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ABSTRACT

Aims: Plant diseases caused by pathogens are threatening crop yield. Agrochemicals are used extensively to curb
pathogens. Efforts to reduce the usage of agrochemicals are needed for sustainable agriculture. This study was aimed
to screen medicinal plants possessing antifungal properties against crop pathogenic fungi.

Methodology and results: Sequential extraction using absolute n-hexane, ethyl acetate and methanol was performed
on nine selected medicinal plants to obtain crude extract. An antifungal assay using these crude extracts was performed
on Fusarium solani, Collectotrichum musae and two isolates of Pyricularia oryzae. The assay showed that medicinal
plant species with all three types of crude extract inhibited the growth of all three pathogenic fungal species tested. The
inhibitory effects of crude extracts were not only fungal species dependent but also isolate dependent.

Conclusion, significance and impact of study: Antifungal effect of nine selected medicinal plant species was
observed against the three tested fungal pathogens. These research findings suggest that the selected medicinal plant
species may serve as a potential source for the development of new biofungicide products.
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INTRODUCTION

Agriculture is one of the driving forces for increasing
economic growth in developing countries such as
Malaysia. Crop pathogenic fungi are a major threat to
agricultural production. Agrochemicals are usually used in
curbing the spread of crop pathogenic fungi in a crop field
to a level that inflicts minimum economic injury to the
quantity and quality of production. Undeniably,
agrochemicals are effective most of the time. Over-
application of agrochemicals, however, may lead to the
development of fungicide resistant pathogens (Fillinger et
al., 2008; Leroch et al., 2011), as well as an adverse
effect on human health and the environment (Bernardes
et al, 2015; Nicolopoulou-Stamati et al, 2016).
Alternative to agrochemicals is desirable. Biofungicide
based on plant extracts is an alternative that is
biodegradable and has low toxicity to humans and the
environment (Martinez, 2012). Several plant extracts
have been reported to exhibit fungicidal properties in
slowing the growth of the targeted plant pathogens
(Dellavalle et al., 2011; Al-Samarrai et al., 2012).

Most of the higher plants contain secondary plant
metabolites like phenols, flavonoids, quinones, tannins,
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alkaloids, saponins, sterols and terpenoids, which are
responsible for playing a role in the plant defence system.
These natural products may be exploited to substitute
agrochemicals for plant disease control (Morales et al.,
2008; Ashmawy et al., 2020). These active compounds
can be acquired from various parts of plants, such as
roots, stems, leaves, seeds, flowers and fruits (Geetha et
al., 2011; Joaquin-Ramos et al., 2020; Ahmadu et al.,
2021).

The objective of the present study was to test the
antifungal effect of different crude extracts from nine
selected medicinal plant species against three crop
pathogenic  fungal species (Fusarium solani,
Colletotrichum musae and Pyricularia oryzae). Fusarium
solani is a phytopathogenic fungus that causes crop
diseases such as Fusarium root rot and dry rot of crops
(Mohamed Zubi et al., 2021). Colletotrichum musae is a
plant pathogenic fungus that affects the genus Musa
(Zakaria et al., 2009). It is associated with anthracnose
that causes dark, sunken and necrotic leaves, flowers,
and fruits (Wijekoon et al., 2008). Pyricularia oryzae
causes rice blast. Infection of P. oryzae causes lesions on
the leaf, leaf collar, panicle, culm and culm nodes (Wilson
and Talbot, 2009; Lai et al., 2019; Hussin et al., 2020).
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MATERIALS AND METHODS
Collection and preparation of plant materials

Nine medicinal plant species were used in this study
(Table 1). Mature and disease-free leaves from the nine
medicinal plants were collected from different locations.
The leaves were washed with clean running tap water to
remove contaminants, patted dry and air-dried at room
temperature. The air-dried leaves were ground and used
for phytochemical extraction.

Preparation of plant extracts

Sequential extraction was performed using absolute n-
hexane, ethyl acetate and methanol. A total of 150 g of
ground samples was soaked in 750 mL of absolute n-
hexane and shaken for 72 h in a conical flask covered
with aluminium foil at room temperature. The solvent
containing extract was filtered by using Whatman No. 1
filter paper. The residue obtained after filtration was then
used to continue extraction with absolute ethyl acetate
and absolute methanol orderly (Figure 1). All three

different solvent-filtrates were evaporated under reduced
pressure by using a rotary evaporator with a water bath at
50°C to obtain crude extracts. The concentrated crude
extracts were weighed, and the yield was calculated.

Preparation of crop pathogenic fungi

There were three crop pathogenic fungal species used in
this study, namely F. solani isolated from black pepper
(provided by Agriculture Research Centre, Semongok,
Department of Agriculture Sarawak), C. musae (from
Kong and Vu, 2019) and P. oryzae isolate POSA1 and
POSAZ2 (from Hussin et al., 2020). Fusarium solani and C.
musae were cultured on Potato Dextrose Agar (PDA;
Hilmedia). The fungi were incubated at room temperature.
Whereas P. oryzae isolates were cultured on oatmeal
agar (OMA) and incubated as described by Hussin et al.
(2020).

Antifungal assay

The antifungal reported by Abu Bakar et al. (2018) was
used with some modifications. The concentrated crude

Table 1: Name and source of the nine medicinal plant species used in this study.

Plant species Families Common Source of plant materials
Malay name
Clinacanthus nutans (Burm.f.) Lindau Acanthaceae  Belalai gajah Lutong, Miri; Residential area
Elephantopus scaber L. Asteraceae Tutup bumi Lutong, Miri; Residential area
Tridax procumbens L. Asteraceae Kanching baju Universiti Malaysia Sarawak Campus;
Kota Samaharan
Garcinia mangostana L. Clusiaceae Pokok manggis  Universiti Malaysia Sarawak Campus;
Kota Samaharan
Moringa oleifera Lam. Moringaceae ~ Pokok kelor Lutong, Miri; Residential area
Pandanus amaryllifolius Roxb. Pandanaceae Pandan Lutong, Miri; Residential area
Cymbopogon citratus (DC.) Stapf Poaceae Serai Unisquare, Kota Samarahan; Residential
area
Triticum aestivum L. Poaceae Wheatgrass Lutong, Miri; Residential area
Polygala paniculata L. Polygalaceae = Kayu putih Universiti Malaysia Sarawak Campus;
Kota Samaharan
‘ Plant samples (150 g) ‘
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Soaked with 0.73 L of absolute n-hexane for 72
hours over shaker at room temperature and
filtered with WhatmanNo. 1 filterpaper.

Hexane

l

extract

Fesidue was soaked with 0.73 L of absohute ethyl acetate for 72

hours over shaker at room temperature and filtered with
WhatmanNo. 1 filterpaper.

¥

o Ethylacetate

extract

Fesidue was soaked with 0.73 L of absohte methanol for 72 hours over
shaker atroom tenperature and filtered with WhatmanNo. 1 filterpaper.

