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Ldbdelnaser Abdelghany Elzaawely and *Shinkichi Tawata

"Department of Agricultural Botany, Faculty of Agriculture, Tanta University, Tanta, Egypt
"Department of Bioscience and Biotechnology, Faculty of Agriculture,
University of the Ryukyus, Okinawa, Japan

Abstract: Mango (Mangifera indica L.) 18 one of the most mmportant tropical plants. Most studies on the
exploitation of mango have been dealing with mango peels, juices and stem bark, however a little attention has

been given to mango leaves. The main objective of this study was to develop a commercially phenolic-enriched
product from mango leaves to be used as a nutritional supplement or as herbal tea. In this study, contents of
total phenolics and total flavonoids were determined in ethyl acetate fraction prepared from mango leaves

and were measured as 386.3 and 127.3 mg gallic acid and rutin equivalents per gram of extract, respectively.
By wing GC-MS, eight phenolic compounds including benzoic acid, pyrogallol, p-hydroxybenzoic acid,

vanillic acid, syringic acid, ferulic acid, ethyl gallate and gallic acid were detected 1 the EtOAc fraction. It was
concluded that mango leaves contain high amounts of total phenolics and flavonoids that assess the
possibility to utilize mango leaves as a natural source for phenolic compounds in food and beverage industry.
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INTRODUCTION

Mango (Mangifera indica 1..) is one of the most
important tropical plants in the world [1]. It grows m the
tropical and subtropical regions and its parts are
commonly used in folk medicine for a wide variety of
remedies [2]. Many phenolic compounds have been
detected in mango peels [3-5], mango bark [6], mango
puree concentrate [7], mango pulps and seed kernels
[8-10]. Several pharmacological activities of mango
extracts have been reported including anti-inflammatory
[2], antioxidant [8-10], antiallergic and anthelmintic [11]
and antiamoebic [12].

Herbal drinks are very popular, as they contain
natural constituents especially phenolic compounds [13].
Vimang 1s an aqueous decoction of mango stem bark that
has been developed in Cuba on an industrial scale used
as a nutritional supplement, cosmetic and phytomedicine
[14]. It mamly contains phenolic compounds and it
showed a potent anti-inflammatory and antioxidant
activities [15].

Previously,

studies conducted for the

exploitation of mango importance have been dealing

most

with mango fruits, peels, juice and stem bark.

However, a little attention has been given to mango
leaves. This study was designed to prepare a phenolic-
enriched and healthy-natural beverage from mango leaves
that could be used as a nutritional supplement or as
herbal tea.

MATERIALS AND METHODS

Mango leaves were collected from Okinawa, Japan.
Benzoic acid, pyrogallol, p-hydroxybenzoic acid, vamillic
acid, syringic acid, ferulic acid, ethyl gallate and gallic acid
were purchased from Wako Pure Chemical Industries, Ltd.
(Osalaa, Japan). Ethanol, methanol, hexane, acetone and
ethyl acetate solvents were of the highest purity needed
for each application and purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan).

Preparation of the Extracts: The fresh leaves (500 g) were
boiled in water for 30 min. After cooling at rcom
temperature, the water crude extract was filtered and
subsequently extracted with hexane (10 » 150 ml) and
ethyl acetate (2 » 150 ml). The obtained EtOAc fractions
and water residue were collected, filtered and dried under
vacuum at 40°C.
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Determination of Total Phenolic Content: The amount of
total phenolics was determined according to the Folin-
Ciocalteu procedure [16]. Briefly, 1.0 ml Folin-Ciocalteu’s
reagent (50%) and 0.8 ml 7.5% (w/v) Na,CO, were added
to 0.2 ml (500 ppm) of methanolic solution of EtOAc
fraction and water residue of mango leaves. After shaking,
the mixture was incubated at room temperature for 30 min.
Absorption was measured at 765 nm using a Shimadzu
UV-160A spectrometer, Kyoto (Japan). Total phenolic
content was expressed as gallic acid equivalents (GAE)
in milligrams per gram extract.

Determination of Total Flavonoids: The amount of total
flavonoids was determined according to the method
described by [17]. Briefly, 1.0 ml of methanolic solution of
EtOAc fraction and water residue of mango leaves
(1000 ppm) was mixed with 1 ml aluminum chloride (2% in
methanol). After shaking, the mixture was incubated at
room temperature for 15 min and then the absorption was
measured at 430 nm using a Shimadzu UV-160A
spectrometer, Kyoto (Japan). Total flavonoids content
was expressed as rutin equivalents (RE) in milligrams per
gram extract.

