =4 Uebth(P<0.05). AST+= BL 1
&, SYN Z150] CON L& Hlah o] skA] F3eh(P<0.05).
U o= 24

tiHte] o] W TLB/THB Bl 2= A g Abelof]
0J3} 2] 7} §191ch(P>0.05) (Fig. 1). TVB/THB H|-&-2 MOS
152 ARt HE Aol Al CON Lo vl #2581 @
AUTHP<0.05).

(FCR, PER)%} survival->

£ AHT AfololA] It o]

7} $11TH(P>0.05) (Table 3). FIi= MOS 153} BS 150 H] ZF W TL-182F IL-109] A4 el SYN Z159]| 4 CON

Table 2. Primer sequences of target genes used in real-time quantitative PCR of hybrid grouper Epinephelus akaara Q> Epinephelus lanceo-

latus &
Target Gene Primer sequences Accession number
i Forward: 5-TGCGTGACATCAAGGAGAAG-3
B-Actin HQ007251.1
I Reverse: 5 AGGAAGGAAGG TG GAAGAG-S e
Forward: 5-CCTGCTCTATGAAAGACGAC-3
IL-1B XM_033647455.1
I Reverse: 5 A T A A AT O A A Gy e
Forward: 5-GTTAGTCTCCTCCCTCAGGT-3’
IL-10 XM_033625798.1
Reverse: 5-CTTCAGGAGTGGAGATGC-3 =
Forward: 5-GTTAGTCTCCTCCCTCAGGT-3’
TGF- g2 XM_033638913.1
e Reverse: 5-CTTCAGGAGTGCOAGATGC S, e
Forward: 5-GGATGTCAGACTCCAGATTG-3
TLR 2-2 OMO023893.1
.Reverse: 5-GATTAGAGCTGGGAAGAGGT-3" .
) Forward: 5-CAGTGTGCACAAGTGAGTGT-3’
C type lectin FJ410923.1

Reverse: 5-ACAGATGTCTGTAGCGATCC-3'

IL-1B, interleukin 1f; IL-10, interleukin 10; TGF- B2, transforming growth factor f2; TLR 2-2, toll-like receptor 2-2.
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Table 3. Growth performance, feed utilization and survival of hybrid grouper Epinephelus akaara Q% Epinephelus lanceolatus & (initial body
weight: 183.95+4.43 g) fed the experimental diets for 8 weeks

Diets FBW (g)' SGR (%/day)? FCR? PER* Fl (g/fish)® Survival (%)
CON 254.5+39.8 0.59+0.23 2.00+1.29 0.52+0.26 123.816.22 97.4+4 4
MOS 260.1£31.3 0.56+0.18 1.64+0.58 0.6310.31 109.89.3° 92.3+7.7
LP 267.5£26.6 0.60+0.10 1.62+0.21 0.50+0.13 129.3+29 .42 100£0.0
BS 276.245.6 0.73£0.10 1.20+0.07 0.73+0.08 116.1+13.0° 94.9+4.4
BL 285.4+48.4 0.72+0.29 1.52+0.78 0.58+0.21 129.6+10.1 100£0.0
SYN 317.0+30.6 0.87+0.15 1.17£0.19 0.59+0.05 146.6111.2° 97.4+4 4

'Final body weight (g). *Specific growth rate (%/day)={log, [final mean body weight (g)]-log, [initial mean body weight (g)]}/daysx100.
3Feed conversion ratio=dry feed intake (g)/wet weight gain (g). “Protein efficiency ratio=wet weight gain (g)/total protein intake (g). Feed
intake (g/fish)=feed consumption (g)/number of fish. CON, Control; MOS, Mannan oligosaccharides; LP, Lactobacillus plantarum; BS,
Bacillus subtilis; BL, Bacillus licheniformis; SYN, Synbiotic, mixture of each 0.15% mannan oligosaccharides, L. plantarum, B. subtilis
and B. licheniformis. Values are mean of triplicates and presented as mean+S.D. Values with different superscripts in the same column are
significantly different (P<0.05). The lack of superscript letter indicates no significant differences among treatments.

