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Abstract

To evaluate the antifungal activities of horseradish Armoracia rusticana extract, the mycelia and
zoospores of Saprolegnia parasitica NJM 8604 were treated with various combinations of allyl
isothiocyanate (AIT) concentration and exposure times. AIT is a main pungent component of
horseradish. The minimum inhibitory concentration for mycelial growth was 68 mg/L with 60-min
exposure and that for zoospore germination was 42.5 mg/L with 5-min exposure. These values were
significantly lower than those reported in previous research. The horseradish extract is an effective

antifungal agent against saprolegniasis.
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Introduction

Aquatic fungi of the order Saprolegniales often cause serious damage to freshwater fishes if no effective
prophylactic or therapeutic treatments are applied to them”. Malachite green is quite an effective
antifungal agent, but it is teratogenic”, residual’and carcinogenic”. In Japan, the Pharmaceutical Affairs
Law prohibited the use of it in 2003. The caretaker extension time for malachite green had just expired in
July 2005. An alternative antifungal agent is nceded to be effective and safe for non-target organisms as

well as the environment. Current researches for alternative agents have focused mainly on three
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candidates, formalin®®, hydrogen peroxide™'", and sodium chloride or seawater These are effective, but
have some negative points. For example, formalin is potentially harmful to the user’s health and remains
in the environment. Regarding hydrogen peroxide, the undiluted solution is strongly corrosive and
combustible. And, as its effective concentration is required to be as high as 1,000 mg/L, it has not been
permitted in the USA®. Sodium chloride, in spite of its safety, may be limited in its applicability due to
the high cost of acquiring effective concentrations as high as 30,000 mg/L.

Up to now, we have demonstrated that sodium hypochlorite has a potential to act as an alternative agent

20 - Pyrthermore, we have

that is superior in both safety and affordability to the fore mentioned chemicals
been trying to search for safer agents; not synthetic chemicals but near-natural substances. Under these

parameters, we obtained the extract of horseradish Armoracia rusticana, which is commonly used as a spice
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for Japanese and Chinese foods. It is well known that allyl isothiocyanate (AIT; CH.-CH-CH,-N-C=5),

being 2 main pungent component of horseradish, wasabi Wasabia japonica, brown mustard Brassica juncea and
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black mustard B. nigra shows powerful bactericide**’and fungicide®’, and has also been proven to have
some positive effects on human health such as respiratory diseases™. Hence, we observed the fungicidal
activities of AIT against Saprolegnia parasitica, a fish-pathogen oomycetes, and determined both minimum
inhibitory concentrations (MICs) for mycelial growth and zoospore germination. Incidentally, although
Mori et al.™ already gave both MICs for the same fungus, we chose to report our own experimental results
which were significantly different from their values, because both concentration and exposure time are

important factors in safety and cost analysis for practical use of AIT as an antifungal agent.

Materials and Methods

Horse radish extract

A brand name of horseradish extract hot oil (Yamachu Wasabi Co. Ltd.) was used in this study. The
extract includes 85% of AIT as its main ingredient. To prepare the test concentrations of AIT solution, the
extract oil was emulsified to be a water soluble compound, including 8.5% of AIT, and then it was diluted

with distilled water to each target concentration.

Fungus

Fungus used in this study was a pure strain NJM 8604 of Saprolegnia parasitica Coker that was isolated from
cultured coho salmon Oncorhynchus kisutch. Professor K. Hatai, Nippon Veterinary and Animal Science
University kindly supplied it. In our laboratory, the fungus had been maintained on glucose-yeast (GY)

agar and refreshed every 3 or 4 weeks at 5°C*.

Mycelial growth inhibitory test

Preliminarily, to decide the test incubation temperature for the fungus, the agar plugs were cut out with
a cork borer 5.5 mm in diameter from the edge of active growing colony, and placed on the center of two
experimental GY agar plates, then incubated for 2 days at 5, 10, 15, and 20°C. Consequently, the fungal
growth was better at the latter two temperatures than at the former two, and there was no statistical
difference between the latter two (Table 1). Accordingly, the former temperature, being suitable for
salmon, was used in this study. Next the agar plugs were cut out in the same manner as described above,
and put into 1,000 mL of AIT solution at concentrations of 68, 85, and 102 mg/L with 30-min and 60-min

exposures. After this, each plug was rinsed twice with 50 mL of sterile tap water and placed on the center

Table 1 Colony diameters (mm) of Saprolegnia parasitica at various incubation temperatures
5C 10°C 15C 20°C
11.5£0.2* 28.21t4.5" 53.7£1.3° 61.5+£1.2

The different letters on the upper right side of each colony diameter
indicate a significant difference between treatments (Duncan’s new

multiple range test, p<0.05)
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of two experimental GY agar plates, and incubated for 2 days at 15°C.

The inhibitive activity was evaluated by comparing colony diameter between AIT treatments and the
untreated controls, and is represented as the colony diameter growth rate calculated from the equation;
(colony diameter of the treated fungus)/(colony diameter of the control) X 100 (9%). These data were
subjected to one-way analysis of variance followed by Duncan’s new multiple range test to identify

differences among means at p<0.05.