Methanol
extract

Figure 1: General procedure of sequential extraction.
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extracts obtained from different solvents were dissolved
with dimethyl sulfoxide (DMSO) and filtered by a
Whatman®Puradisc Syringe Filters (0.2 um). The media
was prepared as described by Abu Bakar et al. (2018).
The assay was performed using three different
concentrations (100 pg/mL, 50 pg/mL and 25 pg/mL) of
crude extract together with control (1% DMSO), with eight
replications and repeated twice. Using five to six days old
fungal culture, mycelium plugs (6 mm) were harvested
from the colony's edge and cultured onto the center of
agar plates (ca. 20 mL of medium) of the different
treatments. All agar plates cultured with the different fungi
were incubated as described above. The colony growth
was measured daily until a colony from any treatments
reached full plate (8.0 cm). The average growth rate was
then calculated. Analysis of variance (p<0.05) followed by
Tukey post hoc test (p<0.05) was used to compare the
difference in the growth rate of fungal colonies treated
with different concentrations of crude extract from
different solvents and medicinal plant species (SPSS ver.
20).

RESULTS

Extraction yield of the different solvents and selected
medicinal plant species

Figure 2 shows the yield percentage of the 27 crude
extracts from nine medicinal plant species (three crude
extracts per plant species). In general, methanol had a
higher extraction yield than other solvents for all selected
medicinal plant species except for Moringa oleifera. The
yield of the methanol extraction ranged from 3 to 15%.
For hexane and ethyl acetate, the extraction yield ranged
from 0.5 to 4.7% and 0.8 to 9.0%, respectively.

Table 2 shows that 17 to 21 crude extracts (out of 27)
showed an inhibition effect on the growth of F. solani, C.
musae and P. oryzae. Against F. solani, 18 crude extracts
(six crude extracts from each solvent) significantly slowed
the growth of the F. solani. For C. musae, four hexane

crude extracts, six ethyl acetate crude extracts and seven
methanolic crude extracts showed a significant effect on
the growth of C. musae. Twenty-one crude extracts
significantly affected the growth of P. oryzae isolate
POSA1, but 17 for isolate POSA2.

Out of the 27 crude extracts, eight crude extracts were
found to be significantly affecting the growth of all tested
crop pathogenic fungi. There were 16 crude extracts that
significantly slowed the growth of at least one crop
pathogenic fungus. The remaining three crude extracts,
hexane crude extract of M. oleifera, methanolic crude
extract of P. amaryllifolius and hexane crude extract of T.
aestivum had no effect on either one of the tested crop
pathogenic fungi.

The effect of crude extracts on the growth of
Fusarium solani

There were five medicinal plants; Clinacanthus nutans,
Elepahntopus scaber, Tridax procumbens, Cymbopogon
citratus and Polygala paniculata, which had all three of
their crude extracts significantly inhibited the growth of F.
solani. For crude extracts from M. oleifera and Pandanus
amaryllifolius, there was at least one of the crude extracts
showed a significant inhibitory effect on F. solani. All
crude extracts of Garcinia mangostana and Triticum
aestivum had no inhibitory effect on the growth of F.
solani (Table 3).

Among the crude extracts showing a growth inhibitory
effect, it was observed that the growth of F. solani was
slowed down by 0.04 to 1.8 days, depending on the type
and concentration of the crude extract (Table 4). Five
crude extracts (hexane crude extract of C. nutans, ethyl
acetate crude extract of C. nutans and C. citratus, and
methanolic crude extracts of C. nutans and M. oleifera)
showed an inhibitory effect at the lowest concentration
(25 pg/mL). Only C. nutans had all three types of crude
extract (Supplementary Figure S1) showed an inhibitory
effect with delay of fungal growth by 0.04 to 0.06 day at
the lowest concentration (25 pg/mL). Five crude extracts
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Figure 2: Yield of crude extracts from nine selected medicinal plant species.
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Table 2: Summary of antifungal effect of the 27 crude extracts from the selected medicinal plant species against tested

crop pathogenic fungi.

Plant species Crude extract

Crop pathogenic fungi*

F. solani

C. musae P. oryzae
(POSA1)

P. oryzae
(POSA2)

Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol

C. nutans

E. scaber

T. procumbens

G. mangostana

M. oleifera

P. amaryliifolius

C. citratus

T. aestivum

P. paniculata
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* “\” means the tested crop pathogenic fungi was significantly inhibited by at least one of the concentrations of crude extract from a
medicinal plant species (Representative of positive antifungal activity is represented in Supplementary Figures S1, S2, S3 and S4;

p<0.05).

(hexane crude extract of P. amaryllifolius, ethyl acetate
crude extracts of P. amaryllifolius and P. paniculata, and
methanolic crude extracts of C. citratus and T. aestivum)
showed inhibitory effect (delay of fungal growth by 0.3 to
0.9 day) only at the highest concentration (100 pg/mL).

The effect of crude extracts on the growth of
Colletotrichum musae

All three crude extracts of two medicinal plant species, G.
mangostana and P. paniculata significantly inhibited the
growth of C. musae. For crude extracts from C. nutans, T.
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procumbens, P. amaryllifolius and C. citratus, there were
at least two of the three crude extracts that showed
inhibitory effect on C. musae. For crude extracts from E.
scaber, M. oleifera and T. aestivum, at least one of the
three crude extracts inhibited the growth of C. musae
(Table 5).

Among the crude extracts showing a growth inhibitory
effect, it was observed that the growth of C. musae was
delayed by 0.08 to 3.15 days, depending on the type and
concentration of the crude extract (Table 6). Four crude
extracts (hexane crude extracts of G. mangostana and P.
amaryllifolius, ethyl acetate and methanolic crude extract
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Table 3: Average growth rate (cm/day) of F. solani on different concentrations of different crude extracts from nine plant
species.

