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ABSTRACT

Previous studies on M. calabura (Jamaica cherry) leaves reported the presence of polyphenols,
flavonoids, glycosides, and tannins. However, the deep research focus on the antifungal activity of
Jamaica cherry leaf extract (JCLE) is still limited. Hence, the current study was conducted on JCLE
samples by using various solvents, i.e., 70% ethanol, 70% methanol, and 70% acetone, and then
evaluating their antifungal activity. Analytical results showed that JCLE could be used as a natu-
ral antifungal potential agent against mold-causing spoilage in fruits. Specifically, the ethanolic
extract had a strong inhibition of Colletotrichum gloeosporioides and Lasiodiplodia theobromae.
While the methanolic and acetonic extracts prevented sharply the growth of Alternaria alternata
and Fusarium equiseti, respectively. Generally, the ethanolic extract was able to inhibit the various

mold strains better than the other solvents.

Furthermore, the results showed that the percentage inhibition of radial growth (PIRG) of JCLE in-
creased gradually as the concentration increased from 4000 to 40000 mg GAE/kg. The highest data
obtained for C. gloeosporioides, A. alternata, F. equiseti, and L. theobromae were 53.29%, 57.03%,
54.81%, and 75.03%, respectively. In vivo experiment, the samples were treated with and with-
out JCLE (the control sample) occuring the black spots caused by C. gloeosporioides on mango's
surface after 21 days and 30 days of storage at 12 £ 2 °C, respectively. Whereas the TSS and TA
values of both samples were similar. While the visual appearance of the control was more yellow
compared to the samples treated with JCLE. In conclusion, JCLE was able to significantly delay the
development of pathogenic mold, though it quite inhibited the maturation of mango fruit. Further
studies may be needed to evaluate the phtychemical profile of M. calabura extract to gain a deeper

understanding of its antifugal activity.
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INTRODUCTION

One of the most critical factors that deteriorated the
quality and quantity of fresh fruits during posthar-
vest is the growth of the fungal pathogen. The fa-
mous fungi, such as Alternaria spp, Lasiodiplodia spp,
Colletotrichum spp and Fusarium spp, which caused
rots and anthracnose!. The fungicides are used as a
solution to inhibit fungal growth and to reduce fruit
spoilage, but their adverse effects on the environment
and human health also could be concern issues. So
far, the scientists have focused on the research about
the bioactive compounds (e.g., polyphenol, alkaloids,
sterols, essential oils...) available in the extracts from
plants and plant-based by-products with their an-
timicrobial ability®>~*. These results show the poten-
tial to apply Jamica cherry extracts post-harvest, and
these extracts possibly replace the chemicals due to
the safety in usage and the friendliness to the envi-

ronment.

Muntingia calabura L. (M. calabura), a shrub origi-
nally from the American continent, is well-known as
the “Jamaica cherry” or another name as “Tring ca”
It is widely cultivated in tropical regions, especially in
several Asian countries, including Vietnam. M. cal-
abura, especially leaves, stems, and roots, have been
documented to have traditional medicinal usage in
various modes of applications”. Previous studies on
M. calabura leaves reported the presence of polyphe-
nol, flavonoid, glycoside, and tannin ®’. However, the
research specifically focusing on the antifungal activ-
ity of M. calabura leaves extract is still limited. There-
fore, this study evaluated the effect of M. calabura L,
leave extract on the growth of several spoilage fungi
such as Alternaria alternata, Lasiodiplodia theobro-
mae, Colletotrichum gloeosporioides, and Fusarium eq-
uiseti. The leaves were extracted with different sol-
vents, including ethanol, methanol, and acetone, to
collect the leave extracts that were applied to the in
vitro and in vivo antifungal activity based on the as-
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sessment of the fungal growth zone.

On the other hand, Mango is one of the most impor-
tant tropical fruits in Vietnam. However, it is highly
susceptible to various pathogens of which anthrac-
nose caused by C. gloeosporioides is the most com-
mon?. Therefore, the aim of this study is preliminary
evaluate the effect of M. calabura L, leave extract on
the growth of this strain.

