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Nigerloxin (2-amido-3-hydroxy-6-methoxy-5-methyle-4-(prop-1’enyl) benzoic acid) is a Lipoxygenase
and Aldose reductase inhibitor produced by Aspergillus niger MTCC 5116. It is produced only under
solid state fermentation (SSF) and the inoculum required for the inhibitor production is developed in
submerged condition. As this is a newly discovered enzyme inhibitor with potential commercial
success against diabetic complications, such as neuropathy and cataract, its complete fermentation
process parametric study is not reported. In this study, the role of physical parameters (spore suspen-
sion, initial pH, incubation temperature and agitation) in spore germination and pellet size in inoculum
development broth in submerged fermentation for the enhanced production of nigerloxin through SSF
has been studied. It was concluded that 500 ul of spore suspension in the inoculum development broth

at pH 7, incubated at 30°C and 200 rpm gave an ideal

nigerloxin/g dry weight of wheat bran in SSF.

pellet size 1.23 mm resulting in 6.0 mg of

Key words: Nigerloxin, spore germination, solid state fermentation, Aspergillus niger.

INTRODUCTION

Inoculum development is one of the major unit operations
in a fermentation process, involving production of
required quantity of viable desired microbial biomass in
its most productive state (Hockenhull, 1980). There are
successful commercial fermentations using pellets and
others use dispersed forms. Much information exists on
inoculum development for submerged fermentations. In
fungal solid state fermentation, the thin line between
success and failure of a productive fermentation process
is the quality of biomass produced as inoculum. Unlike
bacteria, fungal inoculum can be manipulated to required

pellet sizes or suspension forms through physical
fermentation parameters to subsequently vyield large
quantities of the product in the main fermentation
process. Further, not many reports exist on the influence
of physical parameters on the fungal morphology in
inoculum development broth on the production of desired
metabolites through solid state fermentation.

Nigerloxin, produced by solid state fermentation of
Aspergillus niger MTCC 5116 on wheat bran medium, is
a Lipoxygenase and Aldose reductase inhibitor (Rao et
al., 2002). It shows beneficial effects against diabetic
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Figure 1. Structure of nigerloxin

complications such as oxidative stress and cataract
formation in vivo (Suresh et al.,, 2012; Suresh et al.,
2013). Production of nigerloxin is associated with the
sporulation of the organism in SSF. The fermentation
process is not completely reported for this potential
commercially successful inhibitor against diabetic
complications. While we have earlier described
conditions for its optimum production (Chakradhar et al.,
2009), here, we report the effect of physical parameters
on inoculum by submerged fermentation and its
subsequent production of nigerloxin in SSF.

MATERIALS AND METHODS
Culture

Aspergillus niger MTCC 5116 used in the present study was
maintained on potato dextrose agar (Hi Media, Mumbai, India), at
4°C and subcultured once in every three weeks.

Solid state fermentation

Experiments were conducted in 500 ml Erlenmeyer flasks
containing 10 g of wheat bran supplemented with 5 % (w/w)
trisodium citrate with an initial moisture content of 60%. This
medium served as a control wheat bran medium. After a thorough
mixing, the flasks were autoclaved at 121°C for 1 h, cooled to room
temperature and 2 ml of A. niger MTCC 5116 cell suspension was
inoculated and incubated at 30°C for 6 days (Rao et al., 2005).

Extraction and determination of nigerloxin

At the end of fermentation, 100 ml of ethyl acetate was added to the
fermented bran and kept on a rotary shaker at 200 rpm for 2 h. The
bran was then filtered through cheesecloth followed by Whatman
No 1 filter paper. The solvent was evaporated to yield a crude
extract. 1.36 g of crude was suspended in 25 ml of chloroform and
centrifuged at 2000 rpm for 20 min to obtain an orange precipitate.
This was resuspended in 50 ml of warm ethanol to which 200 mg of
activated charcoal was added. This content was filtered through
Whatman No 1 filter paper and concentrated to obtain nigerloxin,
which was used as standard. The nigerloxin concentration in
samples was determined at 292 nm in UV-VIS spectrophotometer
(Shimadzu UV 1601) (Rao et al., 2002)
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Spore germination count

The spores from three day old slant were scraped and suspended
in 4 ml of 2 % Tween 20 (v/v) solution for several minutes to
facilitate wetting, and centrifuged for 1 min at 4000 rpm. The
supernatant was then poured off and the spores resuspended in 2
ml distilled water. This suspension was then added to 5 ml of
inoculum broth. Germination was determined based on the number
of empty spore cases counted at 12" hour of growth using a
Spencer Bright-Line Haemocytometer (American Optical Company)
under magnifications of 10X and 40X and expressed as percentage
spore germination (Braun, 1971).

