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ABSTRACT

The effect of the application of ethanolic extract of “Haden” mango seeds to increase the antioxidant and antimicrobial
capacity of fresh-cut mango flesh was evaluated. Phenolic HPLC analysis revealed that gallic acid was the major identi-
fied compound in the ethanolic extract (586.68 mg/g). Fresh-cut mango was treated for immersion within the ethanolic ex-
tract, packed and stored at 5°C during 15 days. The content of phenolic compounds, antioxidant capacity and microbial
growth of the treated mango were evaluated during the storage. Compared with the controls the treated fruit presented
the highest content of the total phenolic (7.4 times), flavonoids (3.1 times), and antioxidant capacity DPPH’, TEAC and
ORAC (2.9, 2.3 and 2.8 times, respectively), and showed a microbial reduction of 80% of mesophilic plate count and
97% of total molds. This study demonstrates the potential of phenolic compounds derived from mango seed as antim-

icrobials and antioxidants.
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1. Introduction

Mangoes are a good source of natural antioxidants. In
addition to the usual nutrients, such as vitamins and min-
erals, mangoes are also rich in flavonoids and phenolic
acids. Interest in the role of antioxidants in human health
has promoted research in the field of food science to eva-
luate fruit and vegetable antioxidants and to determine
whether their content and activity can be maintained or
even improved through crop breeding, cultural practices,
postharvest storage, fresh-cut processing, UV-C irradia-
tion and the addition of plant extracts [1].

The antimicrobial and antioxidant activities of a vari-
ety of naturally occurring phenolics from different plant
sources have been studied in detail [2-4]. The proposed
mechanisms to explain the antimicrobial activity of these
compounds include inhibition of extracellular microbial
enzymes, deprivation of the substrates required for mi-
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crobial growth, or direct action on microbial metabolism
through inhibition of oxidative phosphorylation or iron
deprivation [5,6]. The ability of phenolic compounds to
quench free radicals arises because of both their ability to
donate protons and to transfer electrons while remaining
relatively stable [7]. Therefore, plant phenolic compounds
present remarkable antimicrobial and antioxidant poten-
tial [6,8-10].

The phenolic content of byproducts obtained during
the minimal processing of mango fruits has been analyz-
ed. Fresh-cut mango is a demanded product, however, du-
ring its processing the generation of byproducts represents
important economic and environmental issues [11]. Pre-
viously it has been observed that the byproducts from the
varieties Haden and Ataulfo had the highest phenolic con-
tent, antioxidant and antimicrobial capacity [12]. Among tis-
sues, seed showed the highest bioactive content and activ-
ity. The non polar fraccion of the ethanolic-extraction show-
ed the highest phenolics, flavonoids, antioxidant and an-
timicrobial activity, followed by the methanolic-non-po-
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lar, methanolic-polar, ethanolic-polar fractions and water
infusion, respectively. Combining factors, the ethanolic-
non-polar extract obtained from seed and peel of mango
“Ataulfo” and “Haden” had the highest bioactive prop-
erties. The quantities of mango seed byproducts yielded
by its minimal processing are very high, which could re-
present an economic and environmental problem [13]. As
an example in India, the mango processing industry an-
nually generates 3 x 10° tons of seed approximately [13],
representing the tissue from 9% to 40% by weight of the
fruit. This demonstrates the potential that byproducts of
fresh mango could have as a good source of functional
extracts [12].

In this context, the objective of this study was to
show the antimicrobial protection and the increment in
the antioxidant capacity of fresh-cut mango (var. Ha-
den) treated with ethanolic extract of their seed by-pro-
ducts.

2. Materialsand M ethods
2.1. Sample Preparation

Mangoes variety “Haden” were obtained from a local mar-
ket in the city of Hermosillo, Sonora, Mexico. Mangoes
were selected according to homogenous color and free of
physical defects in a commercial maturity stage. Fruits
were washed with chlorinated water (250 ppm) for 3 min
and air dried at 25°C, and the peel and seed were re-
moved, the pulp was cut into cubes of 2 x 2 cm. Seeds
were used for the extraction of phenolic compounds.

