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7K ik B BT 8 2 S AU MBS PR DR A Z SR i

UL « MREEED - BRAERZ - BB - ASIERE
SRR EE BRI /R BT TR O

[T

FER/KE BT SERE R HSCE TG T RN R - (H A e i o 2 R T I 681 1 i
HYRERE » AR ZEHEES & 2R B/ N fRR B (Bacilluspumilus DS) HYBRPRHEHIH] /K 2E B0 R B Y
MR B S EE RS A  (Oreochromis niloticus) ~ 4 H fi§  (Lates calcarifer) ~ 4~ 1% £
(Eleutheronema tetradactylum) k2 1l (Penaeus vannamel) » fAZKH 10 [EEEGEEGE - R
BAPRHEE A2 10° CFU/g F/NAFAUARER DS RORSHEERE » S S S SR Eh W ek ~ Il ~ s sl
[Pelg-hE9sNEE (Vibriospp.) ~ $ERE (Streptococcusspp.) FIZERFLIEE (Aeromonasspp.) EFTEEL
B - [FIRFEE IR B B R L SE MU - ARSI AR i R IR R R R
HIHIRCR - SR s B SEER AN 3 KA 82.20% F1175.00% LA E - R ey S BRI
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DA JFF B v SR AR R T B 99.96% s “PAF FIBE PRI (2345 B Photobacterium damselae
subsp. damselae, PDSD) #& /) 1 {E¥ETEAME - SEEREECEHIARAIHIE] © SR FHBE ol B 8=
L REARHFEIER 10° CFU/g « B B V7T » SRl EE S B il DAHERE A SR B (A veronii) By
T FFAIDIZOERE (PDSD) K HIELUGRINE (V. parahaemolyticus) Ry - 2RI
FEREUTR » GBS AR I B B FU L BBk e 4 R EfiA: S BRI - &5 L (A&
/NEFHUARER DS Wk REHRES IR A /K EE B YIRS N RUR IR R - A BRI B A FEE R R
BEAY R -

RIEST | AR  HEMRER - SRR - 1HIEE
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JREIEE > Reverter etal. (2020) HYRFFEEEIE > AN [H]

B A ~ (AR S B A ) - B RO
BUKESMMTRH G - n Bk E RS
e K EERTHSEE EE Y BT MR FAO (2024)
MeaT > SBR/K AT T e R 1309 |
ENE - R 2013 FERR 13.8% > ] RUKEEMTETE
feEREIIMEE B T R BB T - AR T
KR BRRNREE - BRI S (L bR A AR
FRIH AR R G B 2 Pk > bk EEhY)
PRIl Ry B 2L -
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K /K EEBPIRE SR IR R R RIS CIEIE - /KR
BFFHE 1°C » FETERNEIRGNKT 2.82 - 6.00% [
18 e I R AR AE SR HLIE I (Aeromonas spp.)
B KEE (Edwardsella spp.) ~ 2K &
(Streptococceus spp.) ~ BB (Vibrio spp.) £ > H
FERR TR 7K TR BEA T A N5 25 B s B 075
13 AR LR S B I B RE B nZEH, -
THEBEInn B - s EE
HESEEERAKR - K& BYIFHE Al
R - I B KB REESE A AR SR > R
B oG RETEFUIRE LA (Reverter et al., 2020;
Sun et al., 2022) - R Er A FRIRHI SRR I
A B RN R R s RS P 5 U A
DUR BB R - HIgg H e S fERE T - i1 E
AN I RS TR - SEECH FEA J E Ee
% (Maulu et al., 2021) -



26 ZIRAE

BB EE A G e R R B e G R
S E Rk 7P Ul 35 R = = S ISR ZS TSIV
- PEERE ~ AREMEELRKE (Nocardia
spp.) Fy 0 EEEE ARINEE B LINE (V.
parahaemolyticus) ~ £IE5ME (V. wulnificus) ~ 733
gME (V. alginolyticus) ~ RS ECINE (V. harveyi)
Z (Liu et al., 1996; Tey et al., 2015; Wu et al.,
2016) ; BEEREAMEFLSEIRE (S agalactiae) - Yol
FEERTE (S iniae) ~ ALBEEMEERE (Lactococcus
garvieae) » JALL S ER B 1Y £8 8 H AR H H
(Liao et al., 2020) - SEEREIFRHFHIHE T (7-9
) » AZRTEEE RS - (HFEE IR L%
7K BT AT REBE AUSEER B A AT IR - 5 R AT
HIHEHEHREARE » A5 A SR BEER R E -
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Gy A W 18 BG4 BT I 1 R At I R
(catarrhal inflammation) » /& FHETE A ZERY IS ~
e URE W) B S A A R gt 7 v R S A e
% -

UTHEZK > 382E R (probiotics) {E/KEEFEIHTHY
JERI R S Em - B YMREAHTERA  sEEfrad
BHRAR IR W Bt 3R (prebiotics) » AERILL
ARARTT AR T - B RE R IR
BARIHEEE - B4 Park etal. (2020) AIRFZRFEH » 2%
AR T DA F SR R RS RR - S B BN
HEHTST 5 Cruzetal. (2012) BYBFSEHETR » w4
BEEE RIE R IIRERIIEIIR » REA RN
HYRREE - BLAL - 5 (2016) BEEESREN] - @ E
P2 A2 B B RE R IR BRI I e O 3 A8
G CE AR SR (o R R -

FF T L e i S M B A QR B R RE 2R Y
IR B FTR AR R RO - A M B
#1E (Suzuki, 2018; Pujalte et al., 2003) - ifij35 L5
WA R R 2R B 2R EEE
TS ERBERIFRTE (Tort, 2011) - [ BSERZR LSS
REZE ~ WERME - BT mEHERE - RIS
YL (Sousa etal., 1999) - Meron et al. (2020) ¥4
Tt R R AR TR R A BT T T g B
B B 16S rRNA ZRAAUE Fr - 45 5 AT Ag 2]
—HEBERERE 2 BBELEERE
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BRER -~ e i B B Ml v S R s P Bk

fRE DAL e SRR ~ BRIERE ek
B~ BB AR - A S BRI SR R
IS - fE T g R4y B ks (Ellis, 2001; Tort,
2011)» BESR ATHE R JE A B A OB A i 8 S el -
{HREE RERR I EER IIE - RERSERY M LEELL
W KR E S SRR T -