Fungal pellet measurement

Fungal pellets grown in inoculum broth were collected and the
measurements of fungal pellets were done either directly under
microscope or a centimetre scale on a digital photograph projection
(Pazouki and Panda, 2000).

Optimization of inoculum development parameters

To optimize the inoculum development parameters several media
components and cultural conditions were altered in submerged
condition. The inoculum produced was inoculated to controlled
wheat bran media and observed for the enhanced production of
nigerloxin: 1) The effect of various standard media like potato
dextrose broth, oatmeal broth, czapeckdox broth, tryptone yeast
extract broth, modified egg yolk broth, yeast extract malt extract
broth, potassium tellurite broth, and glycerol asperagin broth on the
production of inoculum was studied by inoculating loopful (5 X 10°
spores) A. niger CFR-W-105 to each broth and pellet morphology,
media pigmentation, spore germination and biomass production
was studied. Nigerloxin production was evaluated by using
inoculum developed by each standard medium and inoculating on
to controlled wheat bran media; 2) the effect of initial pH of the
inoculum development broth on biomass production, pellet size and
spore germination was determined by altering the initial pH of the
fermentation media with the addition of acid or alkali. Nigerloxin
production was evaluated by using inoculum developed by each pH
range and inoculating on to controlled wheat bran media; 3) effect
of temperature was studied by incubating the organism at various
temperatures ranging from 10 to 50°C in inoculum development
broth.The nature of pellets, rate of spore germination, biomass
production and nigerloxin production was studied; 4) The effect of
agitation condition on the development of pellet size, spore
germination, biomass production and nigerloxin production was
studied by incubating the inoculated flasks at various agitation
conditions on a rotary shaker. Nigerloxin production was evaluated
by inoculating the inoculum developed under all temperature
ranges.

RESULTS AND DISCUSSION

Nigerloxin (2-amino—3hydroxy-6-methoxy-5-methyl-4-
(prop-1’-enyl) benzoic acid) (Figure 1) with a molecular
weight of 265 and molecular formula Ci3HisNOs was
discovered in our laboratory as a potent inhibitor of rat
eye lens aldose reductase and lipoxygenase with a free
radical scavenging property. The inhibitor is produced
only by solid state fermentation and not in submerged
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production by SSF.

fermentation conditions and the production of the inhibitor
is directly related to sporulation of the culture
(Chakradhar et al., 2009).

Optimization of physical parameters of inoculum

For these studies, Czapekdox broth with 6 g/L yeast
extract was used as the inoculum medium since it
showed good production compared to other nutritional
media and solid state fermentation using wheat bran
medium with 5% trisodium citrate, for the evaluation of
nigerloxin production.

Effect of spore suspension

The amount of spores provided to a particular media in
submerged fermentation condition has a direct impact on
the morphology of pellets developed (Papagianni and
Moo-Young, 2002). Increasing spore suspension from
100 pl/L inoculum broth to 800 pl/L inoculum broth
showed a steady decrease in pellet size (Figure 2a).
Spore suspensions below 400 pl/L media showed pellets
sized above 2.1 mm which were not ideal for nigerloxin
production in SSF (Figure 2b) perhaps as these yielded a
biomass below 50 g/L. Spore suspensions greater than
700 pl/L produced smaller pellets perhaps due to lack of
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space and did not translate into more amount of biomass
and saw a significant decrease in Nigerloxin production
(Figure 2b). In fact, the biomass produced above 500
pi/L, at around 50 g/L, was the same till 800 pl/L,
whereas nigerloxin fell below 2 mg/g dry wheat bran.
These results are in agreement with that of Van Suijdam
et al. (1980) and Calam (1987) where higher
concentration of spore suspension failed to produce
pellets and suspension form of inoculum was produced.
The highest Nigerloxin concentration was produced by
using 500 pl/L inoculum broth spore suspension which
yielded 5.81+0.04 mg/g dry wheat bran. Hence, 500 pl/L,
from the stock of 7 x 10 ° /ml spores concentration was
standardized for the rest of the experiments.

