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In vitro Antifungal Effect of Mangrove extracts on
Fusarium verticillioides lsolates

|. G. MARTINEZ-ALVAREZ, KARLAY. LEYVA-MADRIGAL {I: E: MALDONADO-MENDOZA*, MARIA E. JARAMILLO-FLORES'

AND H. A. GONZALEZ-OCAMPO

Instituto Politécnico Nacional, Centro Interdisciplinario de Investigacidon para el Desarrollo Integral Regional (CIIDIR)-Unidad
Sinaloa. Boulevard Juan de Dios Batiz Paredes # 250, Col. San Joachin, 81101, Guasave, Sinaloa, 'Instituto Politécnico
Nacional, Escuela Nacional de Ciencias Bioldgicas, Unidad Profesional Lazaro Cardenas, Ampliacion del Carpio y Plan de Ayala

s/n, Col. Santo Tomas C.P. 11340 Del., Miguel Hidalgo, México

Martinez-Alvarez et al.: Antifungal effect of Mangrove extracts

The present study was conducted to identify the antifungal activity of phenolic compounds extracted from
the mangrove, Rhizophora mangle against the Fusarium verticillioides isolates DA42, F64 and PO3. The total
phenolic content was calculated using the Folin-Ciocalteu method. The in vitro inhibition test was performed
according to the poisoned food technique. Stem extracts had the highest total phenolic content (9.5 mg
gallic acid equivalents/g dry biomass) and displayed major inhibition percentages against all Fusarium
verticillioides isolates. Furthermore, the concentration of the stem extract required to inhibit the three fungal
isolates by 50 %, is 2 to 3 times greater on average than that required for leaf and root extracts. This study
demonstrated the inhibitory activity of ethanol extracts of Rhizophora mangle roots, stems and leaves against

different isolates of Fusarium verticillioides.
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Restrictions on the use of synthetic fungicides have
been implemented in the last decade, due to their
negative impact on the environment and the rapid
emergence of resistant fungal isolates. This has driven
researchers to find alternative fungicidal compounds!!.
Mangroves are one source of these compounds. These
woody plants are found in tropical and subtropical
intertidal regions, and are able to grow under extreme
local environmental conditions including high salinity,
extreme tides, strong winds and high temperatures,
as well as muddy, anaerobic soils*?l. These stress
conditions promote the production of antioxidants
such as phenols, which are used to counteract the effect
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of reactive oxygen species™. Importantly, several
studies have already reported the antifungal activity of
mangrove phenolic extracts!®®. In particular, mangrove
species of the Rhizophoraceae family have a high
concentration and diversity of phenols™*>!% which
are reported to be effective against different fungal
species!!12],
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The study and use of phenolic compounds as a strategy
for controlling pathogenic fungi has increased in recent
yearst!>!4 Several pathogenic species are found within
the fungal genus Fusarium!, this includes Fusarium
verticillioides, the widely distributed causative agent
of stalk, ear and root rot in maize!'®'”l. Aside from
decreasing grain yield and quality!"®2%, this fungus
produces a variety of mycotoxins that contaminate
maize grain, thereby threatening animal and human
health!'s!,

Chemical control of this fungus has been inadequate,
making it necessary to find effective alternatives
to monitor the effects of this pathogen. As stated
above, previous research has examined the antifungal
properties of mangrove phenolic compounds, although
no comprehensive studies have been performed on
the antifungal activity of R. mangle phenolic extracts
against pathogenic fungi F. verticillioides. The aim of
this work was therefore to investigate the antifungal
activity of ethanol extracts from R. mangle organs
against F. verticillioides.

Mangrove leaves, stems and roots were collected from
Terminos Lagoon (Campeche, Mexico; 18°2933.42" N,
91°47°26.32" W) in August, 2011. The samples were
collected and kept in sealed amber bottles to protect
them from sunlight. Subsequently, the samples were
dehydrated in an oven (Riossa E-47) at 40° until they
reached a constant weight. The dehydrated samples
were then ground into a fine powder.

