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FE: AR A TR XA I D AR, IR HOR IR R A T 1 0388 o Sl iR Rl
RILkss, BAE A I EMEBEZ XK P IR R Mk [GIR i SP-1 (Vibrio campbellii SP-1), Ma#EICIRE SP-1 (V. har-
veyi SP-1). % 1SN SP-1 (V. rotiferianus SP-1) FIVEIK S LB TE 245 (A4eromonas hydrophila) 1SRN il BE 5351
SRR BURART A ECN 11.5% . 11%. 6.2% Al 11%, F/NARHRE /> DR RBUMECN 16% . 16% . 16%
12%, ﬁ(ﬂﬁé:ﬂj WIERW, AW RREZEICE F R A K SR X B D 1 (Danio rerio) HEFER K
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Inhibitory activity of home-made garbage enzyme against aquatic
pathogens and isolation and identification of its fermentation strains

WANG Yang, ZHAO Jing, WANG Jingru, LUO Yunlong, LIU Ying, BAI Dongqing, SHAO Peng, LI Yuhan

(College of Fisheries, Tianjin Agricultural University/Tianjin Key Laboratory of Aqua-ecology and
Aquaculture, Tianjin 300384, China)

Abstract: In order to evaluate the inhibitory activity of home-made garbage enzyme against aquatic pathogens and to isolate their
fermentation strains, we determined the minimum inhibitory concentrations of the home-made garbage enzyme on the aquatic patho-
genic microorganisms Vibrio candida SP-1, V. harveyi SP-1, V. rotiferianus SP-1 and Aeromonas hydrophila 245 as 11.5%, 11%,
6.2% and 11% in volume fraction by turbidimetric method. The minimum bactericidal concentrations were determined as 16%, 16%,
16% and 12% in volume fraction by flat line scribing method. The challenge test proves that the supernatant of home-made garbage
enzyme decreased (90.5+£6.49) % of the mortality in zebrafish induced by 4. hydrophila. The sensitivity tests of pH, temperature and
protease prove that the main antibacterial active substances of home-made garbage enzyme were acidic substances that were stable to
heating and protease treatment. Furthermore, the primary fermentation strain was separated from the garbage enzyme and identified
as Pichia kudriavzevii by ITS sequence analysis. The results provide a theoretical basis for applying home-made garbage enzyme in
combating bacterial diseases in aquaculture.
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MR E IR T2, 2006 4FH Rosukon 1
T HRIHAVLERE YT AT AREER R HIE 5T
AKORBOHR B . B3 W (B0, 2O M
KR, HERNZYTIRAKER, G5
K. RWER . EATT (). APRAICHLER S
Hrpr, RBEmEA 2552 S B R BUMANE, X
R RESRAMRERZ —, B AREREA
B e W B TS PR AR, RS R, R
B Z AV A HUIERS Y, Vel i ™, g
e = pRaws kT, BA R
AR BESE R A R
ket R B AR R KT S R R A
SIS s 1 AR ARk, FRMEEER
(R HIFE AR BR T B R U . H A e rp [ 5 7
DX, T R it DX R Tz AT, I O T
S T FR R 2 A R K SR E
IFN ARSI T AR S N M B =

A PR — BRI 20K P FR B f R T £
SR B CHNRZ —, FZ2KAEMAEYINEKS
Hif e (4deromonas hydrophila)[m\ £ R WEEN O]
(A. veronid)'" . IR (Vibrio campbellii)™"" |
B HUIE (V. rotiferianus)[m\ IR GG ZABAE [T (Ed-
wardsiella tarda)" . BV IIKE (V. parahemolyticus)™
W AEECIREE (V. harveyi)™ ™ 4519l 512K 7= 5h 4
B, CEEEVECET . H AT, PR,
ISR IR TT 7K™ Sl P A R e A AR i, AR
1M T IR L 5 sV N B 200 5% B8 B I B it 24
PR, FHRPA R Kb Y ny 2 22 A 2 A
SBIT KT S AR B IR, MR IR A
TERERE ., tAm . ARSI, BAMHK
PRI IR T T, BRI, TR IR X K R
PRI ST 2L