JREE TSR EA M Ok A W 5 - K%
AT ERATAA T o2 iinl /720 - Bt ARk
SRR A BRI T K R AR P
H 2021 G EHLILRIBER 7 — K& A"
/N UREE (Bacillus pumilus DS) 47k 2 3 (i A
#l (pro-health aquafeed) » H.H %G/ NFEHUSE D5 &
K (2016) HHIEBEF S E > HEfF
kanosamine ~ bacilysin z toxoflavin Z£fiEYE -
FH R EESAS SRR » IR AN ~ 1S
EIERILE (V. cholerae) < RRIFIIE MR
5 RAMRAT ISR SEERE ~ MEFLBEERE ~ Bk
PEZE SR BB DU B EAR B (Ph. damselae subsp.
damselae, PDSD) 5 RIRIRE (HE, 2016; =
%,2022) ot AR R/ N AR R DS &R
& 10°CFU/g Haka kR AR EBE R R -
RTINS AR - 2023 LG
R R B 58 18 B W o A S ol i B FH 1 B e 5
b o NI R K A B T SR IR AT U SR AR AR
BALRE - T ACHFZE 32 2 H 09 R BRET ik i B R HE A [F]
B BRI BN BRETE T - BRI ER
AN -

FORHEL S 5

— ~ GBS

AR i e #E S 20 # (Oreochromis
niloticus) ~ 4 H fiE (Lates calcarifer) ~ -1F
(Eleutheronema tetradactylum) Ef [ i (Penaeus
vannamei) A2 S E A Bl IR ] 22 JE S AL ()
EHM RS VIR R RIS E
TEITRYER I T A TRERE B - PR rR/kE AT
WFgE N BEHIRTIERAS - SRESabERE st 3 i -
IR FE AR 2 B2 (5 TRIZE 11 R) MISERgER
H BRTAGRES 1 RGBS - HirEas
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FHlerH B EAEeH - & HSRERREEIL 3 B SR
REMEEE ~ EREHAIARFR K E L
(FALEER) - B a e iH B S T flRas
P dtEt 4 R o RA—EEAEE S EE R 4
Ji o3 IR BB ARG - IR RE st E T
2R BRI BEER R o EEAA RS -
= R
(—) ARHERIRIRER

SR ETR D B R R E B TS RE
o i fa - PR E e - SRR ZEEER]
ettt S /ANTEIE 3 (pwiny vei3: ) = SR E 23 /e -TE SF K0
WIFZEH 10° CFU/g LRI/ N IR DS > B
R Fa S F RS S5 N 0.1% Rl BRER B
(Leuconostoc mesenteroides B4) 5.2 8% - Al
TR E B B E T EET DR Ryl Al S
AR /K BTG (FALEER) Baig s
RN H e e 8 5% o

(D) REERHETIREREM
L. SRR i R e B S

ARG AT I R s Ry 2 T Al LR i
* AIINER & ~ SEER B R DA S R R & - 1t
BHL 3 BIEE R - HEIER AfRIER R H iR
AR AT BLAMEmR I fa o SF g o PP ETS R T ~ PR
BRfEE - % 3 ARl hRER 1 - o
NGB EREEEY 1 5B ERE AT /K (phosphate
buffered saline, PBS) #6317 EEISE - B0 2ET
EYEWRAGLA 1 < PBS JEFT 10 5 5dE M RE - PRk
AEE AR R E E p R A -
Ja AT AT P W - A2 e 0 - P - e M B R
(thiosulfate-citrate-bile salts-sucrose agar, TCBS, H#
H Dicfo)~$HERE & DISHER B 1% & KL Streptococcus,
CHROMagar™, [ CHROMagar) DL K 7 &5
fus 8 A E R EIEEEE R (Aeromonas Selective
Agar, #§H Himedia) 5528 » SIpCPIRESEREAR -
EVE R FIETE% L L-shape BHFEIEGH IS8
FERSEARA - WRIN R AR RSl > 1A 28°C
IS 24 - 48 hr IRET RS REHER -

2. (SR R

DA < F s R BRGE T g s — W Y B - 5%
BRAEFE AT IEIEEE A (tryptone soy
agar, TSA, i H Dicfo) WG [FIRERE < BIHA
VI A LSR - it 28°C 552 24 - 48 hr £ F 0t
MACERPR - AR IR S R B SR B F R
e BREETIERE L -

(=) BERE

A RAT RS R AL VBRI BN - DR
A Y#ETEEMN API 20E 5, API 20 Strep strip
(%% H biomerieux) #i7E »£HEEIERHEHEE A HIZK
I - QIZEHGHER LI » MRt E B AR 16S
RNA EFF » &% fF NCBI (national center for
biotechnology information ) 34T LL¥t -

(W) RREEYHFIERE

i FIAREEEE G (disk diffusion method) » 2275
W R A B = AR MEAL BF JE P (the clinical &
laboratory standards institute, CLST) 55| > ##ii{bt%
HRIREELL 1 % PBS BLE R EL 0.5 McFarland
FHERAH S IR - I DA ER N BRI %
M CERAE B IEEAE 1T (miller-hinton agar 11,
MHA, [#H Dicfo) (& 5% Iy MHA F
mAGERGE Ry 10 FEHIAERMEES © FIE
(flumequine, 30 pg) ~ FEVYERMSR (oxytetracycline,
30 ug) ~ FMHREEMEE (florfenicol, 30 pg) ~ fiHEFE
VYER#ER (doxycycline, 30 pg) ~ BWERMPER (oxolinic
acid, 2 pg) ~ FLf#Z (erythromycin, 15 pg) ~ HKAJ
f#=% (lincomycin, 15 pg) ~ $f#ZFE (spiramycin,
100 pg) ~ Z2HPERL (ampcillin, 10 pg) BZZERPE AL
(amoxicillin, 25 pg) » KFELE 6 mm AUHEFERGERS
RS B 28 NESEE 24 hr 22 Bl FE - 6
22 B E A FERGHE it 2 zone size interpretative
chart #I|%g »

