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Abstract

Anthracnose, caused by the fungus called Colletotrichum gloeosporioides, is
the main postharvest disease that affects mango production on Reunion Is-
land. Fruits for the export market are always treated with chemicals. The use
of chemical treatment is not in adequation with consumer expectations, and
the increasing emergence of fungicide-resistant isolates promotes the devel-
opment of alternatives methods. The principal objective of this work was to
use antimicrobial properties of thymol as an alternative postharvest treatment
on mango. Thymol diluated in a penetrating agent solution was effective on
mango anthracnose. At a concentration of 0.025%, Thymol limited necrosis
development due to pathogens during fruit storage. This treatment can stimu-
late some of polyphenols biosynthesis involved in the fruit resistance to post-
harvest disease, particularly the synthesis of gallic acid and resorcinol. With
this final concentration of 0.025% thymol, the treatment did not affect fruit
maturation and quality, especially the peel colour and sugar content. Impor-
tantly, the treatment did not show any detectable effect on organoleptic quali-
ties of the fruit.

Keywords

Mango, Mangifera indica, Anthracnose, Colletotrichum gloeosporioides,
Biological Control, Phenolic Compound, Thymol

1. Introduction

Mango (Mangifera indica L.) is one of the most widely grown tropical fruits in
the world because of its high economic potential [1]. Postharvest diseases are
responsible for important losses especially for fruit destinated to exportation

market. Anthracnose is caused by Colletotrichum gloeosporioides and repre-
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sents the main post-harvest disease affecting mango in all zones of mango pro-
duction. This disease impacts fruit quality, directly affecting fruit shelf life and
commercial value. The pathogens contaminate fruits in the field during fruit
growth; conidia of Colletotrichum are vehiculated by rain water and can germi-
nate on the fruit peel surface in order to form appressoria, which are the quies-
cent structures of the fungus. Lesions appear during ripening or after wounding.
Disease control is generally done by postharvest application of chemicals [2].
However, the increasing emergence of fungicide-resistant isolates and problems
related to fungicide toxicity [3], new alternatives strategies for controlling this
disease have been proposed, including the use of essential oils properties [4].

There is a lot of essential oils (EOs) possessing antimicrobial activity against
fruit pathogens [5]. The thyme (7hymus vulgaris L. thymoliferum) produces
several active compounds like thymol. This compound was shown to be very ef-
fective to control diseases of sweet cherry [6] and table grape [7] and to limit
decay caused by fungal pathogens in cherry tomato [8], in avocado [9] [10], in
banana [11] and in papaya [12].

Thymol showed high in vitro efficacy against both spore germination and
mycelial growth of C. gloeosporioides [13]. Recent works on avocado and
mango also demonstrated the effectiveness of thyme oil and thymol for control-
ling postharvest diseases, by the stimulation of biochemical pathways involved in
natural defence [14] [15].

The biochemical resistance of mango is principally based on Gallic acid and
resorcinol production. Gallic acid has the capacity to form molecular structures
such as gallotannins [16], and some resorcinols such as
5-(12-heptadecenyl)-resorcinol has a high fungi toxic activity [17]. Flavonoids in
the fruit peel are also implicated in host resistance [18]. Thus, the chemical
properties and antimicrobial activity of thymol can elicit physiological responses
of the fruit to control C. gloeosporioides. However, high doses of thymol may
inhibit certain metabolic pathways involved in fruit resistance; the synthesis of
resorcinol decreased in fruits treated with doses of thymol higher than 0.1% [15].
Similarly, thymol has a negative effect on fruit ripening, and can totally block the
ripening process [15]. The optimal concentration of thymol in a treatment solu-
tion is investigated.

The main objective of our study was evaluating an alternative postharvest
treatment method against anthracnose disease in mango with several concentra-
tions of thymol. The effect of several dipping thymol solution on anthracnose
development was evaluated. The effect of these treatments on fruit physiology

and sensorial quality was tested too.

2. Materials and Methods
2.1. Plant Material

The mango (Mangifera indica) var. José was cultivated by a producer of Saint
Gilles les Hauts, in Saint Paul, Reunion Island (21°6'S 55°32'E—tropical cli-
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mate—average annual temperature = 25°C, rainfall = 1500 mm/year—ferrallitic

soils). Fruits were harvested at a commercial maturity stage for exportation.