Plant species Extract Growth rate (cm/day)*
Control 100 pg/mL 50 pg/mL 25 pg/mL
C. nutans' Hexane 0.399 + 0.0122 0.315 + 0.010° 0.326 + 0.016° 0.352 £+ 0.015°
Ethyl acetate 0.357 £ 0.0122 0.312 + 0.006° 0.335+0.019° 0.337 £ 0.029°
Methanol 0.357 £ 0.0112 0.306 + 0.010° 0.308 + 0.004¢ 0.338 £ 0.017°
E. scaber Hexane 0.387 + 0.0062 0.326 + 0.010° 0.346 + 0.005° N/A
Ethyl acetate 0.386 + 0.0032 0.373 + 0.009° 0.374 £ 0.010° 0.386 + 0.0052
Methanol 0.381 + 0.0042 0.371 £ 0.004° 0.373 £ 0.004>¢  0.376 + 0.003°
T. procumbens' Hexane 0.330 + 0.0122 0.297 + 0.010° 0.301 £ 0.011° 0.331 £ 0.0102
Ethyl acetate 0.340 + 0.0112 0.322 + 0.009° 0.323 £ 0.012° 0.335+0.0112
Methanol 0.340 £ 0.0072 0.332+0.013°  0.335+0.0072®  0.337 + 0.0072°
G. mangostana Hexane 0.379 £ 0.0182 0.368 £ 0.0222 0.369 £ 0.0282 0.375 £ 0.0222
Ethyl acetate 0.358 + 0.0102 0.352 £ 0.0112 0.353 £ 0.0122 0.356 + 0.0112
Methanol 0.420 + 0.0632 0.400 + 0.0692 0.411 £ 0.0672 0.415 + 0.0692
M. oleifera Hexane 0.412 £ 0.0412 0.406 + 0.0452 0.406 + 0.0432 0.407 + 0.0382
Ethyl acetate 0.409 + 0.0392 0.405 + 0.0392 0.405 + 0.0422 0.407 + 0.040°
Methanol 0.406 + 0.037° 0.367 + 0.002° 0.370 + 0.004° 0.374 + 0.005°
P. amaryllifolius Hexane 0.388 + 0.0162 0.373+0.004°>  0.380 +£0.004%®  0.383 + 0.006?
Ethyl acetate 0.378 £ 0.0082 0.361 + 0.005° 0.372 £ 0.0072 0.376 + 0.0042
Methanol 0.367 £ 0.0182 0.362 + 0.0052 0.363 + 0.0062 0.366 + 0.0052
C. citratus' Hexane 0.375+0.0132 0.341 £ 0.017¢ 0.354 + 0.009° 0.367 + 0.0072
Ethyl acetate 0.366 + 0.0032 0.358 + 0.004° 0.359 + 0.003° 0.361 + 0.008°
Methanol 0.364 + 0.0062 0.332 + 0.020° 0.361 + 0.0102 0.362 + 0.0112
T. aestivum Hexane 0.429 + 0.0752 0.390 + 0.040° 0.411 + 0.0932 0.426 + 0.0782
Ethyl acetate 0.416 +0.1082 0.399 + 0.0912 0.404 + 0.0992 0.404 + 0.0792
Methanol 0.407 £ 0.0722 0.402 + 0.1002 0.404 + 0.1002 0.407 £ 0.1022
P. paniculata' Hexane 0.384 £ 0.0172 0.366 + 0.007° 0.372 £+ 0.006°  0.382 + 0.0142°
Ethyl acetate 0.374 £ 0.0102 0.357 £ 0.011° 0.369 + 0.0062 0.372 £ 0.0072
Methanol 0.377 £ 0.0172 0.363 + 0.008° 0.366 + 0.011°  0.368 + 0.0082°

*Different letters indicate a significant difference in fungal growth rate on media infused with different concentrations of crude extract
(p=<0.05); ‘All crude extracts from the plant species slowed the growth rate of F. solani at a certain concentration.

Table 4: Significantly inhibited fungal colony growth of F. solani treated with different crude extracts from nine plant
species.

Plant species Extract Effective concentrations Additional days for F. solani to reach full plate*
C. nutans Hexane 100 pg/mL More than 1 day{
50 pg/mL and 25 ug/mL Less than 1 day
Ethyl acetate 100 pg/mL More than 1 day{
50 pg/mL and 25 ug/mL Less than 1 day
Methanol 100 pg/mL and 50 yg/mL  More than 1 day!
25 pg/mL Less than 1 day
E. scaber Hexane 100 pg/mL More than 1 day!
50 pg/mL Less than 1 day

Ethyl acetate 100 pg/mL and 50 pg/mL  Less than 1 day

Methanol All concentrations Less than 1 day
T. procumbens Hexane 100 pg/mL and 50 yg/mL  Less than 1 day
Ethyl acetate 100 pg/mL and 50 yg/mL  Less than 1 day
Methanol 100 pg/mL Less than 1 day
G. mangostana Hexane - -
Ethyl acetate - -
Methanol - -
M. oleifera Hexane - -
Ethyl acetate - -
Methanol All concentrations Less than 1 day
P. amaryliifolius Hexane 100 pg/mL and 50 yg/mL  Less than 1 day
Ethyl acetate 100 pg/mL Less than 1 day
Methanol - -
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(Continued)

C. citratus Hexane 100 pg/mL and 50 pg/mL
Ethyl acetate All concentrations
Methanol 100 pg/mL

T. aestivum Hexane -
Ethyl acetate -
Methanol -

P. paniculata Hexane 100 pg/mL and 50 ug/mL
Ethyl acetate 100 pg/mL
Methanol 100 pg/mL and 50 pg/mL

Less than 1 day
Less than 1 day
Less than 1 day

Less than 1 day
Less than 1 day
Less than 1 day

*The number of additional days needed to reach full plate in comparison to control plate; {The number of additional days needed to
reach the entire plate in comparison to the control plate was more than one day but less than 2 days.

Table 5: Average growth rate (cm/day) of C. musae on different concentrations of different extracts from nine plant

Growth rate (cm/day)*

100 pg/mL

50 pg/mL

25 pg/mL

species.
Plant species Extract
Control
C. nutans Hexane 0.697 +0.1152
Ethyl acetate 0.618 £ 0.0482
Methanol 0.603 + 0.0262
E. scaber Hexane 0.501 £ 0.1232
Ethyl acetate 0.428 + 0.0472
Methanol 0.521 + 0.1502
T. procumbens Hexane 0.516 £ 0.101°
Ethyl acetate 0.609 £ 0.0562
Methanol 0.539 + 0.0642
G. mangostana' Hexane 0.577 +£ 0.0252
Ethyl acetate 0.596 + 0.0282
Methanol 0.646 + 0.0272
M. oleifera Hexane 0.554 + 0.0382
Ethyl acetate 0.540 + 0.0622
Methanol 0.576 + 0.0422
P. amaryllifolius Hexane 0.564 £ 0.0392
Ethyl acetate 0.512 £ 0.0652
Methanol 0.465 + 0.0682
C. citratus Hexane 0.605 + 0.0502
Ethyl acetate 0.535+0.1172
Methanol 0.606 + 0.0462
T. aestivum Hexane 0.637 + 0.0862
Ethyl acetate 0.655 + 0.0752
Methanol 0.652 + 0.0812
P. paniculata' Hexane 0.640 £ 0.0262
Ethyl acetate 0.627 £ 0.0312
Methanol 0.624 + 0.0262

0.621 £ 0.0422
0.574 + 0.049°
0.518 £ 0.050°
0.475 +0.1062
0.365 + 0.021°
0.442 + 0.0862
0.436 + 0.1352
0.513 £0.105P
0.422 +0.153°
0.433 +0.013¢
0.400 £ 0.006¢
0.503 + 0.016¢
0.507 + 0.0792
0.474 £ 0.1162
0.514 + 0.086°
0.427 + 0.050°
0.377 £ 0.086°
0.431 £ 0.0822
0.500 + 0.095P
0.402 + 0.1682
0.467 + 0.080°
0.576 + 0.1002
0.582 +0.1182
0.527 £ 0.174°
0.489 + 0.035°
0.472 + 0.029°
0.377 + 0.042°

0.688 + 0.1072
0.608 + 0.0412°
0.525 + 0.056°
0.495 +0.1212
0.415 + 0.0402
0.512 £ 0.1402
0.492 +0.1132
0.535 + 0.062°
0.455 £ 0.121%
0.449 + 0.027¢
0.523 + 0.012°
0.551 + 0.014¢
0.521 + 0.0692
0.491 + 0.0982
0.566 + 0.0202
0.434 £ 0.016°
0.460 + 0.015?
0.453 +0.0722
0.545 + 0.093%°
0.452 +0.1712
0.546 + 0.045°
0.611 + 0.0942
0.615+0.1182
0.554 + 0.1492°
0.539 + 0.029°
0.523 + 0.025P
0.503 + 0.039°

