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Antifungal Properties of Rhizopus oligosporus Against
Apple Anthracnose Fungi
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This study was carried out to assess the antifungal potential of R. oligosporus and its ethyl acetate (EtOAc)
extract against the fungal pathogens causing anthracnose disease in apple fruits using disc diffusion,
antagonistic effect and morphological abnormalities 1n fungal mycelia. The percentage of inhibition of
antifungal effect of the ethyl acetate extract (5 Wl disc ) of the R oligosporus against C. acutatum KACC
40848, C. gloeosporioides KACC 40897, C. higginsianum KACC 40806, C. orbiculare KACC 40808, C.
coccodes KACC 40008, C. musae KACC 40947, C. boninense KACC 40893, C. liliacearum KACC 40981,
C. caudatum KACC 41028 and Colletotrichum sp. KACC 40811 was found to be 44.4, 35.5, 40, 31.1,
33.3, 37.7, 40, 51.1, 28.8 and 28.8%, respectively. Also the fungus R. oligosporus showed potential
antagonistic effect of antifungal activity against the tested pathogens of Colletotrichum spp. Further, R
oligosporus had a potential detrimental effect on the morphology of the tested fungi of Colletotrichum spp.
such as wrinkle abnormalities, abnormal cell formation, lysis of mycelium, empty cell formation, distorted
cell formation and breakage of the mycelium. These findings strongly support the role of R oligosporus to
serve as a potential antifungal agent to control plant pathogenic fungi causing anthracnose disease in apple
fruits.
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INTRODUCTION

The apple is the pomaceous fruit of the apple tree,
species Malus domestica in the rose family Rosaceae
which has potential nutritive and therapeutic values.
Research suggests that apples may reduce the risk of
colon cancer, prostate cancer and lung cancer(NRCR,
2008). Compared to many other fruits and vegetables,
apples contain relatively low amounts of Vitamin C
as well as several other antioxidant compounds(Boyer
and Liu, 2004). The fiber content, while less than in
most other fruits, helps regulate bowel movements
and may thus reduce the risk of colon cancer. They
may also help with heart disease, weight loss, and

controlling cholesterol, as they do not have any
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cholesterol, have fiber, which reduces cholesterol by
preventing re-absorption, and are bulky for their
caloric content like most fruits and vegetables
(Sharma, 2005; AKYFH, 2008). There is evidence that
in vitro apples possess phenolic compounds which
may be cancer-protective and demonstrate antioxi-
dant activity (Lee et al, 2004). The predominant
phenolic phytochemicals in apples are quercetin,
epicatechin, and procyanidin B2(Lee et al.,, 2003).
Fungi are major causes of plant disease, accoun-
ting for perhaps 70% of all the major crop diseases
(IAPSC, 1985). Some of these fungal plant pathogens
are termed biotrophic because they establish an
intricate feeding relationship with living host cells.
Others are termed necrotrophic,because they invade
the plant tissues aggressively, killing the host cells to
obtain nutrients(Deacon, 1997). Apple anthracnose is
an important disease hampering the quality and
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texture of apple fruits worldwide. This disease is
usually caused by Colletotrichum spp. The disease
occurs as quiescent infections on immature fruit and
the damage it incites is more important in the
post-harvest period(Muirhead and Gratitude, 1986);
Dodd et al,, 1997).

Fungicides, either as pre-harvest or post-harvest
treatments, from the main approach to reduce losses
from anthracnose. However, their use is increasingly
restricted due to public concerns over toxic residues.
Moreover, fungicides are unaffordable for many apple
growers in developing countries.

R. oligosporus is one of the common microbes in
East Asia region, and usually is used for the produc-
tion of several fermented food products. Previously it
has been reported that R. oligosporus can serve as a
beneficial agent to produce fermented food with a
higher amount of functional properties(Handoyo and
Morita, 2006). Also solid- state bioprocessing of
cranberry pomace using the food grade fungus R.
oligosporus has improved phenolic and antioxidant
profiles, thereby showing potential antibacterial effect
against foodborne pathogenic bacteria(Vatten et al., 2004).

In the present study, we tested the antifungal
efficacy of a food grade fungus Rhizopus oligosporus
and its ethyl acetate extract against a panel of fungi
causing anthracnose disease in apple fruits in Korea.