(h) MRETDHTHE

AEREAAI7 I B T B B A B > SRS SR B
FHIEUR “FAF FR B B SE B K 5 e R S [
A B G B A B - BB M LIPS (H 2R
(ANFEFRATRRE AR 1 HIBEERE P RTr
FBERE ) > RMEITHRET AT 5 BN > FRRNEENZSE
FIRCE RIS 25 2 EE DR B A
FAEIUSEEE - $THERE I AW LI
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Table 1 Bacterial loads in different organs of Nile tilapia from private farm | (Budai, Chiayi)

Organ Target bacteria Group Loads (CFU/g) Change (%) p-value
Control ND
Streptococcus spp. . 0 -
Experimental ND
. . Control ND
Liver Vibrio spp. ) 0 -
Experimental ND
Control 2.22 x10?
Aeromonas spp. . -99.55 -
Experimental ND
Control ND
Streptococcus spp. . 0 -
Experimental ND
. Control ND
Spleen Vibrio spp. . 0 -
Experimental ND
Control ND
Aeromonas spp. ) 0 -
Experimental ND
Control 1.00 x 10°
Streptococcus spp. . , -82.2 1
Experimental 1.78 x 10?
) o Control 1.63 x 10°
Intestine Vibrio spp. . -98.36 0.333
Experimental 2.67 x 10!
Control 1.16 x 10°
Aeromonas spp. . -91.44 0.333
Experimental 9.95 x 10°
The Mann-Whitney U test was used for statistical analysis.
ND (Not Detected) was considered as 1 CFU/g when calculating the relative percentage change.
The symbol '~ indicates that the variance was zero after grouping by Group, making statistical analysis not applicable.

A p-value of less than 0.05 indicates a statistically significant difference.

IRF R PRARIRF RS - W LI R B E B A= S
Rl fabaies 2 & H RS - RErT
Mt it 5 BN HERERIEEF NI BE - AR
i JASP (Jeffrey's Amazing Statistics Program) #k
#2 LA Mann-Whitney U #35E #ETT#EET /04T » HUFE
s MRREI AR | - ALK IE
FeHL EMER RS - B /KUEELE 0.05
B B B8 L 15 43 EE A =0 (relative percentage
change) = G BaH V-2 B B4 BGRH S B B0 /%
W PR B < 100% »

Mook
— ~ R ETRHEHR I R RN

(—) REBIORREFHER (2023 F

B)

%II

. FERARRE S |
ARt BRI A PR R 18 H R BRARE:

W - FEREEUR (Tablel) - SEEREERST - B E
FRSEET R #0Ry 1.00 x 10° CFU/g » FBEAHIG E P
PS5 1.78 x 10> CFU/g » A R BE A B R
B 82.20% ;5 JNERERST - EHHEE R R B
1.63 x 103 CFU/g » :RERHH I E rP 8k 2.67 x
10" CFU/g » WA a8 98.36% ;5 FER M
B4y o SRR B T DU B R - (H AR
FAGENE]; FERGE > GBS ST $ 9.95 < 10°
CFU/g > BER{E A ZS ARt o] o3 n ek A L 1B
99.55% Eil 91.44% MER > Mgt LA B8
{HTRA 80% DL s

2. PR RE AR

B EEME A et o EH > R 6 H
WOBERFBRAR 34T > G ERAN Table 2 A/ - INEES
B E IR #0R 2.91 107 CFU/g » 5B
HERE B 7.28 x 10° CFU/g » Ak SEE0
FlEGE R 75.00% AR EMETED B
B ERBAH < Ik ~ PP B3 B ] ARG R 2R - 1
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Table 2 Bacterial loads in different organs of tilapia from private farm (Xuejia, Tainan)

Organ Target bacteria Group Loads (CFU/g) Change (%)
Control ND
Streptococcus spp. . 0
Experimental ND
. Control ND 0
iver ibri
Vibrio spp. Experimental ND
Control 1.53 x 10 85.48
Aeromonas spp. Experimental 2.22x10° -
Control ND
Streptococcus spp. . 0
Experimental ND
- Control ND 0
een ibri
P Vibrio spp. Experimental ND
Control 4.68 x 10° 97.58
Aeromonas spp. Experimental 1.13 x 102 .
Control ND
Streptococcus spp. . 0
Experimental ND
- Control 2.91 x 107 75 00
ntestine ibri o
Vibrio spp. Experimental 7.28 x10°
Control 1.26 x 10° 86.28
Aeromonas spp. Experimental 1.73 x 10* .

ND (not detected) was considered as 1 CFU/g when calculating the relative percentage change.

Table 3 Mean bacterial loads in different organs of Nile tilapia from the experimental group at private farm Il (Budai,

Chiayi)
Liver Spleen Intestine
Streptococcus spp. 1.07 x 10* 1.35x 10 1.69 x 10*
Vibrio spp. ND ND 1.52x10°
Aeromonas spp. 1.07 x 10* 4.11 x 10 7.22 x 10*

ND : not detected

AR ey B PHI R B A Ry 2.22 % 10° CFU/g
1.13 x 102 CFU/g 1 1.73 x 10* CFU/g » BOREEA
PREBRPRE T 53 TR D SR Fe I ~ IR B3 FE SR AR
T84 85.48% ~ 97.58% #I186.28% -

3. AR AEREY; 11

LRI Flic & o B 2 2 o P 2t fR e
HEAIRREA LR - HORIFEEL 1.00 x 10° CFU/g
FoBR(E > R REE R AR A A s - 3
FHGEBA 6 (M H - WIEHEST 3 ZKERER - AERER
(Table 3) » SEERESTR > » IEHS FRUFFIEE ~ B0 ~ I
PRSI 1.07 x 10 - 1.69 x 10* CFU/g ; JlE
BT 0 - 1.52 % 10° CFU/g  EESR BRI AT
A 4.11 x 10" - 7.22 x 10* CFU/g »