0.691 £ 0.1172
0.611 £ 0.048%
0.606 + 0.0152
0.499 + 0.1252
0.424 + 0.0502
0.520 £ 0.1512
0.503 £ 0.1002
0.604 + 0.0592
0.533 +0.0532
0.488 + 0.025°
0.574 £ 0.016°
0.608b +0.013°
0.554 + 0.0362
0.490 + 0.1032
0.562 + 0.0302
0.445 + 0.027°
0.508 + 0.0622
0.448 + 0.0612
0.581 +0.0672
0.525 + 0.1062
0.584 + 0.0773b
0.622 + 0.0962
0.637 + 0.0862
0.608 + 0.095%°
0.632 + 0.0372
0.629 + 0.018?
0.599 + 0.0142

*Different letters indicate significant difference in fungal growth rate on media infused with different concentrations of crude extract
(p=<0.05); ‘All crude extracts from plant species slowed down the growth rate of C. musae at a certain concentration.

of G. mangostana) showed inhibitory effect (delay of
fungal growth by 0.2 to 1.9 days) at the lowest
concentration (25 pg/mL). Only G. mangostana had all
the types of crude extracts (Supplementary Figure S2)
that showed inhibitory effect at the lowest concentration
(25 pg/mL) with a delay in fungal growth of C. musae by
0.2 to 1 day. Seven crude extracts (hexane crude extract
of C. citratus, ethyl acetate crude extracts of C. nutans, E.
scaber and P. amaryllifolius, and methanolic crude
extracts of G. mangostana, T. aestivum and T.
procumbens) showed inhibitory effect only at the highest
concentration (100 pyg/mL) with a delay of fungal growth
by 0.08 to 2.4 days.
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The effect of crude extracts on the growth of
Pyricularia oryzae

There were three medicinal plant species, C. nutans, G.
mangostana and C. citratus, all of their crude extracts
significantly inhibited the growth of isolate POSA1 and
POSA2. For crude extracts from E. scaber, T.
procumbens, T. aestivum and P. paniculata, there was at
least one crude extract that showed an inhibitory effect on
the isolates of P. oryzae. For M. oleifera and P.
amaryllifolius, at least one crude extract inhibited the
growth of isolate POSA1 but not isolate POSA2 (Table 7).
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Table 6: Significantly inhibited fungal colony growth of C. musae treated with different crude extracts from nine plant

species.
Plant species Extract Effective concentrations Additional days for C. musae to reach full plate*
C. nutans Hexane - -
Ethyl acetate 100 pg/mL Less than 1 day
Methanol 100 pg/mL and 50 pg/mL  Less than 1 day
E. scaber Hexane - -
Ethyl acetate 100 pg/mL Less than 1 day
Methanol - -
T. procumbens Hexane - -
Ethyl acetate 100 pg/mL More than 1 day{
50 ug/mL Less than 1 day
Methanol 100 pg/mL More than 1 day{
G. mangostana Hexane 100 pg/mL 2 days
50 pg/mL and 25 pg/mL More than 1 day{
Ethyl acetate 100 pg/mL 3 days
50 pg/mL and 25 pg/mL Less than 1 day
Methanol 100 ug/mL More than 1 day{
50 pg/mL 1 day
25 ug/mL Less than 1 day
M. oleifera Hexane - -
Ethyl acetate - -
Methanol 100 pg/mL Less than 1 day
P. amaryllifolius Hexane 100 yg/mL and 50 pg/mL  More than 2 days*
25 ug/mL More than 1 day{
Ethyl acetate 100 pg/mL More than 2 days*
Methanol - -
C. citratus Hexane 100 pg/mL More than 1 day{
Ethyl acetate - -
Methanol 100 pg/mL More than 1 day{
50 pg/mL Less than 1 day
T. aestivum Hexane - -
Ethyl acetate - -
Methanol 100 ug/mL More than 1 day{
P. paniculata Hexane 100 pg/mL More than 1 day{
50 ug/mL Less than 1 day
Ethyl acetate 100 pg/mL and 50 yg/mL  Less than 1 day
Methanol 100 pg/mL More than 3 days*
50 pg/mL More than 1 day{

*The number of additional days needed to reach full plate in comparison to control plate; {The number of additional days needed to
reach the full plate in comparison to the control plate was more than one day but less than 2 days; “The number of additional days
needed to reach the full plate in comparison to the control plate was more than 2 days but less than 3 days; *The number of additional
days needed to reach the full plate in comparison to the control plate was more than 3 days but less than 4 days.

Among the crude extracts showing a growth inhibitory
effect, it was observed that the growth of isolate POSA1
was slowed down by 0.5 to 4.15 days while isolate
POSA2 by 0.75 to 2.5 days, depending on the type and
concentration of the crude extract (Table 8). For isolate
POSA1, eight crude extracts (hexane crude extracts of C.
nutans, C. citratus and G. mangostana, ethyl acetate
crude extract of C. nutans, C. citratus and G.
mangostana, and methanolic crude extracts of C. citratus
and G. mangostana) showed inhibitory effect (delay of
fungal growth by 0.5 to 2.1 days) at the lowest
concentration (25 pg/mL). Four crude extracts (hexane
crude extracts of E. scaber, P. amaryllifolius and P.
paniculata, and methanolic crude extract of C. nutans)
showed inhibitory effect (delay of fungal growth by 0.8 to
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4.15 days) only at the highest concentration (100 ug/mL).
For isolate POSA2, six crude extracts (hexane crude
extract of C. citratus, ethyl acetate crude extracts of C.
citratus, E. scaber and P. paniculata, and methanolic
crude extracts of C. citratus and E. scaber) showed
inhibitory effect (delay of fungal growth by 0.75 to 2.5
days) at the lowest concentration (25 pg/mL). Methanolic
crude extracts of C. nutans and T. aestivum showed an
inhibitory effect at the highest concentration (100 ug/mL)
with a delay of fungal growth by 1.5 to 2.2 days.

DISCUSSION

Antifungal activities of 27 crude extracts from nine
medicinal plant species against three species of crop

ISSN (print): 1823-8262, ISSN (online): 2231-7538



Malays. J. Microbiol. Vol 18(5) 2022, pp. 533-546

DOI: http://dx.doi.org/10.21161/mjm.221456

Table 7: Average growth rate (cm/day) of P. oryzae on different concentrations of different extracts from nine plant

species.

