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ABSTRACT
Mango fruit at the ripe stage is susceptible to infection by Colletotrichum gloeosporioides
causing Anthracnose disease. The pathogen remains quiescent in unripe fruit due to an elaborate
arsenal of pre-formed defences. However, induced defences of mango fruit have been reported to
contribute to the restriction of the pathogen during initial stages of infection in unripe fruit.
Rapid localized generation of superoxides and hydrogen peroxide as an early defence response
and increases in phenylalanine ammonialyase and chitinases have been reported. This paper
reports the changes in phenol composition in fruit peel following infection by C.
gloeosporioides. Conidia were seen to germinate and form appressoria within 24 hours of
inoculation. Browning of cell walls was seen in cells in immediate contact with the penetration
peg. Histochemical studies proved the accumulation of phenols and tannins at sites of attempted
penetration by the pathogen. Quantification of phenols in the fruit peel tissues showed the total
soluble phenol content in the mango fruit peel to be higher in peel of inoculated fruit compared
to the peel of control fruit, however, the increase was not significant. The cell wall bound
phenols in inoculated fruit peel tissue was significantly higher, when compared with the control.
It can be concluded that, in addition to the elaborate preformed defences present in mango fruit
peel, induced defences are present in the mango fruit peel. The induction of phenols at sites of
attempted penetration possibly contribute towards restricting and delaying the pathogen from
entering the mature, yet unripe fruit and causing disease.
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1. INTRODUCTION
Despite elaborate preformed defence mechanisms, certain pathogens still manage to invade
plants and cause disease. In such instances plants respond by newly forming a number of
defensive structures and chemicals (Dixon, 1986). The concept of a plant response in
establishing disease resistance was first brought to light during the period of 1939-1961, based
on reports by Meyer and Muller and their associates (Kuc΄, 1995). The sequence of defence
related events that take place in the host plant following attempted penetration by a pathogen
may occur at time intervals of minutes, hours or days following infection. According to our
current state of knowledge, the first response detected in a plant pathogen interaction which
occurs within minutes following attack by virulent or avirulent pathogen is the production of
reactive oxygen species (ROS) or nitrogen species is (Apostol, 1989; reviewed by Gara et al.,
2003).
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Matern and Kneusel (1988) proposed that defense strategies of plants exist in two stages. The
first stage is assumed to involve rapid accumulation of phenols at the infection site, which slow
down or halt the progressive growth of the pathogen while giving time for the activation of
secondary defence strategies such as the de novo synthesis of phytoalexins which would be more
thorough in restricting the pathogen. The sequence of events in a defense response maybe, host
cell death and necrosis, accumulation of toxic phenols, modification of cell walls by phenolic
constituents or physical barriers such as appositions or papillae, and finally, the synthesis of
specific antibiotics such as phytoalexins (Nicholson and Hammerschmidt, 1992).
Considering that the genus Colletotrichum occurs word forming quiescent infections in
numerous tropical and subtropical fruit, leading to the development of Anthracnose disease at the
ripe stage, it is worthy to examine the interactions taking place between a susceptible host such
as the mango fruit and the pathogen Colletotrichum. Sinniah et al., (2012) carried out studies to
investigate the bio-chemical changes that occur in mango fruit peel following infection by C.
gloeosporioides. These studies proved that reactive oxygen species (ROS) such as superoxides
and hydrogen peroxide were induced as early defence responses and that significant increases in
phenylalanine ammonialyase (PAL) and chitinase activity were also present (Sinninah et al.,
2012).
However, Sinniah et al., (2012) did not investigate the change in phenol composition following
infection by C. gloeosporioides.
A defence response observed in many plants is the accumulation of phenolic substances at
infection sites (Nicholson and Hammerschmidt, 1992). In addition to their role in formation of
structural barriers, free phenolics can directly act as antimicrobial substances (Harborne, 1980).