(2 EERRIRREEHEN (2023 F57

B)
1. ALK B O

SEAEE F S E R © i H - BEEUIARTETT 4 K
PRAR » AEREEUR (Table4) - BEEKTRER Y » BaiHIT
fig S B 7.83 < 10" CFU/g ~ Bl A AR A
l33 8.76 x 10° CFU/g » ] 53 Bk < E I -
IR i B S SRR T 8 99.17%~99.88%  F11 92.28% ;
SNBSSy > St A B b SV B R A 2R
i 1.96 x 10" CFU/g » w] 43 B g A I s
H99.79% F198.28% ; SR BEMUE Sy » A BEHIAT
RS B BRI - BRI 99.99%
BRI - SRI B AR B 2.40 X 10°CFU/g » 2
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Table 4 Bacterial loads in different organs of Asian seabass from Freshwater Aquaculture Research Center, Fisheries

Research Institute (Lukang, Changhua)

Organ Target bacteria Group Loads (CFU/g) Change (%) p-value
Control 9.39x10°
Streptococcus spp. i -99.17 0.408
Experimental 7.83 x 10!
. . Control 4.88 x 10?
Liver Vibrio spp. ) -99.79 -
Experimental ND
Control 2.39 x10*
Aeromonas spp. . -99.99 0.183
Experimental ND
Control 8.67 x10°
Streptococcus spp. . -99.99 -
Experimental ND
e Control ND
Spleen Vibrio spp. . 0 -
Experimental ND
Control ND
Aeromonas spp. . 0 -
Experimental ND
Control 1.10x 107
Streptococcus spp. . -92.06 0.110
Experimental 8.76 x 10°
) o Control 1.14 x10°
Intestine Vibrio spp. . -98.28 1.00
Experimental 1.96 x 10!
Control 8.44 x 10*
Aeromonas spp. ) +2,740.24 0.343
Experimental 2.40 x 10°
The Mann-Whitney U test was used for statistical analysis.
ND (Not Detected) was considered as 1 CFU/g when calculating the relative percentage change.
The symbol '~ indicates that the variance was zero after grouping by Group, making statistical analysis not applicable.

A p-value of less than 0.05 indicates a statistically significant difference.

T 10 2 (HEEUE - BR T A SR B &
Gh > HABET A 90% DL B -

2. EMER S HIREEY

SHIERE A a1 H BRBHAAERE - AR
172 REREE - FEREUR (Table 5) - SHERERARS) » 8
Bk P TP AR A B BRI B IRy 4.55 < 10°
CFU/g » FH 5 WA gk 2> <8 5 1T ik 5 3K 14
99.86% » {HAENZE J7TH » (HFHEE 1 8 H EFi%h 8.97 x
103CFU/g » FElCEIEAH 7.8 x 102CFU/g B 1 (&
HEUE > 2 8 H R SRR B SRR Ry 1.35 %
10° CFU/g » FHERESIRH 6.7 x 10° CFU/g m] 4>
79.85% BEH 5 SNEERSY - ABEAE AT g S B
438 x 102 CFU/g ~ [ 1.59 x 103 CFU/g FllsE
1.19 x 10° CFU/g » RI 53R 87.76% ~ 22.15%F1
46.60% ; SR BB TRy > SBSHE T B PSP B 8
2.11 x 10* CFU/g ~ [ 2.07 x 102 CFU/g Fl5sE
1.03 x 10*CFU/g » [P IAE Ry T 2.85% B -
TEMBERREE R HIERA> 80.22%F11 97.94% » #fiat I

ANEBIE R - (HEE AT 80% DL EREH
3. =R S HREY

GRS AR 4 18 H > R TER R
FEREER (Table 6) - SEERESTR > - B HERH BBkt
Bl PR E AR IR - SRR
EARRHIE] - FI 5 F BRI E B 99.42% 5 FESR
BRI > SR ITRE P  E RO b= ~ o
1.73 > 10> MIBEE ARAGHIE] - AREH S RHE T 2 ek
98.85% ~ 71.43% #[199.94% -

(=) FREENREEEEEER (2024 £5

B)

LR FTC & Bt P 2 (o P2 AR
U B RSP S A S B MR R - IR
FEREE 5 4 2 A EELL 1.00 x 10° CFU/g
FoRBREL - LT RES SRR AR A S - IR
BAEREUR (Fig. 1) SEE Y (FOURE) ¥
WRE I E VB 1.34 x 10° CFU/g » BEgE P4
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Table 5 Bacterial loads in different organs of Asian seabass from private farm (Mailiao, Yunlin)

Organ Target bacteria Group Loads (CFU/g) Change (%) p-value
Control 7.20 x 102
Streptococcus spp. -99.86 -
Experimental ND
Control 3.58 x 10°
Liver Vibrio spp. -87.76 1.00
Experimental 4.38x10?
Control 2.05x10*
Aeromonas spp. +2.85 0.645
Experimental 2.11 x 10
Control ND
Streptococcus spp. 0 -
Experimental ND
Control 2.04 x10°
Spleen Vibrio spp. -22.15 1.00
Experimental 1.59 x 10°
Control 1.05 x 10°
Aeromonas spp. -80.22 1.00
Experimental 2.07 x 102
Control 7.25 x 102
Streptococcus spp. . +527.93 1.00
Experimental 4.55x 10’
Control 2.23x10°
Intestine Vibrio spp. . v -46.60 0.825
Experimental 1.19 x 10°
Control 499 x 10°
Aeromonas spp. . -97.94 0.507
Experimental 1.03 x 10*
The Mann-Whitney U test was used for statistical analysis.
ND (Not Detected) was considered as 1 CFU/g when calculating the relative percentage change.
The symbol '~ indicates that the variance was zero after grouping by Group, making statistical analysis not applicable.
A p-value of less than 0.05 indicates a statistically significant difference.
B8 1.08 x 10" CFU/g » fHER R F 25 i galehat B 217 x 10" - 2.17 x 10* CFU/g »
D1 HEBUE - ARIMAERERE P T g T R 2
» AETEEEIZE 1.00 % 10° CFU/g IR - glkipger - ~ BRI R
53 HIRPISE ISR 3.12 < 10° CFU/g » Bg: 3
18 2023 4 2 - 11 HAYEGHIIR - SeEishids