Effect of pH

The effect of initial pH of inoculum medium on pellet size,
spore germination and biomass production was studied
by adjusting the pH of the broth from 2.0 to 9.0 (Figure
3a). It was observed that spore germination was less
than 20% below pH 5 and above 8.5 with the highest
germination of 92% at pH 7. Further, as pH increased
from 4 to 7, there was an increase in pellet size but
interestingly, the pellet size over the entire pH spectrum
tested was less than 1.5 mm, except for pH 6.0 where it
reached 2.4 mm. Production of biomass of 40-53 g/L was
seen between pH 5.5 to 7.0 with a complete absence at

pH 4 and a slight increase between pH 4.5 to 5. There
seems to be a correlation between spore germination and
biomass production rather than with pellet size. The
phenomenon of pellet formation being strongly influenced
by pH is in agreement with the result of Galbraith and
Smith and Carlsen et al. (1969, 1995). There was a
complete absence of nigerloxin production by SSF when
inoculum was developed below pH 5 (Figure 3b). The
highest nigerloxin production of 5.7 mg/g dry wheat bran
was observed at pH 6.5 after which it fell drastically.

Effect of temperature

Temperature plays an important role in the development
of pellets in inoculum medium and spore germination in
solid state fermentation (Estrada et al., 2000). It was
seen that spore germination below 20 and above 40°C
was less than 30% increasing to 91% at 30°C (Figure
4a). A similar pattern was observed with pellet size
formation in the range of 1.2 to 1.3 mm between 25 and
35°C and around 0.4 mm at the extreme temperatures
tested. Unlike the results seen in initial pH of the medium,
biomass produced correlated to both spore germination
and pellet sizes. The highest biomass produced was 58
g/L inoculum broth at 30 °C. The absence in nigerloxin
production was seen in both extreme ends of
temperature and the highest nigerloxin was at 30 °C
which produced5.76+0.07 mg/g drywheat bran (Figure 4b).
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Effect of agitation effect of agitation condition on pellet size and spore
germination was studied in inoculum broth and nigerloxin

Agitation is the by far the most important physical production in SSF.

parameter in inoculum development for SS. Hence the Interestingly, the spore germination remained almost the
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same in all agitation speeds employed with the highest at
93% at 200 rpm, whereas pellet sizes fell steadily from
the highest of 3.2 mm at 50 rpm to 0.5 mm at 350 rpm
(Figure 5a). Further, biomass produced was more than
40 g/L under all ranges of agitation conditions. The

highest production of nigerloxin was observed at 200 rpm
which yielded 6 mg nigerloxin/g dry wheat bran (Figure
5b).

The optimized inoculum condition for the better
production of nigerloxin was at 500 pl of spore
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suspension in the inoculum development broth at pH 7,
incubated at 30 °C and 200 rpm gave an ideal pellet size
of 1.23 mm resulting in 6.0 mg of nigerloxin/g dry weight
of wheat bran in SSF.

Production of secondary metabolite from micro-
organism is a complex task as they require a number of
optimal conditions. Inoculum is one of such factors, which
if not optimized, may lead to poor or absence of desired
product yield. The successful production of a fungal
metabolite  requires knowledge of the growth
characteristics and the physiology of the fungus in
qguestion. Thus, for each fermentation, the precise
physiological condition and optimised media for inoculum
development must be established. The present work was
an attempt to understand the type of inoculum conditions
required to enhance the production of nigerloxin in solid
state fermentation using controlled wheat bran medium
by A. niger CFTR-W-105. The data generated in this
study would be helpful in producing nigerloxin on large
scale and has the potential for further developing it into a
powerful  therapeutic molecule against diabetic
complications.

Conflict of Interests

The author(s) have not declared any conflict of interests.

ACKNOWLEDGEMENT

The authors thank the Department of Biotechnology, New

Delhi, India for financial support. VKY thanks CSIR for a
Senior Research Fellowship award.

REFERENCES

Braun KL (1971). Spore germination time in Fuligo septica. The Ohio. J.
Sc. 71:305-309.

Calam CT (1987). Process development in antibiotic fermentations.
Cambridge Studies in Biotechnology, vol. 4. Cambridge: Cambridge
Univ. Press.

Carlsen M, Spo“hr AB, Nielsen J, Villadsen J (1995). Morphology and
physiology of an a-amylase producing strain of Aspergillus oryzae
during batch cultivations. Biotechnol. Bioeng. 49:266-276.

Chakradhar D, Saleem J, Sattur AP (2009). Studies on the production
of nigerloxin using agro industrial residues by solid-state
fermentation. J. Ind. Microbiol. Biotechnol. 36:1179-1187.

Estrada AB, Dodd JC, Jeffries P (2000). Effect of humidity and
temperature on conidial germination and appressorium development
of two Philippine isolates of the mango anthracnose pathogen
olletotrichum gloeosporioides. Plant Pathol. 49:608-618.