MATERIALS AND METHODS

Fungal strain and culture media

The fungal pathogen Rhizopus oligosporus used in
this study was provided by B & L Agro Co. Ltd,
Andong, Gyeongbuk, Republic of Korea. The germina-
tion and the growth of isolated fungus was main-
tained on potato dextrose agar (PDA) medium containing
per liter 17 g enzymatic digest of casein, 3 g enzy-
matic digest of soybean meal, 5 g NaCl, 25 g
dipotassium phosphate and 2.5 g dextrose.

Test pathogens

Ten isolates of apple anthracnose fungi Collefo-
trichum acutatum KACC 40848, C. gloeosporioides KACC
40897, C. higginsianum KACC 40806, C. orbiculare
KACC 40808, C. coccodes KACC 40008, C. musae
KACC 40947, C. boninense KACC 40893, C. liliacearum
KACC 40981, C. caudatum KACC 41028 and C. sp.

KACC 40811 used in this study were maintained on
potato-dextrose agar, which were obtained from Korean
Agriculture Culture Collection, Suwon, Republic of
Korea.

Preparation of the ethyl acetate extract of Ahizopus
oligosporus

The fresh mycelium plugs of Rhizopus oligosporus
grown on PDA medium at 24 + 1C for 5-6 days
were transferred separately into 3000 ml Erlenmeyer
flasks containing 1500 ml potato dextrose broth (PDB)
medium. After 12 days of incubation at 24 = 1C, 12
liter culture liquid was extracted with ethyl acetate
(EtOAC) followed by incubation for 2 - 3 days at 24
1C and 150 rev min" on a rotary shaker. Evaporation
of the solvent from the extract in uvacuo gave a
residue, which was subjected to the antifungal potential.

Disc diffusion assay

Petri dishes (9 cm diameter) containing 20 ml of
PDA medium were used for the antifungal activity
assay, performed in solid media by the disc diffusion
method(Duru et al., 2003). Sterile Whatman paper
discs of 6 mm diameter were impregnated with 5 ul
disc? EtOAc extract of R. oligosporus and placed in
the agar plates equidistantly. A disc of fungal
inoculum 6 mm in diameter was removed from a
previous culture of all the fungal strains tested and
placed upside down in the centre of the petri dishes.
The plates were incubated at 28°C for 5 - 7 days. The
inhibition of the growth of each fungal strain was
calculated as the percentage of inhibition of radial
growth relative to the control. The plates were used
in three replicates for each treatment.

The growth inhibition of treatment against control
was calculated by percentage, using the following
formula:

Inhibition ratio (%) = {1- mycelium growth of
treatment (mm) / mycelium growth of control (mm)}
x 100

Antagonistic effect and morphological observations

Antagonistic activity of Rhizopus oligosporus was
evaluated against 5 days old culture isolates of anth-
racnose fungi of Colletotrichum spp. by dual culture
technique at 28°C. Zones of inhibition were observed
after 4 - 5 days incubation. Plates inoculated with only
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fungus served as control.

Fungal growth inhibition was recorded and calcu-
lated by the following formula:

Inhibition (%) = Radial growth in control (C) -
Radial growth in dual culture (T) / Radial growth in
control (C) x 100

For microscopic observations, fungal mycelia gro-
wing towards the zone of inhibition were processed.
Specimens were examined under a compound light
microscope (Nikon, Alphaphot-2/YS2, Shanghai, China)
for morphological abnormalities in mycelia that
occurred due to antagonism mediated by the Rhizopus
oligosporus. Images of fungal deformities were cap-
tured using Image analyzer (Paxcam 2).

RESULTS

Antifungal activity of the ethyl acetate extract of
R. oligosporus

The results of the antifungal activity of the ethyl
acetate extract of R. oligosporus are shown in Table 1.
The ethyl acetate extract of R. oligosporus at the
concentration of 5 ul disc’ had potential antifungal
effect against the tested pathogens of Colletotrichum
spp. The extract exhibited low to moderate antifungal
effect against the tested pathogens. The percentage of
inhibition of antifungal effect of the ethyl acetate
extract of the R. oligosporus against C. acutatum KACC
40848, C. gloeosporioides KACC 40897, C. higginsianum
KACC 40806, C. orbiculare KACC 40808, C. coccodes
KACC 40008, C. musae KACC 40947, C. boninense
KACC 40893, C. liliacearum KACC 40981, C. caudatum

KACC 41028 and C. sp. KACC 40811 was found to
be 444, 355, 40, 31.1, 333, 37.7, 40, 51.1, 28.8 and
28.8%, respectively. C. acutatum KACC 40848, C.
higginsianum KACC 40806, C. boninense KACC 40893
and C. liliacearum KACC 40981 were found to be the
most susceptible fungal pathogens to the ethyl acetate
extract of the R. oligosporus.