Fungitoxic phenols play a mojor role in plant resistance. Resistant plant varieties are usually
known to contain a larger number of phenolic compounds and their oxidative products than more
susceptible plants (Mehta and Mehta, 1989). Due to its high toxicity, phenols in the free form
are rare in nature, and usually occur in conjugated forms (Harbourne, 1980). The increase in
phenolic acids ester-bound to the cellulosic and hemicellulosic fractions of the cell wall along
with induced lignification upon fungal challenge, may aid to localize the pathogen (LatundeDada and Lucas, 1986). Soluble ester-bound phenolics are considered to be direct precursors of
lignin or cell wall-bound phenolics (Fuchs and Vries, 1969). This study examines the changes
that take place in the mango fruit peel tissue with emphasis on the changes in phenolic
composition following infection by Colletortichum gloeosporioides.
2.METHODOLOGY
Inoculation of fruits
Blemish free, unripe fruits of cultivar ‘Karutha Colomban’ at harvesting maturity were used in
the study. A suspension of conidia of C. gloeosporioides (10 5 conidia/ml) was prepared in
sterile distilled water and a set of eight fruits were inoculated with this suspension (20µl drops).
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Twenty inoculations drops were placed on random locations of the mango fruit peel surface.
Similarly, another set of eight fruits were inoculated with sterile distilled water and kept as the
control. Both inoculated and control fruits were maintained in moist chambers (100% relative
humidity) at room temperature (28 °C).
The changes taking place in the fruit peel at sights of inoculation were investigated form 24h up
to 96 h following inoculation.
The peel surface of fruits
Thin peel segments were removed from the sites of inoculation following 24 hours. The
segments were excised using a sharp razor blade to contain only the cuticle and the epidermis.
These segments were boiled in 95 % ethanol and washed in distilled water to remove chlorophyll
and then mounted in glycerin. Observations were made through the light microscope (Reichert).
Histochemical tests
Accumulation of phenolic substances
The presence of phenolic substances was observed using the method described by Borden and
Higgins (2002). Thin transverse sections of mango fruit peel were obtained following 72 and 96
hours of inoculation. Sections were boiled in 95 % ethanol and washed in distilled water to
remove chlorophyll. Subsequently, sections were submerged in 50 mM citrate buffer (pH 3.5)
for one hour followed by immersing in 0.05% Toludine blue in citrate buffer for 20 minutes.
Sections were mounted in glycerin and observed under the light microscope (Reichert).
Accumulation of Tannins
Thin transverse sections of mango fruit peel were obtained following 72 and 96 hours of
inoculation. Fresh sections were immersed in a solution of freshly prepared 10 % FeCl 3
containing a touch of Na2CO3. Sections were mounted in glycerin and observed under the light
microscope (Reichert).
Each of the above histochemical tests was repeated in three separate trials.
Quantification of phenols
Obtaining a standard curve with ferulic acid
A stock solution (20 ml) was prepared to contain 1g/l ferulic acid. A series of solutions
containing 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.1, 0.2 and 0.4 g/l ferulic acid were prepared using
this stock solution.
Folin Ciocalteu assay for phenols– Each ferulic acid solution (0.5 ml) was diluted five fold with
50 % methanol (up to 2.5 ml). An equal volume of 50 % Folin & Ciocalteu’s phenol reagent
(BDH product 190583 Q) (prepared by diluting the reagent to 50 % with water) was added to the
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diluted sample and left for three minutes. A solution of sodium carbonate (100 g/l) in a volume
equal to that of the above mixture (5 ml) was added to the mixture and left to stand for one hour
until a clear solution was obtained. The absorbance of the clear solution was measured in
duplicate using a UV visible spectrophotometer (Cam Spec M302) at a wave length of 720 nm.
Similarly, the absorbances corresponding to each of the above concentrations of ferulic acid were
obtained and a standard curve was plotted with ferulic acid concentrations in the X axis (g/l) and
the absorbance (nm) in the Y axis by (Ascensao and Dubery, 2000).
This standard graph was used in subsequent experiments to calculate the concentration (g/l) of
phenolic acids.
Sample extraction
Thin peels (1-2 mm) were obtained from inoculated and control fruits, following 72 h of
inoculation. In inoculated fruits, peels were obtained to contain sites of inoculation while in