2.2. Pathogen

The MUCL 43868 strain of Colletotrichum gloeosporioides (Penzig) was used
for all experiments. The strain was cultivated on potato dextrose agar (PDA)
medium at 27.5°C in the dark. This strain, from the pathogen collection of the
Catholic University of Leuven (Leuven, Belgium), was isolated from Mexican

mangoes by GL Hennebert [19].

2.3. Thymol Solution

Treatment solutions were prepared with crystals of pure thymol (number CAS
89-83-8) from Xeda International SA (Saint Andiol, France) diluted in terpene
preparations made with the commercial product Heliosol® (665 g/L terpenic al-

cohol) prepared at 2 mL/L, referred to as H in this paper.

2.4. In Vivo Tests—Fruit Inoculation

MUCL 43868 was cultivated in Petri dishes for 21 days on PDA. Health fruits
were selected, and the peel area to be inoculated was washed with 70% ethanol.
Fruit inoculation was performed according to [10] by uniformly wounding (a
cross: 2 mm deep and 10 mm wide) a flat zone of the fruit with a sterilized
cork-borer and inoculating it with 20 pL of a spore suspension of MUCL43868 at
10° spores/mL. To ensure that anthracnose development was due to our inocu-
lated strain, the peels from inoculated fruits were placed on Saboureau media
amended with chloramphenicol and left for 10 days at 27°C. The identification
of the re-isolated fungi was based on morphological criteria. After inoculation,
fruits were maintained at room temperature for 24 h (21°C, 85% relative humid-
ity).

Inoculated fruits were then dipped during 2 minutes in 1) water as a control
(C), 2) the terpene solvent (H) as a second control, and 3) thymol/terpene sol-
vent (several concentrations of thymol) and stocked to air to dry at room tem-
perature.

The effect of different concentrations (%) of thymol in the solvent (0.1 % of
thymol: T0.1%; 0.075% of thymol: T0.075%; 0.05% of thymol: T0.05%; 0.025% of
thymol: T0.025%; 0.01% of thymol: T0.01%) was compared with (H) and (C)
controls.

The experiment was repeated in triplicate (70 fruits for each replicate of the
experiment—10 fruits per modality (T0.5%; T0.1%; T0.05; T0.025%; T0.01%; C
and H). The objective was to determine the most effective concentration on dis-
ease development that did not affect fruit quality.

Inoculated and treated fruits were packed in sealed plastic boxes (30 L) and
maintained at 20°C for 7 days. Observations of wound anthracnose were re-
corded at the end of the storage time (7 days). The length (L) and width (w) of
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the developed necrosis was measured on the inoculation area of each fruit and
the surface of each necrosis was calculated by the formula of the area of an el-
lipse: L X w X m/4.

2.5. Biochemical Analyses

Fruits were analysed at the end of the storage. All fruits were weighed before and
after storage to measure weight loss with a precision balance Sartorius CP3202S
(Sartorius Lab Instruments GmbH & Co. Goettingen, Germany. Peel and pulp
were separated and frozen at —80°C. Biochemical analyses were performed on
total soluble solids (TSS measured by an electronic refractometer Pocket Refrac-
tometer Atago on fruit pulp) and on colour with a chroma meter (Minolta CR
300). The colour was measured in the Lab system and was represented by
chroma (C= (& + £)"?). Polyphenols and resorcinol-like compounds were ana-
lysed using high-performance liquid chromatography (HPLC) on fruit peels.
HPLC analysis was performed using a Dionex Ultimate 300 apparatus (Dionex
Co., Sunnyvale, CA, USA) equipped with a diode array detector. The column
used was a reverse-phase Waters Symmetry Shield C18, 250 X 4.6 mm, 5 um.

2.6. Sensorial Analysis

We performed a triangular test (NF ISO 4120) with 24 judges and two types of
sample; a sample with mangoes treated with 0.025% solution thymol, and a con-

trol sample with mangoes treated with water.

2.7. Statistical Analysis

A randomized block design approach was adopted in this study. The experi-
ments were repeated in triplicate, and the data were analysed with the general
linear model (GLM) procedure in the Excel Stat computer programme. Mean
values were separated by LSD values (5%) using the least significant difference
(LSD) test and homogenous groups were determined using the Newman-Keuls

test.