2.2. Preparation of Ethanolic Extract of Mango
Seeds

Ethanolic extracts of mango seeds was performed in ac-
cordance to a previously reported technique that showed
to generate a potent in vitro antimicrobial and antioxidant
extract [12]. The seed was weighted (10 g) and placed in
containers with 100 mL of ethanol: water (7:3). The sam-
ple was left to macerate in darkness for 10 days at 25°C.
After that time, the extract was filtered and the solvent
removed using a rotary evaporator at reduced pressure
and temperature of 45°C. The aqueous fraction was lyop-
hilized, forming the dry extract, which was subject to al-
kaline hydrolysis (10 mL of NaOH 4 M) for 4 h in the
absence of light. Subsequently, an acid hydrolysis was
performed with HC1 4 M taken every sample to pH 2. In
the next step, the hydrolyzed extract was subject to lig-
uid-liquid separation by 2 washes with 20 mL of ethyl
acetate [14]. The ethyl acetate phase was used and eva-
porated; the obtained extract was re-suspended in de-io-
nized water to a concentration of 25 mg of extract per mL.

Copyright © 2013 SciRes.

2.3. ldentification and Quantification of the
Major Phenolic Compound in the Extract of
Mango Seeds

Identification and quantification of the major phenolic
compound was completed by high performance liquid
chromatography. We used a HP (1100) equipment with a
quaternary pump and connected to a HP diode array de-
tector at wavelengths of 280 and 320 nm was used. The
equipment was controlled by Chem Station program for
the acquisition and data analysis. The runs were perform-
ed with an analytical column Nucleosil 120 C-18 with di-
mensions of 250 x 4.6 mm, particle size of 5 micras. The
used mobile phases were: 1% formic acid (A) and 100%
acetonitrile (B), with a step gradient started with 98%
formic acid and 2% acetonitrile, reaching 100% acetoni-
trile in 60 min at a flow of 0.5 mL/min [15]. The running
time was 75 min and the injection volume of 20 pL of
sample (0.3 mg). The identification was made by com-
parison of UV spectra, using a database previously made
with reference substances. Quantification was performed
using standard curves of the corresponding compounds
and reported as mg of the compound/g dry weight (dw).

2.4. Application of Ethanolic Extract of Mango
Seedsto Fresh-Cut Mango Flesh

The fresh-cut mango was divided into two groups: con-
trol and treated (25 mg/mL of ethanolic extract of mango
seeds). The application of the extract was performed by
immersion of 100 g of mango cubes for 2 min in the
ethanolic extract and dried at room temperature for 30 s.
The control and treated fresh-cut fruit were packed in po-
lypropylene trays and stored at 5°C during 15 days. Sam-
pling was performed every 5 days to assess the effect of
the extract applied on the content of phenolic compounds,
antioxidant capacity and microbial populations (mesophi-
lic aerobic microorganisms, total fungi and yeasts).

2.5. Total Phenolic and Flavonoid Contents of
Treated Mango Flesh

Total phenol and flavonoids compounds were extracted
from fresh-cut mango tissue (10 g), which was homoge-
nized in a 15 mL of methanol (80%) and sodium bisul-
fate (0.5%). The homogenate was sonicated 30 min at
1°C, centrifuged at 1200 g for 15 min at room tempera-
ture (Beckman Coulter Centrifuge, Allegra 64R) and fil-
tering. This was repeated two times with 10 mL of me-
thanol (80%), and the volume of pooled supernatant was
brought up to 40 mL. Total phenolic content was measur-
ed by the method described by Singleton and Rossi [16]
with some modifications. The samples of the previous
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extraction (50 pL) were mixed with 3 mL of H,O and
250 pL of Folin-Ciocalteu’s phenol reagent 1 N. After 8
min of equilibration time, 750 pL of Na,CO; (20%) and
950 uL of H,O were added to the mixture, and incubated
for 30 min at room temperature. After incubation, the
absorbance was read at 765 nm with an UV-Vis spectro-
photometer (Cary, model 50 Bio, Varian, Italy). Concen-
tration of total phenolic compounds was calculated using
a standard curve of gallic acid equivalents (GAE) and ex-
pressed as milligrams per 100 g of fresh weight. Flavon-
oid content was determined based on the method de-
scribed by Zhishen et al. [17] with slight modifications.
One mL of each sample was mixed with 5% NaNO,,
10% AICl; and 1 mol/L NaOH and measured spectro-
photometrically at 415 nm using quercetin as standard.
The results were expressed as mg of quercetin equiva-
lents (QE) per 100 g of fresh weight.