ARICETERVT A I OR R X IR 4 B3
TR JE R (R IR SP-1, I 4k [CKTA SP-
1, B HRNE SP-1 Mg /K < TR 245) B SMI
VR, B0 80 BT A B 6P DR R 7E I R i
B REMEDIRE ELEY . H A I REER
Jot I 8] 225 9 1) 5 PP Aty LT G 7K A< B L TR 8 5 5
Hfti (Danio rerio) [NURAPECR , 4385 T 4808 K W%
Ja ) BRI ORI R Th AL A A R R, S PR ORI
R AR HEAR AR 77 B AR K ™ FR 8 v 4 ) g H 4

BB o
U bER

1.1 #E5{EE

KPR . IRICHRE SP-1. M4 FCHNE SP-1.
e HNE SP-1. WE/K RN 245 ¥53 8 H K HE
X &t Zeid 16S rRNA JEFFESI{5 B % 5E,
PRAF T I K= R 25 M IR TS . AR
FARE: A HEE A JE (Luria-Bertani, LB) A7 .
LB 3l BERER R R A4 (Y east extract pep-
tone dextrose, YPD) A% . YPD FiIgI A Jb 52 T
BRI A IRAFE . H A REE R R HZEE R AE
RIGRERTETHGRSE . KR, ErTHES R B F 4R
KT 12 A A o a6 B A R T P
XK RS UK G S

ZIIREEARY (4MK2, FRER QL /RBHE A R
/N ] Thermofisher); = #8 VR B0 ML (YZB/GER
1841-2014, Thermofisher).
1.2 iKEHE
1.2.1 FB/MIEWE  BOMERERM LR, U
0.22 pm JCTA BB U8 BRI R T A, il
HAWBEE LIS R 96 fLAk Lk, K 4 Bk
X ECAIH G B LA 1% 250 543 B F 2 LB W
B FR 5 (WITRHREE R (1~3) x10” CFU-mL '], %
TS T e i %) TG T P 25 L 335 YR 10 L AR R A A
T 2%~14%, DIFE LB AR SR EE A S AR
R SF AT HE K R SR 2 I IRZ . 30 <C
HhEESE 24 h, UZIIBEEER U E ODgy 1B, 5
AR YRR SRk (B R R R ) A LL,
L OD {EANBE N 1) doe {1 P 2R W BEEAE by de/ INHT TR v
(MIC).
1.2.2 /R F 4 BRECK 15 53 LA
1% BRI HIEEFD 2 LB AR I3 (R0 hhHe N
(1~3) x10" CFU-mL 1. 7545 50 B 32 h s
e N IR AT R O] U Y P W L O [ M= K2 SN AT
T 10%~17%, NIA ISR FR A JRER KA S xt BR
o 4CHFERFE 240, WH 10 pL AP TE LB
AR FRIZR, 5535 24 h 5 SR T4 1# 7% H
B, DABA R VE H B S I R AR R BON S (IR
HE (MBC).
1.2.3 SRRHKEE SRRy R K M
P 245 XTBES b A IR IICEE, DL A HIEEE A BE S
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TOHEAE PRI ERORIEEZR XK Ji T 1) R SR B T R AR 14 S 99

