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ABSTRACT

Objective: The objective of this study was to evaluate whether extracts with different polari-
ties, obtained from papaya (Carica papaya) leaves, have fungicide and/or fungitoxic action
in the post-harvest control of anthracnose in papaya fruits. Methods: Hydroethanolic extract
was fractionated with organic solvents of different polarities, resulting in hexane, ethyl ether,
ethyl acetate, n-butyl alcohol and aqueous fractions. In in vitro tests, concentrations of 0, 500,
1000, 1500 and 2000 mg L, diluted with 10% Tween 20, were used to evaluate fungitoxic and
fungicide effects using the Mycelial Growth Inhibition percentage (MGI1%) method. Results
and Discussion: In in vivo tests, the fraction of leaf extract which had the highest MGl1% was
used. Severity, expressed by the average diameter of the lesion and calculation of the Area
Under the Disease Progress Curve (AUDPC), and incidence of the disease were determined.
Analyses of pH, soluble solids, titratable acidity, firmness and mass loss were performed to
evaluate the effect of treatments on fruit quality. AqQueous extract, at a concentration of 2000
mg mL", was the most efficient to control the growth of Colletotrichum spp. in vitro. In the
in vivo test, an inhibitory effect of the extract was observed at the different concentrations
tested, when associated with 10% Tween 20. The use of aqueous extract in fruits did not
significantly alter their firmness and soluble solids content. Conclusion: Treatment of papa-
ya fruits with Tween 20, associated or not with aqueous extract, reduced the appearance of
anthracnose symptoms.
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H INTRODUCTION

Papaya (Carica papaya L.) is one of the main fruit crops cultivated in Brazil. One of the
limiting factors to its production and commercialization is its vulnerability to a large number
of diseases. Anthracnose, caused by Colletotrichum spp., is responsible for major losses
in this crop and the control of this disease is mostly performed using synthetic fungicides in
pre-harvest and post-harvest, but it can leave chemical residues in the fruits.

The main problem with the infection caused by Colletotrichum spp. is the presence of
rounded, large, necrotic lesions, with depression in center of the tissues, which can reach
different diameters from which masses of rosy-colored conidia emerge (DEMARTELAERE
et al., 2017). Losses resulting from contamination by pathogens still in the field compromise
fruit quality and may restrict the export of fresh fruits and reduce remuneration in the domestic
market (BAUTISTA-BANOS et al., 2013).

The control of papaya diseases in post-harvest is often performed through the appli-
cation of synthetic fungicides. However, the increased resistance of phytopathogens, as
well as the evidence of the harmful effects of these products on the environment and health
and the effects they can cause in the long term, have increased the demand for new control
alternatives (RIBEIRO et al., 2016).

In the literature, it can be observed that a large number of plants have already been
studied in the control of post-harvest phytopathogens, and it is claimed that the antifungal
properties of their extracts may be related to the presence of flavonoids, tannins, phenols,
terpenoids, isothiocyanate, alkaloids, glycosides, saponins, steroids, organic acids and unsa-
turated sterols (MADJOS; LUCENO, 2019; KAD; TAMBE, 2018; POH; JIEN, 2017; ALORKPA
et al., 2016; IKRAM et al., 2015). Some of these compounds are present in Carica papaya
leaves, so their use can be explored and their application can be validated for the control of
anthracnose in papaya fruits (POH; JIEN, 2017).

In view of the above, this study aimed to evaluate extracts obtained from leaves of
papaya, cultivar ‘Golden THB’, with regard to their fungicide and/or fungitoxic action in the
post-harvest control of anthracnose in papaya fruits.

B MATERIAL AND METHODS

Obtaining the extract from papaya leaves and the fungus Colletotrichum spp.

This stage was carried out at the Phytochemistry Laboratory of the State University of
Feira de Santana (Feira de Santana, BA, Brazil). Leaves of papaya cv. ‘Golden THB’ were
collected in a commercial orchard, located in Mucuri, BA, Brazil, using the hydroethanolic



extract (crude extract) obtained from leaf hydrodistillation and its fractions from the liquid-
-liquid partitioning process with organic solvents of increasing polarity: hexane, ethyl ether,
ethyl acetate, n-butyl alcohol and the residual called aqueous partition. After evaporation of
the solvents, the masses of each of the fractions were weighed and the yield of the fractions
was calculated by the expression:

Fraction mass

i o) = 1
Yield (%) Crude extract mass *100 ()

The strain of Colletotrichum spp., standard strain 0402, used in the experiment belongs
to the collection of fungi of the Phytopathology Laboratory of Embrapa Cassava and Tropical
Fruits and was obtained by isolation from infected papaya fruits.