3. Results
3.1. Effect of Thymol on Wound Anthracnose Development

The effect of thymol on wound anthracnose development was significant
(Figure 1 and Figure 2). After 7 days of storage, there was no development of
necrosis on the fruits inoculated and treated with 0.075% and 0.1% thymol (0
mm?), and a very light development on fruits treated with 0.05% thymol (58
mm?). Fruits treated with 0.025% thymol (118 mm?) also presented significantly
reduced necrosis surfaces when compared to controls (no significative difference
between T0.1%, T0.075%, T0.05% and T0.025%). Fruits treated with 0.01%
thymol showed necrosis surfaces of approximately 320 mm?* on average. Control
fruits (C and H) presented large necrosis totally different to thymol treated fruits
(842 mm? for H and 626 mm? for C).
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Effect of thymol on weight loss during storage (Table 1).

The percentage of weight loss was the lowest for fruits treated with water (C)
or the terpene solvent (H) (approximately 4.7% and 6.6%). This was significantly
different from weight loss observed in fruits treated with the highest concentra-
tion of thymol (T0.1% presented about 9% of weight loss).

3.2. Effect of Thymol on Peel and Biochemical Quality Parameters

Two quality parameters related to fruit ripening were measured. Fruit peel col-

our and total soluble sugar (TSS) are presented in Table 1.
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Figure 1. Necrosis surface 7 days after inoculation of fruit with a solution of C. gloeospo-
rioides spores for mangoes from the different treatments. T0.1% = 0.1% thymol treatment;
T0.075% = 0.075% thymol treatment; T0.05% = 0.05% thymol treatment; T0.025% =
0.025% thymol treatment, T0.01% = 0.01% thymol treatment C = water treatment; H =
terpene treatment. The letters a and b represent the homogeneous groups determined by
the Newman-Keuls test at a threshold of 5%.

T He

(a) (b)

(c)

Figure 2. (a) Photo of a mango from treatment C, (b) Photo of a mango from
treatment H, (c) Photos of mangoes from treatment T.01% thymol (left),
T0.025% thymol, T0.05% thymol, T0.075% thymol and T0.1% thymol (right).
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Table 1. Weight loss (%), colour peel (C) and Brix (°) of fruits treated with T0.1% = 0.1%
thymol treatment; T0.075% = 0.075% thymol treatment; T0.05% = 0.05% thymol treat-
ment; T0.025% = 0.025% thymol treatment, T0.01% = 0.01% thymol treatment C = water
treatment; H = terpene treatment. The letters a, b, ¢ and d represent the homogeneous
groups determined by the Newman-Keuls test at a threshold of 5%.

Weight loss (%) Colour Peel (C) TSS °Brix

C 4.77 £ 0.51 (b) 48.28 +2.62 (a) 21.07 + 1.13 (a)

H 6.65 + 0.96 (ab) 49.83 +5.20 (a) 20.43+ 1.07 (a)
T0.01% 6.82 + 0.75 (ab) 52.43 +3.03 (a) 20.45 +1.27 (a)
T0.025% 8.04 + 1.74 (ab) 50.76 + 3.04 (a) 19.83 £ 2.11 (a)
T0.05% 8.38 +2.42 (a) 36.42 +9.42 (b) 20.61 + 1.80 (a)
T0.075% 7.40 + 2.19 (ab) 24.26 +7.58 (c) 16.82 +1.97 (b)
T0.1% 9.02 +2.67 (a) 17.29 £2.97 (d) 14.16 £ 1.52(¢)

Fruit maturation in the highest thymol concentration treatment was impeded.
The parameters that characterized the peel colour were also very different be-
tween T0.1%, T0.075% and T0.05% treatments and the C and H controls, and
lowest thymol concentration treatment (Table 1).

As expected, the peel colour values of treated fruits with more than 0.05%
thymol were significantly different from the controls (C and H) and low thymol
concentration (T0.01%, T0.025%). The T0.01% and T0.025% values were not
significantly different from the H and C values and the ripening profiles of
T0.01%, T0.025%, H and C fruits were equivalent. This is consisitant with a vis-
ual observation of the fruits as shown in Figure 2. The highest thymol concen-
tration led to a brown colored peel.

The fruit sugar soluble content of C, H, T0.01%, T0.025% and T0.05% fruits
were indistinguishable after 7 days of storage but were significantly different
from T0.0.075% and T0.1% fruits. C, H, T0.01%, T0.025% and T0.05% fruits
evolved during the storage period, and the soluble sugars were synthesized nor-
mally, which was not the case for T0.1% and T0.075% fruits in which the matu-
ration of the pulp was impeded. The ripening process was affected by thymol
treatments, and the lack of starch degradation was used as an indicator of

blocked maturation.