MATERIALS AND METHODS

Materials
Chemicals and culture media

Ethanol (EtOH) 99.5%, methanol (MeOH) 99.5%,
acetone (Ace) 99.5%, sodium chloride (NaCl), and
sodium carbonate (NapCO3) were obtained from
Xilong company (China). The dimethyl sulfoxide
(DMSO), gallic acid, and Folin - Ciocalteu reagent
were purchased from Sigma-Aldrich (USA). The
potato Dextrose Agar (PDA) was purchased from Hi-
media company (India).

Preparation of the extract

The Jamaica cherry leaves were collected in Thu Duc
City, Ho Chi Minh City, Vietnam. The fresh leaves (4
- 15 cm in length and 1 - 6 cm in width) without pest
and deterioration were selected, washed with tap wa-
ter, and dried at 55 & 2 in a hot air oven till moisture
content < 10%. Then, the dried leaves were ground
and sieved through a 0.5 mm sieve to collect the pow-
dery homogeneous sample. The powdery sample was
stored in an aluminum foil Ziplock bag at room tem-
perature (30 + 2 °C).

The extraction was carried out by soaking the dried
plant powder (30 g) in 300 mL of the various sol-
vents (i.e., ethanol 70%, methanol 70%, and acetone
70%) for 48 hours at room temperature (30 & 2 °C),
followed by centrifugation (Hermle Z206 A, Ger-
many) at 5000 rpm for 5 mins and filtration through
Whatman nol filter paper. The residue was then re-
extracted with 150 ml of solvent with the same steps.
The combined supernatant was concentrated in a ro-
tary vacuum evaporator (RE-100D, Phoenix Instru-
ment, Germany) at 50 until the solvent completely
evaporated to obtain the dried extracts. The evapora-
tion period was terminated when the collecting flask
has not been dropped with any solvent for 5 min-
utes which indicated the solvent minimally present
in a sample. The extract after evaporating was called
JCLEC. The sample were stored in a fridge at 4-6 .

Fresh mango fruits

Mango (Mangifera indica L) is well-known as the “Cat
Hoa Loc” mango. It was purchased in Dinh Quan
District, Dong Nai Province, Vietnam. The fruit was
harvested at the commercial maturity stage (based on
skin color and firmness). The selected fruits were
fresh, without defects of physical injuries and fungal
injections. Each fruit weighs approximately 400 — 500
g with a soluble solids content of 6 - 7°Brix, total acid
content of 0.90 - 1.00% and colorimetric values of L*
from 63.04 to 65.23, a* from -15.15 to -12.11, and b*
from 30.33 to 32.57. Fruits were washed with tap wa-
ter and surface soaked with 100 mg/kg chlorine for 3
- 5 mins and dried at room temperature (30 £ 2 °C)
for further experiments.

Pathogenic fungus

The fungal strains as Colletotrichum gloeosporioides,
Alternaria alternata, Lasiodiplodia theobromae, and
Fusarium equiseti were isolated from mango and sup-
plied by the Southern Horticultural Research Insti-
tute, Vietnam. These strains were stored at 4 in an
agar tube containing mycelium slant and covered with
alayer of sterile paraffin liquid to prevent dehydration
of the agar. These strains were cultured on potato dex-
trose agar (PDA) at room temperature (30 £ 2 °C) for
14 days (A. alternata), 7 days (C. gloeosporioides and
E equiseti), 3 days (L. theobromae) to create the fila-
mentous form (growth zone) for the experiments. The
culture method was followed by Estrada et al. (2000)
with slight modifications®.

Experimental design

Effects of extraction solvents on TPC, recov-
ery yield and antifungal activity of the ob-
tained extracts from Jamaica cherry leaves

The JCLEC was carried out according to the proce-
dure described in section 2.1.2, wherein the solvents
such as ethanol 70%, methanol 70%, and acetone 70%
(v/v) which were used to extract JCLE. The JCLECs
were determined TPC using Folin - Ciocalteu assay
and antifungal activity using the percentage inhibi-
tion of radial growth. This experiment was carried out
four times.