control fruits (inoculated with sterile distilled water), peels were obtained from visibly healthy
sites under the drop of water. Sample tissue (0.5 g) from sites of inoculation were ground in
liquid nitrogen and homogenized in 80 % methanol (5 ml). The homogenate was centrifuged at
10, 000 G (Sigma laboratory centrifuge 3K30) for 10 minutes to obtain a supernatant and a
residue. The same procedure was followed for extracting phenols from peels of un- inoculated
(control) fruits.
The residue was used to test for cell wall bound phenols and the supernatant was used to assay
total soluble, non-conjugated, glycoside-bound and ester-bound phenols. These phenols were
assayed following the procedures described by Ascensao and Dubery (2000) as follows.
Total soluble phenols
An aliquot (0.5 ml) of the above supernatant was subjected to the Folin Ciocalteu assay. As the
resulting solution was very dark, a 30 fold dilution (0.5 ml diluted up to 15 ml) was made before
the absorbance was measured using a UV visible spectrophotometer (Cam Spec M302) at a wave
length of 720 nm.
Non-conjugated phenols
An aliquot (2.5 ml) of the above supernatant was obtained. 250µl of 1M HCl (1/10 th of the
supernatant solution) was added to this and extracted twice in anhydrous diethylether (2.5 ml x
2). The upper ether layers were combined and evaporated to dryness in a rotary evaporator
(Stuart RE 300) under reduced pressure. The resulting precipitate was re-suspended in a volume
equal to the original sample (2.5 ml) of 50 % methanol and subjected to the Folin Ciocalteu
assay. The resulting solution was diluted to ¼ th and the absorbance was measured using a UV
visible spectrophotometer (Cam Spec M302) at a wave length of 720 nm.
Glycoside-bound phenols - Concentrated HCl (250µl) (1/10 th of the supernatant) was added to
an aliquot (2.5 ml) of the above supernatant. This mixture was left at 96º C for 1 hour after
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which it was extracted twice in anhydrous diethylether (2.5 ml x 2). The upper ether layers were
combined and evaporated to dryness in a rotary evaporator (Stuart RE 300) under reduced
pressure. The resulting precipitate was re-suspended in a volume equal to the original sample
(2.5 ml) of 50 % methanol and subjected to the Folin Ciocalteu assay. The resulting solution
was diluted to 1/2 and the absorbance was measured using a UV visible spectrophotometer (Cam
Spec M302) at a wave length of 720 nm.
.Ester-bound phenols – An aliquot (250µl) of 2M NaOH (1/4 th of the sample solution) was
added to a 1 ml aliquot of the above supernatant and left for 3 hours. 1M HCl (100 µl) (1/10 th of
original sample extract) was added to this and extracted twice in anhydrous diethyl-ether (2.5 ml
x 2). The upper ether layers were combined and evaporated to dryness in a rotary evaporator
(Stuart RE 300) under reduced pressure. The resulting precipitate was re-suspended in half the
volume of the original sample (0.5 ml) of 50 % methanol and subjected to the Folin Ciocalteu
assay.
The absorbance of the resulting solution was measured using a UV visible
spectrophotometer (Cam Spec M302) at a wave length of 720 nm.
Cell wall bound phenols – The residue obtained after extraction of the 0.5 g of tissue was dried
for 24 hours at 70º C to obtain the alcohol insoluble residue (AIR). This was used to obtain the
ester-bound cell wall phenolic acids following alkaline hydrolysis as described by Ascensao and
Dubery (2000).
The concentration of each sample was deduced with the aid of the standard curve and this value
was multiplied by the dilution factor to obtain the concentration of phenols in the original
sample. The phenolic content was calculated as miligrams per gram fresh weight of sample.
Statistical analysis
The experiments were performed three times, with three replicates per trial, numeric data were
pooled and analyzed as a two sample T-test at the 5 % probability level with the statistical
software package Minitab 11 for windows 6.1.
3.RESULTS
Cellular changes in mango fruit peel following inoculation with conidia of C.gloeosporioides
The peel surface of fruits
Thin peel segments obtained from sites of inoculation following 24 hours showed the presence of
germinated conidia of C. gloeosporioides and melanized appressoria (Fig. 1). Non-melanized
appressoria were not observed in C. gloeosporioides after 24 hours. Melanized appressoria were
seen as dark brown coloured slightly round but irregular shaped structures and a browning of
underlying cells was seen associated with some melanized appressoria. Conidia of C.
gloeosporioides which are hyaline were stained blue with cotton blue.
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b
c