3.3. Effect of Thymol on Polyphenolic Compound Biosynthesis

Figure 3 shows the gallic acid contents after the application of the different
treatments. For C and H fruits, the values were equivalent and without signifi-
cant differences at 5% (about 6000 pg/g DM). On the other hand, T0.01% and
T0.025% fruits showed much higher values (11720 pg/g DM and 9837 ug/g DM)
compared to other treatments. Gallic acid synthesis was therefore stimulated by
0.01% and 0.025% thymol treatments. However, the T0.075% and T0.1% fruits
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exhibited the lowest values (4320 ug/g DM and 1361 ug/g DM), even lower than
the H control. Therefore, the high concentration of thymol seemed to inhibit
gallic acid synthesis in mango.

Figure 4 shows the levels of resorcinol in mango peel after different thymol
treatments. It was found that until 0.025% of thymol, an increase in thymol
concentration was correlated with an increase of the resorcinol content in the
fruits. T0.025% fruits presented the highest level of resorcinol content (65 ug/g
DM) and was significally different from the other treatments.

There was no significant difference between C, H, T0.075% and T0.05%, but
fruits from T0.1% treatments showed significantly lower levels of resorcinol (0
pg/g DM). These observations suggest an inhibition of resorcinol synthesis in

mango peel following a treatment using a high concentration of thymol.

16000

ab

14000

ug gallic acid / gDM

C H T0.01% T0.025% T0.05% T0.075% T0.1%

Figure 3. Gallic acid content in the peel of fruits subjected to different treatments. T0.1%
= 0.1% thymol treatment; T0.075% = 0.075% thymol treatment; T0.05% = 0.05% thymol
treatment; T0.025% = 0.025% thymol treatment, T0.01% = 0.01% thymol treatment C =
water treatment; H = terpene treatment. The letters a, b and c represent the homogeneous
groups determined by the Newman-Keuls test at a threshold of 5%.

ug resorcinol / gDM

C H T0.01% T0.025% T0.05% T0.075% T0.1%

Figure 4. Resorcinol content in the peel of fruits subjected to different treatments. T0.1%
= 0.1% thymol treatment; T0.075% = 0.075% thymol treatment; T0.05% = 0.05% thymol
treatment; T0.025% = 0.025% thymol treatment, T0.01% = 0.01% thymol treatment C =
water treatment; H = terpene treatment. The letters a, b and c represent the homogeneous
groups determined by the Newman-Keuls test at a threshold of 5%.
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Figure 5 and Figure 6 show the levels of the two mains flavonoids (quercetine
and catechin) in mango peel after the different thymol treatments. For quercetin,
no significant difference between all treatments (at 5% level) was observed sug-
gesting that thymol had no effect on peel quercetine levels. However, an impor-
tant decrease of catechin level correlated with thymol concentration increase was
observed. No more catechin was detected in fruit peel when fruit were treated
with 0.1% thymol (Figure 5).

3.4. Effect of Thymol on Sensory Analysis

A triangular test with 24 judges and two types of sample was performed; a sam-
ple with mangoes treated with a 0.025% thymol solution, and a control sample
with mangoes treated with water. At the end of the test, 12 (50%) correct judge-

ments were made, which is not significant at P < 0.05 [20]. The triangular test at

600

500

400 T |

300 -

200

ng catechin / gDM

100 -

bed
0 ‘ -

C H T0.01% T0.025% T0.05% T0.075% T0.1%

Figure 5. Catechin content in the peel of fruits subjected to different treatments. T0.1% =
0.1% thymol treatment; T0.075% = 0.075% thymol treatment; T0.05% = 0.05% thymol
treatment; T0.025% = 0.025% thymol treatment, T0.01% = 0.01% thymol treatment C =
water treatment; H = terpene treatment. The letters a, b, ¢ and d represent the homoge-
neous groups determined by the Newman-Keuls test at a threshold of 5%.
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Figure 6. Quercetin content in the peel of fruits subjected to different treatments. T0.1%
= 0.1% thymol treatment; T0.075% = 0.075% thymol treatment; T0.05% = 0.05% thymol
treatment; T0.025% = 0.025% thymol treatment, T0.01% = 0.01% thymol treatment C =
water treatment; H = terpene treatment.
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the 5% threshold showed no significant difference between the samples; the
judges were therefore unable to statistically differentiate the fruits treated with

thymol from the untreated fruits.