In vitro inhibition of Colletotrichum spp. mycelial growth

Lyophilized extracts of papaya leaves were diluted in 10% Tween 20 solution at con-
centrations of 0, 500, 1000, 1500 and 2000 mg L' and added to the potato-dextrose-agar
(PDA) medium, and then this mixture was poured and solidified in Petri dishes, with 90 mm in
diameter. At the same time, three controls were prepared, one only with the culture medium
(CC), another containing culture medium and Colletotrichum spp. (CP) and finally the culture
medium plus the commercial fungicide Cercobin® 700 WP (CN).

Discs of 5 mm in diameter, containing mycelium and spores of Colletotrichum spp., were
removed from a pure culture aged 10 days and transferred to the center of plates containing
agar mixed with the different concentrations of extracts. The plates were sealed with plastic
film and kept in BOD chamber, at a temperature of 25 °C + 2 °C, with photoperiod of 12 hours,
until the mycelial growth of the control plate fully covered the surface of the culture medium.

The efficiency of the different concentrations of the extracts was determined by mea-
suring the diameters of the colonies in millimeters, with a digital caliper, to obtain the Growth
Inhibition Percentage (MGI%) for the inoculated fungus in comparison to the control pla-
tes CC and CP using the following formula:

Dcontrol cpy — Dtreatment

MGI% = x100 (2)

D control (CP)

The experimental design used was completely randomized, in a 6 x 5 + 3 factorial
scheme. Treatments consisted of the combination of six extracts (crude, hexane, ethyl ether,
ethyl acetate, n-butyl alcohol and aqueous), at five concentrations (0, 500, 1000, 1500 and
2000 mg L"), and the three controls (CC, CP and CN).



The data were subjected to analysis of variance (ANOVA) to test the main effects and
interactions of the treatment. The mean differences of treatment between the extracts were
compared by the Scott-Knott test at 5% probability level. The differences between the con-
centrations of the extracts were determined by regression analyses. Statistical analyses were
performed in the SISVAR program (FERREIRA, 2011).

Evaluation of anthracnose control in papaya fruits (in vivo)

The most efficient extract in the in vitro assays was selected for in vivo evaluation, also
taking into account the nature of the solvent and yield.

Papaya fruits at maturity stage 1 (up to 15% of peel is yellow), from a commercial or-
chard, located in the municipality of Mucuri, BA, were artificially contaminated with the fungus
Colletotrichum spp., by inoculation with mycelium discs (5 mm in diameter), removed from
colonies of the pathogen, grown in PDA for 10 days. Inoculation was performed by the injury
method. Four holes with 1 cm depth were made on the fruit surface, using a sterile needle
with 0.2-mm caliber. Inoculum discs were placed on each hole and then the fruits were placed
in a humid chamber, at 25 °C, and kept for 24 hours.

After this period, the fruits were sprayed with the aqueous extract, at concentrations
of 0, 2000, 3000, 4000, 5000 and 6000 mg L™ of the extract selected in the in vivo test. For
spraying, 50-mL spray bottles were used. The fruits were placed on shelves and remained
at room temperature at 25 °C + 1. Fruits without inoculation of the phytopathogen, fruits with
inoculation of the phytopathogen and fruits with the adjuvant Tween 20 at 10% plus inocu-
lation of the phytopathogen were respectively the control, C1 and C2.

The mean size of the lesion was evaluated by measuring the diameter of the lesions
in two diametrically opposite directions, in millimeters, using a digital caliper, at the points of
inoculation, when the fruits reached maturity stage 5.

Severity was considered as the daily progress of the lesion, evaluated by measuring
the diameter of the lesion every 24 h, recording the diameter of the colonies in millime-
ters. Measurements were interrupted on the day the fruits reached maturity stage 5. From
the mean value of lesion diameter over time, the Area Under the Disease Progress Curve
(AUDPC) was calculated according to the methodology of Shaner and Finney (1977), by the
following formula:

AUDPC = z< b +y(”1)))) (3)

2X (t(1+1)



Where y, is the diameter or incidence of a lesion at time ¢, in days, and y, , is the dia-
meter or incidence of the lesion at time z,_ .