TR . IR X IR . R SR
RERA, B 3 AFAT, BASEATALA 7 RAARTAH
AT PR fER R B ) f [ A B (437+16) mg]. X HRZH
I HE K FRAE, s 4l g K S PR B R 245
(1x10° CFU-mL ") i8fl; &4H7EAbBE 12 h J5, 3
NG FRHE R K B3 TO T K o T 2R A LA 05 I D T
B 12 h 5, RSB 8% MR TCE b
TN BE T 1 2453 30 min, Ay 2 4AE R K bk
30 min, ARG, 48R E IR
K, BEES . RIETFHRIC RS A EG T,
24 h JG ST BE T fa ) BAAFET K
1.2.4  FRIEEER IS 0008 Ik R
TR o A T R O T V5 AAE 60 .
80, 100, 121 °C FhN#4 30 min, BHEEI;
pH UMK . L1 mol'L™' NaOH 1 1 mol-L™
HC JoH WO B 2R JC R -3 W pH 43 1A
50, 6.0, 7.0, 8.0; & RN .
W2 gL BB E AR 1 1 LA A I
R FIEW, 37 C#E 1 h; LIRS
F RO AT IR, L 96 FLA A KA
5 R L A Ak B T A TR A S
1.2.5 EMERISEBEMERE KA mEEER S
7E LB WA 53 | YPD [EAR: IR 5L 151464,
g% 24 h JEPREUREVR , RN Zalifl, 0ok TA
LI DG BB MR AT 25 o 4R U Fh
DNA, # B35 H ITS1-ITS4 () DNA FF41, #
HWERRRREW
1.3 HiELE

RIGEE ] Excel 2010 B3 a5z bR
W25 FH Origin 8.0 X245 & ; i@ id SPSS 13.0 4%
PEIEFTRA R 7 22430 (SNK, 0=0.05 5§, 0.01). %F
TSCHGHA 3 K, HIREL WS ED 3T,

2 4R

B Hl FR AR B 25 X3 7K 797 TR T B SR AR 1 ik
% 25 TG BRI VRO 4 Al BT B A KAl
PEF LI 1o A i T 2550 B A A 4K T A S ) 4
YERT, (HREARER BT AN B SRR
B, R E R R BIHRER AR, A
[R5 7R B 46 BLAE A A VR EE AR, el
B SP-1 X R 2R SR Usk, A4 [CHIER SP-1 FIIK [T
IR SP-1 Hyk, FE/KS MR 245 Ak, A HIEE
F IO I WO RS HUIE SP-1, 3K IGHRIE SP-1 .
MK SR 245 KOG HEFCIREE SP-1 () MIC 433
RARFBON 6.2%. 11.5%. 11% F1 11% M,
- U5 4E YN SP-1 ¥, harveyi SP-1

o~ IR IR SP-1 ¥, candida SP-1

-4 0 N SP-1 V. rotiferianus SP-1
¥ WK ML 245 A. hydrophila 245

2.1

1.6

OD()OU

2 4 6 8 10 12 14
T DR TR 2R PR B 5 2

Concentration of home-made garbage enzyme/%

BT PO R TR L B0 7 Ji T A AR A 1

Figure 1 Inhibitory activity of sterile supernatant of garbage

enzyme against aquatic pathogens

22 BHIIMRBENREENR/NRERE
il 2 T PR L VOGS O SP-1. A 4
[CHIREE SP-1., WE/KSHMITE 245 SR ICINE SP-
1 ABOEERIDLZR 1o A 1 3R 6] g 7K A< AT
245 FBBEAEFARSR, /NSO RS ECh

F1 BHERRBRLELEEXKRERNHTIER
Table 1 Lethal effects of sterile supernatant of home-made garbage enzyme against aquatic pathogens
955 LI % 22 AR A5 80 Enzyme volume fraction/%
Pathogen 170 165 16.0 155 150 145 140 135 13.0 125 120 11.0 10.0
W& K S LI 245 A. hydrophila 245 - - - - - - _ - _ _ _ n +
FEHINEA SP-1 V. rotifer SP-1 - - - + + + + + + + + + +
W4k RS SP-1 V. harveyi SP-1 - - - + + + + + + + + + +
K [CIRE SP-1 V. candida SP-1 - - - + + + + + + + + + +

e+ PR AR - RE

Note: +. Growth of bacterial colony on agar; —. No colony
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12.0% MEEZR . BER X4 HUIE SP-1. RGN
SP-1 FM 4k [CHR A SP-1 MIBBLRE IRESS, /sl
PO BE SRR R 16.0% HIRER .