PRI RRIE -

(0) BRENRREEHEN (2024 FHBE)

BEES ATl & 2 s P EL 2Tl Pl s et -
SRR SR > DRI EEEL 1.00 x 10° CFU/g
FolE > FLRIL R AR R R A A 3 -
7 AERESRIREUR (Table 7) - 38 1 (A ) &
PRSI A 8.66 x 10! - 9.62 x 10% CFU/g »
EER8F 1 (B ) Z TSI EER T 6 Bifreng
2.77 x 10° CFU/g 2 4b » Hak H 03Tl & 8o
JA 1.30 x 10% - 5.48 x 10° CFU/g - ifii 6 ke A
Bt e R 2B - BEE R 1 NEEHIN

Elfigbae b - S BB E 1 B R
TORK S - LU R B R Ry - Hrp X DI
Vet 7 SR B AR R 5 T e SR B B3 S ik
o XSRS LR (Plesiomonasshigelloides)
RiZ o M NHREBIER A L2 EE - T
DUEE BN R e S o e 2 5 SEBRER I LR IS BR TR
(Enterococcusfaecium) ~ ZEfGEKE (E. faecalis) FIFL
A . BKE (Lactococcus lactis subsp. lactis) 5 43
HEE] -

s MR aEES I3 6 K8 H
ZHTEM b BRE =R B 3 KRR &
S BRI 3 HRBIEINE ~ 6 K 8 H RufiF 5
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Table 6 Bacterial loads in different organs of Asian seabass from private farm (Xuejia, Tainan)

Organ Target bacteria Group Loads (CFU/g) Change (%)
Control ND
Streptococcus spp. 0
Experimental ND
) Control ND
Liver Vibrio spp. Experimental 0
xperimenta ND
Control 8.67 x 10"
Aeromonas spp- Experimental ND 065
Control ND
Streptococcus spp. Experimental ND 0
Sl . Control ND 0
pleen Vibrio spp. Experimental ND
Control 6.07 x 10? 143
Aeromonas spp. Experimental 1.73 x 102 '
Strept Control ND 0
reptococcus spp.
P PP Experimental ND
. Control 1.73 x 10?
Intestine Vibrio spp. Experimental ND -99.42
Control 1.73 x 10° 99.94
Aeromonas spp. Experimental ND e

ND (not detected) was considered as 1 CFU/g when calculating the relative percentage change.

mmmmm Control Experimental = --------- Threshold

2500 1 . .
Vibrio spp.

2000 A

1500 A

1000 A 1000

o W T

Liver Spleen Intestine

Bacterail loads (CFU/g)

7000 -
Streptococcus spp.
6000 -
5000 -
4000 -

3000 -

Bacterail loads (CFU/g)

2000 A

1000 + 1000

O T T 1
Liver Spleen Intestine
Fig. 1 Bacterial loads (mean + SE) in different organs
of East Asian fourfinger threadfin from private farms. The
threshold for bacterial loads is set at 10° CFU/g.

BRE 5 AL 3 HAERIE > HFBECEE5ME 2 2.46 x
10°CFU/g 5 6 HZB B i S P 8ER B 53|
5 5.98 x 108 CFU/g F12.21 x 108 CFU/g : 8 %l
R E S BEER B Ry 1.39 x 10°CFU/g -

1E 2024 4 3 - 7 HRYERIIEAR - P AEsaEss
HYTE S Fafa A - SR B Ry 3R R (PDSD)
R HREIME GG AN LGN 5 i
EmaErsiny IR H e P 3 220 B e e LA 2250
B RIS REUINE (V. owensii) 5 6 H3E
FoIhlEm < H b 38 % < BN f g EEE BRI
Rt R KA

=~ R E R SRR

8 F B ER s iR Bl o2 B s Bt b B
SRR B e HEEYRUR M (Fig. 2) - S gifa B
fi FR 7 SR R R R LGB 14 A% DUB SR IYER
= O(100%) HIHI R ik fE > HX 2 & WE
(94.44%) ~ BRRMFEE (94.44%) ~ FRIYER M E
(84.44%) ~ SRS GBI (84.44%) » /015 84.44%
BIMRE DL P BRI SRR LR 9 1k
LIALH#EE (100%) HIRICREAE » HR G e E
F (88.89%) ~ FRVUERMZR (77.78%) ~ Mt B RV UER
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Table 7 Vibrio spp. loads in the hepatopancreas of white shrimp from different experimental groups across various

months
March April June July
EXP. I (A) 9.62 x 10% 8.66 x 10! —
EXP. 1 (B) — 5.48 x 10° 2.77 x 10°(*) 1.30 x 10?
EXP. 1l — 2.17 x 10! 1.95 x 10? 217 x 10*
Notes: — (Not tested): Data was not collected for this time point.
(*): Indicates shrimp were infected with Enterocytozoon hepatopenaei (EHP).
EXP. | (A): pond A in Farm | (white shrimp private farm).
EXP. | (B): pond B in Farm | (white shrimp private farm).
EXP. ll:farm Il (white shrimp private farm).
100
— B EEE
Aeromonas spp. |- 0.00 0,00
Aeromonas spp. R+ 556
80
Streptococcus spp.+Lactococcus spp. 5= 0.00 100,00
Streptococcus spp.+Lactococcus spp. 1= 0LOD 0.00 0.00 1111
g- Streptococcus spp.+Lactococcus spp. Hmi 0.00
5 | 60
‘% Enterococcus spp. S 0.00 0.00 0.00 0.00 g
E Enteracoccus spp. |- ‘%
§ Enterococcus spp. R ST E
2 8 40
@ PDSD S -

POSD | R
PDSDR -
Vibrio spp. 5

Vibrio spp. | =

Fig. 2

=20

Antibiotic

Antibiotic susceptibility profiles of different pathogenic bacteria. S indicates susceptibility, | indicates

intermediate, and R indicates resistance. Percentages represent the proportion of bacterial strains susceptible to each

antibiotic.