2.6. DPPH’ Radical Scavenging Activity

This assay is based on the measurement of the scaveng-
ing ability of antioxidants towards the stable radical
DPPH’ (2,2-diphenyl-1-picrylhydrazyl) [18]. A 3.9 mL ali-
quot of a 0.0634 mM of DPPH’ solution, in methanol was
added to 0.1 mL of the methanolic extraction of mango
flesh. The mixture was shaken in a vortex and kept 30
min in the dark. Absorbance was then read it in an UV-
Vis spectrophotometer (Cary, model 50 Bio, Varian, It-
aly), at a wavelength of 515 nm. Results were expressed
in DPPH’ inhibition %. Analyses were performed in trip-
licate.

2.7. Trolox Equivalent Antioxidant Capacity
(TEAC)

This assay is based on the ability of the antioxidants to
scavenge the blue-green ABTS™ radical (2,2’-azino-bis(3-
ethy-lbenzothiazoline-6-sulphonic acid) compared to the
scavenging ability of the water-soluble vitamin E ana-
logue Trolox [19]. The ABTS™ radical cation was gener-
ated by the interaction of 5 mL of 7mM ABTS solution
and 88 uL of 0.139 mM K,S,05 solution. After the addi-
tion of 2970 uL of ABTS solution to 30 puL of the metha-
nolic extraction of mango flesh or trolox standards (0 to
20 puM range), the absorbance was monitored 1 and 6
min after the initial mixing. The percentage of absorb-
ance inhibition at 734 nm was calculated and plotted as a
function of that obtained for the extracts and the standard
reference (trolox). The final TEAC value was calculated
by using a regression equation between the trolox con-
centration and the inhibition percentage and expressed
as trolox equivalents (umol TE) per 100 g of fresh
weight.

Copyright © 2013 SciRes.

2.8. Oxygen Radical Absorbance Capacity Assay
(ORACQC)

This assay measures the effect of antioxidant components
in the sample on the decline in fluorescein fluorescence
induced by a peroxyl radical generator, 2°,2’-azobis (2-
amidino propane) dihydrochloride (AAPH) [18]. Dif-
ferent dilutions of Trolox (200 pM - 12.5 pM) and me-
thanolic mango samples were tested. All solutions were
prepared fresh daily. In every working well the following
was pipetted in triplicate: Fluorescein, 150 pl of a 10 nM
solution; for standard, 25 pl of Trolox dilution; for sam-
ple, 25 ul of sample dilution; for blank, 25 pl of phos-
phate buffer. The microplates were incubated at 37°C and
fluorescence (Ex. 485 nm, Em. 520 nm) were taken every
90 s using a BMG Labtech’s multimode plate reader
FLUOstar Omega. After 3 cycles, 25 pl (240 mM) of
AAPH was added manually with a multi-channel-pipette.
The test was resumed and fluorescent measurements
were taken up to 90 minutes. The final ORAC value of
cut mango was calculated by using a regression equation
between the trolox concentrations and the fluorescence
intensity and expressed as umol TE per 100 g of fresh
weight.

2.9. Microbial Growth in the Treated Mango

Microbial growth was determined initially and during the
storage period. Mangoes samples were diluted 1:9 in a
solution containing 0.1 g/100 mL of peptone and 0.5
g/100 mL of sodium chloride and homogenized for 1 min,
subsequently 10-fold dilutions were also made in this
diluent. Each dilution was plated in duplicate for the dif-
ferent tested microorganisms. Aerobic plate count was
incubated for 3 days at 30°C in plate count agar. Yeast
and mold counts were incubated for 5 days at 25°C in
potato dextrose agar. Total coliforms were measured by
the solid medium method incubating samples for 24 h at
35°C using violet red bile agar. All analyses were per-
formed according to the US Food and Drug Administra-
tion Bacteriological Analytical Manual methodology
[20].