Incidence was evaluated with the naked eye, based on the presence or not of the lesion
at the inoculation point, until the fruit reached maturity stage 5, and calculated based on the
number of symptomatic fruits (ALl et al., 2015) according to equation 4:

_ NFinfected %100 (4)
NFtotal
Where NF, . corresponds to the number of fruits with symptoms and NF _ _ corres-

ponds to the total number of fruits.

The experiment was conducted using a completely randomized design, ina5x 6 + 3
factorial scheme, with five concentrations of extracts, six days of evaluation and three controls
(control, control 1 and control 2), with 4 fruits per replicates and two experimental replicates.

Lesion size data as well as AUDPC data were transformed to Vx. Analysis of variance
(ANOVA) was applied and, in case of significance at 5% probability level by the F test, treat-
ment means were compared using the Scott-Knott test. Statistical analyses were performed
in the SISVAR program (FERREIRA, 2011).

Physicochemical characterization of fruits inoculated with Colletotrichum spp.

Characterization of the fruits was performed when they reached maturity stage 5, which
occurred around 6 days after inoculation. Analyses of moisture, pH, soluble solids (°Brix)
and titratable acidity (% citric acid) were performed according to Instituto Adolfo Lutz (2008).
Firmness of the fruit, with peel and without peel, was obtained with an analog penetrome-
ter, with a 7.9-mm-diameter tip, and expressed in kgf. Mass loss was obtained by weighing
the fruit on the day of treatment application (M) and on the day of evaluation (Mf) by the
following formula:

(M; — My)
M

i

Mass loss = x100 (5)

B RESULTS AND DISCUSSION

Yield of the obtained extracts and in vitro inhibition of Colletotrichum spp. mycelial
growth

It was observed that the most polar solvent (aqueous) showed the highest yield (57.2%),
followed by ethyl ether (15.7%). The lowest yield was obtained for n-butyl (7.2%) (Table 1).
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This result shows that papaya leaves had in their composition predominance of compounds
with more polar characteristics.

The only study on phytochemical screening of papaya leaves found in the literature was
conducted by Baskaran et al. (2012). These authors evaluated the solvents ethanol, metha-
nol, ethyl acetate, acetone, chloroform, petroleum ether, hexane and water and observed
the presence of alkaloids, carbohydrates, saponins, glycosides, proteins and amino acids,
phytosterols, phenolic compounds, flavonoids, terpenoids and tannins. Possibly, the extracts
obtained in the present study have a composition similar to those of the extracts obtained by
the aforementioned authors. Also in this study, the results of the phytochemical screening
performed on the aqueous extract indicated only the presence of alkaloids.

Table 1. Yield in obtaining the fractions, after liquid-liquid partitioning performed from the hydroethanolic extract of
papaya leaves.

Treatment Yield (%)
n-butyl 7.2
Ethyl ether 15.7
Hexane 10.8
Ethyl acetate 9.0
Aqueous 57.2
Crude 100

It was found that all extracts had a significant inhibitory effect on the mycelial growth
of C. gloeosporioides compared to the control (p<0.05). Overall, the mycelial growth of the
fungus was dependent on the concentration of the extracts. There was a positive linear rela-
tionship between the concentrations and diameters of the lesions for all extracts (Figure 1).

The percentages of inhibition of mycelial growth for the n-butyl, ethyl ether, hexane,
ethyl acetate, aqueous and crude extracts at 2000 mg L after 8 days were 33.1%, 40.6%,
42.7%, 36.9%, 47.4% and 42.6%, respectively. Thus, the aqueous extract, at a concentration
of 2,000 mg L, was the most effective with 47.4% inhibition.

Lower results were reported by Bautista-Banos et al. (2002), who evaluated the fungicide
effect of papaya leaf aqueous extract on the in vitro growth of Colletotrichum gloeosporioides
and obtained 27.5% inhibition of mycelial growth on the seventh day of evaluation.



Figure 1. Mycelial growth (mm) of the fungus Colletotrichum spp. in PDA culture medium, with addition of the crude
extracts of papaya leaf (A) and its fractions, hexane (B), ethyl ether (C), ethyl acetate (D), n-butyl (E) and aqueous (F).