Galbraith JC, Smith JE (1969). Filamentous growth of Aspergillus niger
in submerged shake culture. Trans. Brit. Mycol. Soc. 52:237-246.

Hockenhull DJD (1980). Inoculum development with particular reference
to Aspergillus and Penicillium, in: Smith, JE, Berry DR, Kristiansen B
(Eds.), Fungal biotechnology, Academic press, New York, pp. 1-24.

Papagianni M, Moo-Young M (2002). Protease secretion in
glucoamylase producer Aspergillus niger cultures: fungal morphology
and inoculum effects. Process. Biochem. 37:1271-1278.

Pazouki M, Panda T (2000). Understanding the morphology of fungi.
Bioprocess. Eng. 22:127-143.

Rao KCS, Divakar S, Babu KN, Karanth NG, Sattur AP (2002).
Nigerloxin, a novel inhibitor of aldose reductase and lipoxygenase
with free radical scavenging activity from Aspergillus niger CFR-W-
105. J. Antibiotic. 55:789-793.

Rao KCS, Karanth NG, Sattur AP (2005). Production of nigerloxin, an
enzyme inhibitor and a free radical scavenger, by Aspergillus niger
using solid state fermentation. Process Biochem. 40(7):2517-2522.



Suresh BS, Vasantha KY, Sattur AP, Srinivasan K (2013). Beneficial
influence of fungal metabolite nigerloxin on diabetes-induced
oxidative stress in experimental rats. Can. J. Physiol. Pharmacol.
91(2):149-156.

Suresh BS, Sattur AP, Srinivasan K (2012). Beneficial influence of
fungal metabolite nigerloxin on eye lens abnormalities in
experimental Diabetes. Can. J. Physiol. Pharmacol. 90(4):387-394.

Vasantha et al.

57

Van Suijdam JC, Kossen NWF, Paul PG (1980). An inoculum technique

for the production of fungal
Biotechnol. 10:211-221.

pellets.

Eur.

J. Appl.

Microbiol.



academicJournals

Vol. 5(4), pp. 58-62, May 2014

DOI: 10.5897/JYFR2014.0135

Article Number: E9A3FEB45164

ISSN 2141-2413

Copyright © 2014

Author(s) retain the copyright of this article
http://www.academicjournals.org/JYFR

Journal of Yeast and Fungal Research

Full Length Research Paper

Effect of hot-water treatments in vitro on conidial
germination and mycelial growth of Colletotrichum
musae isolates

Setu Bazie™, Amare Ayalew? and Kebede Woldetsadik?

'University of Gondar, P.O. Box 196, Gondar, Ethiopia.
?School of Plant Sciences, Haramaya University, P.O. Box 138, Haramaya, Ethiopia.

Received 15 April 2014; Accepted 14 May 2014

Anthracnose caused by Colletotrichum musae is the most important postharvest disease of banana
fruit. The present study was conducted to evaluate the sensitivity of C. musae isolates to hot water
treatment in vitro. The effect of hot water treatment (HWT) in vitro was determined by placing conidial
suspensions and plugs of agar with mycelia of 12 single spore isolates of C. musae in hot water bath at
45, 50 and 55°C for 2, 5, 8, 11, 14 and 17 min. Percent inhibition of conidial germination and colony
growth increased with increased temperature and time combinations. HWT at 55°C for 5 min had an
equivalent inhibition of conidial germination and reduction of mycelial growth to that of HWT at 50°C for
17 min in the 12 C. musae isolates. Remarkable variability in thermo-tolerance was found among 12
isolates of C. musae and isolate HC2 and HC3 were found to be the most sensitive, while DL1 and DL2

were comparatively heat tolerant isolates.

Key words: Banana anthracnose, Colletotrichum musae, hot water treatment, sensitive, tolerant.

INTRODUCTION

Anthracnose, caused by the fungus Colletotrichum
musae is one of the most common fungal diseases in
banana producing countries (Ranasinghe et al., 2005).
Anthracnose is a latent infection where fungal spores
infect immature banana in the field but symptoms occur
as peel blemishes, as black or brown sunken spots of
various sizes on fruit that may bear masses of salmon-
colored acervuli with their associated conidia on the fruit
peel after ripening (Magbool, 2010). Chemical methods
are widely used for the control of this postharvest disease
in banana (De Costa and Kalpage, 2006). However
because of the increasing concern about the fungicides,

many countries have demanded a fresh product without
treatment with any chemicals, particularly fungicides
applied after harvest (Magbool et al., 2010).