2.10. Statistical Analysis

The experimental design was completely randomized
blocks, where the factors were the treatment (0 and 25
mg/mL of ethanolic seed extract) and the time, which
was blocked to see the effect of the treatment on the phe-
nolic compounds, antioxidant capacity and microbial
growth in mango cubes. Analysis of variance ANOVA
was performed (p < 0.05) to estimate significant differ-
ences between treatments, Tukey-Kramer was the mean
test used for comparison (p < 0.05) performed with the
Number Cruncher Statistical Systems [21].
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3. Results and Discussion

3.1. Identification and Quantification of the
Major Phenolic Compound in the Ethanolic
Extract of Mango Seeds

Figure 1 shows the chromatogram corresponding for the
ethanolic extract of mango seed. Three compounds were
found, of which one was identified, corresponding to gal-
lic acid as the main component of the extract, in a con-
centration of 586.68 mg/g dw, and with a retention time
of 15.07 min.

Previous studies by Abdalla et al. [22], reported that
methanolic extracts obtained from the Egyptian mango
seeds contain different phenolic compounds such as tan-
nins (20.7 mg/100 g) and vainillin (20.2 mg/100 g). Also,
was found gallic acid (6.0 mg/100 g), cumaric acid (12.6
mg/100 g), caffeic acid (7.7 mg/100 g), mangiferin (4.2
mg/100 g), ferulic acid (10.4 mg/100 g), cinnamic acid
(11.2 mg/100 g) and unidentified compounds (7.1 mg/
100 g). Puravankara et al. [23], identified six phenolic
compounds in mango seed extracts, especially gallic acid,
ellagic and gallates. While Arogba [24], reported the pre-
sence of gallotannins and condensed tannins.

The differences in composition presented between the
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Figure 1. Phenolic compounds of the ethanolic extract of
mango seed. Reverse phase chromatogram at 280 and 320
nm.
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extracts reported in the literature and in the present study
may be due variety, degree of ripeness of the fruit used
and the method of extraction. An important factor is the
solvent used for the extraction of phenolic compounds,
because solvents with different polarity extracted differ-
ent compounds in varying quantities [25]. Another factor
to consider is the hydrolysis with acids and bases [26], a
step that was performed to development of the ethanolic
extract, in where the tannins present in the mango seed
could be hydrolyzed to simpler compounds such as gallic
acid.

3.2. Phenolic Compounds and Antioxidant
Capacity of Fresh-Cut Mango

Figures 2 and 3 show the phenolic content and antioxi-
dant capacity of fresh-cut mango untreated and treated
with the ethanolic extract of seeds. A significant effect (p
< 0.05) of the treatment on the phenolic content and an-
tioxidant capacity of fresh-cut mango was found. Treated
mango showed higher values of total phenolic and fla-
vonoid compounds than the controls, being statistical
differences between them. At the end of the storage, the
the treated fresh-cut mango presented a highest content
of the total phenolic (7.4 times), flavonoids (3.1 times),
and antioxidant capacity evaluated for methods DPPH’,
TEAC and ORAC (2.9, 2.3 and 2.8 times, respectively),
compared to control. The ethanolic extract prepared from
the mango seeds increased the antioxidant capacity of
fresh-cut mango. In general, it was a positive correlation
between phenolic content and antioxidant capacity, ap-
parently such compounds are responsible for the antioxi-
dant capacity in the mango fruit [27].

The usage of bioactive extracts applied to fruit presser-
vation is an alternative to chemical preservatives and helps
to achieve consumer demand for fresh, nutritious and
safe fruits, and vegetables that are free of synthetic addi-
tives [4]. Presently, there are very few studies that pro-
vide information about the effect of bioactive compounds
that are extracted from plant extracts and applied to
fresh-cut fruits with the purpose of increasing the bio-
active content [2,3,6,9,28]. However, the effect of anti-
oxidant extracts obtained from fresh-cut mango byprod-
ucts as food preservatives has not been reported.