100 , —»—control A 100 , —»—control B
90 | —@—0mglL-1 90 | —@—0mgl-1
80 | —A&—500mgL-1 80 | —#—>500 mg L-1
70 | —#—1000 mg L-1 70 | —#—1000 mg L-1
60 | —a—1500mg L-1 60 | —a—1500mgL-1

Colony diameter (mm)
(%2
o

Colony diameter (mm)
wu
o

30 30
20 20
10 10

0 0

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Time (days) Time (days)
100 , —%*—control C 100 , —¥—control D
——0mg L-1 — 90 —8—=0mgL-1

w
o

=—de—500 mg L-1

—#— 1000 mg L-1
—4— 1500 mg L-1
60 | —e—2000mg L1

== 500 mg L-1

—#— 1000 mg L-1
e 1500 mg L-1
60 | —o—2000mgL1

Colony diameter (mm)
v
o
Colony diameter (mm
v
o

40 40
30 30
20 20
10 10
0 0
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Time (days) Time (days)
100 , —*—control E 100 , —%—control F
90 —8—0mg L-1 a0 == 0 mg L-1

== 500 mg L-1

50 | —*—1000mg L1
—de— 1500 mg L-1

60 | —s—2000mgL-1

—4—500 mg L-1
70 | —*—1000mg L1

—&—1500 mg L-1
60 | —s—2000mgL-1

Colony diameter (mm)
(4]
[=]
Colony diameter (mm)
u
o

40
30 30
20 20
10 10
0 0
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Time (days) Time (days)

Bautista-Bafos et al. (2003) evaluated the in vitro fungicide effect of chitosan and
aqueous extracts of papaya leaves and seeds on the development of Colletotrichum gloeos-
porioides and observed that the extracts alone had no fungicide effect, while the combination
of chitosan at 2.5% with the tested extract showed fungistatic effect. Chavez-Quintal et al.
(2011) evaluated in vitro the antifungal activity of ethanol extracts of papaya leaves, at a
concentration of 20 mg mL", and observed 21.84% inhibition of C. gloeosporioides mycelial
growth, obtaining a lower result than that for aqueous extract observed in the present study.

Figure 1 shows that, for the control treatment, the mean inhibition was equal to 12.7%
for all extracts tested, showing that 10% Tween 20, which is present in the positive control
and other extract concentrations, has some inhibitory effect on Colletotrichum spp.

Figure 2 shows the mycelial growth of the fungus Colletotrichum spp. in vitro at eight
days of evaluation. The results of the most efficient extract (aqueous; Figure 2C) and the least
efficient (n-butyl; Figure 2D) were presented. It is observed that in the negative control plate,
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using the commercial fungicide Cercobin® 700 WP (Figure 2A), there was no growth of the
fungus (Figure 2A) but, in the positive control, the fungus occupied the whole plate (Figure 2B).
Figure 2. Mycelial growth of Colletotrichum spp. in PDA culture medium for 8 days of mycelial growth. A- Negative

control: fungus grown in PDA with addition of the fungicide Cercobin® 700 WP, B- Positive control: fungus grown in PDA;
C- Fungus grown in PDA with addition of 2000 mg L of aqueous extract; D: fungus grown in n-butyl extract at 2000 mg L.

4

Evaluation of anthracnose control in papaya fruits

For the in vivo study, the extract and concentrations were selected from the results
observed in the in vitro assay, considering the efficiency of mycelial growth inhibition, as-
sociated with the highest yield. Therefore, it was decided to use the aqueous extract, with
concentrations higher than that which was the most effective in the in vitro test, with 2000
mg L' being the lowest concentration tested.

It can be observed in Figure 3A that the different concentrations of extract tested reduced
the mean diameter of C. gloeosporioides lesions in the fruits, when compared to T1 (Control
1); however, no significant difference was observed when cultivated in the presence of 10%
Tween 20 (Control 2) (Figure 3A). Thus, it is not possible to attribute the inhibitory effect exclu-
sively to the extract, and this result suggests that the surfactant used also contributed to reduce
the growth of the fungus under study, a result also observed in the in vitro tests (Figure 1).

