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Comparative Efficacy of Antifungal Agents for
Aquaculture Fish and their Eggs

Bo Young JEE and Deok Chan LEE*
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Busan 619-902, Korea

In fresh water fish hatcheries and farms, Saprolegniales often cause serious mortality to the fish and their
eggs. Malachite green is an effective antifungal agent, but is carcinogenic to fish and humans. Alternative
antifungal agents are needed. Presently, we tested various concentrations of MBT-01108 (Opuntia ficus-indica
extracts) alone and in combination with bronopol, formalin and sodium chloride (MBT-01108 mixture)
on in vitro mycelial growth and in vivo remediation of adult eel, Anguilla japonica, infected with Saprolegnia
sp. and fertilized eggs of chum salmon, Oncorhynchus keta, to evaluate the compounds' antifungal efficacy
on eyed-egg and hatching rates. MBT-01108 mixtures incorporating bronopol and formalin at respective
concentrations of 50 and 30 parts per million (ppm), and 100 and 20 ppm were most effective in controlling
Saprolegnia in vitro and in vivo (P<0.05). Repeated daily exposures to 50 ppm and 100 ppm MBT-01108
were more effective than exposure every 2-3 days post-fertilization for the inhibition of Saprolegnia infection
of rainbow trout, Oncorhynchus mykiss eggs as compared with control (0 ppm).
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propanediol; 2-nitro-2-bromo-1,3-propanediol; 2-bromo-2-nitro-
propane-1,3-diol)> Ningbo Free Trade Zone Wuzhou Inter-
national Co., Ltd. (China)Z%H T43}Hch L3t sodium
chloride (NaCl; MW., 58.44)9} Formalin (formaldehyde solution
min. 37%)2 247} Junsei (Japan)$} Merck (Germany)® 5-E]
SRIE T
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C—Q:ET:
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DB)d| 7} oFE-S U5 i &3t 245190 (Table 2).
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Table 1. Used fungal strains in this study
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In vitro 2 in vivo A8 AFo]9] H-22+= SigmaPlot (8.0

version)S ©]831 rtestE H PG T (P<0.05).

Objective Fishes

Fungal species

Isolation from:

Genus name Storage No."

Eel
Chum salmon
Rainbow trout

Eel, Anguilla japonica adult

Rainbow trout, O. mykiss adult

Chum salmon, Oncorhynchus keta egg

2)

FP9001 (ChS-E0511)
FP9003 (RaT-A0512)

Saprolegnia sp.
S. parasitica
S. parasitica

"The isolated fungi are kept at ‘Pathology Division, National Fisherics Research and Development Institute (NFRDI)’

Busan, Korea.
“Missing strain.
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Table 2. Chemicals and treatment conditions on in
and chum salmon and rainbow trout eggs

.

o5z

vitro and in vivo for control of Saprolegnia infection from eel adults,

Treatment and concentrations

Objective Fishes Chemicals — —
in vitro in vivo
MBT" only (ppm) 50, 100
Bronopol? only (ppm) 20, 30
Formalin only (ppm) 100, 200
NaCl only (%) 1, 1.5

MBT (ppm)+ Bronopol {ppm}

50+50, 10+90, 90+10, 100+ 100

MBT only; 200 ppm for 2 hr

Eel MBT (ppm)+NaCl (%) 10+1 bath per day (2 times/day)
MBT (ppm)+formalin (ppm) 10+90, 50+30
Bronopol (ppm}+NaCl (%) 10+1
Bronopol (ppm)+formalin (ppm) 10+90, 100+20
Formalin (ppm)+NaCl (%) 30+1
MBT only 50
Bronopol only (ppm) 100
Formalin only (ppm) 20, 30
Chum salmon NaCl only (%) 3 1 30 min per three days
MBT(ppm)+NaCl(%) 10+1 (til eye development)
MBT(ppm)+formalin{ppm) 50+30
Bronopol(ppm)+formalin(ppm) 100+20
Formalin(ppm)+NaCl(%) 30+1
1 cure/day
Rainbow trout MBT only (ppm) - 50, 100 1 cure/2 days

1 cure/3 days

"=MBT-01108, Opuntia ficus-indica extracts.

BC3HBINOy (mw., 199.99); synonyms: 2-bromo-2-nitro-1,3-propanediol; 2-nitro-2-bromo-1,3-propanediol; 2-bromo-2-

nitropropane-1,3-diol, 15% solution.
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ol9] 4 A=A H-E3 E4E YER) S, bronopol (50
g 100 ppm)®] 7PN E A4S Ak 2 o2 UEwT
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3ol AAE JAISE AR IRIH AT Egold
At AdE WA g g FAMES g 2% MBT
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ue e

A Mo ChHst MBT 2 E& =22 gsXA

Aol FAe % dx W EREE HHsAS WY
AT} Table 49 e SITE 2] 2FE<] bronopol 100 ppm
ol formalin 20 ppm® FE=E FH7FEF 7Y MBT 50 ppml|
formalin 30 ppme H7}3tAS of @& Falgo| 77
80.2% B 73.6%, LEAl 79.3% E 70.6%= HA JENHT)
(P<0.05).