% (77.78%) ~ L LV (66.67%) Bil 2K 7Y Ak
(66.67%) » A 66.67% BEHRE LI EHIESR A/
JEME B SRR IR 3 Pk > DUBTSEAEPYER
3 (66.67%) FIZLBRPUM (66.67%) ZHNHIRR i
tE > 5 66.67% BbRE FEPIAREBUENE 7
FEDUREIICE 4tk DIHEHREERER (100%)
BetE o HROZERMEL (75.00%) ~ FEPYIRMEER
(50.00%) FIBHEEFRVUEREZR (50.00%) > 50.00% [L
FEPRE DL ESTA SR BRI . IR
19 £k DIBCGRMEE (94.74%) HIHIECR IR - HX
SRR (78.95%) ~ mIHE (68.42%) FIE

SEFEVUERER (63.16%) » B 63.16% EHRELL

SRR -

HE > FREFERENRRE KSR EREA
ar ETIUHIE AR (bacterial load) » FHLL T #5266
AYHEA RIS FIABRS BRI AL - fEm Ri%
16 S ) B PR REE AT SRR B PR (IR KR -
P2 B B IR AR B IR B2 E - DFSER
R WE A BB SEAE A B AT gD - il i
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RPEE (gut-liver immune response) » {0 EEE T
PR A A R AR ORI AR A A i
T B YRR DIRE - W BRI T
(Deng et al., 2020) -

Abdelhamid et al. (2013) FER K 23L&
HIPRFEW: (Ashtoum El-Gamil) AIRIJERESRZPFAAI
fifif. (Mugil cephalus) » 25 &7 P AE P B8 5
IR - BIATERE SR 2l R A A= B8 1.3 > 10°
CFU/g » BZEREE % 5.2 x 10° CFU/g » =
bEE RV LA RIZS B0 B R A 225
BT S B B R Y - Ahmad etal.
(2017) W BEAS[F] /K S Y il 6. (sea bass) ~ F
(snapper) ~ FBEFR (grouper) FILRELEHERHIHARE
B AR R R o R R B
P I B B e SR B BT S - Ll IR ~ LI
BEHAIG MR AR 3.4 x 10°-5.6 x 10°
CFU/g » fEBGBHIAHA 3.9 x 10° - 7.5 x 10°CFU/g ;
BUKMEERBIE AR - AR BB E R
5.9 x 10°- 8.2 x 10° CFU/g » FEHH BRI SR TEHI
FTREREIR RS » Ry K B A PR L FE A 2
TR+ AR SE RS P s JE Yy St e A O
BRI SET TSRS IR T AR BRI -
e it T i e P BB R ] DA AR 2 - DA
IR R N SR -

FEDUIE R B 2 R R e e ) 2 AR
BRI — (Simon etal., 2021) » AHFSEER
BRI TR B A 3 B A e 00 R 1 A i
BRI S BRI B A R R AT E RS B -
A REARHT R A H AR S AR - 20t e
P E SRR R A DR - A R R PRy SR
FolHALERE - IHLRER IR E VIR ] 2
A EER R A28 flalE R ]Y)
ARG T E R EY B BB R R - 1H LR
DIgesr i kA& R+ - t WAV ER 120k
REFIERTHEHBALRY 3% - AR RYPRIE
SREMIMERENE - E R - IH{LEERLIRE
iR ENIEE BT WS AERIIER 2 Rk
EHEABERE B L R E iz ST R
B BYIRIE A i - BB RS 6
A BRI 2 22 R e R T2 W AER S A 2 v
% J7 (Nayak, 2010; Wu et al., 2012; Liu et al.,
2016) -

ARWFE - e EaPe AR A <2 E i B R 0
o A AR S R R DA | SRR R
<t H 1538 R A SR B L 2 SR B A R S R AN A
URERf - HEME RTTRE - — 2R R Bl RN R
MEfRE  HIG AR BT - BPRHE R e E TRy
IR KRR/ AR AR R DS fERS KGR e JH
AR R BN BN - R H il o0 i I
FRELGERHEAR - I (2018) DIANFE > SR i 2
FH/ANFIAEE DS WIS EY) (extracellular
product, ECP) » 545 pronase E - proteinase K
1 lipase %32 SEERRAE AN YIS 1
NiEREHEZE S0%LLR « 1M Jiao etal. (2023) #f5tts
HIA R ME SRR (Sniperca chuatsi) » HyH{LiE
WRRE EEg (trypsin) ~ BEIENTES (pancrelipase) ~ 5
JIKEE (enteropeptidase) & i 1 5 B 4t £ 1 Fa
5 R HERT A R R i e B R T RE R B
BRES T 5940 B/ NEF AR B ] 439 HY kanosamine
bacilysin Jz toxoflavin ZHHEYIE ML HE Y E B
IR BT S e — R - BRI R E]E Lk
YrE R - 5 [ — e - BIA e A A
A B A OR G PR OB A TR AL DU B I 5 (Poole,
2012) - [KIECHE] AT RE A5 SR A e e R
A H B R B rE B &