Hot water treatment is an effective non-chemical
method for management of postharvest banana
anthracnose (De Costa and Erabadupitiya, 2005; Li et al.,
2006). However, a major practical difficulty in using hot
water treatment is to operate at precise temperatures and
periods, since the thermal thresholds of pathogens and
physiological actions are close to temperatures that can
damage the fruits (Arauz, 2000). In addition, there is a
lack of information about the in vitro effects of hot water
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treatment at different temperature levels and exposure
time on C. musae isolates.

Thus, there is a need for determining hot water
treatment (HWT) in vitro that could inactivate the
pathogen without detrimental effects to the banana fruit
quality. Further, from the result of in vitro hot water
treatments, information can be extrapolated to develop a
possible integrated use of hot water treatments with other
postharvest management strategies. Thus, the objective
of this research was to evaluate the sensitivity of C.
musae isolates to hot water treatment in vitro.

MATERIALS AND METHODS
Isolation of the pathogen and inoculum preparation

Banana fruits showing anthracnose disease symptoms were
collected from local markets in Harar and Dire Dawa, Eastern
Ethiopia and were used for isolation of C. musae. From each local
market, three banana retailers were considered for sample
collection, and samples of about three fruits from two different
varieties local and cavandish were randomly taken per retailer.
Diseased areas of the banana fruits were surface disinfected, cut
into small pieces and each piece was sterilized in 1% NaOCI
(sodium hypochlorite) for 1 min and subsequently rinsed three times
in sterile distilled water. The pieces were then aseptically placed on
the surface of potatoes dextrose agar (PDA) medium amended with
40 mg L™ streptomycin sulphate. The petri plates were incubated at
28°C for three days and developing colonies were transferred to
fresh PDA medium to obtain pure cultures. Single spore was
obtained by dilution method on 2% water agar and cultured on PDA
to obtain monoconidial culture. The isolates were transferred to
PDA slants and kept at 4°C for preservation and further use.

Hot water treatments versus conidial germination

Conidial suspensions of 12 single spore isolates of C. musae were
adjusted with sterile distiled water to 10° conidia ml™ using a
hemacytometer. Screw-cap glass tubes containing 1 ml conidial
suspension were placed into a hot water bath and were kept at
three constant temperatures, viz., 45, 50 and 55°C. The periods of
exposure at each temperature were 2, 5, 8, 11, 14 and 17 min. On
removal from the hot water bath, the glass tubes were immediately
plunged into a cool water bath to stop the heating process. After
HWT, 0.2 ml of each treated conidial suspension was pipetted on
2% water agar and spread with a sterile bent-glass rod. Glass tubes
kept into a water bath at room temperature (ca. 22°C) for 17 min
served as control. The experiment was laid out in a completely
randomized design (CRD) with three replications. After 24 h of
incubation, disks of agar were placed on glass microscope slides,
germinated conidia were counted out of 100 randomly selected
conidia per plate and percent inhibition of conidial germination over
the control was calculated as 100 x (gc-gt/gc); where, gc=number of
germinated conidia in control and gt = number of germinated
conidia in the treatment.

Hot water treatments versus mycelial growth

Mycelial discs, 6 mm diameter and taken from the edge of 10 days
culture of 12 C. musae isolates, were dipped into screw-cap test
tubes at three constant temperatures, viz. 45, 50 and 55°C. The
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duration of exposure at each temperature was 2, 5, 8, 11, 14 and
17 min. On removal from the hot water bath, the glass tubes were
immediately plunged into a cool water bath. After HWT, agar plugs
were removed from heated glass tubes and blotted briefly, agar
side down, on sterile filter paper. Treated plugs were placed in the
centre of PDA plates and incubated at 28°C. Glass tubes kept in a
water bath at room temperature (ca. 22°C) for 17 min served as
control. The experiment was laid out in a completely randomized
design (CRD) with three replications. Four days after incubation,
colony diameter was measured along two axes perpendicular to
each other and the average of the two dimensions was recorded as
the radial colony diameter. The percent inhibition of mycelial growth
over the control was calculated as: 100 x (dc-dt/dc); where, dc =
colony diameter of control and dt = colony diameter of heat
treatment.

Statistical data analysis

Percentage data on conidial germination inhibition and mycelial
growth inhibition were arcsine transformed before statistical
analysis. The data were subjected to analysis of variance (ANOVA)
using SAS software version 9.2 (SAS Institute, 2002). Probit
analysis was used to calculate the effective time (ET) values that
inhibited conidial germination by 50% (ETso) and 95% (ETogs).
Means were separated using Duncan’s multiple range test (DMRT)
at (P<0.05).