The extracts were dissolved in dimethyl sulfoxide
(DMSO) 5% (v/v) to reach a final concentration of
100 mg dry matter/g and then filtered with 0.45 um
membrane filters for sterilization. Then, the solu-
tion was well-mixed with the sterilized potato dex-
trose agar (PDA) media at a temperature of 55 £ 2
. The mixed solution was transferred to a petri dish
(90 cm), solidified, and stored in a fridge. Similarly,
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the control sample was prepared by substituting the
extract with DMSO of 5%. Then, the filamentous fun-
gus (supplied in section 2.1.4) with a 6 mm diameter
piece was placed in the center of these dishes. Next,
these samples were incubated at room temperature
(30 £ 2 °C) at different times depending on the spe-
cific strain such as 192 hours for C. gloeosporioides,
240 hours for A. alternata, 288 hours for F. equiseti,
and 48 hours for L . theobromae. The diameter of the
filamentous form (growth zone) was measured by the
digital caliper (Mitutoyo, Japan).

In vitro assessment antifungal activity of
ethanolic from Jamaica cherry leaves under
various the concentration

The JCLEC was prepared similarly to the processing in
section 2.1.2. Next, JCLEC was dissolved in dimethyl
sulfoxide (DMSQO) of 5% (v/v) and added to the ster-
ilized PDA media to obtain a final concentration of
4000; 10000; 20000 and 40000 (mg GAE/kg) The sam-
ple continues to be completed according to section
2.2.1. This experiment was carried out four times.

Invivo evaluation of antifungal activity of Ja-
maica cherry leaves extract (JCLE) on mango
storage.

Firstly, mango fruits were cleaned with tap wa-
ter. Next, the mangos surface was wiped with 70%
ethanol. Then, each fruit was inflicted with a 1 mm
deep wound by 0.3 mm outer diameter of a sterile hy-
podermic needle. Putting a 6 mm - diameter piece of
C. gloeosporioides on the wound. Dissolving the JCLE
in distilled water (v/v) to obtain a final concentration
of 40000 mg GAE/kg. The mango fruits were placed
on the sterilized tray. Spraying with the JCLE solu-
tion until the surface of the fruits was wet and leaked
on the tray. The sterile distilled water was used as a
negative control. The fruits were incubated at room
temperature (30 £ 2 °C) for 2 hours and stored in a
perforated carton box (size 45 cm x 35 cm x 15 cm)
at 12 + 2, RH of 85 - 90%. Each box contained ten
fruits. The experiment was repeated twice. The first
day of the storage period was day 0. The growth of C.
gloeosporioides was recorded after each three days in
33 days.

Analytical methods
Determination of total phenolic content
(TPC)

The method was described by Phuong et al, (2020)°.
Briefly, 1 mL of bi-distilled water, 1 mL extract and
0.5 mL Folin - Ciocalteu reagent 10% (v/v) was mixed

well in a glass test tube for 6 mins. Then, 1.5 mL
sodium carbonate solution 20% (v/v) and 1 mL of bi-
distilled water was added into and mixed well. The
samples were then incubated for 120 min at room
temperature (30 £+ 2°C) in dark before measuring
the absorbance at 760 nm (GENESYS 10S UV-VIS,
Thermo Scientific, USA). The TPC value was ex-
pressed as gallic acid equivalents mg GAE / kg dry
matter.

Determination of inhibition percentage
based on growth diameter

The percentage inhibition of radial growth (PIRG)
was determined at the end of the incubation time ac-
cording to Al-Hetar et al., (2011) '°.

PIRG (%) = (%PIRGT — %PIRG,)
= (252 x100) — (2522 x 100)

Where: % PIRGr is the percentage inhibition of radial
growth of the experimental treatment.

% PIRGo is the percentage inhibition of radial growth
of the DMSO treatment.

Dc is the diameter of the filamentous form (growth
zone) on the control plate (e.g., distilled water).

D7 is the diameter of the filamentous form (growth
zone) on the plates containing the extracts.

Dy is the diameter of the filamentous form (growth
zone) on the plates containing DMSO.

Color measurement

The color of the mango fruits was measured by using
a Chromameter CR - 400 (Konica Minolta, Japan).

Titratable Acidity (TA)

The method was carried out according to ISO
750:1998 ', An aquilot,10 mL of mango juice was di-
luted with distilled water up to 250 mL and filtered
by filter paper (New Start, China). 25 mL of the so-
lution was titrated with 0.1 N NaOH and 1% phe-
nolphthalein solution as indicator. The experiment
was replicated 3 times. Total acidity was calculated
by the following equation:

g 250 xVp X K x ¢ x 100
( 100 mL) - VXV

Where: Vi: Volume of titrated NaOH 0.1 N (mL), Vy:

Volume of titrated aliquot, V: Volume of the sample, c:

molarity of NaOH solution (0.1 N), K: corresponding

citric acid coefficient (0.064)

Total soluble solids content (TSS).