GC-MS Analysis: A 1pul aliquot of acetone solution of
EtOAc fraction from Mango leaves was injected into
the GC-MS (QP-2010, Shimadzu Co., Kyoto, Japan).
The DB-5MS column was 30 m in length, 0.25 mm id and
0.25 pm in thickness (Agilent Technologies, J&W
Scientific Products, Folsom, CA, USA). The carrier gas
was helium. The GC oven temperature program was as
follows: 50°C hold for 6 min, raised at 5°C/min to 280°C
and hold for 5 min. The injector and detector temperatures
were set at 250°C and 280°C, respectively. The mass range
was scanned from 20 to 900 amu. The control of the
GC-MS system was carried out by means of Shimadzu’s
GC-MS solution software, version 2.4.

RESULTS AND DISCUSSION

Contents of Total Phenolics and Total Flavonoids:
The amounts of total phenolics and total flavonoids
of the EtOAc fraction as well as water residue of
mango leaves are presented in Figure 1. The EtOAc
fraction contained a higher amount of total
phenolics than water residue (386.3 and 127.3 mg GAE/g
extract, respectively). In the same manner, a higher
quantity of total flavonoids was found in the
EtOAc fraction (127.3 mg RE/g extract) than in water
residue (41.3 mg). Folin-Ciocalteu procedure is a very
common method as it gives a rapid and useful evaluation
for the phenolic content of plant samples [18]. Phenolic
compounds are among the most important plant
components as they possessed a variety of biological
activities including antioxidant [19-20], therefore it is quite
important to evaluate the total phenolic content in tested
extracts.

GC-MS Analysis: GC-MS was used to elucidate the
phenolic profile of ethyl acetate fraction of mango leaves
and a total of 8 compounds including benzoic acid,
pyrogallol, p-hydroxybenzoic acid, vanillic acid, syringic
acid, ferulic acid, ethyl gallate and gallic acid were
tentatively identified on the basis of spectral data and
standard chemicals (Figs. 2 and 3 and Table 1). It was
noted that different parts of mango contain a wide array
of phenolic substances and the key biological compound
in its parts is a polyphenol called mangiferin [1]. However,
mangiferin could not be detected by GC-MS in our study,
as it is considered to be a water-soluble compound and
the  reversed-phase  high  performance liquid
chromatography is usually used for its determination. It
was stated that water-soluble plant compounds have been
determined by liquid chromatography, while GC-MS
has been used to analyze the volatile substances [21].
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Water rexicue

Fig. 1: Total phenolics and total flavonoids in EtOAc fraction and water residue of mango leaves
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Fig. 2: GC chromatogram of phenolic compounds detected in EtOAc fraction of mango leaves, Peaks 1: Benzoic; 2:
Pyrogallol; 3: p-hydroxybenzoic; 4: Vanillic; 5: Syringic; 6: Ferulic; 7: Ethyl gallate; 8: Gallic
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Fig. 3: Phenolic compounds detected in EtOAc fraction of mango leaves

Table 1: Retention time, molecular weight and major peaks of phenolic
compounds detected by GC-MS in EtOAc fraction of mango leaves

Retention Molecular
Compound time (min) weight Major peaks
Benzoic acid 19.1 122 105, 122, 77
Pyrogallol 255 126 126, 52, 80
p-hydroxybenzoic acid 29.6 138 121, 138,93
Vanillic acid 30.7 168 168, 153, 97
Syringic acid 36.5 198 198, 183, 127
Ferulic acid 37.8 194 194,179, 133
Ethyl gallate 39.4 198 153,198, 170
Gallic acid 40.7 170 170, 153, 125

Fruits, vegetables and plant beverages are natural sources
for phenolic compounds that have health-promoting
properties and are associated with a low risk of cancer and

737

cardiovascular diseases [22]. Therefore, there is now
much interest to use phenolic-rich products in food
industries.

CONCLUSSION

Based on our findings, the ethyl acetate fraction of
mango leaves contains high amount of total phenolics
and total flavonoids. Furthermore, several phenolic
compounds have been detected in this fraction by GC-
MS. However, this study is a preliminary one and further
research is still needed to study the antioxidant properties
of this fraction and be analyzed by HPLC and this would
expand the scope of its application to the food industry as
a natural drink.
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