Plant species

Isolate

Extract

Growth rate (cm/day)*

Control

100 pg/mL

50 pg/mL

25 pg/mL

C. nutans'

E. scaber

T. procumbens

G.

mangostana'

M. oleifera

P

ar.naryllifolius

C. citratus'

T. aestivum

P. paniculata

POSA1

POSA2

POSA1

POSA2

POSA1

POSA2

POSA1

POSA2

POSA1

POSA2

POSA1

POSA2

POSA1

POSA2

POSA1

POSA2

POSA1

POSA2

Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol
Hexane
Ethyl acetate
Methanol

0.231 + 0.0072
0.219 £ 0.0072
0.214 £ 0.0072
0.258 £ 0.0142
0.249 £ 0.013?
0.249 + 0.0112
0.205 +0.0132
0.201 £ 0.0112
0.227 + 0.0202
0.275 + 0.0632
0.285 + 0.0402
0.284 + 0.0492
0.214 £ 0.013?
0.206 + 0.0072
0.212 + 0.0092
0.251 +0.0182
0.260 + 0.0162
0.246 + 0.0122
0.269 + 0.0312
0.251 £ 0.0322
0.253 + 0.0422
0.270 + 0.0252
0.253 + 0.0142
0.255 +0.0112
0.217 £ 0.0122
0.221 £ 0.0152
0.217 £ 0.0172
0.235 + 0.0232
0.238 + 0.0222
0.239 £ 0.0212
0.222 + 0.0202
0.226 + 0.0132
0.222 + 0.0192
0.246 + 0.0172
0.241 £ 0.0172
0.236 + 0.0232
0.212 £ 0.0072
0.217 £ 0.006?
0.211 £ 0.0092
0.236 + 0.0082
0.226 + 0.0082
0.230 + 0.0102
0.225 +0.0132
0.224 + 0.0142
0.226 + 0.016°
0.255 +0.0432
0.260 + 0.0322
0.263 + 0.0292
0.249 + 0.0462
0.247 + 0.0412
0.250 + 0.0382
0.276 + 0.0212
0.280 + 0.0282
0.277 + 0.0302

0.207 + 0.006°¢
0.198 + 0.009°
0.204 + 0.005°
0.226 £ 0.016°
0.224 +0.020°
0.225 +0.013°
0.167 £ 0.028°
0.178 £ 0.011°
0.210 £ 0.0122
0.250 + 0.0202
0.235+0.016°
0.228 + 0.014°
0.192 £0.011°
0.202 £ 0.0122
0.193 £ 0.007°
0.205 + 0.023¢
0.218 £ 0.027°
0.214 + 0.020°¢
0.214 + 0.024°
0.193 £ 0.018¢
0.211£0.013°
0.238 + 0.022°
0.204 £ 0.025°
0.230 + 0.021¢
0.197 + 0.0322
0.194 + 0.031¢
0.194 + 0.033
0.217 + 0.0442
0.221 £ 0.040°
0.222 + 0.0312
0.189 + 0.036°
0.189 £ 0.045°
0.199 + 0.0272
0.217 £ 0.0372
0.214 £ 0.0512
0.216 + 0.0272
0.178 £+ 0.009¢
0.179 £ 0.015°
0.191 £ 0.007¢
0.206 + 0.008°
0.208 + 0.004°
0.217 £ 0.007°
0.211 £ 0.0202
0.203 £+ 0.017°
0.207 £ 0.021°
0.229 + 0.0382
0.235 + 0.0322
0.229 + 0.037°
0.211£0.019°
0.202 + 0.015¢
0.221 + 0.024°
0.224 + 0.022°¢
0.226 + 0.027°
0.248 + 0.0372

0.209 + 0.008bc
0.203 £ 0.011%¢
0.209 + 0.0072°
0.231 £ 0.025°
0.224 +0.030°
0.230 + 0.024%°
0.191 £+ 0.0102
0.180 + 0.016°
0.213 £ 0.0202
0.263 + 0.0232
0.244 + 0.010°
0.238 + 0.031°
0.201 £0.012°
0.203 £ 0.0122
0.197 £+ 0.009°
0.226 + 0.022%¢
0.223 + 0.014°
0.224 + 0.030°c
0.218 + 0.024°
0.204 + 0.020¢
0.215 £ 0.016°
0.247 £ 0.021b¢
0.205 £ 0.018°
0.238 £ 0.011%¢
0.197 + 0.0292
0.200 + 0.024bc
0.196 + 0.0362
0.218 £ 0.043
0.221 £ 0.031
0.224 + 0.0312
0.191 £ 0.0382°
0.196 + 0.037°
0.200 + 0.0362
0.220 + 0.0392
0.230 + 0.0322
0.219 £ 0.0392
0.191 £ 0.007°¢
0.179 £ 0.015°
0.193 + 0.007¢
0.214 £ 0.010°
0.210 + 0.008°
0.219 + 0.006°
0.212 £ 0.0142
0.207 £ 0.017°
0.210 £ 0.016°
0.240 + 0.0332
0.240 + 0.0272
0.244 + 0.029%°
0.229 + 0.036%°
0.220 + 0.025b¢
0.226 + 0.0202°
0.244 + 0.030°
0.240 + 0.023
0.252 + 0.0292

0.214 + 0.006°
0.208 + 0.006°
0.209 + 0.0092°
0.241 £ 0.0223°
0.239 £ 0.0212°
0.238 + 0.029%°
0.198 + 0.0152
0.194 + 0.0142
0.214 £ 0.0212
0.263 + 0.0232
0.246 + 0.017°
0.241 + 0.048°
0.214 £ 0.012°
0.203 + 0.0062
0.208 + 0.0132
0.234 + 0.029%°
0.238 + 0.0332°
0.238 + 0.0262°
0.227 £+ 0.010°
0.218 £ 0.017°
0.215 £ 0.021°
0.258 + 0.0142°
0.233 +0.0182
0.246 + 0.015%°
0.208 + 0.0172
0.217 £ 0.0102°
0.202 + 0.0322
0.220 + 0.0342
0.223 + 0.0362
0.231 £ 0.024°
0.194 + 0.035%°
0.212 £0.0132°
0.204 + 0.0252
0.221 + 0.0342
0.235 + 0.0272
0.227 + 0.0302
0.200 £ 0.010°
0.199 £ 0.012°
0.204 + 0.006°
0.214 £ 0.010°
0.210 + 0.008°
0.219 + 0.006°
0.217 £0.0132
0.210 £ 0.0132°
0.216 + 0.009%°
0.248 + 0.0352
0.248 + 0.0282
0.248 +0.0322°
0.238 + 0.029%°
0.229 + 0.0273°
0.240 + 0.0302°
0.263 + 0.0362°
0.252 + 0.035°
0.267 + 0.040°