The total soluble solid content was measured by hand
refractometer (ATAGO 0.0~33.0% Brix, Japan) as
°Brix in 0.1% graduations.
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Statistical analysis

Stat-graphics software and Microsoft Excel 2010 soft-
ware were used to process the data. The data ob-
tained were presented as means £ standard devia-
tion. The results were analyzed statistically using one-
way analysis of variance method (ANOVA) and the
method currently being used to discriminate among
the means is Fisher’s least significant difference (LSD)
procedure (p < 0.05).

RESULT AND DISCUSSION

Effects of extraction solvents on antifungal
activity of the obtained extracts from Ja-
maica cherry leaves

The antifugal activity versus solvents

The DMSO did not affect the growth of the mold, and
it indicated that the antifungal activity result of JCLE
was not interfered with by DMSO. In contrast, Table 2
showed the JCLE inhibited the growth of fungi. Gen-
erally, the solvents such as ethanol and method gave
JCLE’s antifungal activities higher than acetone. In
most samples, this material was against C. gloeospori-
oides, F. equiseti, and A. alternata lower than L. theo-
bromae.

The percentage inhibition of radial growth of three
solvents for C. gloeosporioides were 40.02%, 38.95%,
and 35.81%, respectively; L. theobromae were 62.06%,
59.85%, and 58.47 %, respectively. The antifungal ac-
tivity of JCLE on C. gloeosporioides and L. theobro-
mae decreased in the following order: 70% ethanol >
70% methanol > 70% acetone. Regarding the A. al-
ternata, the antifungal activity of JCLE gradually re-
duced from 70% methanol (48.71%) to 70% ethanol
(46.24%), and 70% acetone (37.15%) after 240 hours
of incubation. The inhibitory effect on mycelium
growth of 3 solvents was statistically significant at
the confidence level & < 0.05. Extraction by using
methanol gave the best results in inhibiting A. alter-
nata. For the F equiseti, PIRG reached the highest at
70% acetone (45.17%) after 288 hours of incubation.
Its antifungal ability deteriorated in the following or-
der 70% methanol and 70% ethanol, with the specific
values were 40.91%, and 37.95% at the same time, re-
spectively. However, these values were not statisti-
cally significant at the confidence level & < 0.05.

This experiment showed that each strain was affected
differently under the various solvents, which agreed
with the other authors '>~!>. Another different study
revealed that flavonoids is a subclass of polyphenol
may inhibit fungi growth by rupturing plasma mem-
branes and decreasing cell wall production and cell
16

division '°. Moreover, the plant extract or phenolic

compound has demonstrated an impact on bacteria
growth 718 by reacting with protein, inhibiting bacte-
rial cell wall formation, and changing the membrane
permeability. The interaction between plant extract
and mold may be according to a similar mechanism.

The previous studies had shown that the variation
in solvent polarity gave a significant difference in
TPC in the plant extract. Therefore, the change in
TPC of JCLE in this current study due to the vari-
ous solvents could not be ruled out !*?°, The TPC of
JCLE increased in the following order: methanol 70%,
ethanol 70%, and acetone 70% (Table 1), resulting in
a PIRG of an ethanolic extract that was higher than a
methanolic extract. However, as the argument before
stated, the highest PIRG value was different based on
the mold strains and solvents. As a result, the antifun-
gal activity of JCLE may come from the various com-
pounds, not only polyphenols. Previous studies found
alkaloids and steroids in M. calabura leaves-*1*2, The
other studies displayed that these compounds limited
the growth of mold. For instance, alkaloids affect an-
tifungal activity by obstructing enzyme function?’.
While steroids have lipophilic features that can pre-

vent fungus from germinating spores>*.

The antifugal activity versus incubation time

Moreover, the data in Table 1 also enumerated the
antifugal activity of JCLE just had a high impact at
a certain incubation time. For instance, PIRG of C.
gloeosporioides rose from 50.02% to 65.27% when the
incubation time from 48 to 96 hours. However, the
incubation time expanded to 192 hours, the antifugal
activity of JCLE dropped to 38.95%. The other strains,
PIRG was highest at 96 hours for C. gloeosporioides, at
192 hours for A. alternata and F. equiseti. The reason
could be the bioactive compounds in JCLE need a cer-
tain time to diffuse from agar media to fungus to in-
hibiting them, resulted in the increase in PIRG. How-
ever, because of the incubation long time, the fungus
strains gradually adapting to the JCLE, hence, the an-
tifungal activity of JCLE was reduced.