2.3 IMREEXEKSERERLARD&EKRP
€A

25 X R AL BE S 7E R B IR BB T 0,

mﬁiﬁﬁlﬁN%%@%ﬁﬁﬁh@,ﬁ%@
F1 1x10° CFU-mL ™" g /K < A M P IR 7 12 1,
Pk B BRI R 5 24 h NATsETs (K 2). i
8% [ I 2 2% 30 min BERS 5 PR AR IE K S 2
FICREBE S AL T % [(9.5+6.49) %], SHFEAL
FHEE, TR 2590 g /K SR B 0 B 25 £ Y OB R
B FEFEAR T [(90.5+6.49)%, P<0.01],

120

* %k
Kk

100 -

80

60

40 |

BET: % Mortality rate/%

20
T

"l 0 7

AN B MR R RRI
Control Pathogen Soaking in GE
challenge after challenge

K2 AP R TC R RO g K M
VUREBE Hy i R 1E
o 4 AT 2 25 5 (P<0.01)
Figure 2 Protective effect of sterile supernatant of home-made
garbage enzyme on Danio rerio challenged with 4. hydrophila

** Very significant difference between different columns (P<0.01).

24 BHRIRNREBZRNREEER ST

Mo E IR A AR R, AT
I T RAEARR pH, BT, LALTEE AL
MIS AR AL (K 3). EARRELHT
(K 3-a), FEEZRXT 4 s s o 09 30 i) % T ik 2 A8 ik
UNW$ R B RRE NS . EEARL

M R 20T 4 PR B A B R (8] 3-b), %
%@%$%AﬁMﬂ4ﬁ&m@%§Eﬁj%%%
. K pH M B R pH (4.0) Y =3 bk
R, IR RZ W TR (K] 3-c); M pH M 8
W, BER A YECIRE SP-1 FIMgE K< BA MBS 245
FEA R EAMBETETE, (EXFE HUE SP-1 Ak iR
W SP-1 {75 A A IR TG M . S5 SR 2 IH 1 4l /% 25

(@) EzER Garbage enzyme control
7160 C & 80 C 100 °C I 121 C

100 [
o T
N
o 80 [
= Ty
£ 601
2
E 40 f
B
E o
0 &
S > \e]
s
S S Vo
S S s Q0
@&@ {%}é%&s @3@? \ &@’\5\\0
o %"g)-&@:& R
AR MO\& < @Qwﬂ

(b) [ EE&E X Garbage enzyme control
R A B AL FE Protease treatment

100 | g § —+-
o _I_
% 80 | § _I_ § §
£ 60
;é
E 40
5%
%’E 20
0
N \ \ 6
Q' Q o
D
ﬁ)@d §@ @0 &®@ %
& vzgf x@ [ Q
%‘?:V% W & R ¥ °
- {.(0 R }»-\\‘
(¢) [ M &E X Garbage enzyme control
IZpHS.OmpH60épH70-pH8.0
[2ag ada
100 | aa -}} +j;§|
N - %ab :
z W = |0
£ 60 [ g % % 2
B
w0k = ‘.
ﬁ X S CC §
o e U
= C C
L :
N N > 5
S Ve
Q ™
ﬁ% Q@% g%a é@”
&L 3 <€§* A
‘—“‘\%’ \(\0 r X/T' @N *_ 60
F T N k
E3  RRENREE (a). F& AR (b) FipH (c) AbFRE X

i 2K I R CR

ANRITFREFR A 225 (P<0.05)
Figure 3  Effect of heating (a), protease (b) and pH (c) on
inhibitory activity of home-made garbage enzyme