*Different letters indicate significant difference in fungal growth rate on media infused with different concentrations of crude extract
(p=<0.05); ‘All crude extracts from plant species slowed the growth rate of P. oryzae at a certain concentration.
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Table 8: Significantly inhibited fungal colony growth of P. oryzae treated with different crude extracts from nine plant

species.
Plant species Isolate Extract Effective concentrations Additional days for P. oryzae to
reach full plate*
C. nutans POSA1 Hexane All concentrations More than 1 day{
Ethyl acetate 100 pg/mL and 50 ug/mL More than 1 day{
25 ug/mL Less than 1 day
Methanol 100 pg/mL Less than 1 day
POSA2  Hexane All concentrations More than 1 day!
Ethyl acetate 100 pg/mL and 50 pg/mL More than 1 day{
Methanol 100 pg/mL and 50 pg/mL More than 1 day{
E. scaber POSA1 Hexane 100 pg/mL More than 4 days”®
Ethyl acetate 100 pg/mL and 50 pg/mL More than 2 days#
Methanol - -
POSA2  Hexane - -
Ethyl acetate 100 pg/mL More than 2 days#
50 pg/mL and 25 pg/mL More than 1 day!
Methanol All concentrations More than 2 days*
T. procumbens POSA1 Hexane 100 pg/mL More than 1 day{
50 pg/mL 1 day
Ethyl acetate - -
Methanol 100 pg/mL and 50 ug/mL More than 1 day{
POSA2 Hexane 100 pg/mL More than 2 days#
50 pg/mL 1 day
Ethyl acetate 100 pg/mL and 50 pg/mL More than 2 days*
Methanol 100 pg/mL 2 days
50 pg/mL More than 1 day{
G. mangostana POSA1 Hexane 100 pg/mL and 50 pg/mL More than 3 days*
25 pg/mL More than 2 days*
Ethyl acetate 100 pg/mL More than 3 days*
50 pg/mL More than 2 days#
25 ug/mL More than 1 day{
Methanol 100 pg/mL More than 2 days*
50 pg/mL 2 days
25 pg/mL More than 1 day{
POSA2  Hexane 100 pg/mL and 50 pg/mL More than 1 day{
Ethyl acetate 100 pg/mL and 50 pg/mL More than 2 days#
Methanol 100 pg/mL More than 1 day{
50 pg/mL Less than 1 day
M. oleifera POSA1 Hexane - -
Ethyl acetate 100 pg/mL More than 2 days*
50 pg/mL More than 1 day{
Methanol - -
POSA2  Hexane - -
Ethyl acetate - -
Methanol - -
P. amaryllifolius POSA1 Hexane 100 pg/mL 3 days
Ethyl acetate 100 pg/mL More than 2 days#
50 pg/mL More than 1 day{
Methanol - -
POSA2  Hexane - -
Ethyl acetate - -
Methanol - -
C. citratus POSA1 Hexane 100 pg/mL More than 2 days#

Ethyl acetate

Methanol

50 pg/mL and 25 pg/mL
100 pg/mL and 50 ug/mL
25 ug/mL

100 pg/mL and 50 pg/mL
25 pg/mL
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(Continued)
POSA2  Hexane 100 pg/mL More than 2 days*
50 ug/mL and 25 pg/mL More than 1 day{
Ethyl acetate All concentrations More than 1 day{
Methanol All concentrations Less than1 day
T. aestivum POSA1 Hexane - -
Ethyl acetate 100 pg/mL and 50 ug/mL More than 1 day{
Methanol 100 pg/mL and 50 pg/mL More than 1 day!
POSA2  Hexane - -
Ethyl acetate - -
Methanol 100 pg/mL More than 2 days*
P. paniculata POSA1 Hexane 100 pg/mL More than 2 days#
Ethyl acetate 100 pg/mL More than 2 days#
50 pg/mL More than 1 day{
Methanol 100 pg/mL More than 1 day{
POSA2  Hexane 100 pg/mL More than 2 days*
50 pg/mL More than 1 day{
Ethyl acetate 100 pg/mL and 50 pg/mL More than 2 days*
25 pg/mL More than 1 day{

Methanol -

*The number of additional days needed to reach full plate in comparison to control plate; {The number of additional days needed to
reach the full plate in comparison to the control plate is more than one day but less than 2 days; *The number of additional days
needed to reach the full plate in comparison to the control plate is more than 2 days but less than 3 days; *The number of additional
days needed to reach the full plate in comparison to control plate is more than 3 days but less than 4 days; “The number of additional
days needed to reach the full plate in comparison to the control plate is more than 4 days but less than 5 days.

pathogenic fungi are reported in this study. There were 17
to 21 crude extracts that slowed down (fungistatic) the
growth of F. solani, C. musae and P. oryzae (Table 2).
The difference in the growth inhibitory effect between the
crude extracts is probably due to the different content of
compounds in the different medicinal plant species
(Ganga Rao et al., 2012; Missau et al., 2014; Alsultan et
al., 2016; Lalitha et al., 2017; Khoo et al., 2018; Pathak et
al. 2020; Syed et al., 2020; Ove et al., 2021; Wuryatmo et
al.,, 2021). Flavonoids, alkaloids and tannins are
frequently reported from the extracts of the nine medicinal
plant species (Ganga Rao et al.,, 2012; Salome et al.,
2012; Alsultan et al., 2017; Bhagyasri et al., 2017; Johri
and Khan, 2017; Ayirezang et al., 2020; Syed et al.,
2020). Among the nine medicinal plant species, crude
extract from eight species has been reported before to
have antimicrobial activity against bacteria or fungi or
both (Johann et al., 2011; Rizvi et al., 2011; Ganga Rao
et al.,, 2012; Salome et al., 2012; Missau et al., 2014;
Ojiako, 2014; Kamble and Moon, 2015; Rajoria et al.,
2015; Alsultan et al., 2017; Bhagyasri et al., 2017;
Hasbollah, 2017; Lalitha et al., 2017; Ayirezang et al.,
2020; Mncube et al. 2021; Wuryatmo et al., 2021). These
reported compounds or those that have not yet been
identified in the nine medicinal plant species may have a
role in the antifungal effect observed in this study.

In this study, the best growth inhibition effect of an
extract can delays a fungal colony grow to full plate (8.0
cm) by two to four days. The observed effect may not be
significant in controlling postharvest pathogens nor
curbing the crop pathogen in a crop field. A high
concentration of an extract is needed to observe such
effect. Species-dependent inhibition of crude extract was
observed in this study, where there were crude extracts
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that showed the inhibitory effect on the growth of all
tested species of crop pathogenic fungi, but also crude
extracts which had the inhibitory effect on a certain crop
pathogenic fungi species. This suggested species
specificity or selective activity of the crude extract, which
is also observed in Kuete et al. (2008). Isolate dependent
growth inhibitory effect was also observed based on the
antifungal assay against the two isolates of P. oryzae
(POSA1 and POSA2). Out of the 27 crude extracts, there
were 21 crude extracts had an inhibitory effect against
POSAA1, while 17 for POSA2. Isolate-dependent inhibitory
effect refers to crude extract, which shows effect either to
POSA1 or POSA2. For instance, the hexane crude
extract of E. scaber extract showed inhibition to POSA1
but not against POSA2. Contrastingly, the methanolic
crude extract of E. scaber showed inhibition to POSA2
but not against POSA1 (Table 7). Isolate-dependent
inhibitory effect is also referring to crude extract, which
shows the inhibitory effect to both isolates but requires a
different concentration to see the inhibition effect. For
example, the inhibition effect of ethyl acetate crude
extract of E. scaber and G. mangostana. It is also true for
the methanolic crude extract of T. aestivum (Table 7).
Isolate dependent inhibitory effect of extract suggested
there is a need to find a potent antimicrobial agent that is
effective not only to broad pathogen species but also

significant inhibition against different isolates or
genotypes of a pathogen species.
The present study provides important baseline

information for the antifungal effect of the crude extracts
from nine medicinal plant species. Bio-essay-guided
isolation of compound giving the antifungal effect of the
crude extracts is the way forward for this study.
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CONCLUSION

In conclusion, the antifungal effect of nine medicinal plant
species was exhibited through growth inhibition of fungal
colony growth for three crop pathogenic fungi, namely F.
solani, C. musae and P. oryzae. The nine medicinal plant
species may be a good source of antifungal compounds
to control plant diseases caused by the three tested
fungal pathogens to major crops (pepper, banana and
paddy) in Sarawak, Malaysia. However, further research
is required.