From the above initial survey results, ethanol extrac-
tion was selected for the following experiments be-
cause of its safety and economic relevance.

In vitro effect of concentration of ethanolic
extract on antifungal activity

In the tested TPC range, the percentage inhibition
of radial was statistically significant with confidence
o < 0.05 in different concentrations (Table 3). For
instance, mycelial growth decreased when the TPC
value increased from 4000 to 40000 mg GAE/kg. Un-
der this data range, the PIRG value achieved from
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Table 1: The TPC of JCLE under various solvents

Solvent
Acetone 70%
Methanol 70%

Ethanol 70%

TPC (mg GAE/kg)
657604 + 2.45
471108 + 1.46

519208 + 4.94

In the same column, the value has different letters supercript show statistically significant differences at the o = 0,05 confidence level

Table 2: Effect of extraction solvents on PIRG of JCLE under various solvents

Time (hours) Solvents

5% DMSO 70% Acetone 70% Methanol 70% Ethanol
C. gloeosporioides
48 00.00° = 0.00 32.51€ +1.23 50.024 4 0.58 45.33B £ 1.20
96 00.00° = 0.00 60.53B =+ 0.90 65.274 +0.95 54.31€ +0.18
144 00.00€ = 0.00 47.71B + 0.61 48.44B + 0.84 50.05% +1.20
192 00.00€ + 0.00 35.81B =+ 2.69 38.954 4+ 1.32 40.024 +1.16
A. alternata
48 00.00€ + 0.00 23.00% 4 0.76 38.904 + 1.21 37.914 4 1.69
96 00.00€ + 0.00 39.128 +2.19 47.14% 4+ 0.82 46.934 +0.62
144 00.00€ =+ 0.00 40.058 +2.55 47.814 £ 1.13 48.78" + 1.01
192 00.00€ + 0.00 40.57% +1.56 48314 4+ 2.62 48.10% 4+ 0.30
240 00.00° = 0.00 37.15¢ +1.32 48714 £1.77 46.24B =+ 1.02
E equiseti
48 00.00€ + 0.00 42614 +2.98 37.63% +2.37 35.838 +2.81
96 00.00€ + 0.00 51.094 + 0.44 41.78% +2.38 41.89% +0.77
144 00.00€ + 0.00 53.034 4 0.95 44738 +0.77 45228 +1.00
192 00.00° = 0.00 57.14% 4 1.50 50.895 4 0.93 44.88¢ + 1.11
240 00.00° +0.00 57.874 +1.16 46.858 +0.53 45.44€ +0.97
288 00.00° 4 0.00 45.174 +0.61 40918 +0.67 37.95¢ +0.36
L. theobromae
24 00.00€ =+ 0.00 53.35% +2.80 52578 + 4.42 59.674 4 4.25
48 00.00° 4 0.00 58.47€ +0.70 59.858 4 0.55 62.06% +0.96

In the same row, the value has different letters supercript show statistically significant differences at the & = 0,05 confidence level.

38.15 to 53.29%, respectively (C. gloeosporioides);
45.69% to 57.03%, respectively (A. alternata); 37.98%
to 54.81%, respectively (E equiseti); and 61.48% to
75.03%, respectively (L. theobromae). Table 2 also
showed the fungal growth decreased in the follow-
ing order L. theobromae > A. alternata> F. equiseti >
C. gloeosporioides. For instance, the PIRG value of
these strains after 48 hours of incubation was 75.03%,
9.95%, 30.35%, and 15.69%, respectively.