Aliquots (6.25 g) of dehydrated and ground mangrove
leaves, stems and roots were extracted with 250 ml of
ethanol-water (80:20 v/v). Each aliquot was protected
from light with a cover and shaken in a multiple position
stirrer (Corning, Cat. 440826; Corning, NY, USA) at
800 rpm for 30 min. The resulting extracts were filtered
through Whatman No. 1 filter paper and the ethanol
was completely evaporated at 40° using a rotary
evaporator (Buchi R-210/R-215; Flawil, Switzerland).
The volume of each extract was adjusted to 50 ml of
ethanol-water (80:20 v/v) solution and stored in amber
vials at 4° until use.

The total phenolic content (TPC) from R. mangle tissues
was determined using the Folin-Ciocalteu method™!.
An aliquot of 100 pl of each extract was mixed with
750 ul of Folin-Ciocalteu reagent (1:10 dilution in
distilled water); 750 ul of Na CO, solution (60 g/I)
was then added 5 min later. The mix was incubated for
90 min and the absorbance was subsequently read in a
spectrophotometer (Multiskan GO Microplate reader,
January-February 2019

Thermo Fisher Scientific; Waltham, MA, USA) at
750 nm®2. TPC from R. mangle extracts was recorded
as gallic acid equivalents (GAE) per gram of dry
biomass (DM).

Three fungal isolates of F. verticillioides (PO3, DA42
and F64) were used as test organisms. These isolates
are part of a Fusarium collection isolated from maize
seeds and roots, belonging to the Laboratory of
Molecular Ecology of the Rhizosphere at CIIDIR-
Sinaloa (Mexico). Fungal isolates were grown on potato
dextrose agar (PDA, BDBioxon, Edo. de Mexico) for
five days at 25°.

Mycelial growth inhibition of F. verticillioides
was tested in vitro according to the poisoned food
technique®”. A dose-response test was performed for
each phenolic extract by adding between 0.5-3 ml
of extract to a 9 mm Petri dish containing 20 ml of
PDA. Final concentrations of phenolic extracts per
milliliter of PDA for each test are reported in Table
1. Petri dishes were inoculated in the centre with a
mycelial plug (5 mm in diameter) from a 5-d old
F verticillioides culture. Growth inhibition percentage
of F. verticillioides was calculated according to the
following Eqn., inhibition % = [(C-T)/C]x100, where
C is the mycelium diameter of the control and T is
the mycelium diameter of the treatments®?l. Petri
dishes containing PDA with the equivalent ethanol-
water (80:20 v/v) volume were inoculated with a
F verticillioides mycelial plug and used as controls (C)
per each concentration of extract used. To determine
the lethal concentration of F. verticillioides, a dose-
response curve for benomyl (Benoma-T, Velsimex
Company, Mexico, D.F.) was performed using PDA
plates with 0.5, 1.25, 2.5 and 5 mg/ml. PDA plates
without benomyl were used as a control. Incubation
was carried out in the dark at 35° for seven days. Each
treatment was performed in triplicate.

Data from the growth inhibition test of each phenolic
extract were subjected to analysis of variance (ANOVA),
and Tukey’s test was used for post-hoc comparison
of means (p<0.05). The inhibition percentages were
arcsine-transformed before ANOVA. A two-way
ANOVA model was used to determine the phenolic
concentration of each extract and the Fusarium isolate
effects on growth inhibition. Individual differences
among phenolic concentrations and Fusarium isolates
were determined by Tukey’s test. The mean inhibition
percentages of each treatment were entered into a
weighted linear regression model to account for
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the differences in phenolic concentrations between
extracts. This model was used to calculate the phenolic
concentration needed to inhibit fungal growth by 50 %.
All statistical tests were performed using the SAS 9.0
software (SAS Institute, Inc.; Cary, NC, USA).