RESULTS AND DISCUSSION

Effect of hot
germination

water treatments on conidial

Hot water at 55°C for 5 to 17 min durations of exposure
resulted in the highest inhibition of conidial germination of
11 C. musae isolates (except isolate DL1) (Table 1). In
addition, hot water treatment at 50°C for 8 to 15 min for
isolate HC1, HC2, HC3, DC3 and HL2, 11 to 17 min for
isolate DC2 and DL3, 14 min for isolate DC1, and 17 min
for isolate DL2 exhibited the highest inhibition of conidial
germination which was on par with the treatments
involving 55°C for 5 to 17 min. HWT at 55°C for shorter
exposure time (2 min) showed significantly higher
inhibition of spore germination than HWT at 45°C,
including the longer exposure time, 17 min, for all isolates
(Table 1). Moreover, HWT at 55°C for 5 min had an
equivalent conidial germination inhibition effect to that of
HWT at 55°C for 17 min on the 12 C. musae isolates. In
this study, conidial germination of isolates DL1 and DL2
was less inhibited (<10%) at 50°C for 5 min, than HC2
and HC3 which were highly inhibited (95.4 and 93.8%,
respectively). Moreover, HWT at 45°C for all periods of
exposure was less effective in inhibiting conidial
germination (<30%) in all isolates tested than HWT at
either 50 or 55°C.

Among the twelve C. musae isolates, HC2 and HC3
were comparatively the most sensitive to HWT at all
levels of experimental temperatures for all periods of
exposure (Table 2). Higher inhibition of conidial
germination of 90.7 and 95.4% was recorded on isolate
HC2 at 50°C for 2 and 5 min, respectively. The time to
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Table 1. Effect of temperature and exposure period on inhibition of conidial germination of Colletotrichum musae isolates.

Inhibition of conidial germination (%)1

Temperature Time

°C) (min) Isolate
HC1 HC2 HC3 DCl1 DC2 DC3 HL1L HL2 HL3 DL1 DL2 DL3
2 72° 78" 128 259 09" 6.6° 1.6 03 03" o" of 0
5 8.0° 97% 172" 401 0"  109% 47" 09 04" o" of 7.8"
45 8 8.0° 10.6° 24.8% 48" 02" 105%® 56" 179 03" 1.1 of 8.5"
11 10.8° 11.1% 224% 66 03 105%® 53" 1.4° 12" 4.4%9 of  11.9%"
14 15.0° 152 27.3%® 709 209% 123 58" 1.7° 35 08" of 14.8"
17 19.2° 22.9° 296° 146% 27% 260° 6.7 26° 100" 101° 6.1° 20.3°
2 13.4° 90.7° 64.9° 238% 34% 288 203° 13.0° 17" 02" 53 219°
5 88.0° 954° 938" 66.0° 386° 575" 286" 154° 17.9° 21" 76° 450°
- 8 98.2* 100 97.1% 67.4° 826" 988* 665 99.1*° 365° 89° 320° 926°
11 100* 100° 100* 79.4* 98.3* 100° 94.9° 100° 98.2° 23.9° 332 995°
14 100° 100*° 100° 100° 100*® 100° 96.7° 100®° 98.2° 26.1° 94.3° 100%
17 100° 100®° 100° 100° 100® 100®°  100® 100®° 98.7° 74.2° 98.7® 100%
2 775° 100 97.4% 911" 404° 98.7*° 459° 589° 63.3° 272 598° 86.4°
5 100° 100° 100° 99.5% 100 100°  100®  100®°  100° 92.7° 98.4%® 100%
- 8 100° 100° 100° 100° 100® 100®°  100®  100®° 100° 98.6° 99.6° 100%
11 100° 100° 100° 100° 100® 100®°  100®  100®  100° 100  100®°  100%
14 100° 100*° 100° 100° 100® 100®°  100®  100®°  100° 100  100®  100%
17 100° 100° 100° 100° 100® 100®°  100®  100®  100° 100  100®°  100%
LCJ ;rn?;ted o? 0° of 0? of of 0j o? o o" of o
CV (%) 1014 743 904 1305 770 741 514 1224 528 13.84 1301 5.28

Percent inhibition of conidial germination after 24 h incubation (mean of three replications); Means within a column followed by the same letter (s) are
not significantly different (P<0.05) DMRT; HC = Cavandish at Harar, DC = Cavandish at Dire Dawa, HL= Local at Harar, DL = Local at Dire Dawa.

inhibit spore germination by 50% (ETsg) and 95% (ETgs)
of this isolate at 50°C were much shorter (0.67 min) and
shorter (3 min), respectively. In addition, it was totally
inhibited at 55°C for short exposure time (2 min). The
other sensitive isolate was HC3, with shorter ETs, and
ETgs value at 50°C (1.66 and 5.19 min, respectively). On
the other hand, isolate DL1 was comparatively the most
tolerant isolate to HWT as the ETsg and ETgs at 50°C was
longer (16.67 and 39.9 min, respectively) than the
remaining isolates (Table 2). The other comparatively
tolerant isolate was DL2, with longer ETsg and ETgs value
at 50°C (9.98 and 23.1 min, respectively).