(10 x 40)
Figure 1. Thin fruit peel segment with the cuticle and epidermis, obtained 24 hours after
inoculation with conidia of C. gloeosporioides. (a) = melanized appressoria, (b) = conidia of C.
gloeosporioides, (c) = browning of under-lying cells associated with some melanized
appressoria.

Transverse sections taken from inoculated sites showed that the browning of cells was seen in all
cells which were in contact with the infection hyphae/penetration peg which arose from the
appressorium.
The browning was not visible where only the appressorium was formed without the infection
hyphae (penetration peg). Even with the formation of the infection hyphae, browning was seen
to commence only when the infection hyphae pierced the cuticle and neared the outer walls of
the epidermal cell. Browning of cells was not visible while the infection hyphae was still
embedded in the cuticle.
Initially, browning was only seen in the cell wall of the epidermal cell immediately beneath the
infection hyphae. However, with time, (48-96 hours) the browning was seen to spread to the
neighboring cells, which were not in direct contact with the infection hyphae.
Histochemical tests
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Figure 2. A transverse (microtome) section of mango peel following 96 hours of inoculation. (a)
cuticle, (b) epidermis (2 cell layers), (c) browning of cells surrounding sites of penetration, (d)
unaffected area further away from the site of penetration, (e) latex canal perforations.