Antagonistic effect of A. oligosporus in dual culture

The Rhizopus oligosporus showed potential anta-
gonistic effect of antifungal activity against the tested
pathogens of Colletotrichum spp. As shown in Table 2,
the R. oligosporus in dual culture showed remarkable
inhibitory effect against C. acutatum KACC 40848
(62.2%), C. gloeosporioides KACC 0897 (64.4%), C. hig-
ginsianum KACC 40806 (64.4%), C. orbiculare KACC
40808 (66.6%), C. coccodes KACC 40008 (71.1%), C.
musae KACC 40947 (77.7%), C. boninense KACC 40893
(64.4%), C. hiliacearum KACC 40981 (60%), C. caudatum
KACC 41028 (68.8%) and C. sp. KACC 40811 (66.6%).
R. oligosporus displayed higher antifungal effect in
dual culture against C. coccodes KACC 40008, C. musae
KACC 40947 and C. caudatum KACC 41028. However,
other fungi were also inhibited moderately (Table 2).

Effect of A. oligosporus on the morphology of tested
fungi

As shown in the Fig. 1-4, R. oligosporus had a
potential detrimental effect on the morphology of the
tested fungi of Colletotrichum spp. such as C. orbiculare
KACC 40808, C. musae KACC 40947, C. higgnsianum
KACC 40806 and C. sp. KACC 40811. R, oligosporus in

Table 1. Antagonistic effect of Rhizopus oligosporus against anthracnose fungi of Colletotrichum spp. in dual culture

Antagonistic effect in dual culture

Test pathogens

Radial growth (mm)

Radial growth inhibition (%)

Colletotrichum acutatum KACC 40848
Colletotrichum gloeosporioides KACC 40897
Colletotrichum higginsianum KACC 40806
Colletotrichum orbiculare KACC 40808
Colletotrichum coccodes KACC 40008
Colletotrichum musae KACC 40947
Colletotrichum boninense KACC 40893
Colletotrichum liliacearum KACC 40981
Colletotrichum caudatum KACC 41028
Colletotrichum sp. KACC 40811

17 62.2
16 64.4
16 644
15 66.6
13 711
10 77.7
16 64.4
18 60.0
14 68.8
15 66.6
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Table 2. Antifungal effect of ethyl acetate extract of Rhizopus oligosporus against anthracnose fungi of Colletotrichum spp.

Antifungal effect of ethyl acetate extract (5 ul disc™)

Test pathogens

Radial growth (mm) Radial growth inhibition (%)
Colletotrichum acutatum KACC 40848 25 444
Colletotrichum gloeosporioides KACC 40897 29 35.5
Colletotrichum higginsianum KACC 40806 27 40.0
Colletotrichum orbiculare KACC 40808 31 311
Colletotrichum coccodes KACC 40008 30 333
Colletotrichum musae KACC 40947 28 377
Colletotrichum boninense KACC 40893 27 40.0
Colletotrichum Ililiacearum KACC 40981 22 511
Colletotrichum caudatum KACC 41028 32 28.8
Colletotrichum sp. KACC 40811 32 28.8

Fig. 1. Effect of R. oligosporus on the morphology of the Fig. 2. Effect of R. oligosporus on the morphology of the

tested pathogen of Colletolrichum orbiculare KACC 40808 tested pathogen of Colletotrichum musae KACC 40947 in
in dual culture. a) control; b} empty cell formation; ¢) dual culture. a) control; b) lysed and distorted cells; ¢)
lysed cell; d) distorted cells. empty cell formation; d) distorted cells.