4. Discussion

The aim of the experiment was to determine the best concentrations of thymol
to use for postharvest treatment with a measurable effect in vivo on the devel-
opment of necrosis due to C. gloeosporioides on mango (cv José), given that
thymol is highly fungi toxic to this pathogen in vitro [13] and in vivo [15] with
no negative effect on fruit quality.

The first result obtained dealt with weight loss. Treatment with a 0.1% thymol
solution led to important weight loss during the 7 days following the treatment.
This weight loss may be the consequence of a stress phenomenon resulting from
the use of high thymol concentration. The brown peel colour of the treated fruits
supports this interpretation: the excess of thymol caused a stress similar to a salt
stress, leading to an increase in respiration and reactive oxygen species (ROS)
synthesis, resulting in an overall browning of the peel [21].

Nevertheless, despite the visual appearance of the peel of the T0.1% and
T0.075% fruits, thymol (diluted in H) had a very strong fungitoxic effect,
whether it was on the development of wound anthracnose. This result is in ac-
cord with first result with higher concentration of thymol [15].

H is a penetrating agent. It allows thymol molecules to penetrate into the fruit
and to prevent the development of the pathogen that has a subcuticular hypha at
the time the treatment is applied, making superficial treatments ineffective [22].
H alone had no effect on the disease, confirming that thymol penetrates into the
skin and then blocks the pathogen. Seven days after treatment with a 0.1% thy-
mol solution, the thymol content was approximately 140 ng/g FM in the fruit
peel (data not showed).

The second aim of the experiment was to choose the optimal thymol concen-
tration in the H penetrating agent to obtain a treatment solution that would
make it possible to control anthracnose without impacting fruit maturation and
quality.

The T0.1% and T0.075% treatments were totally effective and prevented the
development of the pathogen after inoculation of a calibrated solution of spores
on the wound (wound anthracnose). However, the 0.05% and 0.025% thymol
solution appeared effective on fruits as necrosis developed in comparison to H
and C control fruits.

Fruit maturation patterns were evaluated in terms of colour and sugar con-
tent. Our results showed that T0.01%, T0.025% treated fruits evolved similar to
C and H control fruits, whereas the maturation of the T0.1%, T0.05% and
T0.075% fruits was affected by the treatment. This is in accordance with our
previous studies on mango for the highest concentration of thymol [15].

Phenolic compounds are mainly involved in the mechanisms of fruit peel re-
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sistance. Our data shed new light on the effect of thymol on fruit biochemistry.
For gallic acid, there is an increase in level for 0.01% and 0.025% thymol con-
centrations, and a decrease with higher thymol concentrations. Low thymol
content stimulates gallic acid synthesis and high thymol contents inhibited the
production of gallic acid. For resorcinol content, the same type of results was
observed: high thymol contents inhibited the production of resorcinol, and low
thymol content stimulates resorcinol synthesis, especially T0.025%. For the two
flavonoids measured, no stimulation of biosynthesis was observed; catechin
content decrease with the increase of thymol, and quercetin content is not af-
fected by the post harvest treatment.

Our observations are in agreement with the observations of other studies on
comparable host-pathogen interactions [9] [10] [23]. A post harvest treatment
with 0.01% or 0.025% of thymol can stimulate a part of the biochemical mecha-
nism of fruit resistance against Colletotrichum gloeosporioides.

Our results showed that the treatment with 0.025% thymol permitted an effec-
tive control of anthracnose development with no effect on fruit maturity (color
and sugar content). This is why sensory analyses were performed with fruits
treated with this thymol concentration. Interestingly, the triangular test showed
that this treatment did not affect the fruit taste, which makes it a very promising

treatment for mango anthracnose.

5. Conclusion

This study showed that the use of thymol in the postharvest treatment of mango
to prevent anthracnose development is a valid option. Thymol, associated with a
penetrating agent such as Heliosol®, had a strong fungi toxic activity in vivo and
stimulated some defence pathways of the fruit. The concentrations to be applied
must be well calibrated to prevent fruit maturation. A treatment with a solution
of thymol calibrated at 0.025% permitted a good control of the disease with no
detectable effect on fruit quality. For a total control of anthracnose, additional
studies must be carried out using the synergie of several essential oils including

thymol and optimization should be considered according to mango variety.
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