Accumulation of phenolic substances
Transverse sections of mango peel were obtained following 72 and 96 hours of inoculation.
These sections showed browning of cells (Fig. 2) and when stained with Toludine blue for
phenols, these browned cells were stained blue (Fig 3).
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Figure 3. Transverse sections of mango peel following 96 hours of inoculation, stained with
Toludine blue to observe phenolic substances. (a) microtome section through inoculation site, (b)
hand section through inoculation site (c) close up view of stained cells.

In figure 3 (a), the green colour was due to the combination of browning and the blue stain of
Toludine blue. In Fig. 3 (b), a dark blue stain was visible at the site immediately affected by the
penetration peg (infection hyphae) of the fungus and the cells surrounding this area also showed
the accumulation of blue stain. Areas further away from the site of penetration were not seen to
retain the blue stain. A close up of stained cells (Fig. 3, c) showed that both the cell wall and
cytoplasm of cells retained the blue stain. However, in cells further away from the site of
inoculation, the blue-purple stain was only retained in the cell walls (Fig.3-a).
Accumulation of Tannins
The presence of tannins in mango peel was examined by staining with FeCl3 and Na2CO3. When
stained, the whole peel took on a greenish black colour. However, sites of attempted penetration
which initially showed browning turned a darker greenish black when compared with the other
areas (Fig. 4). Areas adjacent to inoculation sites, which were not affected by the invading
fungus did not retain the dark green-black stain.
a

b
c
b

(10 x 10)
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Figure 4. A transverse section of mango peel taken by hand following 72 hours of inoculation,
stained with FeCl3 and Na2CO3 for tannins. (a) cuticle, (b) areas further away from sites of
penetration which do not retain the stain, (c) sites penetrated by the fungus which were initially
brown and turned greenish black after staining for tannins.
Quantitative analysis of phenol content
Obtaining a standard curve with ferulic acid A standard graph was drawn with ferulic acid concentrations in the X axis (g / l) and the
corresponding absorbance (nm) in the Y axis.
This standard graph was used in subsequent experiments to calculate the concentration of
phenolic acids. The calculation was done to obtain the concentration of phenolics in milligrams
per gram fresh weight tissue.

0.6
0.5
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(nm)
0.2
0.1
0.0
0.0

0.1

0.2

0.3

0.4

Concentration of ferulic acid (g/l)

Figure 5. A standard linear graph for absorbance at a wave length of 720 nm for different
concentrations of Ferulic acid.

The mango peel contained a high level of phenols. The total soluble phenol content in peel of
mango fruit is very high. The resulting solution with the reagents for the Folin Ciocalteu assay
was a very dark blackish blue. Therefore, a 30-fold dilution was also necessary prior to
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obtaining absorbance by a spectrophotometer. The greater contribution to total soluble phenol
content in mango peel was by free-phenols and glycoside bound phenols. The amount of esterbound and cell wall bound phenols was very little in the mango fruit peel.
The total soluble phenol content was higher in the peel of inoculated fruits when compared with
that in the peel of control fruits (Table 1) following 72 hours of inoculation. Glycoside bound,
and ester bound phenols were generally lower in the peel of inoculated fruits when compared
with that in the peel of non-inoculated fruits (Table 1).