Fig. 3. Effect of R. oligosporus on the morphology of the Fig. 4. Effect of R. oligosporus on the morphology of the
tested pathogen of Colletotrichum higgnsianum KACC tested pathogen of Colletotrichum sp. KACC 40811 in
40806 in dual culture. a) control; b) lysed and distorted dual culture. a) control; b) swelling and deformed cells;
cells; ¢) swelling and empty cell formation; d) distorted ¢) lysed and distorted cells; d) swelling and empty cell

cells. formation,
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dual culture showed remarkable deteriorative effect
on the mycelium of the tested fungi such as wrinkle
abnormalities, abnormal cell formation, lysis of myce-
lum, empty cell formation, distorted cell formation
and breakage of the mycelium (Fig. 1-4).

DISCUSSION

The use of biological control methods to reduce
disease incidence caused by plant pathogens is
continually being developed and is being used in a
variety of crops, fruits and vegetable plants(Soytong
et al, 2001). Several researchers have reported the
biocontrol efficacy of fungal pathogens to inhibit the growth
of several plant pathogens including Colletotrichum
spp. In this study, we tested the efficacy of R. oligosporus
and its ethyl acetate extract against a panel of the
plant pathogenic fungi of Collefotrichum spp. which
cause severe disease of anthracnose in apple fruits
growing in Korea using a dual culture antagonistic
technique and disc diffusion assay to prove it as a
potential biocontrol agent. In the present study, the
ethyl acetate extract of R. oligosporus considerably
inhibited the growth of the tested pathogens of
Colletotrichum spp. Recently, it has been reported that
Colombian propolis extracts of microbial origin exerted
antifungal activity against some anthracnose fungi
{Meneses et al., 2009). In further, the R. oligosporusalso
revealed strong antagonistic effect as well as showed
potential detrimental effect on the morphology of the
tested pathogens of Colletotrichum spp. showing
wrinkle abnormalities, abnormal cell formation, lysis
of mycelium and empty cell formation. Similar
findings on the morphological abnormalities were
observed using the extract of microbial origin
against Colletotrichum muase(Taechowisan et al., 2009).

Secondary metabolites produced by microorganisms
can be used potentially for controlling of many plant
fungal diseases. Farlier studies on the analysis of
antifungal effect of various fungal pathogens showed
that they hadvarying degree of antifungal effect
against different anthracnose fungi(jeon et al., 2009).
Our study revealed comparatively better results of
the antifungal effect of R. oligosporus and its ethyl acetate
extract against the tested pathogens of Colletotrichum
spp. It has been reported that biocontrol products
have significantly reduced the incidence of fungal

disease when compared with chemical treatment(Soytong
et al, 2005). These results suggest the availability of
various crude extracts from the different origins for
trials in controlling such anthracnose fungal patho-
gens. These pathogens are responsible for serious
fungal disorders in apple fruits in various parts of
the world and, although control measures are
available, they are of limited effectiveness(Kefialew
and Ayalew, 2008). As a result, work on alternative
approaches to control such pathogens is important.
Therefore, it can be estimated that R. oligosporus and
its ethyl acetate extract have strong antifungal effect
and can be used as in the bioconirol of the fungal
pathogens of Colletotrichum spp. causing anthracnose
disease in apple fruits in Korea.

In conclusion, the primary significance of this
study is the observation that R. oligosporus and its
ethyl acetate extract could effectively inhibit the
growth of anthracnose fungi that have caused apple
growers to seek various biocontrol strategies. To our
knowledge, this is the first study to apply R. oligosporus
and its ethyl acetate extract successfully to apple
anthracnose fungal pathogens. Thus we anticipate
developing and identifying novel bioactive molecules
present in the ethyl acetate extract of R. oligosporus
which might be responsible for this antifungal effect.
We also believe that such antifungal effects of R.
olisosporus, a food grade fungus and its ethyl acetate
extract on apple anthracnose fungi will significantly
contribute as a potential supplement to control anthrac-
nose fungi. Thus from the above findings, it can be
concluded that development of new biocontrol agents
from microbial origin could be considered as an affective
addition to plant pathology as the fast and reliable
alternative to control pre-harves and post-harvest fungal
pathogens.

ACKNOWLEDGEMENT

This study was supported by Technology Develop-
ment Program for Agriculture and Forestry, Ministry
for Agriculture, Forestry and Fisheries, Republic of
Korea.

REFERENCES

Nutrition to Reduce Cancer Risk (NRCR), 2008. The




Antifungal effect of R. oligosporus 91

Stanford Cancer Center (S5CC). http://cancer.
stanford.edu/information/nutritionAndCancer/re
duceRisk/.