KK EHEHALEFRLDLEAE
(enterobacteria) HHYFHEERZ » ARG SUIEH > &
T . e U S0 Fa 5 T A 48 BA B A R BT 43 Ry R
i H—2RESEMENE S 55— 2K MR
JflE& (Sakataetal., 1986) ; [fi & JE i Fl5 8 H AR
Y & B (Plesiomonos spp.) Ed fiil 17 & &
(Cetobacteriumspp.) R fEEAEfE (&, 2021) - AFHF
SEATE LR ER S B <5 H 1 B I B R R /K BRI
UR 2P £ B <5 I i IO 7 S B Y I o A B A B A
BRRy T - T P A e PR % - <B B R B B
B BARRTRENG ARG AR - 5501 16S rRNA HE—
A - LREP A< E RN A SR B DAME R A
REARRE T HES] - Ak R BARERE
B EALR - (BB R R E R )
RIS R I P RE © Aly etal. (2023) #5H
A 2 7E SR BRI BN 0 R JE R SR B R S E
(ulcerative syndrome) » JEEGLHY Fa EE Ba 2 & HH R IEES
EJBEE - Ibrahim et al. (2024) fEiR K Ismailia 51
RE RIS - (EPTHCEE S ML IR B SE Y 2
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Erhtgti A 18.6% AR REBEME - HAEEH
SELR P f gl ] - AERIAR o BT (phylogenetic
analysis) B/ » FTICERAV R R BE AR H H AR K
At e A SR BRI R R R B L 1RSI HE
OAME - RUTH B R ERMEERRE )] SGEER AT HE
LR IR > DIHITEREE 3 < 10° CFU/ml [y
AEFE E R R I R N B R f e 1% - BEHETR
EF] 86.7%

AR SME I 2 SR 2P B 5 H
HRIY T REBEEREN - B A PRIGERE - EIGEREAIZLEL
FLEKER - FEEREHIDRIGER G R B Bt [ B )
B ENIAE - TRHER PR 5 52 i g
HIFRFt  fEBEFE MRt £ R - Duetal. (2021)
ARG BR R By AR BR B i 22 A4 & (post-larval
shrimp) » R n] OB G E YA VAR I £ =
RETRTFR  ARMEEERER AR EET]
PRI R 1 7 IR A U SE BR KT ] RE & S B0
Ji\ (Hanchi et al., 2018) - BUANCAZEIGERE $EAE
SRR THGEREE » R e LR -
SELRAT3E 80% » FERH A B LR Bl 25 = 1Ry
Bt (TEM) el - SRy DB R
1T (degenerative) EIEZIR 4 JR%#% (Zahran et al.,
2019) ; Noroozi et al. (2022) #fH 7K 2 L FTIEER
HIGEREEITHIARIUE T - BB R
HEREAARRBMSEIE - FIAINERESR
(100%) ~ LM (100%) FIPHHEHTYT (cefoxitin,
89.2%) 5 - FE - EERBUIRKE » IGEREERY
AR 5 R SE 1S WM & 22 22 J5) (european food
safety authority, EFSA) &84 2 RE% (qualified
presumption of safety, QPS) {HE. » fFaaRIE Ik

FATHSG R S K& KEBY)Z BRRR Y S
PRIGER FAIZE G ER R B (R R - (a2 R
AR IR BH R e A A (EL Y 2 A R A B R
REMERIN R -

FURRFLIRE WA H AR R AT R E
WA AR - B W R AL R AR E
(Murray, 1990; Wichtel et al., 2003) » @575 Sk
F B R R — ek A B YRR PR B B R 4
iE o Bl A0S Rl Kk KB KR (Macrobrachium
rosenbergii) AYZLELEREIEGYIE (Lactococcosis) -
UL 2B - — a2 T AR BEER BN
G AE A ZG e R R o B LR FLER

o T KFFLER FLER B DA L7 U4 fa B4t
RLREN - i EREER I - IR BT IR E
& IDERAE SRR (Chenetal., 2012) - A
fft5e<: E fil B SR 20 S I B IR RS SR AT B T
I ATRERI B AN R Fr = 5240 - $aR s il
FHE B mT kA 708 B - B 5 28 B A R i
Horp X DA R A SR B R e P S SRR e -

PHERER ~ ZCAR AN 2 117 FUH FIm
PR (2023) H 2019 2 2022 AR GRS
5 BT IR DA IR SR B e =iy 50.5% » HK
B EHEE (Ph. dameslae subsp. piscicida, PDSP)
23.2% 5B = N B 8.1%  H 3% st A »
ARG R MR S IR o BRI 2 1
B U BRI B M LR B A IR mIBAR - Eok
g (22) JECRETHIFEI - SEERE Y5
HER IR A SRR AR AR AR Bk
SRl AR TS I - T AN S A B 4 B
JEBER Y - DIEUARE (PDSD) By » HZKZIN
s MAEHEER A SR MR B AL H I B P PP fR
PEER TR - 2K BEERE - ARG R (2023)
T BIFARERT o THEER PDSD F1 PDSP #AlgEs
PR - ERTE SRR E R - &ER
RS2 IR EER B2 G 2 MG R g [ » '3
HEm B dEE H S A EE - e nwIE E
(Baseggio et al., 2022) » ARUFFCATERAEII AT F Ry
RS HREPRREGRIRBT - MR
LA PDSD By o

TCBS B& T KEBSTHYIMEE AT AR RSN » ZEAR R
(PDSD) thrE5#EHIZK - I 2HIRK O ETE - AHSE
HAFfalEE 2 TCBS B ITRGE - R Ehk
TINE RN E O - A5 HIHw 5 B
B53  MEARHFEH A IR S BRSSP IR —E B
e DA LS » SR SRAG R » F ER AR ARt YA
B (SFDOUER) ME#EESEENE R - 5
ERBER 3 BAAGIE] - ML (2016) VEEHE
BUEAI R g TR R/ NS B DS TG R
SINER ~ ZERLINER ~ IR BEERER ~ MEFLBEEREA LS 38
JARER (PDSD) 55 - i { A RHIE A SE ST F
F G B m IR A B -