Table 1. The composition of phenolics in (mg/g fresh weight tissue) after 72hours in inoculated and noninoculated mango fruit peel
Phenolics in mg/g fresh weight tissue
Type of Phenolic

non-inoculated fruit peel

Inoculated fruit peel

Total soluble

46.9 ± 5.7

51.05 ±5.4

Non-conjugated

20.7 ± 0.77

24.25 ± 2.35

Cell wall bound

2.66 ± 0.76

8.96 ± 4.0

Ester bound

3.6 ± 0.12

2.5 ± 1.0

Glycoside bound

23.5 ±1.9

18.5 ± 1.8

4. DISCUSSION
According to literature, the germ tube from the conidia of C. gloeosporioides elongates and
swells at the tip to form an appressorium which then germinates to form an infection peg which
pierces the cuticle by enzymatic means (Coates et al., 1993), by mechanical force of the
appressorium or possibly a combination of the two (Latunde-dada, 2001). Either the
appressorium or the penetration peg lodges between the cuticle and the epidermis and remains
there in a dormant state until tissue degeneration and softening occurs due to growth and
senescence. During ripening and softening of tissue, thin infection hyphae that develop from the
appressoria penetrate the cuticle and epidermis (Daquioag and Quimio, 1979). Following
inoculation, the aseptate conidium adheres to a surface and usually germinates while forming a
single septum across the breadth of the conidium. The conidium germinates to form a germ tube
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which swells at the tip to form an appressorium which is usually melanized. For direct
penetration, both melanin and an osmolyte such as glycerol to generate the turger pressure within
the appressorium are necessary (Latunde dada, 2001).
Conidia of C. gloeosporioides inoculated on mango fruits at harvesting maturity germinated and
formed appressoria on mango fruit peel within 24 hours, and in some instance’s penetration pegs
were formed from appressoria and penetration in to the cuticle was also initiated within this 24
hours. According to literature, as stated above, C. gloeosporioides remains quiescent after
germination by forming an appressorium or following limited colonization in to the cuticle or
epidermis by the penetration peg (Daquioag and Quimio, 1979). In some Colletotrichum
species, such as C. graminicola, C. lindemuthianum and C. trifolii, appressoria formation is
immediately followed by host penetration (Parbery, 1981) but in others such as C. musae and C.
gloeosporioides conditions in the peel maybe fungistatic to germination (Muirhead, 1981). In
mango appressoria may germinate and produce infection hyphae that penetrate the cuticle and
then remain quiescent (Verhoeff, 1974). In our observations, penetration pegs were seen to come
close the outer walls of epidermal cells after 24 hours. Coates et al.(1993) who looked in to the
infection process of C. gloeosporioides on Avocado observed the formation of thick melanized
infection pegs. However, in the mango C. gloeosporioides interaction the infection pegs were not
thick and melanized. Attempted penetration in to the host tissue was seen to elicit prompt
defences. A browning was seen in cells immediately beneath the penetration peg. This reaction
seems to commence immediately upon host recognition of attempted pathogen penetration. The
browning reaction was initially seen only in cells immediately under attack, later this reaction
spread to neighbouring cells as well. According to Sinniah et al., (2012), superoxides and
hydrogen peroxide were induced as early as 6-9 hours after inoculation in mango fruit peel in
immediate contact with the germinating fungal spore. Conidia are reported to commence
germination within 3 hrs and most appressoria are melanized by 12 hours post inoculation.
Infection hyphae were visible beneath the appressorium in TS taken after 24 hours inoculation
(Sinniah et al., 2012).
48 hours after inoculation many of the neighbouring cells were turned brown, although the
fungal hyphae were not seen to have reached these cells. As the fungal hyphae of the pathogen
had not spread to neighboring cells by this time, it is most likely a secondary host signal that
initiated the spread of the secondary browning to adjacent cells. Sinniah et al. (2012) also state
that histochemical tests show the lignification of cells 36-48 hours after inoculation.
Histochemical tests proved the browning of cells to be due to accumulation of phenolic
substances. Free phenols can directly act as antimicrobial substances (Harborne, 1980). As
stated by Matern and Kneusel (1988) phenolic based defences are characterized by the early
accumulation of phenolic substances at the site of infection. In addition to being antimicrobial,
phenols maybe oxidised to form reactive quinines, which in turn inhibit extracellular enzymes of
invading fungi (Mayer, 1987), or they may polymerize causing lethal browning of tissue (Mayer
and Harel, 1979). Usually, mango fruits of cv ‘Karuthacolomban’ fruits upon inoculation take
6-7 days to show visible, measurable lesions. Our studies show that penetration commences
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within 24 hours. Therefore, the delay in symptom expression seen in inoculated mango fruits
could also be due to the toxicity of the accumulated phenolic substances in addition to the
toxicity of the phytoanticipines (Karunanayake et al., 2011, 2014) which temporarily prevents
further spread of the fungus.
Some of the accumulated phenols were tannins. Galloyl tannins are a group of constitutive
antifungal compounds in mango Karunanayake et al., 2011) . Thus, the increase in tannins could
be an increase in antifungal galloyl tannins. Karunanayake (2008), report that inoculation of fruit
peel with conidia of C. gloeosporioides increased gallotannin activity only on day one following
inoculation. On subsequent days inoculated fruit peel showed lower amounts of gallotannin
antifungal activity compared to that of control fruit peel. In the present study, significant
increases in phenols were not seen following 72 hours incubation, except in the cell-wall bound
phenols.
Resistant plant varieties are known to contain a larger number of phenolic compounds and their
oxidative products than more susceptible plant varieties (Mehta and Mehta, 1989). However, in
certain instances it is not the amount of accumulated phenols but the type of phenol that confers
resistance (Cvikrova et al., 1992). For example Niemann and Baayen (1988) state that in
carnations susceptible to Fusarium oxysporum, the large amount of phenolics accumulated upon
pathogen challenge are lower phenols which do not exhibit much antifungal activity. According
to these results, it seems apparent that the increased levels of phenols detected by histochemical
tests at infection sites are not gallotannins, except possibly on day 1 following inoculation.
In the quantitative analysis of phenols, it appeared that the greater contributions to total soluble
phenol content in mango peel were by free-phenols and glycoside bound phenols. The amount
of ester-bound phenols was very little in the mango fruit peel.
Contrary to the histochemical tests, the quantitative data show that only total soluble phenols and
non-conjugated phenols increased in inoculated tissue, and this was also not significant at the
time of measurement. Generally all types of phenols were less in peel tissue of inoculated fruits.
Therefore it is unlikely that soluble phenols contribute largely towards induced resistance in
mango fruit. However, cell wall bound phenols were higher in inoculated peel tissue compared
to non-inoculated peel tissue. Therefore, if any resistance is induced in the mango fruit by
phenolic substances, it should be due to the increase in cell-wall-bound phenols. It is possible
that the staining observed histochemically was due to staining of the cell walls.
The increase in cell wall bound phenolics in inoculated tissue observed in the present study is in
agreement with that reported by Bolwell et al. (1985), where they state that, an increase in the
amount of phenolic acids ester-bound to the cellulosic and hemicellulosic fractions of the cell
wall generally takes place upon pathogen attack. According to Fry (1987), esterification of
phenols to cell wall material is a common phenomenon in expression of resistance.
This study reveals that infection of mango fruit peel by C. gloeosporioides induces the
accumulation of phenols; specifically cell-wall bound phenols and tannins. The above induced
www.ijaeb.org

Page 132

International Journal of Agriculture, Environment and Bioresearch
Vol. 3, No. 06; 2018
ISSN: 2456-8643
defences may contribute to slowing down the spread of the pathogen. However, with ripening,
host defences decline. The elaborate preformed host defences operating in mango fruit
(Adikaram et al., 2010, Karunanayake et al., 2011) decline and the relatively less potent induced
defences would be insufficient to prevent spread of the pathogen. Therefore, the interaction
between the pathogen C. gloeosporioides and the susceptible host, mango fruit, would eventually
be decided in favour of the pathogen. Therefore following 6-7 days of inoculation of mature
mango (cv ‘Karuthacolomban’) fruits, disease symptoms would finally develop.
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