The TPC of R. mangle leaf, stem and root extracts
ranged from 0.777 to 9.5 mg GAE/g DM, with
significant differences between them. Stem extracts
displayed the highest level of TPC (9.5 mg GAE/g
DM), followed by root (2.56 mg GAE/g DM) and leaf
(0.777 mg GAE/g DM) extracts (fig. 1 A). The synthetic
fungicide benomyl was used as a control for mycelial
growth inhibition and used as a reference. A dose-
response curve was performed to determine the lethal
dose of this chemical on the different F. verticillioides
isolates (fig. 1B). A differential response among the
variousisolatesatlowerbenomylconcentrations (0.5and
1.25 mg/ml) was observed, whereas all isolates showed
100 % inhibition in response to 2.5 mg/ml benomyl.
The latter concentration was therefore selected for use
in the growth inhibition test. All mangrove extracts
were capable of inhibiting mycelial growth of the
different F. verticillioides isolates (Table 1). In every
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Fig. 1: Total phenolic content of R. mangle and effects on
E verticillioides mycelial growth, compared to a fungicide

A) Total phenolic content (TPC) from different R. mangle
organs (leaf, stem and root). Different letters are significantly
different at a probability level of 0.05, according to Tukey’s test.
B) Benomyl dose-response curve for different F verticillioides
isolates, ...s... P03, ==m=—= Da42, == A== F64. C) Phenolic
concentrations of mangrove leaf (grey bars), stem (white bars)
and root (black bars) extracts required to inhibit different
E verticillioides isolates by 50 %, as calculated from the
obtained linear regression formulas
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case, the inhibition percentage increased along with
phenolic concentration.

Results from the two-way ANOVA are reported in
Table 2. Both phenolic concentration and the Fusarium
isolate (as well as the interaction between these two
factors) had significant effects on the growth inhibition
percent. The three mangrove extracts were more
efficient at inhibiting DA42 than P03 or F64 (Table 3),
which could be due to genetic differences between the
fungal isolates. Comparing mangrove extracts in the
inhibition test was difficult due to differences in their
phenolic concentrations. Inhibition percentages from
each mangrove extract/fungal isolate combination
were therefore adjusted to a linear regression model,
and the phenolic concentration required to inhibit
fungal growth by 50 % was calculated using the
estimated regression formula for each combination
(fig. 1). There was a significant relationship between
inhibition percent and phenolic concentration for all
combinations, revealing high correlation coefficients
(R?) that ranged from 0.9125 (isolate F64, root extract)
to 0.9822 (isolate DA42, leaf extract).

As stated above, the stem extract sample displayed the
highest TPC value (9.5 mg GAE/g DM) and resulted in
major inhibition percent in all F. verticillioides isolates
(Table 1). However, the required concentration of this
extract to inhibit the three fungal isolates by 50 % is
two to three times greater on average than that required
for leaf and root extracts (fig. 1C). In the present
study, ethanol extracts from different red mangrove
(R. mangle) organs were obtained, and their antifungal
activity was evaluated against three F. verticillioides
isolates from maize roots.

TPC varied greatly among the different mangrove
organs. The highest phenol content was found in
the stem extract, followed by root and leaf extracts.
The same pattern was previously observed in other
mangrove species belonging to the Rhizophoraceae
family, including R. mucronata, Bruguiera
gymnorrhiza, Ceriops decandra™ and R. stylosa.
Although the ethanol extracts from R. mangle tested in
this study were able to inhibit F. verticillioides growth,
the response was variable and dependent on the type of
extract (root, stem or leaf), its concentration, and the
particular isolate (F64, DA42 or P03). Previous reports
have demonstrated that phenolic extracts from several
mangrove species exhibit antifungal activity against
different fungal species!®”. It is believed that phenolic
compounds can diffuse through the fungal membrane
January-February 2019
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TABLE 1: ANTIFUNGAL ACTIVITY OF ETHANOL EXTRACTS OF RHIZOPHORA MANGLE AGAINST THREE