Table 4. Whole body proximate composition of hybrid grouper

Epinephelus akaara Q% Epinephelus lanceolatus 3 fed the experi-

mental diets for 8 weeks (%, wet basis)

Diets Crude protein  Crude lipid Ash Moisture

CON  15.22+0.53 4.88+0.35* 3.61+0.32 75.99+3.91
MOS  15.12+1.79 5.45+0.03® 4.57+0.73 71.93+1.26
LP 14.22+0.53 4.92+0.37* 3.59+0.66 76.71+0.70
BS 15.45+0.70 5.30£0.07%° 4.40+0.79 75.96+1.27
BL 16.13+0.53 5.3740.32% 3.81+0.75 75.73%0.05
SYN 14.97£0.18 4.80+0.16° 3.32+0.52 77.02+1.30

CON, Control; MOS, Mannan oligosaccharides; LP, Lactobacil-
lus plantarum; BS, Bacillus subtilis;, BL, Bacillus licheniformis;
SYN, Synbiotic, mixture of each 0.15% mannan oligosaccharides,
L. plantarum, B. subtilis and B. licheniformis. Values are mean of
triplicates and presented as mean+S.D. Values with different su-
perscripts in the same column are significantly different (P<0.05).
The lack of superscript letter indicates no significant differences
among treatments.

ol vlal folH o g =2 AuE B rhP<0.05) (Fig. 2).
TGF-B22] 92 MOS 153} BSZZ-50l| 4] CON 1] B3}
93 =3 tH(P<0.05). TLR 2-2 -4 A= BS 1534 BL 1
EollAl CON L&l vl 2% &= &7 UEbgth(P<0.05).
C type lectin> MOS 145, LP 7152 SYN 1594 CON 1
ol vlsl f-4AF EaA o] 525k =8k th(P<0.05).
oo

FolAt= Y| prebiotics, probiotics®} synbiotics H7F= A
oA 43} A (protease, amylase, lipase) A4S 71310
G askgd s 57 4= Qt(Wang et al., 2017a;
Adorian et al., 2019). Orange spotted grouper (£7] 37, 2.8

oCON oMOS alLP aBS sBL =SYN

a

Ratio (%)

TVB/THB

TLB/THB

Fig. 1. Intestinal microbiota ratio of total lactic acid bacteria (TLB)
and total Vibrio bacteria (TVB) to total heterotrophic bacteria
(THB) of hybrid grouper Epinephelus akaara QxE. lanceolatus
& fed the experimental diets for 8 weeks. CON, Control; MOS,
Mannan oligosaccharides; LP, Lactobacillus plantarum; BS, Bacil-
lus subtilis, BL, Bacillus licheniformis, SYN, Synbiotic, mixture
of each 0.15% mannan oligosaccharides, L. plantarum, B. subtilis
and B. licheniformis. Values are mean of triplicates and bars with
different letters are significantly different (P<0.05).

@) A=l B. subtilis -2 L. plantarume 1< 108 CFU/g ©|
Apo) s W7k A4S, Aol Solab Z7ksck Bl
%) TH(Son et al., 2009; Liu et al., 2012). Sun et al. (2010)->
orange spotted grouper (7] 7, 45 g) A= U] B. pumilus
9} B. clausifs 2t2+ 1 x 108 CFU/g 522 5 37181 60Y
7t 533E W, B. clausii Aol A B. pumilus Aol ¥]
o 247 571 a7 et e, o= 371 B. clausiiz} T
2 askea A7) Arkeal BarseiTt. o] of B sf, Hybrid
grouper E. fuscoguttatus % X E. lanceolatus 3 (7] 37, 28
g) A= U] 0.2%2] mannan oligosaccharidesE 7131 45
2t 3aRe o, AEEe] FstAl Stek kAL s Sl
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(Zhu et al., 2023). Kang et al. (2022)-& tf-51le] (2 7] 54,
12-13 g)= iAo = 2k 19°C, 23°C, 27°C2} 31°Ce] 429
A AR R3S Ao, o] STl wet el 5
7kl o 31°Col A 7H A Vb thal B arstgic. Pre-
biotics€} probioticsi= ©1F, 374 TA|, Absp=-1 7} 9
of w2} o]-g-4J o] et th(Torrecillas et al., 2011; Yang et al.,
2016). wj2kA], ti<mvke] A=l mannan oligosaccharides,
B. subtilis, B. licheniformis®} L. plantarum®) &% 3.2 53}
717t 37l vl A= aakel HE5S YAl A, A7t
T, W 250 BF, ARS8 5tk 27lolAe) 3
7F A7} E g shefar Az