ACKNOWLEDGEMENTS

This study was supported by Tun Zaidi Chair research
grant (FO7/TZC/1593/2017). The authors would like to
acknowledge the Universiti Malaysia Sarawak, for the
facilities provided. The authors also gratefully
acknowledge the Agriculture Research Centre,
Semongok, Department of Agriculture Sarawak, for
providing the culture of Fusarium solani isolated from
black pepper.

REFERENCES

Abu Bakar, I. N., Abdul Razak, A. R., Hakim Zulkifle,
M. N, Rosli, N. A. and Yeo, F. K. S. (2018).
Antifungal properties of selected medicinal plant
species against Fusarium spp. — A preliminary study.
Borneo Journal of Resource Science and Technology
8(2), 103-108.

Ahmadu, T., Ahmad, K., Ismail, S. |., Rashed, O., Asid,
N. and Omar, D. (2021). Antifungal efficacy of
Moringa oleifera leaf and seed extracts against
Botrytis cinerea causing gray mold disease of tomato
(Solanum lycopersicum L.). Brazillian Journal of
Biology 81(4), 1007-1022.

Al-Samarrai, G., Singh, H. and Syarhabil, M. (2012).
Evaluating eco-friendly botanicals (natural plant
extracts) as alternatives to synthetic fungicides.
Annals of Agricultural and Environmental Medicine
19(4), 673-676.

Alsultan, Q. M. N, Sijam, K., Rashid, T. S., Ahmad, K.
and Awla, H. K. (2017). Investigation of
phytochemical components and bioautography of
Garcinia mangostana L. methanol leaf extract. Journal
of Experimental Agriculture International 15(3), 1-7.

Alsultan, Q. M. N,, Sijam, K., Rashid, T. S. and Ahmad,
K. (2016). GC-MS analysis and antibacterial activity of
mangosteen leaf extracts against plant pathogenic
bacteria. American Journal of Plant Sciences 7, 1013~
1020.

Ashmawy, N. A, Salem, M. Z. M., El Shanhorey, N., Al-
Hugqail, A. A., Ali, H. M. and Behiry, S. I. (2020).
Eco-friendly wood-biofungicidal and antibacterial
activities of  various Coccoloba uvifera L. leaf
extracts: HPLC analysis of phenolic and flavonoid
compounds. BioResources 15(2), 4165-4187.

Ayirezang, F. A., Azumah, B. K. and Achio, S. (2020).
Effects of Moringa oleifera leaves and seeds extracts

543

against food spoilage fungi. Advances in Microbiology
10(1), 27-38.

Bernardes, M. F. F., Pazin, M., Pereira, L. C. and Dorta,
D. J. (2015). Impact of pesticides on environmental
and human health. In: Toxicology Studies - Cells,
Drugs and Environment. Andreazza, A. C. and Scola,
G. (eds.). Intech Open Press, London, UK. pp. 194-
233.

Bhagyasri, Y., Reddy, N. V., Dattatrya, M., Divya, K.
and Subramanian, N. S. (2017). Phytochemical
screening and in vitro antifungal activity of Tridax
procumbens L. International Journal of Advanced
Research 5(7), 2131-2137.

Dellavalle, P. D., Cabrera, A., Alem, D., Larraiiaga, P.,
Ferreira, F. and Rizza, M. D. (2011). Antifungal
activity of medicinal plants extracts against
phytopathogenic fungus Alternaria spp. Chilean
Journal of Agricultural Research 71(2), 231-239.

Fillinger, S., Leroux, P., Auclair, C., Barreau, C., Al
Hajj, C. and Debieu, D. (2008). Genetic analysis of
fenhexamid-resistant  field isolates of the
phytopathogenic fungus Botrytis cinerea. Antimicrobial
Agents and Chemotherapy 52(11), 3933-3940.

Ganga Rao, B., Venkateswara Rao, Y., Pavani, S. and
Dasari, V. S. P. (2012). Qualitative and quantitative
phytochemical screening and in vitro antioxidant and
antimicrobial activities of Elephantopus scaber Linn.
Recent Research in Science and Technology 4(4), 15-
20.

Geetha, R. V., Lakshimi, T. and Roy, A. (2011). /n vitro
evaluation of antimycotic activity of ethanolic fruit
extract of Garcinia mangostana Linn. International
Journal of Current Research and Review 3(10), 28-32.

Hasbollah, Z. (2017). Screening of local herbs against
Aspergillus flavus. B. Sc. Thesis. University Malaysia
Sarawak, Malaysia.

Hussin, N. A,, Yeo, F. K. S., Mohamad, N. K., Hamsein,
N. N.,, Thanh, T. A. V., Chung, H. H. and Lai, L. S.
(2020). Isolation and characterization of Pyricularia
oryzae isolated from lowland rice in Sarawak,
Malaysian Borneo. Malaysian Journal of Microbiology
16(1), 58-67.

Joaquin-Ramos, A. D. J., Lépez-Palestina, C. U,
Pinedo-Espinoza, J. M., Altamirano-Romo, S. E.,
Santiago-Saenz, Y. O., Aguirre-Mancilla, C. L. and
Gutiérrez-Tlahque, J. (2020). Phenolic compounds,
antioxidant properties and antifungal activity of jarilla
(Barkleyanthus salicifolius [Kunth] H. Rob & Brettell).
Chilean Journal of Agricultural Research 80(3), 352-
360.

Johann, S., Mendes, B. G., Missau, F. C., de Resende,
M. A. and Pizzolatti, M. G. (2011). Antifungal
activities of five species of Polygala. Brazillian Journal
of Microbiology 42(3), 1065-1075.

Johri, S. and Khan, N. (2017). In vitro antioxidant and
antihaemolytic potential of Triticum aestivum grass.
International ~ Journal of Complementary and
Alternative Medicine 9(5), 00310.

Kamble, V. A. and Moon, A. H. (2015). Phytochemical
analysis and antibacterial activity of active extracts

ISSN (print): 1823-8262, ISSN (online): 2231-7538



Malays. J. Microbiol. Vol 18(5) 2022, pp. 533-546
DOI: http://dx.doi.org/10.21161/mjm.221456

from Tridax procumbens L. against selected
pathogens. Indian Journal of Applied Research 5(2),
671-674.

Khoo, L. W., Kow, S. A, Lee, M. T, Tan, C. P., Shaari,
K., Tham, C. L. and Abas, F. (2018). A
comprehensive review on phytochemistry and
pharmacological activities of Clinacanthus nutans
(Burm.f.) Lindau. Evidence-Based Complementary
and Alternative Medicine 2018, Article ID 9276260.