FUSARIUM VERTICILLIOIDES ISOLATES

EV EC Growth inhibition percent
(ml) (mg GAE/ml PDA) PO3 DA42 F64
Leaf extract
0.5 0.056 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00¢
1 0.113 8.33+3.61¢ 8.00+0.00¢ 6.25+6.25
1.5 0.170 10.42+3.61<« 37.3049.23¢ 8.33+3.60°
2 0.227 18.75+0.00°¢ 60.00+0.00° 22.91+3.60%
2.5 0.283 29.17+7.22% 72.00+6.92° 39.58+3.602
3 0.340 41.67+3.612 94.66+4.612 45.83+3.60°
Stem extract
0.5 0.237 8.33£3.61¢ 0.00+0.00f 10.41+3.60¢
1 0.475 20.83+7.22¢ 36.25+2.31¢ 18.75+0.00¢
1.5 0.712 37.50+0.00¢ 51.25+2.31¢ 33.33+£3.60°
2 0.950 45.83+3.61°¢ 75.00+0.00¢ 41.66+3.60°
2.5 1.187 68.75+0.00° 91.25+2.31° 60.41+3.60°
3 1.425 91.67+3.612 100.0+0.002 85.41+3.60*
Root extract
0.5 0.064 4.17+3.61¢ 20.00+0.00¢ 0.00+0.00¢
1 0.128 16.67+3.61¢ 20.00+0.00¢ 10.41+3.60¢
1.5 0.192 25.00+0.00< 37.33+4.61¢ 16.66+3.60°
2 0.256 37.50+0.00 52.00+6.92¢ 18.75+0.00b
2.5 0.316 43.75+0.00° 69.33+2.31° 25.00+0.00°
3 0.384 66.67+3.612 80.00+0.00? 43.75+0.00°

EV: extract volume added to PDA and adjusted to 20 ml, EC: extract concentration in PDA plates. Means with different letters are significantly
different at a probability level of 0.05 according to Tukey’s test. The reported means of growth inhibition percentage were arcsine
transformed (/(x%/100)+0.5) to normalize the data and proceed with the ANOVA. No significant differences were recorded in mycelial
growth of F verticillioides cultivated in Petri dishes containing PDA with equivalent ethanol-water (80:20 v/v), per each concentration of

extract

TABLE 2: TWO-WAY ANOVA OF PERCENT GROWTH INHIBITION AS THE DEPENDANT VARIABLE AND
PHENOLIC CONCENTRATIONS AND FUSARIUM ISOLATES AS FACTORS

Leaf extract

Stem extract

Root extract

Source

d.f MS F p d.f. MS p d.f. MS F
GIP
PC 5 5.215 188.46 <0.0001 5 5.578  626.31 <0.0001 5 2.892 263.91 <0.0001
Fi 2 1.154  104.3 <0.0001 2 1.147  322.16 <0.0001 2 1.043  237.93 <0.0001
PCxFi 10 0.665 12.03 <0.0001 10 0.091 5.16  <0.0001 10 0.141 6.46  <0.0001

The reported means of growth inhibition percentage were arcsine transformed (/ (x% / 100) + 0.5) to normalize the data and proceed with
the ANOVA. GIP: growth inhibition percentage, PC: phenolic concentration, Fi: fungal isolate, d.f.: degrees of freedom; MS: mean square;

F: F ratio; p: probability

TABLE 3: EFFECT OF FUSARIUM ISOLATE
GROWTH INHIBITION PERCENTAGES VERSUS
PHENOLIC EXTRACTS FROM DIFFERENT

and penetrate into the cell, where they interfere with
essential metabolic pathways (such as the synthesis of

RHIZOPHORA MANGLE TISSUES
Growth inhibition percentage

Isolate Leaf Stem Root

P03 18.05+£14.67°  45.48+29.06°  32.29+20.81°
DA42 45.33+35.08°  63.78+28.22%  46.44+23.807
F64 20.13+17.48>  41.66+26.16°  19.09+13.97¢

Means with different letters in the same column are significantly
different according to Tukey’s test. The reported means of growth
inhibition percentages were arcsine transformed (/(x%/100)+0.5)
to normalize the data and proceed with the ANOVA
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ergosterol, glucan and chitin), leading to the disruption
of membrane integrity, fluidity and loss of intracellular
content,

The phenolic profile depends on a number of factors
including the plant genotype, and the organ, tissue
or phenological stage***1. A variety of phenolic
compounds have been reported in red mangrove stems,
such as ferulic acid, vanillic acid, protocatechuic
acid, chlorogenic acid, caffeic acid, benzoic acid,
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gallic acid, ellagic acid, epicatechin and catechin>*7..
On the other hand, it has been reported that red
mangrove leaves contain quercetin, epi-catechin,
catechin, 4-hydroxybenzoic acid, kaempferol 3-O-f3-
glucopyranoside, quercetin 3-O-B-glucopyranoside,
quercetin 3-0-6"-trans-coumaroyl-p-glucoside,
kaempferol 3-O-B-rutinoside and quercetin 3-O-B-
rutinoside™. Finally, ethanol extracts of R. apiculata
roots (a species closely related to R. mangle) show
the presence of quercetin, gallic acid and rutin®!. It is
important to note that the phenolic profile of any plant
also varies according to the method and solvent used
in the extraction. This means that red mangrove may
contain more phenolic compounds than stated here,
and bioactivity may vary from one extract to another!!?l.