oAtz W Bacillus®| %71= @ x| (Paralichthys olivaceus,
Yeetal., 2011), X 7}<:1(Oncorhynchus mykiss, Bagheri et
al., 2008)2} barramundi Lates calcarifer (Adorian et al., 2019)

et al. (2019)2 barramundi A& W Bacillus 3717} 43k 4
(protease, lipase, amylase)2] A& 5714 A o8 7153t 4
O AF-S Bk, A AT S AR S5
o] Aol 272 Fhgo] 24Eolri W 3akict. Dawood
et al. (2016)> -5(Pagrus major) AF=0l| L. rhamnosus®} L.
lactisS H7F5gE w) Aol 242 ol felatA 371
39931, o= AL&E Y| Lactobacillus7} AW A& 432 =7}
AF7] W Foletal B uskgich vhH, Amoah et al. (2023)2
hybrid grouper E. fuscoguttatus % X E. lanceolatus § A}
Bacilluss 7FH3lS wf, AolA|o] 2214 ol 9%t
Ztol7h glodekar K arsglet. 2 AH 9 749, tiemrte] Alm
Y mannan oligosaccharides®] T 3717} A2 423182
ApAIA Hole] 2] Fhepo] Z71er A0 2 ALg gk,

of5ze] H S|4 mele a4k ek it A7 ol 55

of dojA 241 i AAaAIZIHaAL 2alE Rl Adorian Q1 g2 5k, SODQ} GPx= Aot a A=A HoRkg- 1H4

Table 5. Non-specific immune responses and antioxidant capacity of hybrid grouper Epinephelus akaara Q xEpinephelus lanceolatus & fed
the experimental diets for 8 weeks

Diets NBT'  Lysozyme (ug/mL)? MPO (ug/imL¥ Ig (mg/mL)’ @/'Zt.'n‘%r.ﬁfﬁ?ﬁﬁ (i;xuj‘rﬁ[’)ﬁy (osﬁ)oir?h'i“gg‘é%
CON  1.08:0.05° 18.240.20 0.54+0.10 151404 26.4+1.7° 67.745.2° 65.845.5
MOS  1.20£0.11% 18.4+0.3% 0.70£0.14 16.8+2.7 25 341,10 70.36.2° 76.1+4.4
LP 1.16£0.175 18.8+0.9% 0.59+0.11 18.540.5 27 5£0.2% 106.7¢6.1°  75545.0
BS 1.36£0.16° 19.4+1.0° 0.52+0.10 16.3+3.1 25.641.75 957+12.9%  72.6£5.0
BL 1.10£0.100 18.8+0.3% 0.610.15 16.043.9 29.0£2.0° 91.946.3° 63.6:8.8
SYN  1.13:0.06° 19.3+0.5° 0.6440.17 16.143.4 29.240.12 78.6+4.7° 62.6£19.3

'Nitro-blue tetrazolium activity (absorbance). *Lysozyme activity (ug/mL). *Myeloperoxidase activity (ug/mL). ‘Immunoglobulin level
(mg/mL). *Anti-protease activity (% inhibition). ‘Glutathione peroxidase activity (mU/mL). "Superoxide dismutase activity (% inhibition).
CON, Control; MOS, Mannan oligosaccharides; LP, Lactobacillus plantarum; BS, Bacillus subtilis; BL, Bacillus licheniformis; SYN,
Synbiotic: mixture of each 0.15% mannan oligosaccharides, L. plantarum, B. subtilis and B. licheniformis. Values are mean of triplicate
groups and presented as mean+S.D. Values with different superscripts in the same column are significantly different (P<0.05). The lack of
superscript letter indicates no significant differences among treatments.