Martinez et al. (2020) evaluated the severity of anthracnose in fruits of papayas cv.
‘Havai’, using the fraction extracted with dichloromethane and the compound 7-desmethyl-
suberosin isolated from the fractions extracted with n-hexane and dichloromethane, both
obtained from the extract of ‘Pau-Rainha’ (Brosimum rubescens Taub.) sawdust. The lesion
sizes for dichloromethane and 7-desmethylsuberosin at a concentration of 200 mg mL™" were
25 and 24 mm, respectively, measured 7 days after inoculation with C. gloeosporioides.
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When evaluating the progress of the disease (AUDPC), it was observed that the treat-
ments differed from treatment 1 (control 1), but there was no difference between them (Figure
3B). The aqueous extract, at any of the concentrations used, had an effect on disease control
as well as the treatment with the surfactant Tween 20 at 10% (control 2). Thus, the inhibitory
result can be attributed both to the surfactant and to the aqueous extract of papaya leaves.

Figure 3. Lesion mean diameter (A) and Area Under Disease Progress Curve - AUDPC (B) in papaya fruits, at 6 days after
inoculation with Colletotrichum spp.
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T1: control 1 - papaya inoculated with Colletotrichum spp., T2: control 2 - papaya inoculated with Colletotrichum spp.
with addition of 10% Tween 20, T3: Extract at concentration of 2000 mg L', T4: Extract at concentration of 3000 mg L™,
T5: Extract at concentration of 4000 mg L', T6: Extract at concentration of 5000 mg L', T7: Extract at concentration of
6000 mg L. Columns with equal letters do not differ by Scott-Knott test at 5% probability level

Tween 20 is a non-ionic, non-toxic surfactant consisting of esters of polyoxyethylene
sorbitol fatty acid and widely used in the food industry, due to its low cost and easy availability
(BASAK; GUHA, 2017). In this study, the use of this surfactant was necessary because not all
the extracts used are water-soluble. Thus, it was used in all treatments, as it was necessary
to standardize them. Some studies have also reported the inhibitory effect of this surfactant
on fungi. Domingues et al. (2000) stated that Tween can alter the morphology and surface of
the cell wall of fungi. Santos (2013) evaluated the activity of the surfactant Tween 20 on the
growth of the standard strain of Cryptococcus neoformans and observed that its growth was
significantly inhibited at the concentrations from 25 to 100%, and the inhibition was attributed
to the toxicity that the surfactant causes in the medium.

The incidence of anthracnose was practically null in the first three days, and there was
a marked increase in the symptoms of the disease in the two days preceding the point of
consumption of papaya, but the symptoms did not manifest in all holes.

These active infections occur when papaya fruits have already started or completed the
maturation process, progressing as the environmental conditions favor the growth of the patho-
gen. Jarvis (1994) also states that normal physiological changes in fruits can initiate the tran-
sition from the latency phase to the active phase, promoting the development of the disease.
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Fruits treated with the extracts showed reduction in the incidence of anthracnose when
compared to those of the control treatments, T1 (control with the phytopathogen Colletotrichum
spp.) and T2 (control with the adjuvant Tween 20 at 10%), which showed 100% inciden-
ce of fungi at the end of the experiment (Table 2). The absolute control treatment (fruit
without inoculation) did not show lesion. The lowest incidence of disease was observed
for treatments T4 and T7. The highest mean incidence of 90% disease was observed in
the treatment T6.

Efri et al. (2019) obtained positive results when evaluating the effect of papaya leaf
extracts at concentrations of 20, 30, 40 and 50% in papaya fruits, because at six days of
evaluation, the concentration of 30% reduced the incidence of anthracnose by 22.5%.

Contrary to the result observed in the present study, Bautista-Banos et al. (2002) evalua-
ted the incidence of anthracnose in papaya fruits treated with aqueous extract of papaya
leaves, at a concentration of 200,000 mg L' and obtained total inhibition of the disease, a
result that can be attributed to the high concentration used, which is much higher than those
tested in the present study.

Table 2. Incidence of anthracnose in papaya fruits inoculated with Colletotrichum spp. and treated with aqueous extract
of papaya seeds and leaves diluted in 10% Tween 20.