Different letter:

against aquatic pathogens

s indicate significant differences (P<0.05).
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AR A IR RO K IR I ORI R BRI ) B M 101

IR I BB A A 1 P A7 A AR pHL AR, VR i
PRy 25 BN R Y SRR 25 1 A AT
25 MRBRPABEKRNSBEMEE
AR S PRI B A T, TR O PR I
RIPRE L R e bk, A IR g

81 BREERERE, 44 M bjO01, TR FE bjOO1 7
YPD igidk R AM, Wk RMmME. 2EE.
S A EE, S (& 4-2), SeF R iR
THWLEE bj001 BIARIE S N AR, TERE 2~3 um,
K 5~10 pm (& 4-b),

4 AR R AR D001 1) HEVE E IR IEZS
a. bj001 FETEIEZS; b. bjo01 FEEAE L2 BMET FAIER (BORATEL 10x100)

Figure 4 Colony and cell morphology of fermentation strain bj001 from home-made garbage enzyme

a. Colony morphology of bj001; b. Morphological characteristics of bj001 cells under light optical microscope (Magnification 10x100)

FEHL bjO01 BEREAYFE R4, §HEIFIE 1TS1~
ITS4 () DNA J¥5I{F ., S5EEERAEDE R .G
(NCBI) $#8  rh © & 2 097 90 17 [R) A LT
RS ITS1~1TS4 [P 5 [RIEME RE LB .
S5 bj001 bR T 5E R IEREJE (Y B 5 o I B
(Pichia kudriavzevii) EH#E AUMC 10709, CY902,
GY! [FUEME e, SEMEEIREEREK ATCC
6258 [AEMERZ (K 5). DI %52 H Pk bjool
N PEAEEE R IERE, I 44 S PEAE SE AR TRER j001 .

3 e

3.1 ERHIERESN

ABFFEUEI T A 2R X 2 MoK 4 2 [F A
JREA R AR KB, XX IR SP-1.,
ME4ELCINTA SP-1. %6 UK SP-1 FE /K <A i
245 1) MIC 23 B2 AR BN 11.5% . 1%,
6.2% 1 11% M, MBC 4332 R R 50k
16%. 16%. 16% 1 12% (R . BER MR RE
TIE AR S rp A 58, R N4 proE B
N, 2% WEIREEZ X KIAAFIA (Escherichia coli) .
HLRAR A (Pseudomonas aeruginosa). 4 #i{h,
HZIERE (Staphylococcus aureus) FIFNHIR 535 R
19.21%. 33.2%. 38.01%. ZLASPAMEZ X4 B A
RIER B R FT HA BORAOIHIRE ™Y, MR R

MERIAAFR . 4 B8 603 2 BR T VNG 5 2F 0T 1] (Ba-
cillus subtilis) 4 R IFHIIMHIEEET . Neupane Fl
Khadka™" FIHFE AR (Carica papaya). B4 KF
PR SRHAANRIRER , X & EOmAEkE . 2F
FORFIR . ANICTE (Shigella Castellani). 4R
M . AGFEVPITICH (Salmonella typhi) VL X KEGFT
WA A FRRE A RIVE R X ey SAHSE 25 R
FEL, UEBHRE R XTEOR R ) 2 g, AR
INEEE T A HIRER XK FRAE T 4 R 22 [CEA PR
SR BN EISCR . T AR T R R R A (]
PR I TG 2 Y ) LU B AT 9 v e 2R 00 R PR B Y = I

WAL, ABFGE IR A B R R AT
5l R IR R PRI TR, R E K
SN EEBE S MBI R . KR
JOK T S AN R PR N B SR R R —, FEPER
RIE YK s ket . e, B
R K B T TR YT 24 LA
il AT R BN 8% H IR R A
BRI 30 min, AT LA R K S R B
11 () EIE PR (90.5+6.49)%. I WA I 1 1 1l
IMRTE R A VE 256 Y7 K = sl wg 7K <M B
A1 .
32 EZpEEEYR