Several of the above-mentioned compounds have been
tested individually against Fusarium fungi, with good
results. In particular, Shukla and Dwivedi®” reported
mycelial growth inhibition of F oxysporum f. sp.
ciceri and F. udum (up to 98 %) when grown in culture
medium supplemented with benzoic acid. Furthermore,
Ferrochio et al.®! determined that the antifungal effect
of ferulic acid on F. verticillioides and F. proliferatum
depends on its concentration and water activity (a,_).
Specifically, fungal growth was decreased by 50 %
at high ferulic acid concentrations (20-25 mM) and
high a_ (0.99 and 0.98). Fumonisin accumulation on
maize-based medium was also reduced by high doses
of ferulic acid, even at high a B'.

In this study, differences in the concentration of
mangrove extracts required to inhibit fungal isolates
was detected. Specifically, a greater concentration of
stem extract is necessary to inhibit F. verticillioides
isolates by 50 %, as compared to leaf and root extracts.
Although the phenolic composition of the extracts used
in this study is unknown, the specific concentration of
each phenolic compound depends on the plant organ,
which in turn has an effect on the antifungal capacity of
each extract. Hussin et al.' reported different phenolic
profiles and antifungal activities from leaf, stick and
bark methanol extracts in Barringtonia racemosa.
Leaf extracts displayed the greatest diversity and
concentration of phenolic compounds (i.e. gallic acid,
naringin, rutin, kaempferol, ferulic acid and luteolin),
as well as the highest percent of Fusarium inhibition
(53.45 %). Moreover, the differences in phenolic
compound and gallic acid concentration were capable
of influencing the inhibition percentages of stick
(31.61 %) and bark (41.38 %) extracts in B. racemosa.
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Even when the three F. verticillioides isolates were
inhibited, isolate DA42 exhibited a greater inhibition
over each extract. This observation can be explained
by genotypic differences among the isolates. Recent
studies from our laboratory on the genetic and
pathogenic variability of these and other isolates have
determined that each isolate represents a different
genotype that can infect maize, although differences
in aggressiveness were observed®>*], Furthermore,
different inhibition percentages were recorded between
fungal isolates challenged with Bacillus cereus sensu
lato strain B25 (unpublished data).

In this study, fungal growth inhibition by phenolic
extracts required higher concentrations as compared
to benomyl. Indeed, the benomyl dose-response curve
indicates that all isolates were 100 % inhibited at
2.5 mg/ml. Similar results were reported by
Gale et alP* in their inhibition assay against
E graminearum. Other studies have reported the
inhibition of different Fusarium species with low
concentrations of benomyl®¥. It is suggested that
the control exerted by benomyl may be partially
due to its purity, whereas the phenolic extracts are a
mixture of several compounds that interact with each
other, and which may interfere with the biological
activity they exert. This underscores the necessity
to analyse the profile of each phenolic extract, to
determine the individual phenolic compounds present
in them, and to evaluate the antifungal activity of
the identified compounds (both individually and
combined), which will improve our understanding
of how these compounds inhibit fungal growth. This
study demonstrates the inhibitory activity of ethanol
extracts from R. mangle roots, stems and leaves against
different isolates of F. verticillioides. Furthermore, our
data indicate that leaf and root extracts were more
effective than stem extracts at inhibiting this pathogen.
Additional analyses are needed to determine the
phenolic composition of the evaluated extracts, and to
identify the phenolic compounds responsible for their
antifungal activity. Future research should investigate
the effect of these extracts on other pathogenic fungi,
as well as the production of mycotoxins produced by
the F. verticillioides and other fungal species.
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