Table 6. Hematological parameters of hybrid grouper Epinephelus akaara Q> Epinephelus lanceolatus & fed the experimental diets for 8
weeks

Diets Hb (g/dL)" Ht (%)? AST (U/L)? ALT (UL Chol (mg/dL)? TG (mg/dL)e
CON 6.71£0.95 30.4+4.2% 73.648.9° 23.816.8 80.745.2 237.9+5.3
MOS 6.78+0.78 29.2+2 4% 58.3+16.6% 20.9+10.3 96.9+16.7 243.6+7.5
LP 6.99+0.97 26.1+3.8% 52.3+15.8% 20.0+4.6 92.8+17.4 255.8+11.5
BS 7.4541.12 31.244.0° 58.9412.2% 12.1+1.8 95.1£9.0 261.1:11.8
BL 5.93+0.81 25.7+2.5 35.747.0° 12.644.1 96.7+15.5 250.9+16.1
SYN 7.23+0.10 31.3+1.9° 50.0+3.8° 22.1+2.8 95.6+11.4 240.4+9.5

"Hemoglobin (g/dL). 2Hematocrit (%). *Aspartate aminotransferase (U/L). “Alanine aminotransferase (U/L). *Cholesterol (mg/dL). *Triglyc-
eride (mg/dL). CON, Control; MOS, Mannan oligosaccharides; LP, Lactobacillus plantarum; BS, Bacillus subtilis; BL, Bacillus lichenifor-
mis; SYN, Synbiotic, mixture of each 0.15% mannan oligosaccharides, L. plantarum, B. subtilis and B. licheniformis. Values are mean of
triplicate groups and presented as mean+S.D. Values with different superscripts in the same column are significantly different (P<0.05). The
lack of superscript letter indicates no significant differences among treatments.
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Fig. 2. Relative mRNA expression of IL-1p, IL-10, TGF- 2, TLR
2-2 and C type lectin in the liver of hybrid grouper Epinephelus
akaara @ XE. lanceolatus & fed the experimental diets for 8 weeks.
IL-1B, interleukin 1B; IL-10, interleukin 10; TGF-f2, transforming
growth factor beta 2; TLR 2-2, toll-like receptor 2-2. CON, Con-
trol; MOS, Mannan oligosaccharides; LP, Lactobacillus plantarumn,
BS, Bacillus subtilis; BL, Bacillus licheniformis; SYN, Synbiotic,
mixture of each 0.15% mannan oligosaccharides, L. plantarum, B.
subtilis and B. licheniformis. Values are mean of triplicates and bars
with different letters are significantly different (P<0.05).

ol A WS E/dAE Al ASLO] ARFAE Y A AR
(Toppo et al., 2009; Wang et al., 2018). #-= Al& U] mannan
oligosaccharides, L. rhamnosus®} L. lactiss &= -2 &3
A7vsto] 5 A5, lysozyme, HAA 2 247} SOD 2
o] Z7sitha 2 1E])gthDawood et al., 2016; 2020). 3]
AF&9] mannan oligosaccharides, B. subtilis?} B. clausirs &
= 5.2 T3 Hrtste] 348 A, lysozymeT} antiprotease
9] gAo] 27l EuEdth(Ye etal., 2011; Lee etal.,
2020). Jang et al. (2021)2 21]=2(Sebastes schlegelii) A=
o]l mannan oligosaccharidesE %718 7% lysozyme, MPO,
SOD A1} Ig =5 Z7FA|ZIckal B 11313 o, Giri et al.
(2013)2 rohu Labeo rohita A& W L. plantarum Z87}7} ly-
sozyme, tAA|2Z2}F SOD E/9& F7HAIZITHL B Al
Orange spotted grouper©]| A= mannan oligosaccharides, L.
plantarum, B. pumilus®} B. clausii®] @5 $-2 23} 2717} 4]
£ o] 4] welel(lysozymeit phagocyte)} G4t FA(SODS
GPx) A2 Z7MA 71tk & A lck(Son et al., 2009; Sun
et al., 2010; Liu et al., 2012; Wang et al., 2017a). Torrecillas
et al. (2011)2 &9 =ol(Dicentrarchus labrax) A&ol %7}
%l mannan oligosaccharides”} AW 2] sj&l 14| <=8-H|(pat-
tern recognition receptor, PRR)]| 23} Q14]&]of tfj 4] Al 222}
lysozyme 242 Z7}A1ZIck T B makeick. Abgol A7 L.
plantarum} Bacillus w5+ A A| 3 218, T 4] A 3£, lysozyme
I} complement &2 F A2} AH|H o] HA5E A=5