M0 CHEE MBT 25ZAL

Jehe 959 #3}7]d YL F+ MBTE |,
HHE A3t o @kt FoiEetE

Table 59 el At Al@ &<l MBT

4 100 ppm e} A LS FolE U ¥ WA=

vehdth MY s 29 A0 g AY FES

e 22 8lS W] Bk el g dodhaol
Z2+7} 31.8%9 91.8%2 74 A Ve T (P<0.05).
il =

Saprolegniaceae Kiitz. ex Warm.> Oomycetes®] 38
water moulds® EF 5™ (Seymour, 1970), T2} o] &9
wtnt ol 73R el FMFAME FElE YJile 714
E-&F 3o o]t} (Willoughby, 1978; Hatai et al., 1990; Cerenius
and Soderhill, 1992; Kiesecker et al., 2001). & &35
A B8AE ¢H2 malachite green 0.5 ppm ©]3+9] F=NA
% Saprolegnia® A9} EAE st AL 7S AR E
T Y= A2 dHA 9o (Alderman, 1982 & 1985; Yuasa
and Hatai, 1995; Bruno and Wood, 1999), -] Ao a3}
T BF3la ojF9) 7)A A (Meyer et al, 1983), W2k oA o]
24 (Meinertz et al., 1995) E =g 9] A3 (Doerge et al.,
1998) 54 JYelgE Aoz 4#A 3, o= U3 QA
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Table 3. In vitro mycelial growth degree after treatments of the various concentration of chemicals and mixed chemicals,
and in vivo curative value of eel infected with Saprolegnia sp. by exposure of the MBT-01108. The letters a, b, ¢, d and
¢ denote groups with significantly different means (P<0.05)

Chemicals Concentrations Growth degree (cm, +S.D.)
50 5.7+0.25%
MBT only (ppm) 100 4.3+1.59°%¢
Bronopol onl 100 6.0£0.00°
opol only (ppm) 200 1.0£1,28°
. 20 5.2+1,00°
Formalin only (ppm) 30 5.0+1.32°
1 4.0+2.00°
NaCl only (%) 15 0.5+0.50°
50+50 2.0+1.73"
in vitro 10+90 4.3+0.45%
MBT (ppm)+Bronopol (ppm) 90+10 4.4+0.15%
100+ 100 2.9+0.32°
MBT (ppm)+NaCl (%) 10+1 2.2£0.11°
de
MBT (ppm)+formalin (ppm) ;8:28 8de
Bronopol (ppm)+NaCl (%) 10+1 1.4+1.20%
. 10+90 0%
Bronopol (ppm)+formalin (ppm) 100+20 0%
Formalin (ppm)+NaCl (%) 30+1 0%
Control 0 5.9+0.17°
Survival rate” (%)
in vivo MBT only (ppm) 200 100
Control 0 0

"The data are monitored for ten days.

Table 4. Eyed-egg and hatching rate by treatment of the each concentration of MBT-01108 and mixed chemicals to the
fertilized chum salmon eggs. Asterisk indicated differences significant at P<0.05

Chemicals Concentrations  Eyed-egg rate (%)”  Relative eyed- egg rate (%)®  Hatching rate (%)
MBT only (ppm) 50 67.0 04 53.0
Bronopol only (ppm) 100 67.7 ‘ 534
. 20 68.5 58.3%
Formalin only (ppm) 30 66.7 1.6 57 1
NaCl only (%) 1 64.2 56.1
MBT (ppm)+NaCl (%) 10+1 62.5 15.1 491
MBT (ppm)+formalin (ppm) 50+30 79.3% 15.9 70.6*
Bronopol (ppm)+formalin (ppm) 100+20 80.2* ' 73.6"
Formalin (ppm)+NaCl (%) 30+1 63.6 54.4
Control 0 67.4 - 54.9

"Eyed-egg rate (%)=(the No. of eyed-egg/the No. of used fertilized eggs)x100.
“Relative eyed-egg rate (%)=[1-(the rate of non eyed-egg in control /the rate of non-eyed-egg in tested)]x100.
“Hatching rate (%)=(the No. of hatching eggs / the No. of total counting eggs)x100.

el el THsAde] Ejlsjo] Agojo] thet ALeEA] FER
A = 2Tk (Alderman, 1985; Allen et al., 1994). o] F<} oj ko]
Saprolegniosis®ll E3}2<) malachite greenS WA 5}7] 9] 5l
acetic acid (Marking et al., 1994), bronopol (Espeland and
Hansen, 2004; Aller-Gancedo and Fregeneda-Grandes, 2007),

formalin (Marking et al., 1994; Gieseker et al., 2006), hydrogen
peroxide (Gaikowski et al., 1999; Amndt et al.,, 2001} 2 sodium
chloride (Marking et al., 1994; Khodabandeh and Abtahi, 2006)
59) Abgel thg AHFo] o FolA ot o 1 AL
3} Eate] 3 Aot BEG Aol
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Table 5. Eyed-egg and relative eyed-egg rate by cure interval from the each concentration of MBT-01108 to the fertilized
rainbow trout eggs. Asterisk indicated differences significant at P<0.05