Zoospore germination inhibitory test

For zoospore preparation, two agar pieces, 8 X8 mm in size were cut out from the edge of an active
growing colony and incubated in a 500 mL GY broth for 6 days at 15°C. The mass of grown mycelia was
then rinsed three times with sterile tap water and kept in 500 mL of sterile tap water for 3 days. As
sporangia producing zoospores developed during this period, the zoospores in suspensions were obtained by
aseptic filtration through gauze.

The zoospores were put into 1,000 mL of AIT solution at 34, 42.5, and 51 mg/L with 10-s, 1-min and
5-min exposures. The density of zoospores was adjusted to 2 X 10° spores/1000 mL by the Biirker Tiirk
haemocytometer (Biirker-Tiirk, Emergo, Landsmere, the Nederland). Following this, 1 mL from each
mixture containing the treated zoospores was put into four Petri-dishes with three hemp seeds and 30 mL
of sterile tap water, then incubated for 5 days at 15°C.

The inhibitive activity was evaluated by observing whether the zoospores germinated on the hemp seeds

or not.

Results

Inhibitive activity on mycelial growth

The experimental results are shown in Table 2. Colony diameter of the control was around 50 mm for all
exposure times. While the mycelia exposed to AIT did not grow at all, except for a trial at 68 mg/L with
30-min exposure. According to the Duncan’s new multiple range test, there were statistically significant
differences between AIT and the control (p<0.05). Accordingly, the minimum inhibitive concentration

(MIC) was determined to be 68 mg/L with 60-min exposure.

Table 2 Colony diameters (mm) of Saprolegnia parasitica after allyl isothiocyanate (AIT)

treatments at various combinations of AIT concentration and exposure time.

Exposure Time

AIT (mg/L)
30 min 60 min
0 54.11£0.4° 53.3£0.2°
68 19.6+2.5° 00
85 0x0r 0t0°
102 0X0° 00

The different letters on the upper right side of each colony diameter
indicate a significant difference between treatments (Duncan’s new

multiple range test, $<0.05)
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Table 3 Zoospore germination (+, positive: —, negative) of Saprolegnia parasitica after allyl isothiocyanate (AIT)

treatments at various combinations of AIT concentration and exposure time.

Exposure Time

AIT(mg/L)
10s 1 min 5 min

0 +4+ +++ +4+ 4+ NENTE R
+4+ 4+ +4+ 4+ 4+ 4

34 Pt o+ 4 4+ 4+ A+
ot ——— ++ +++ e+ A+

s 444 4+ N
> 4 A+ - - ——— ==

3

Each symbol indicates one hemp seed, and a group of three symbols shows an experimental dish

with three hemp seeds.

Inhibitive activity on zoospore germination
The experimental results are shown in Table 3. Germinated hyphae were observed on all hemp seeds of
the controls, but not on those of AIT treatments at 42.5 mg/L with 5-min exposure and 51 mg/L with all

exposure times. Accordingly, MIC was determined to be 42.5 mg/L with 5-min exposure.

Discussion

As already reported by Mori et al.”, AI'T shows strong antifungal activity against aquatic fungi, including
S. parasitica which is the same strain used in this study. These similar activities were also confirmed.
However, there are significant differences between MICs determined by Mori ef al. and those determined
by us. That is, MICs for the mycelial growth is 400 mg/L with 60-min exposure in the former results
recorded by Mori et al. and 68 mg/L with 60-min in our results, and those for the zoospore germination are
200 mg/L with 60-min and 42.5 mg/L with 5-min exposures, respectively. Here, the only principal
difference between the two experimental methods is the incubation temperature of the fungus; 20°C in the
former and 15°C in the latter, but it is difficult to accredit temperature as the cause of those differences,
because there was no statistical difference between fungal growths at the two temperatures as stated above.
As another possibility, the cause may relate to the way to prepare the test AIT solution. Because AIT that
is oily does not dissolve in water directly, it is necessary in preparation to, first, emulsify the undiluted AIT
and then add water to it. However, as Mori et al. have failed to mention their method in their report, any
further discussion on this matter is impossible.

On the other hand, Isshiki et al.” have determined MICs for terrestrial fungal growth as follows; 16 mg/L
at AIT vapor concentration with 7-day exposure for Fusarium graminearum, 22 mg/L for Penicillium
islandicum, P. citrinum, F. oxysporum, and Alternaria aleternaria, 34 mg/L for F. solani, 37 mg/L for Aspergillus
niger and A. flavus, and 62 mg/L for P. chrysogenum and Mucor racemosus. Accordingly, it may be said that

MICs of our study are relatively close to these values.
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In conclusion, regardless of the cause, MICs in this study are significantly lower than those reported by

Mori et al. This is favorable in both the issue of safety and of cost for the practical use of AIT as an

antifungal agent.
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