Treatment Incidence (%)
T1- control 1: Papaya +Colletotrichum spp. 100
T2- control 2: Papaya + Colletotrichum spp. + 10% Tween 20 100
T3- Extract at concentration of 2000 mg L* 80
T4- Extract at concentration of 3000 mg L* 70
T5- Extract at concentration of 4000 mg L? 80
T6- Extract at concentration of 5000 mg L* 90
T7- Extract at concentration of 6000 mg L 70
Mean 84.3
CV (%) 28.2

The physical, chemical and physicochemical evaluations of the fruits revealed that the
different treatments tested had a significant effect on pH, titratable acidity and mass loss
(Table 3). There was no significant difference between treatments regarding soluble solids
content (10.2 °Brix to 10.9 °Brix) and fruit firmness (0.9 kgf to 1.3 kgf). Bautista-Bafnos et al.
(2013) obtained lower values of soluble solids compared to the results of the present study
(between 8.3 °Brix and 9.4 °Brix) in papaya fruits, ‘Maradol’ variety, coated with chitosan and
in combination of chitosan with plant extract. This can be attributed to the different varieties
evaluated in the two studies.



Table 3. Physical, chemical and physicochemical characteristics of papaya fruits, at maturity stage 5, subjected to treatments
with different concentrations of aqueous extract of papaya leaves.

Treatment* o SS. ) T.A ) Firmness Mass loss

(2Brix) (% citric acid) (kef) (%)
TO- Control 5.7° 10.6™ 0.066° 1.1m 5.0°
T1- Papaya +Colletotrichum spp. 5.7 10.2™ 0.064° 1.1m 54112
T2- Papaya + Colletotrichum spp. + 10% Tween 20 5.7° 10.8™ 0.066° 1.2 5.3¢
T3 - Extract at concentration of 2000 mg L* 5.8% 10.7" 0.054¢ l 1 5.3°
T4 - Extract at concentration of 3000 mg L* 5.8° 10.4™ 0.048° 1.0™ 5.9
T5 - Extract at concentration of 4000 mg L* 5.9° 10.6™ 0.054¢ 0.9 5.7°
T6 - Extract at concentration of 5000 mg L* 5.8% 10.9™ 0.068° 1.1m 5.6
T7 - Extract at concentration of 6000 mg L* 5.3¢ 10.5™ 0.094° 1.3™ 5.87
Mean 5.7 10.6 0.064 1.1 5.4
CV (%) 13 438 11.28 27.1 8.8

Equal letters in the same column did not differ statistically by Scott-Knott test at 5% probability level, SS: Soluble Sol-
ids, TA: Titratable acidity, ns: not significant, control: fruit not inoculated.

Papaya fruits treated with higher concentration of aqueous extract, T7, had lower pH
(5.3) and higher percentage of acidity (0.094%). These observed values may be a conse-
quence of the acceleration of some metabolic reactions that occur during fruit ripening, with
consequent production of galacturonic acid. This inference is in agreement with Costa and
Balbino (2002), who state that the increase in titratable acidity in papaya pulp can be attribu-
ted to a possible synthesis of galacturonic acid during ripening, resulting from the process of
hydrolysis of pectin by the enzymes pectin methylesterase and polygalacturonase.

The values of pH and titratable acidity obtained by Batista et al. (2020) for ‘Golden THB’
papaya fruits coated with clove essential oil at 0.175 mL L were close to those obtained
in the present study, 5.59 and 0.08%, respectively. Silva et al. (2017) also obtained similar
values for titratable acidity, between 0.08 and 0.09%, in commercial fruits of the same variety
destined for the domestic market and export.

It was observed that leaf extract concentrations equal to 3000 mg L' or higher promo-
ted greater mass loss in the fruits at the end of the evaluation period (Table 3). According to
Blum et al. (2008), papaya fruits have on their surface waxes that reduce water loss, which
leads to the inference that the natural protective layer of the fruits had its composition alte-
red when exposed to the high concentrations of the extract. Another fact to be considered is
that papaya has a low-density epidermis, which contributes to the mass loss by transpiration
(Demartelaere et al., 2015).

Silva et al. (2017), evaluating papaya fruits of the ‘Golden THB’ variety, without treat-
ment, kept at ambient temperature, observed fresh mass loss of about 3.9%. This value is lo-
wer than that obtained in the present study, because the time of evaluation was only five days.



B CONCLUSIONS

The aqueous fraction of papaya leaf extract at a concentration of 2000 mg L-1 was the
most efficient for the in vitro control.

Tween 20, associated or not with aqueous extract, reduces the appearance of anthrac-
nose symptoms in fresh papaya fruits.

The different concentrations of aqueous extract applied in papaya fruits do not interfere
in their physicochemical quality.
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