Previously, Chen et al. (2006) investigated the
inhibition effects of HWT on the spores of C. musae in
vitro. In this study, HWT at 52°C for 3 min did not make
significant difference, while 5 and 10 min significantly
reduced the conidial germination. The effects of heat
treatments on the same genus Colletotrichum was
reported by Sopee and Sangchote (2005) that conidial
germination of C. gloeosporioides was inhibited by
application of hot water at 55°C for 5 min. In trails with
hot water treatment for another genus, Fusarium, the
control of F. oxysporum required higher temperatures to
completely inhibit conidial germination, that is, 55°C for

25 min and 60 or 65° for durations of 5, 15 or 25 min
(Sharma and Tripathi, 2008). Although differential
response to hot water treatment in vitro between C.
musae isolates had not been reported yet, notable
variability in thermo-tolerance was found among conidia
of 16 isolates of the insect-pathogenic fungi Metarhizium
anisopliae var. anisopliae (Drauzio et al., 2005). This is
due to the fact that heat stress affects different cell
properties and requires different repair mechanisms
(Drauzio et al., 2005).

Effect of hot water treatments on mycelial growth

The highest mycelial growth inhibition in all isolates was
recorded with the treatment combination of 55°C for 17
min (Table 3). At this temperature and exposure time
regime, mycelial growth of isolate HC2 was completely
inhibited (100%), while DL1 and DL2 were slightly
inhibited to 26.7 and 29.5%, respectively. In this study,
HWT at 55°C for 5 min had an equivalent effect to 50°C
for 17 min in inhibiting mycelial growth of the 12 C.
musae isolates. In all isolates, the inhibition of mycelial
growth increased with increased temperature and time in
the hot water bath; however, it is worthwhile to note that
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Table 2. The ETsoand ETgs value of in vitro effect of hot water treatment at 50°C for inhibition of conidial germination
of Colletotrichum musae isolates.
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Isolate ETso 95% CI* for ETso ETes 95% CI* for ETos
HC1 3.12 2.95-3.29 6.32 5.86-6.90
HC2 0.67 0.38-0.94 3.00 2.56-3.59
HC3 1.66 1.48-1.83 5.19 4.64-5.96
DC1 4.00 3.67-4.29 18.67 16.88-21.46
DC2 5.39 5.41-5.61 10.43 9.81-11.22
DC3 3.61 3.40-3.83 8.94 8.27-9.77
HL1 5.21 4.90-5.51 16.88 15.40-18.78
HL2 5.24 5.01-5.46 10.31 9.69-11.10
HL3 7.53 7.27-7.79 13.95 13.19-14.89
DL1 16.67 15.97-17.47 39.99 35.61-46.23
DL2 9.98 9.61-10.35 23.10 21.39-25.30
DL3 3.96 3.72-4.20 10.93 10.08-12.01
*Cl-confidence interval.
Table 3. Effect of temperature and exposure time on mycelial growth of Colletotrichum musae.
] Inhibition of mycelial growth (%)l
Temperature Time
°C) (min) Isolates
HCl HC2 HC3 DC1 DC2 DC3 HL1 HL2 HL3 DL1 DL2 DL3
2 0.2 18m 136 2.5 ol 2.1 0 106" 1.2 of o“ 1.7
5 9.7 36l 132 59" 2.9¢ 1.5 o0 115" 37" o' o 9.3
45 8 98  71¢ 195" 59 48 42 1.3 1769 37" of 38 10.5"
11 12.0 110 216" 1459 113  95° 32" 200" 1239 20 5.3 17.0°
14 21.4%" 10.1% 208" 17.9% 123 1019 6.4° 212" 128% 33 76" 18.7°
17 227 167 27.6% 201 168" 1079 649 245" 198  6.0° 7.6"  21.20
2 133" 265" 207" 21.0°° 224° 36" 64° 212" 88 23® 68" 93"
5 16.8" 37.89 29.9° 262% 309 137 205 255 204° 16.7° 1069 21.3%
- 8 26.4%0 3629 351" 275% 306° 17.9° 33.3° 236° 222¢ 18.0%* 1529 247
11 28.2%"  426° 454° 27.2% 338" 19.0% 37.8% 333" 231" 193* 174 267"
14 20.0°" 473 517 30.7% 38.0% 226 39.7% 333% 247%" 193%™ 18.9% 297
17 311" 60.7° 552 37.7%° 488" 286 436° 36.4° 329° 197* 19.7°7 333"
2 25.9% 3459 380" 225 273 161" 41.0° 315% 26.9%" 167" 159 26.7%
5 27199 554% 5187 34.1° 439° 232° 538 364 27.8%" 173" 220°° 31.3"
- 8 33.7%¢  732° 524% 395%® 46.9° 244 57.7°° 400 28.2% 19.3%* 250%% 34.0%°
11 352"  821° 57.4° 41.4% 488" 274 57.7%° 46.7°° 375 193® 258% 357%
14 36.3° 100 62.7° 44.1% 526% 324%® 615% 552 457" 21.7% 27.3* 36.3%
17 42.2* 100* 70.1* 451* 559 375" 66.7° 63.0° 580° 26.7% 295 39.3%
Unheated control 0* o" 0 o 0 o~ 0 o 0 of 0“ o~
CV(%) 859 613 467 973 553 1131 8.08 11.17 1158 17.14 1235 7.03