AHESE &I I EE R 9 A R pH 29 4.0,
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0.000 00 .
Pichia kudriavzevii strain AUMC 10709

0.000 00
bj001

0.000 00
0.010 08 Pichia kudriavzevii strain CY902

0.000 00
Pichia kudriavzevii strain GY 1
0.136 05
0.000 00
Pichia kudriavzevii ATCC 6258
0.049 17 0.049 92 Pichia cecembensis NRRL'Y 27985
0.18176 Pichia deserticola CBS 7119
0.038 93 0.063 06
0.168 24 Pichia chibodasensis NBRC 111569
0.153 38 Pichia exigua CBS 6836
0.008 92 =
M 0.010 52 _0-049 67 Pichia eremophila CBS 7272
0.121 42
003033 Pichia cephalocereana CBS 7273
0.038 61
0.151 08 Pichia cactophila CBS 6926
0.192 44 Pichia dushanensis CBS 13912
0.355 26 Pichia fermentans ATCC 10651
| M - Pichia garciniae CBS 10758
0.025 20
0.049 741 — 008661 Pichia membranifaciens CBS 107

0.021 06 M Pichia manshurica CBS 209

0.40 0.30 0.20 0.10 0.00

K5 SETITSFF R H ETERE AR BFDj001 REE K B R
Figure 5 Phylogenetic tree of P. kurdii bj001 constructed based on ITS sequence

LR T 3 O TIK pH, T AR E
W ANEEURR, 3 B L = B R 36 P i o AR B 1 2SR
PRI . ARYEHRAE, T LAHED B IR A
BB S IR A A PR s A PR 24
HAT AR e L™, s, DURE &R &
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ik 26.5 g L', FENFER. FERR. R,
ZTRRMZERERC, e Y M LR . W
g FIVE 2 0 R 25 B AR B R TR A WL 4 A
MR . ZEHR . CMAMTIEIR . NIRRRSE; KA M
a2 A M B T i 7 P A B N R L
B, MM, XS5 ARFMAREE =

T R BURE IR SE S5 SRA ) & . E— 2R 4
ST R 25 TP A S B 2 B A R 45 W T
B, AFTRABENERET L, HER R
TEAK P P R I
3.3 BEMEBEK

5% 25 10 35 1 40 B by T ) 2 TR S K AR e
P, DRI R A A A5 S R R R B DT AR
Sl R e R ) R T T 2 R U S
5, BRI IR WAL 5 e 2 B R B R
FURT, B e o B 3 SR T R g JEUR h fr F
PE TR B TSR A SR IREE IR, R I R o
BT CONBUE I 2 Ay B A A5 B B & T
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(Debaryomyces hansenii) F1i%& F FRER I F: (Crypto-
coccus albidus), FEEPEES RS 5 AN R K
T () DL AR A D A A FLFF R (Lactobacillus
plantarum) . BREEIEEE (Saccharomyces cerevisiae)
PSR SE , MAR RS e R P
OYESUER) 5 bR ERRREE, BRI L, A
EeRWERE | I YR IREERE (P. manshurica) MAEYIFL
FRf . AP, 76 B RIPMREER A (12 1
) e BRI R BRI bR, 2 1TS P39 F &R
Ui R TGRS E N PR IR R, GRS TR K
P2 F S AT B TR TR . 2D PP A R R
PELA R il s BER B9RE ST, AT LRy e de e PR AN = G 1
TR A s S R AR AR

4 45

I ) SR P DR T 28 I 7K™ 22 PR B
JE AR R B S MIRI AL, T RER IR R
R B I R P i I B S A8 T XA
GIBAN IR E N ke RIR /D D ol s VL B S e
SRS RO T BRI B RV FRE , A B
PRUENE, WEABAEUR. ARPREIMARER &
e i 301 A0 A I P i T R PR PR AR R B, i
BRRAT A N IR A BRI BT

S 3 Hk:

[1] ARUN C, SIVASHANMUGAM P. Investigation of biocatalytic
potential of garbage enzyme and its influence on stabilization of
industrial waste activated sludge[J]. Process Saf Environ Prot,
2015, 94: 471-478.