Cure interval (days) MBT Concentrations (ppm)

Eyed-egg rate (%) relative eyed-egg rate (%)

50
1 100
0 (control)

50
2 100
0 (control)

50
3 100
0 (control)

31.8% 91.8
21.7% 88.0
26 -
20.8* 61.1
19.0* 574
8.1 -
21.3% 54.0
11.6 15.5
9.8 -

"Eyed-egg rate (%)=(the No. of eyed-egg/the No. of used fertilized eggs)x100.
JRelative eyed-egg rate (%)=[1-(the rate of non-eyed-egg in control/the rate of non-eyed-egg in tested)]>100.

UM BFFole] £79% 54, 28I Ao A9
AEE A7) AR Ao BuE b glou Jee et al. (2007)
o] AT do| AT WA= EFFo|H dd JAu &
S. parasitica group 102 731000, Fx|740]9} 4l of
So ) Gola} oY Fel ] BeIRE AFTE § parasiicad]
EgETty S £ dFl g A2 B2 E vk =T
Y R A sodium chloridel} formalin 52| #8H& 32 <
sfiA et ole} giEAo] de ALE g Entgal
217} (Opuntia ficus-indica var. saboten Makino)2} methanol 5
ZE-9) MBT-01108 (Kim et al., 2005)3} A2ZA]2] bronopol
(CsH¢BrNO,, 15% solution; Espeland and Hansen, 2004) 5-©]
in vitro @A EFFol A& AABH, FANE Y
M-S O]8% in vivo A= AL Qlo] BEFFo] Al
A2A e 7hsAdel kil AT

£ A7olA Wgol {3 EFFoldd dF in viro B in
vivo AR Ao R FRNES TR FAFE FFo)
AAE % FERIAES FAEZI MBTE FTHE
bronopol, formalin 2 sodium chloride 52 = 2 £ A7
gozx axg HAFsigrt. £ d3Fd A8E SFE F
bronopol (Standing Committee on the Food Chain and Animal
Health, 1990)2 EU®| 9|8t} Ho] W& E4=2 /A
o1, formalin & FDAY Center for Veterinary Medicine
(CVM)©ll 98} ‘Drugs Approved for Use in Aquaculture’ =2
F AN (http://www.fda.gov/cvm/drugsapprovedaqua.htm),
sodium chloride= FDA (2002)°] 23} ‘low regulatory
approval’Z A A o}

Wdoiol A E2|E Saprolegnia Tl N3 in vitro A B |
4] MBT (10-100 ppm)&} bronopol (10-100 ppm) Z+2}ell sodium
chloride (1%)t} formalin (20-90 ppm)S Zvzh E3tate] Alg-g+
o 37} 91%12H, sodium chloride (1%)%} formalin (30 ppm)
S E56tA AN AP ® A42E d502 AN dHT
A9 & A0z HAHLT MBIt in viro B
A Aol £AAG F S parasitica®) 37FE AASE FE
FEE 100 ppme.Z YERFT (Jee et al., 2007). 5=3F bronopol

2 80 ppm©] 3] FEANA TALY AAE AT (Jee et
al., 2007), 50 mg/LolA] brown trout, Salmo trutta 573 &
welg 3 B8-S Eolv ASE 4 A AT} (Treasurer et
al., 2005; Aller-Gancedo and Fregeneda-Grandes, 2007). Bl
o)A 2 A 2] formaling 12.5 mg/Lo| A Saprolegnia A9}
Aol AL At ASE Vel ey (Bly et al., 1996),
sodium chloride 35,000 mg/Lo A &3 FFo] AojFo]
JUehdthil 89t (Khodabandeh and Abtahi, 2006). 1H 22
2744 o)l dEFolA EFES AP By 9L FEA
o mo &2H o4 ol Sl Ao ArdY B9
o}m] Saprolegnia sp.o) ZFH WFIE WF2=E 3t 200
ppm¢] MBTE T3 AT & U279 AF Al Hlgte
10 3747 100% BE3[ ), ©l& MBT7} 7HAl& Ald
A3l % (Kim et al., 2005)°] Saprolegnia sp.ol = 2+-&3h= Ao
2 Atadth

o5e] 4Tl BEFo7L sl TalE P A5
= Be Aog &4HA 0o (Alderman, 1982; Hussein et
al., 2001), FUAME Bo] @sty ot FAHY A+
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E MBT 50 ppm¥} formalin 30 ppme &8 Fo81H9-& o
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e 323l 9S o 2ebgo] 31.8%% EUTH Oono et al.
(2007)& 50-100 mg/L bronopol& ¥ X &g o tjz7of
B)sle] Wels-& folFez ZU13tlal 313, Jee et al.
(2007y& o} 4ol MBTE MRS o thz7ol A3
A ERNE (56.47%)°] ¥SS R om, Ali (2005
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