The plant extracts had a high content of phenolic com-
pounds that display great antifungal activity. Atacon-
centration of 3000 mg GAE/kg, Gomez-Maldonado et
al. (2020) found an extraction from the Manila ker-
nel that could completely inhibit C. brevisporum. The
other studies also showed the Silene armeria L extract
limited the growth of E solani (61.3%) and C. cap-
sici (53.0%) at 1500 mg GAE/kg?°. Another study re-
ported that the E oxysporum could be prevented by
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Table 3: Effect of concentration of Jamaica cherry leaves extract on antifungal activity (in vitro)

Time (hours) The dosage (mg GAE/kg)

4000 10000 20000 40000
C. gloeosporioides
48 2.54P £+ 1.06 4.61€ +0.34 7.408 4+ 0.89 15.694 £ 0.88
96 29.62€ +2.69 31.67€ +£3.12 35.298 +£1.29 41.974 £2.31
144 35.10 & 0.18 39.55% +0.99 40.83% £2.55 48.074 + 1.47
192 38.15¢ + 1.86 44.628 4+ 0.75 44988 +0.42 53294 +£1.20
A. alternate
48 2.44C€ +0.53 6.80% +1.08 9.194 £1.33 9.954 +0.80
96 25.718 +£2.26 25.308 +3.02 27.028 +3.69 31.46% +2.46
144 21.91€ +1.57 25.938 +1.81 26.128 +1.39 35.56% + 0.97
192 17.08€ £ 2.77 26.628 +£2.94 28.80% £1.97 36.424 +2.53
240 45.69€ +0.42 46.92C +2.47 53.49% +0.85 57.034 +0.40
E equiseti
48 21.53¢ £ 0.88 23.075€ + 259 24,518 £ 251 30.35% + 1.75
96 25.718 +£2.26 25308 +3.02 27.028 +3.69 31.46% +2.46
144 21.91€ + 1,57 25.93% +1.81 26.128 +£1.39 35.56% + 0.97
192 17.08€ £ 2.77 26.628 +£2.94 28.808 +1.97 36.424 +2.53
240 17.04P 4+ 2.21 22.07€ £2.53 25.30% +1.38 32414 £1.15
288 37.98C & 0.98 39.03€ £ 1.26 44.49% +1.13 54.814 +1.99
L. theobromae
24 16.27€ +2.04 31.858 +£2.47 34.08% +2.34 38.774 £3.79
48 61.48P +0.86 63.99€ £ 1.15 67.55% + 0.64 75.034 £ 1.14

In the same row, different letters show statistically significant differences at the & = 0,05 confidence level.

42.2% using ethanolic extracts of Achillea santolina of
1000 mg GAE/kg?®. Therefore, the JCELC dosage of
40000 mg GAE/kg was chosen as this study’s result.

In vivo evaluation of antifungal activity of
JCLE on mango storage

After the 18" day of storage, both treatments had not
presented black spots (Table 4). Keeping recording re-
sults until the 21* day, the black spots appeared and
spread in the following days in the control samples,
but the model with JCLE was neither. After 30 days,
the blackening started appearing on the JCLE sample’s
fruit surface. Meanwhile, the blackening of the con-
trol samples was inflicted attacking by deep wounds
to the flesh fruits (Figure 1). Additionally, the diam-
eter of the control’s blackening (6.5 mm =+ 0.1) was
more than the JCLE sample (2.5 mm = 0.1). The cur-
rent study demonstrated that the JCLE could protect

mango fruits from the growth of C. gloeosporioides
within 27 days.

The experiment also found the physicochemical prop-
erties of both treatments were similar after storage
at 12 £ 2 for 30 days. Specifically, all mango fruits
had a TSS of 10 - 12°Brix and a total acidity of 0.60
- 0.7 %. The mango fruits after 30 days of storage
reached a TSS value higher than the fruits before stor-
age, whereas TA was lower (e.g., TSS of 6 - 7°Brix and
TA 0£0.90 - 1.00%). During the maturation stage, en-
zymes hydrolyze starch and polysaccharides into sim-
ple sugar, while oragnic acids such as citric acid and
ascorbic acid may be utilized as substrates for respi-
ratory progression (Palafox-Carlos et al., 2012). On
the other hand, the current study obtained the col-
orimetric values of mangos pulp: L* from 53.79 to
54.12, a* from - 10.27 to - 9.53 and b* from 37.86 to
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38.02; these values were greater than the samples be-
fore storage (section 2.1.3). Throughout the ripeness,
the increase in the action of the chlorophyllase en-
zyme caused chlorophyll degradation, and simultane-
ously, the synthesis of carotenoid led to the reduction
of greenness and the gain of yellowness>’. In conclu-
sion, the result showed JCLE had little effect on the
maturation process of the mango.