o
rie
o
oo
ofN
U
oy
d

a7, AW glutathione¥} folate A4, 413t G4 4 2715 5
ol <35=9] M5 57HAZ 4= Uk (Son et al., 2009; Nayak,
2010; Sun et al., 2010; Liu et al., 2012; Wang et al., 2017b). 41
& A5} ol i A F ol A AbRofl 3 7Hel mannan oligosac-
charides, L. plantarum, B. subtilis®} B. licheniformis7} AU
A A SZ 2} lysozyme EH4, glutathione A4 Z7}ol| o] 5}o]
H| 50|24 ol Zhagivkar A zhe ot 8Lt NBT2F GPx
9] A9, Z¥ZF B. subtilis &= %71} probioticsE T 713t
B5-olut 4ol Ftsto] Uepgtonz, o|ep e o4& o
7t B astoyal b, whebA L. plantarum, B. subtilis2}
B. licheniformise 71573 A& F7HAIZ4A, tdl5dte] A=
of A71ak 79 AU lysozyme, anti-protease /3 7+ GPx &4
= S7HA Ao AR EH

o|Fo] dHe2 2 FE= AZE(Hb, Ht), &2 thAKChol,
TG), 7+ 4ko] 93 AE | A(AST, ALT) 52 21517 ¢
3f| AR&-%th(Casanovas et al., 2021). Dawood et al. (2016)2
= A= U L. rhamnosus®} L. lactiss 771sho] 348 74
5, Aol B2 Aks A S SX1ske] EF A1E 4]
91 Chol7} TGS 7417tk B makeich. ofel s, A2 1
Lactobacillus 877} 52 22 £A4 oL o H o 2 HE
3ES FIL A Aol 71ofste] Ht 25 S7HA 71Tkl
B 5 At Dawood et al., 2016). Adorian et al. (2019)= bar-
ramundi AF= Y B. subtilis} B. licheniformis®] 717} AST,
ALT 272 2241710k 1 s}3ich whebs oeeute A
& W mannan oligosaccharides, L. plantarum, B. subtilis®} B.
licheniformis®] &3} A7} 32 B. licheniformis®] T A7}
= AEY|A0) O3 It SAFE A AT = A o= Tt

ool Al frol@el B4 WS elstel Zuj o]

AN Z

ha = 1
e 24e Akl w59 A%, s Zdstel 48 7
e Fote] sl S A4A] SFE v 5 Ak(Liv et al,
2012). Bacillus= ol A S48 A9, A At4 5=
DA 2714 B 4R dAskL, F71A el 4