Boyer, J. and Liu, RH. 2004. "Apple phytochemicals
and their health benefits". Nutrition Journal, Cornell
University, Ithaca, New York 14853-7201 USA.

Sharrna, R. 2005, Improve your health with Apple, Guava,
Mango. Diamond Pocket Books (P) Ltd. pp. ISBN
8128809245.

Apples Keep Your Family Healthy (AKYFH), 2008.
Washington State Apple Advertising Commission.
http:/ /www.bestapples.com/healthy/.

Lee, KW, Lee, SJ., Kang, NJ., Lee, C.Y,, and Lee,
H.J. (2004) Effects of phenolics in Empire apples
on hydrogen peroxide-induced inhibition of gap-
junctional intercellular communication. Biofactors, 21,
361-365.

Lee, KW., Kim, Y.J., Kim, D.O., Lee, H].,, and Lee,
C.Y. (2003) Major phenolics in apple and their
contribution to the total antioxidant capacity. J.
Agric. Food Chem., 51, 6516-6520.

IAPSC (1985) Monilinia fructicola. Distribution Maps of
Major Crop Pests and Diseases in Africa No. 306.
IAPSC, Yaoundé, Cameroon, South Africa.

Deacon, J.W. (1997) Modern Mycology. Blackwell Scientific,
Oxford, UK.

Muirhead, LF., and Gratitude, R. (1986) Mango diseases,
Proceedings of the First Australian Mango Research
Workshop Cairns, November 26-30, Commonwealth
Scientific and Industrial Research Organisation
(CSIRQ), pp. 248-252.

Dodd, J.C., Prusky, D., and Jeffries, P. (1997). Fruit
diseases. In: RE. Litz, Editor, The Mango: Botany,
Production and Uses, CAB International, UK, pp.
257-280.

Handoyo, T., and Morita, N. (2006). Structural and
functional properties of fermented soybean (Tem-
peh) by using Rhizopus oligosporus. Int. J. Food

Prop., 9, 347-355.

Vatten, D.A., Lin, Y.T., Labbe, RG., and Shetty, K.
(2004) Antimicrobial activity against selected food-
borne pathogens by phenolic antioxidants enriched
in cranberry pomace by solid-state bioprocessing
using the food grade fungus Rhizopus oligosporus.
Proc. Biochem., 39, 1939-1946.

Duru, M.E., Cakir, A, Kordali, 5., Zengin, H.,, Har-
mandar, M., Izumi, 5., and Hirata, T. (2003) Chemical
composition and antifungal properties of essential
oils of three Pistacia species. Fitoterapia, 74, 170-176.

Soytong, K., Kanokmedhakul, S., Kukongviriyapan, V.,
and Isobe, M. (2001) Application of Chaetomium
species as new broad spectrum biological fun-
gicide for plant diseases control. Fungal Diver., 7,
1-15.

Meneses, E.A., Durango, D.L., and Garcia, C.M. (2009)
Antifungal activity against postharvest fungi by
extracts from Colombian propolis. Quim. Nova, 32,
2011-2017.

Taechowisan, T. Chuaychot, N. Chanaphat, S,
Wanbanjob, A., and Tantiwachwutikul, P. (2009}
Antagonistic effect of Streptomyces sp. SRM1 on
Colletotrichum musae. Biotechnol., 8, 86-92.

Jeon, H.5., Lokos, L., Han, K.S,, Ryu, J.A., Kim, J.A,,
Koh, Y.J., and Hur, J.S. (2009) Isolation of lichen-
forming fungi from Hungarian lichens and their
antifungal activity against fungal pathogens of hot
pepper anthracnose, Plant Pathol., 25, 38-456.

Soytong, K., Srinon, W., Rattanacherdchai, K., Kanok-
medhakul, 8., and Kanokmedhakul, K. (2005) Appli-
cation of antagonistic fungi to control anthracnose
disease of grape. . Agric. Biotechnol,, 1, 33-41.

Kefialew, Y., and Ayalew, 1. (2008) Postharvest bio-
logical control of anthracnose (Colletotrichum gloeospori-
oides) on mango (Mangifera indica). Postharv. Biol.
Technol., 50, 8-11.