'Percent inhibition of mycelial growth after four days of incubation (mean of three replications); means within a column followed by the same letter (s)
are not significantly different (P<0.05), DMRT; HC = Cavandish at Harar, DC = Cavandish at Dire Dawa, HL = Local at Harar, DL = Local at Dire

Dawa.

all of the isolates (except isolate HC2) used in the
present study were not totally sensitive (that is, 100%
colony growth inhibition). Hot water treatment at 45 °C for
all exposure time, including 17 min, was less effective in

inhibiting the mycelia growth of all isolates than HWT at
50 and 55°C (Table 3). Among the 12 C. musae isolates,
HC2 and HC3 were the most sensitive isolates to HWT
as they exhibited higher mycelial growth inhibition (>55%)
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at 50°C for 17 min, while mycelial growth inhibition of the
remaining isolates was less than 50% (Table 3). In
addition, isolate HC2 was completely inhibited (100%) at
the higher temperature-time combination (55°C for 17
min). On the other hand, isolates DL1 and DL2 were
found to be quite tolerant to higher temperature-time
combinations, as 50 and 55°C for 17 min inhibited
mycelial growth of both isolates to less than 30 and 27%,
respectively.

In this investigation, conidial suspensions were
generally more sensitive to HWT than mycelia as the
highest temperature-time combination (55°C for 17 min)
did not completely inhibit the mycelial growth of all
isolates except HC2, while 11 min at 55°C was enough to
completely kill conidia of all C. musae isolates (Table 3).
This observation agrees with the finding of Whiting et al.
(2001) that hot water treatments were ineffective in
reducing the mycelial growth of grapevine trunk
pathogens. Gramaje et al. (2010) reported that conidial
germination of Phaeoacremonium spp. was inhibited at
treatments above 53°C for 45 min, while treatments up to
54°C for 60 min were necessary to inhibit the mycelial
growth. Neri et al. (2009) also reported that mycelial
growth of Neofabraea alba was completely inactivated
only at higher temperature-time regime of 75°C for 20
min.

Conclusions

Percent inhibition of conidial germination and reduction in
colony growth increased with increased temperature and
time combinations. Among the level of hot water
temperature tested in vitro, hot water at 55°C for 5 to 17
min durations of exposure was effective and completely
inhibited conidial germination all C. musae isolates
(except isolate DL1). However, hot water treatment levels
tested did not completely inhibit mycelial growth of all C.
musae isolates (except isolate HC2). Thus, in the present
investigation, hot water treatment was less effective in
reducing the mycelial growth than the conidial
germination. HWT at 55°C for 5 min had an equivalent
inhibition of conidial germination and reduction of
mycelial growth to that of HWT at 50°C for longer
exposure time (17 min) in the 12 C. musae isolates. Hot
water treatment at 45°C for all periods of exposure was
ineffective in inhibiting spore germination against all C.
musae isolates. In this study, marked variability in thermo
tolerance was also observed among 12 isolates of C.
musae and isolate HC2 and HC3 were found to be
sensitive while DL1 and DL2 were comparatively heat
tolerant isolates.
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