Kong, J. C. and Vu, T. T. A. (2019). Effect of apple cider
vinegar, baking soda and salt on growth of
Colletotricum musae and development of anthracnose
disease on banana fruits. International Journal of
Postharvest Technology and Innovation 6(4), 239-256.

Kuete, V., Wansi, J. D., Mbaveng, A. T., Kana Sop, M.
M., TchoTadjong, A., Penlap Beng, V., Etoa, F. X.,
Wandji, J., Marion Meyer, J. J. and Lall, N. (2008).
Antimicrobial activity of the methanolic extract and
compounds from Teclea afzelii (Rutaceae). South
African Journal of Botany 74(4), 572-576.

Lai, K. Y., Hussin, N. A., Mohamad, N. K., Ten, H. Y.,
Lai, L. S. and Yeo, F. K. S. (2019). Qualitative
resistance of Sarawak rice landraces against
Pyricularia oryzae. Borneo Journal of Resource
Science and Technology 9(2), 115-118.

Lalitha, I. J., Clarance, P. P., Sales, J. T., Archana, M.
A. and Agastian, P. (2017). Biological activities of
Garcinia mangostana. Asian Journal of
Pharmaceutical and Clinical Research 10(9), 272-278.

Leroch, M., Kretschmer, M. and Hahn, M. (2011).
Fungicide resistance phenotypes of Botrytis cinerea
isolates from commercial vineyards in Sourth West
Germany. Journal of Phytopathology 159(1), 63-65.

Martinez, J. A. (2012). Natural fungicides obtained from
plants. /n: Fungicides for Plant and Animal Diseases.
Dhanasekaran, D., Thajuddin, N. and Panneerselvam,
A. (eds.). InTech Europe, Rijeka, Croatia. pp. 3-28.

Missau, F. C., Johann, S., de Sa, N. P., Cisalpino, P.
S., Rosa, C. A, Ferreira, B. A. and Pizzolatti, M. G.
(2014). Phebalosin and its structural modifications are
active against the pathogenic fungal causing
paracoccidioidomycosis. Medical Chemistry 4(8), 581-
587.

Mncube, C. N., Bertling, I. and Yobo, K. S. (2021).
Investigating the antifungal activity of moringa leaf
extract against Fusarium dry rot in vitro. |In:
Proceedings of |l International Symposium on
Moringa. International Society for Holticultural Science
(Acta Holticulturae), Pretoria, South Africa. pp. 233-
240.

Mohamed Zubi, W. S., Mohd, M. H, Mohamed Nor, N.
M. I. and Zakaria, L. (2021). Fusarium species in
mangrove soil in Northern Peninsular Malaysia and
the soil physico-chemical properties. Microorganisms
9(3), 497.

Morales, S. M., Vallejo, O. C., Guzman, W. H., Polanco,
G. L. and Mata, H. H. (2008). Three constituents with
biological activity from Coccoloba uvifera seeds.
Ciencia 16(1), 84-89.

544

Nicolopoulou-Stamati, P., Maipas, S., Kotampasi, C.,
Stamatis, P. and Hens, L. (2016). Chemical
pesticides and human health: The urgent need for a
new concept in agriculture. Frontiers in Public Health
4, 148.

Ojiako, E. N. (2014). Phytochemical analysis and
antimicrobial screening of Moringa oleifera leaves
extract. The International Journal of Engineering and
Science 3(3), 32-35.

Ove, T. A,, Khatun, A. A., Saifullah, S. and Ahmed, M.
(2021). Effectiveness of solvent extraction on
phytochemicals and antioxidant activities from fresh
and wheatgrass. European Journal of Nutrition and
Food Safety 13(2), 1-10.

Pathak, I., Bushathoki, R., Yadav, N., Niraula, M. and
Kakauni, S. K. (2020). Phytochemical screening,
cytotoxic and antioxidant activity of Alternathera
sessilis and Moringa oleifera. Amrit Research Journal
1(1), 65-71.

Rajoria, A., Mehta, A., Mehta, P., Ahirwal, L. and
Shukla, S. (2015). Phytochemical analysis and
estimation of major bioactive compounds from
Triticum aestivum L. grass with antimicrobial potential.
Pakistan Journal of Pharmaceutical Sciences 28,
2221-2225.

Rizvi, S. M. D., Zeeshan, M., Khan, S., Biswas, D., Al-
Sagair, O. A. and Arif, J. M. (2011). Evaluation and
distribution of antibacterial potential in the aerial parts
of wild Tridax procumbens. Journal of Chemical and
Pharmaceutical Research 3(2), 80-87.

Salome, A. C., Emeka, C. U. C., lkechukwu, V. O.,
Sinye, A. B., Calister, E. U. and Godswil, C. O.
(2012). Formulation and evaluation of Cymbopogon
citratus dried leaf-powder tablets. African Journal of
Pharmacy and Pharmacology 6(48), 3274-3279.

Syed, A., Benit, N., Alyousef, A. A., Algasim, A. and
Arshad, M. (2020). /n vitro antibacterial, antioxidant
potentials and cytotoxic activity of the leaves of Tridax
procumbens. Saudi Journal of Biological Sciences
27(2), 757-761.

Wijekoon, C. P., Goodwin, P. H. and Hsiang, T. (2008).
Quantifying fungal infection of plant leaves by digital
image analysis using Scion Image software. Journal of
Microbiological Methods 74(2-3), 94-101.

Wilson, R. A. and Talbot, N. J. (2009). Under pressure:
Investigating the biology of plant infection by
Magnaporthe oryzae. Nature Reviews Microbiology
7(3), 185-195.

Wuryatmo, E., Suri, A. and Naufalin, R. (2021).
Antioxidant activities of lemongrass with solvent multi-
step extraction microwave-assisted extraction as
natural food preservative. Journal of Functional Food
and Nutraceutical 2(2), 117-128.

Zakaria, L., Sahak, S., Zakaria, M. and Salleh, B.
(2009). Characterisation of Colletotrichum species
associated with anthracnose of banana. Tropical Life
Sciences Research 20(2), 119-125.

ISSN (print): 1823-8262, ISSN (online): 2231-7538



Malays. J. Microbiol. Vol 18(5) 2022, pp. 533-546
DOI: http://dx.doi.org/10.21161/mjm.221456

SUPPLEMENTARY INFORMATION
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Supplementary Figure S1: Antifungal activity of three leaf crude extracts from Clinacanthus nutans against Fusarium
solani in different concentrations.
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Supplementary Figure S$2: Antifungal activity of three leaf crude extracts from Garcinia mangostana against
Colletotrichum musae in different concentrations.
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Supplementary Figure S3: Antifungal activity of three leaf crude extracts from Cymbopogon citratus against Pyricularia
oryzae (isolate POSA1) in different concentrations.
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Supplementary Figure S4: Antifungal activity of three leaf crude extracts from Cymbopogon citratus against Pyricularia
oryzae (isolate POSAZ2) in different concentrations.
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