[2] RASIT N, KUAN O C. Investigation on the influence of bio-cata-
lytic enzyme produced from fruit and vegetable waste on palm oil
mill effluent[J]. Environ Earth Sci, 2018, 140(1): 12-15.

3] Wk, iR4E. BER WA AP NCTEK ™ 3258 b N
7% [J1. ALk, 2007(1): 42-44.

[4] E¥, ELE BEREHAR T RALSER EEBSCRPIR [1].
W BCE 4R, 2007(15): 69-70.

[5] ZEhak, BB, ZEsest, 55 BMORIEZON T 3EBP R ARk RO [1].
R RIE, 2016, 44(17): 168-169.

[6] RunH, XU, WL, 4. FMARER PR 3 FhE S & 19

ST [3]. h IR 2508, 2017, 33(5): 40-41.

(7] EmE, TR, SR, 5. 7 T AR YR i HUE R E AL
TRVEFWIR [J]. Wil Ble, 2014(8): 1209-1211.

[8] RASIT N, HWE FERN L, AB KARIM GHANI W A W. Produc-
tion and characterization of eco-enzyme produced from tomato
and orange wastes and its influence on the aquaculture sludge[J].
Int J Civ Eng Technol, 2019, 10(3): 14-30.

[9] RASIT N, MOHAMMAD F S. Production and characterization of
bio catalytic enzyme produced from fermentation of fruit and ve-
getable wastes and its influence on aquaculture sludge[J]. Int J Sci
Technol, 2018, 4(2): 12-26.

[10] %R, ¥ hek, ULAOR, 55 IS P2 T R IRAH FLAATE o iR A
KRR BN (7). o vl BT i S5 b5, 2019, 9(3): 1-8.

[11] it o0 FH I 3R TR ROR S B e £ A5 SR UF (0. ¥l B R 6
2007(13): 66-67.

[12] ARIEHR. PR PR 1 2R X TH T8 ol 2 358 1% R A% 1 D B o 20 1 I
5% [D]. KL KHI2ARE, 2014: 9.

[13] VIJI V T, DEEPA K, VELMURUGAN S, et al. Vaccination
strategies to protect goldfish Carassius auratus against Aeromo-
nas hydrophila infection[J]. Dis Aquat Org, 2013, 104(1): 45-57.

[14] RAHMAN M, COLQUE-NAVARRO P, KUHN I, et al. Identific-
ation and characterization of pathogenic Aeromonas veronii bio-
var sobria associated with epizootic ulcerative syndrome in fish in
Bangladesh[J]. Appl Environ Microbiol, 2002, 68(2): 650-655.

[15] ALSINA M, BLANCH A R. A set of keys for biochemical identi-
fication of environmental Vibrio species[J]. J Appl Bacteriol,
1994, 76(1): 79-85.

[16] it AL, IRVRAL. INAR I 32 22 3R 5 S W) Ao RS 55
FEPHAMBISE [J]. 78 ilk, 2000, 17(6): 6-8.

[17] PRd%, A i, AR PR AL o [ 0 055 J5L BT B JHC B0 AL 2R A
5¢ [J]. WMEEAAR, 1993, 15(1): 98-106.

[18] BRI, Whakbt, B, 45 23 75 s S5 56 BT (Vibrio ro-
tiferianus) W51 E5 5 %€ [1]. EEWIEARER, 2012, 6: 147-153.