CONCLUSION

M. calabura leaves extracts had an inhibitory effect
on the growth of A. alternata, C. gloeosporioides, F.
equiseti, and L. theobromae. The ethanolic solution
showed a suitable inhibitory on L. theobromae, A. al-
ternata. 'The study also found a positive relation-
ship between the antifungal activity and TPC (from
4000 to 40000 mg GAE/kg) of ethanolic extracts from
JCLE. At the same applied concentration of 40000 mg
GAE/kg, the susceptibility of microbial under the in-
hibitory effect of JCLE decreased in the following or-
der L. theobromae (75.03%), A. alternata (57.03%), F.
equiseti (54.81%), and C. gloeosporioides (53.29%).
From the in vivo experiment with mango storage, the
ethanolic extract from JCLE could reduce the growth
of C. gloeosporioides for the 27" day of storage at
a temperature of 12 + 2°C with a concentration of
40000 mg GAE/kg. Therefore, the JCLE has the po-
tential for use as a biological control agent for the con-
trol of anthracnose diseases. The results can be used as
a new method for preserving and extending the shelf-
life of mango fruits.
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Hoat tinh khang nam in vitro va in vivo cta dich chiét 1 triing ca
Muntingia calabura L.

Nguyén Hoang Phic Nguyén', Hoang Quang Binh', Trinh Ngoc Thao Ngan'?, Katleen Raes?,
Lé Trung Thién'”

TOM TAT

Cac nghién clu trudc dé da bao cao rang co su hién dién ctia polyphenols, flavonoids, glycosides
va tannina trong la triing ca (M. calabura). Tuy nhién cac nghién ctu vé kha nang khang nédm cuia
dich chiét tir1a triing ca (JCLE) van con han ché. Do do, nghién ctiu nay da thuc hién nham dénh gia
hoat tinh khang ndm mdc ctia JCLE dugc chudn bj tir nhiéu loai dung méi khac nhau nhu ethanol
70%, methanol 70% va acetone 70%. Két qua phan tich cho thay JCLE c6 thé dugc strdung nhu mét
chatkhang ndm mac tu nhién, Uc ché cac chding ndm méc gay hu héng tréi cay. Cu thé, dung mai
ethanol cho dich chiét JCLE c6 kha nang Uc ché tét chiing ndm Colletotrichum gloeosporioides va
Lasiodiplodia theobromae. Trong khi d6, dung méi methanol va acetone lan lugt cho dich chiét
JCLE c6 kha nang Uc ché t6t chiing ndm Alternaria alternata and Fusarium equiseti, respectively.
Nhin chung, dung moéi ethanol cho dich chiét c6 kha ndng tc ché dugc nhiéu chéng ndm maéc
hon cac loai dung maoi con lai

Ngoai ra, két qua phan tich cling cho thdy phan tram Uc ché su phat trién ndm mdéc (PIRG) clia dich
chiét JCLE tang dan khi tang néng dé st dung tir 4000 dén 40000 mg GAE/kg. Két qua PIRG cao
nhdt ghi nhan dugc déi véi chiing C. gloeosporioides, A. alternata, F. equiseti va L. theobromae lan
lugt a 53.29%, 57.03%, 54.81%, and 75.03%. K&t qua thir nghiém in vivo cho thay, qua xoai dugc
khong xtrly véi dung dich JCLE (méu déi chiing), v trai xuat hién cac ddm den sau 21 bao quan tai
nhiét d6 12 4 2. Trong khi d6, cung diéu kién bao quan, cac qua xoai dugc x{ ly dung dich JCLE,
c4c dém den xuét hién sau 30 ngay bao quan. Cac qua xoai c6 va khong xtr Iy JCLE c6 ham lugng
TSS va TA giéng nhau. Sau qua trinh bdo quan, cac qua xoai 8 mau déi chiing cé mau vang hon
so v&i mau xur ly JCLE. Nhu vay, JCLE c6 tac dong t6t trong han ché su phat trién cla cac chiing
nam maoc gay hai, nhung chi tc ché nhe qua trinh chinh clia qua xoai. Trong cac nghién cdu tiép
theo can tiép tuc danh gia thanh phan hoa hoc clia dich chiét 14 trimg ca nham hiéu ré hon co ché
'Khoa Cong nghé héa hoc va Thic khang ndm méc clia dich chiét nay.
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