Some bioactive extracts have been proven to be effec-
tive antioxidants [4]. For example green tea extract has
been evaluated as being able to act in the preservative
treatment of fresh-cut lettuce. Different quality markers,
such as respiration, browning, ascorbic acid, and carote-
noid content were evaluated. Several tea extract concen-
trations (0.25, 0.5, and 1 g/100 mL) at different tempera-
tures (20°C and 50°C) were tested. Optimal tea extract
treatments (0.25 g/100 mL at 20°C) were compared with
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Figure 2. Changes on the total phenolic (a) and flavonoid (b)
compounds of fresh-cut mango untreated and treated with
the ethanolic extract of mango seeds, stored at 5°C during
15 days.

chlorine (120 ppm at 20°C). High tea extract concentra-
tions (0.5 g/100 mL and 1.0 g/100 mL) prevented ascor-
bic acid and carotenoid losses. No significant differences
were observed between chlorine and the optimal tea ex-
tract concentrations (0.25 g/100 mL at 20°C) in the brown-
ing appearance and sensory properties. Tea extract kept
the antioxidant activity of the samples better than chlo-
rine did [9].

3.3. Microbial Growth on the Treated M angoes

Table 1 shows the antimicrobial activity of fresh-cut
mango untreated and treated with the ethanolic extract of
seeds, stored at 5°C during 15 days. A significant effect
(p £ 0.05) of the treatment on the growth of the meso-
philic aerobic microorganisms and total fungi and yeast
was found. On days 0 and 5 microbial counts were under
the limit of enumeration, however, on days 10 and 15 the
control had a higher population of these microorganisms,
being statistical differences amongst them. At the end of
the storage, the treatment inhibited the growth of meso-
philic aerobic microorganisms, total fungi and yeast
causing an 80% and 97% of microbial reduction com-
pared to control fruit.

Copyright © 2013 SciRes.
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Figure 3. DPPH radical scavenging (a), TEAC (b) and
ORAC (c) values of fresh-cut mango untreated and treated
with the ethanolic extract of mango seeds, stored at 5°C du-
ring 15 days.

Table 1. Antimicrobial activity of fresh-cut mango untreat-
ed and treated with the ethanolic extract of mango seeds,
stored at 5°C during 15 days.

Mesophilic aerobic

. . Total fungi and yeast
microorganisms

Days
Control Treatment Control Treatment
0 <250+0" <250+ 0 <250+ 0 <250+ 0
5 <250+0 <250+0 <250+0 <250+0
10 19,000+ 605 2000 +48 26,000+ 774  <250+0

15 121,000+ 7315 23,000+ 800 472,000 =341 14,000 + 5567

*Average of three determinations + standard error (P < 0.05).
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No reports of the antioxidant capacity or the antim-
icrobial activity of extracts obtained from fruit byprod-
ucts as mango preservatives were found. But it has been
reported that plant derived compounds like eugenol, thy-
mol and carvacrol applied to grapes reduced growth of
yeast, mold and mesophilic aerobics but the odor was de-
tected after opening the package [10]. In addition, in a
study with grapes wrapped in 2 distinct films having dif-
ferent permeabilities, and treated with or without the ad-
dition of a mixture of eugenol, thymol, and carvacrol
[28], the microbial counts (of molds, yeasts, and meso-
philic aerobics) drastically decreased, and consequently
diminished berry decay.

Ethanolic extract of cinnamon bark (1% w/v) reduced
the aerobic growth of bacteria inoculated fresh-cut apples
significantly during storage at 6°C up to 12 d. Catechin,
chlorogenic acid, and phloridzin, 3 phenolic compounds
that are abundant in apple processing byproducts, exhib-
ited varying degree of inhibitory action toward the
growth of tested food pathogenic and spoilage bacteria,
fungi, and yeasts [2]. However, it is important to note
that these phenolics (except 25 mM phloridzin) did not
inhibit the probiotic bacterium Lac. rhamnosus suggest-
ing no or minimal threat to the beneficial colon micro-
flora, if the phenolics are used as food additives at the
desirable concentrations. Also these authors suggest that
the major phenolic compounds of apple byproducts could
find use as food additives. The use of natural, non-syn-
thetic, additives is of great interest to the food industry
due to consumer demand for products free of toxic resi-
dues. Therefore, there is a need to explore the possibility
of using natural products with antioxidant and antimicro-
bial activity [29].

4. Conclusion

The application of ethanolic extract of mango seed by-
products from minimal processed mango enhance the in-
crement of total phenolic content, antioxidant capacity,
while inhibited the microbial growth of the treated man-
go flesh. This demonstrated the potential of phenolic
compounds derived from mango seed as antimicrobials
and antioxidants in the fresh-cut mango industry.
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