[19] KIM K H, HWANG Y J, KIM K W, et al. Effects of dietary aloe
on chemiluminescent responses of peripheral blood phagocytes
and resistance against Edwardsiella tarda Ewing and McWhorter
1965 in the cultured olive flounder, Paralichthys olivaceus (Tem-
minck et Schlegel)[J]. Aquacult Res, 2002, 33(2): 147-150.

[20] i35, Tb. MR R i DGR i A1 o Y Y 216 5 e 43
BF (0] KB RE2AR, 2008, 23(4): 247-251.

[21] LIUP C, LEEK K, YII K C, et al. News & notes: Isolation of Vi-
brio harveyi from diseased kuruma prawns Penaeus japonicus[J].
Curr Microbiol, 1996, 33(2): 129-132.

[22] RS, W4 b JNEE JE AN TR b H B B K SRAL S B (1],
KRR, 2001, 8(1): 89-93.

[23] FEARON, T e, WG, 55, BUEYBER M E YT [1]. Fk
FREAH 5, 2008(4): 27-29.

[24] SRIEAL, J0HFE, A A, 45, ZLAS B R BRI T G PEFAY (7]
BRI, 2012, 40(9): 890-891.

[25] THE, ST, HKRIE. F MR A L W08 VR S ARSI B ] 0],



104 2R Sl = =

Fl6 &

AR DIPRHE, 2018, 39(12): 39-43.

[26] NEUPANE K, KHADKA R. Production of garbage enzyme from
different fruit and vegetable wastes and evaluation of its enzyma-
tic and antimicrobial efficacy[J]. Tribhuvan Univ J Microbiol,
2019, 6(1): 113-118.

[27] PMEER, TR, ER I, 5. B AR 2 R R X K LR LR AR
SMME RN PURGIFST [7]. Wokifaoll, 2012, 42(5): 33-37.

(28] XIARHR, T, TRARAE. w7 I AT O AR A A DI A 4K
ZA 0] BUES iR, 2008, 35(2): 306-310.

[29] RICKE S C. Perspectives on the use of organic acids and short
chain fatty acids as antimicrobials[J]. Poultry Sci, 2003, 82(4):
632-639.

[30] #BKIT, AF, 401, 55, BINCBERA PR T SRS
FALVERERTSE [J]. H EIBRIE, 2019, 31(5): 159-163.

[31] i R . RINGUE W R A WEDLE, A I B e 2F 3 L
7% [D]. B : WiyT BT k2%, 2013: 47-52.

[32] SR, XUDY, LR, &5, BER &M BUE MR bR S T DI
LATHLERGMT (1], £ it A Tk, 2017, 43(9): 195.

[33] BOGIE, RIEH, PRI, 5. R R ORI [ &8 T
Ak, 2015, 36(9): 124-128.

[34] HEARUD, fA[HED%, T4%, S5, OB SREER A Wim T AR SE [0].
AR, 2009, 34(3): 192-196.
[35] SR HARRE R IAAETIRERTST [D]. K& MK, 2015: 7-15.
[36] Z:0k. AKAEER A AR K B LS BRIRE I 7385 4 B LA
UIRURFERIBEST [D]. K R Al BHE R, 2019: 8-18.
[37] BxI¥%, 43, BRI, MARMERERLER 428 | ik (1],
S RBET A, 2014, 40(8): 84-88.

[38] 57 3C. LLAS L B E Y 4y B L 5 KW v AL B i B
7% [D]. K b: #imLl K%, 2007: 13-41.

[39] weas, B, Blifs, 45 SRph e RN R) & e SR vh s A 2 i 3
Y5E [3]. P EESESING, 2018, 6(7): 39-45.

[40] HERNF, XIH, SRR, 4. PCR-DGGE /M A JREEE H R K B
SRR Z AR [T]. SRR RN, 2017, 33(8): 80-87.

[41] BHARAR, W28, B35 1, 4. ZUMPREIRE R & e A v L 34 T ik
P4 B [3]. Wb R 24241, 2016, 39(6): 52-56.