T I I R A AR S R VA R B ~ K
FRANE ~ $HRINE (V. penaeicida) ~ BIETINE ~ 24
T HGIE (V. damsela) ~ 54850 DUR IS BRI
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MIMETAAE S 22K E 2R 2 - a1
W ~ pHAE ~ B - IS EFIBR KIS hyE RS
=% ElEEEEE 10°CFU/ml mJEEErEsH
R SERITNE (Supono etal., 2019) - Hoaetal.
(2023) WFSeER - AR SRR R 1.5%
FACEIZ I S o 1 1 E e T AR
B#7 4.49 x 10° CFU/ml ; Thakur (2004) HoX Ei&
AR ) 28 T Y, v 20 B M P Bt o o I B
Bk 8.3 x 10° CFU/g » AR B 2.6 x 10°
CFU/g > FHEL_F W] R B A s B B s s BR B
B T ARWFFRRY R Ry IE 5 (R - PR - eI
EE#R T 6 HEREIMIE & (enterocytozoon
hepatopenaei, EHP) [5%: i SE0M ¥R =4 » H
B H 3 2% FHUER 10 CFU/ml » 4148 Aranguren
Caro etal. (2021) fff5efiEH: - EHP R 29N Btk
Z IR FEIREGR - B3 AEFEAE (white feces
syndrome, WFS) FJZEL » [K] Lk AT g BEASE 5E1E
EHP (54 F e - R ik il i i s » (e 22
VE S E R o TR ARSI St fE 2
%

HUEPRSE (2022) BZERCR @ R ERaR AR AR A)
PEAC SR ZL fa R R AR TRy FHEEERH 23 - 55% > 44
FH2ER/E R AR ELBIRER 40 - 86% - SR - ft
LA F s f Bt o] DU A i SR & BAE
WA R TIEEME A ST RIFRAS R R IR Ry B B
FAEEEBITSOE A 15 IO - ANTFSohs RS - B
ARG SRANL L PR R e BRPE AR - R BT
A FRAPR TR ~ SRR - (RIfEfgE B
SFHARIGHRBEER N - eI A R B SR
2 TERIRE ~ VIR - P e -
i E AR BRI ~ WORM IS A R R
BB 5 T SRR A R B SR AR I 2 2 F SR IE R EE SR
B L O R PO TR BL A SRR TR A1 S5 R
A > IRMAE PR BEBR AU TR ~ SR
b = R DU BCHEER TR o R R S L BRI S T
T ABEMRECBOURE » (& e R]
$ARLL EER R R BURNE - TEf0E BT RRIGE
AT BRI SRR A R U - &
ERPUMFIZ LLPE MR8 iR 53 £80Y
BRI T PR IA R o B B s S BRI B (LA
FEl# 31.58% BPREH HEEYIRURME: -

IBERBRIRTER Y » bR T3 E 2a M iR KR

EIPIA R B IEYIRUEMES > PRORTHER ~ BLfl
F o A E RS R BEERE TR
RS B R B UL - AR
REUR - HRRE S A ZEV USRI A SR ELBE Rk
B o R SRRER N E R B AU -
= AR PIESEM R e - KA A2 E
PUEEME - M PRIGERBENIZE G ER B 2 & R i 58
Mef i RV EREEA - CHAE R GRS i e
74 (Cetinkaya etal., 2000) » KISk ASBFF 2N
IR  a AR n] DU AR IR I 3R -
I AT o A 70 3 1 5 R 5 e L P P 7K P RS o

-
Al

HEIHG IR EE O R ~ R E
B AW EMARE L - 28 BEN
DRI SRR BERE - R AT STAE AT o AT HoRBEUR
PR RS HASRETR > BRESH 10°CFU/g &/
AR E DS At AR Al i f e
JFER R - THAME RV BN L RRCR
FRTRAE - bR 7B AR BAATIHITER > 2t
B R RERE B BRI AU PRI BR A Y B - 1%
B - BRI A PUEEERTR A AR -
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Evaluation of Pro-Health Aquafeed's Efficacy in Inhibiting Internal
Bacterial Pathogens in Farmed Fish and Shrimp

Pei-Wen Liu", Chia-Hsun Lin, Chien-Chang Chen, Feng-Chun Hsieh and Shuenn-Der Yang

Freshwater Aquaculture Research Center, Fisheries Research Institute

ABSTRACT

The global aquaculture industry's expansion, driven by technological advancements and increasing market
demand, faces heightened risks of bacterial diseases, exacerbated by climate change and high-density farming
practices. This study investigated the efficacy of pro-health aquafeed containing the probiotic Bacillus pumilus D5
in inhibiting pathogenic bacteria in farmed aquatic animals. We selected Nile tilapia (Oreochromis niloticus),
Asian seabass (Latescalcarifer), East Asian fourfinger threadfin (Eleutheronema tetradactylum), and white shrimp
(Penaeus vannamei) from 10 private aquaculture farms. An experimental diet containing B. pumilus D5 at 10°
CFU/g was regularly administered, and bacterial loads of Vibrio spp., Streptococcus spp., and Aeromonas spp.
were monitored in the liver, spleen, intestine, or hepatopancreas of the animals. We also identified dominant
pathogens and assessed their antibiotic susceptibility. Results consistently showed that the pro-health aquafeed
inhibited pathogens across all tested species. In Nile tilapia, intestinal Streptococcus spp. and Vibrio spp. decreased
by over 82.20% and 75.00%, respectively, while liver Aeromonas spp. dropped by at least 85.48%. Asian seabass
exhibited reductions of over 92.06% for Streptococcus spp. in liver and intestine, more than 46.60% for intestinal
Vibrio spp., and 99.96% for liver Aeromonas spp. For East Asian fourfinger threadfin, intestinal Vibrio spp.
(including Photobacterium spp.) was reduced by one log, and Streptococcus spp. was undetectable. White shrimp
consistently maintained Vibrio spp. loads below 10* CFU/g in the hepatopancreas across multiple samples. A.
veronii predominated in Nile tilapia and Asian seabass. Ph. damselae subsp. damselae (PDSD) was the main
pathogen in East Asian fourfinger threadfin, and V. parahaemolyticus was dominant in white shrimp. Notably,
over 50% of pathogenic strains from the experimental group demonstrated susceptibility to at least four antibiotics.
In conclusion, diets supplemented with B. pumilus D5 effectively reduce common pathogens in aquatic animals,

thereby mitigating the risk of antibiotic-resistant pathogen emergence.

Key words: probiotics, bacterial pathogens, pro-health aquafeed, inhibitory capacity
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