e S5t A wAE 2AS AR Bl
(Timmerman et al., 2004; Kuebutornye et al., 2019). Son et al.
(2009)-2 orange spotted grouper Al Y| L. plantarum®] %7}
7H LABE] 5412 S2lsfe] Al nlabe 24 4t
a1 B 3FTE Yang et al. (2014)2 orange spotted grouper A
2 W B. pumilusE A 7}5+2 uf, AW Psychroserpens bur-
tonensis, Pantoea agglomerans®} 72 HHHE52] F41% ¢
Alsked A A S =Y o Arkal Hasieick o] Hsf,
Yang et al. (2011)> Psychrobacters orange spotted grouper
of M7sto] F5E B, Al Hatol skl LABE 2
R frolto] S715to] Auln) g 2ol AAIE gk e
3FITE. Dawood et al. (2016)2 2= AL W] L. rhamnosus2}
L. lactisE 34715k 35 4%, BolA LAB7} o2 o2
Z7jekcha B sk et thekEntel A= Y mannan
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oligosaccharides, L. plantarum, B. subtilis®} B. licheniformis
o) o= 22 & A7h= Aol Al Vibrio +t2] 5412 <iAIsH
T LAB] AAS 20510 ) 0| 4B 248 AATE 4 o)
AR AR o) 88 4 g Aoz A,

Cytokine thefeh Al o] gt 7|55 24 ke $54¢
&S 3= vkl A o|ti(O'shea et al., 2019). Probiotics+= &
2 732 cytokine WL A3} QJo(Cyprinus carpio)®]
B S0|2] Weluke-S Shstat S ok B 1E|9icBiswas
et al,, 2012). IL-1B2} IL-102 Z+2F 5 Wk el 95
WSS E5) HY AA o Tojgtck(Secombes et al., 2011).
TNF-B= A A A FZE, natural killer cells, =] 4}
Ao} hAIE $& 2ste] AU AL §H05h o
20129 A oJFITHLi et al., 2006).

o}5.9] 1] 50| 4 ¥l Ao A PRRE v Enlct So| 2ol v]
A I A S AlEsto] B ¢1 4 ghtk(Takeuchi
and Akira, 2010). Ribeiro et al. (2010)2 % o]o]| 4] TLR-27} ¥
At o] M-S A8k, AN S /36t HAAAE
Z3ekcal B a131¢ ek Ren et al. (2020)2 hybrid grouper E.
lanceolatus § X E. fuscoguttatus % A}= U] mannan oligosac-
charides 717} IL-83} TGF- Bl &8-S Z7lA 71kl 2315}
% T}. Picchietti et al. (2009)2 7 59 AF& U} Lactobacillus
A7F7HIL-182}F TGF-1 F-4F 8-S A Zi kol Harske]
o}, olof| jzH o2, FA|7| $oo)|A| Bacillus?} Lactobacil-
lus®] ©= 7h= IL-1B, TNF-1, TGF-B 84 Ed S 57}
A ZThal 231 ¢ tK(Panigrahi et al., 2007). 2 (1Ll A of
2F#FHe] A= U] mannan oligosaccharides, L. plantarum, B.
subtilis?} B. licheniformis®] &3} 3 71= 345 cytokine2]
TS F7HIA AW G582 -k "AAAE 73}
o Sle Ao A7

tjbmte] AFR <) mannan oligosaccharides, L. plantarum,
B. subtilis®} B. licheniformis®] &= -8 5.3+ X713t 79
WSold viele], Raiskst 95 fA4 HAL 7147
= Aoz gEr) o]= mannan oligosaccharides, L. plan-
tarum, B. subtilis?} B. licheniformis®] T -2 53t A7}
dhshsrlele] i §olRH(TLB)S 24141717 HLHTVB)
& ojAjsto] A g RS M) ol Az
o}, whehA] dijehEate] Al of| 4] mannan oligosaccharides, L.
plantarum, B. subtilis?} B. licheniformist= 7 A7F WS &
e 7158 AR A7 A Y] 0] 8/ 0] 2 A2 AR
2y o ALREO) A prebiotics?} probiotics] ©]-&A41S )
ek f.2lof Gk 7] o], thate] AFE W mannan
oligosaccharides®} 3%-2] probiotics®] = 52 231 %7}
w2 o] 8AF L] leiAl= A TAl, A7 d7HE
T T, A 2 T TR 2o o S5 A7 E
f5hrkar A7

Al AL

S S viRlvto| o E A AT (o] deto 2 st
o Sty AE o) Aes wob ;S

(20210469).
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