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Abstract Mangoes are rich with flavonoids and carotenoids with abundance of
bioactive compounds that are suitable to be extracted and apply into various type of
food as food additives. Mangoes are usually consumed in fresh or processed to extract
it pulps and juices which causes bio-waste production. The peels and seeds are rarely
used in food production, though it contained a considerable concentration of bioactive
compounds which can be a functional component in preserving food. Presence of
preservatives in food can inhibit the oxidation process within the food, preserving the
taste, color and nutritive value. The extraction of natural antioxidants are being
focused to obtain low-cost antioxidants to replace synthetic antioxidants. Moreover,
recent researchers have been developing more efficient techniques of extraction for
obtaining greater value of antioxidant extracts from various type of plants. There are
several stages to extract bioactive compounds such as, the solvent is needed to
penetrate into the solid matrix then solute must be dissolved in the solvent in order to
diffuse out the solute from the solid matrix to collect the extracted solutes. The
solubility of extraction performance can be affected by the properties of extraction
solvent, the particle size of the raw materials, the solvent-to-solid ration, the
extraction temperature and the extraction duration. This study will be conducted to
review using Preffered Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) on suitable extraction method with highest extraction yield,
characterization of antioxidant properties between peel and seed of fruits and
evaluation of natural antioxidants applied on food. This study could contribute in
future studies for highest extraction yield of bioactive compounds.
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1. Introduction
Mangoes (Mangifera Indica L.) are the most popular fruit which have its own various beneficial
nutrients and specific taste. Mangoes are rich with flavonoids and carotenoids with abundance of
bioactive compounds that are suitable to be extracted and apply into various type of food as food
additives. The main bioactive compounds found in mangoes are mangiferin, catechins, quercetin,
kaempferol, gallic acid, and benzoic acid, which are compounds associated with the prevention of
degenerative diseases, including cancer, cardiovascular diseases, and diabetes [1].
Due to mango is a seasonal fruit, about 20.00 % of the production is processed to elaborate puree,
nectar, leather, pickles and canned slices, among others, which have worldwide popularity [2]. Mangoes
are usually consumed in fresh or processed to extract it pulps and juices which causes bio-waste
production. The peels and seeds are rarely used in food production, though it contained a considerable
concentration of bioactive compounds which can be a functional component in preserving food.
Moreover, dried mango peels products can improve the sensory properties and oxidative stability of fat
rich products [2].
Food additives are widely used in food industries mainly to preserve it from bacteria and prolong
the shelf life. As preservatives, the component plays an important role in the supply of safe food.
Preservatives can be divided into three groups such as anti-microbial, anti-darking and antioxidants [3].
Presence of preservatives in food can inhibit the oxidation process within the food, preserving the taste,
color and nutritive value. There are several natural preservatives can act as antioxidants used in food
such as, ascorbic acid, carotenoids, phenolic compounds and tocopherols [3]. The extraction of natural
antioxidants are being focused to obtain low-cost antioxidants to replace synthetic antioxidants.
Bioactive compounds can be found widely in every parts of plants such as, roots, bark, leaves, fruits,
seeds flowers and kernels, though, the concentration of bioactive compounds obtained might be differ
for each part.
The natural products can be obtained by extraction methods include solvent extraction, distillation
method, pressing and sublimation according to the extraction procedures. There are several stages to
extract bioactive compounds such as, the solvent is needed to penetrate into the solid matrix then solute
must be dissolved in the solvent in order to diffuse out the solute from the solid matrix to collect the
extracted solutes.
There are several factors can affect the solubility of extraction performance such as, the properties
of extraction solvent, the particle size of the raw materials, the solvent-to-solid ration, the extraction
temperature and the extraction duration [4]. Moreover, recent researchers have been developing more
efficient techniques of extraction for obtaining greater value of antioxidant extracts from various type
of plants such as, Microwave-assisted extraction (MAE). Microwave (MW) heating is proven to be
efficient in releasing the bioactive compounds quickly from plant cell compartments [5].
Two parts of mango fruits, peels and seeds, will be used in this study because of its abundance
availability due to bio-waste production. This study will be conducted to explore the potential of
antioxidant will be obtained from the extraction as preservative towards food. The performance of
bioactive compound will be observed and compared between peels and seeds in form of the shelf-life
of food.
1.1 Literature Review
Natural antioxidants can help in lowering incidence of degenerative of diseases such as cancer,
arthritis, heart disease and inflammation [6]. These antioxidants can be obtained from various of tropical
fruits such as apple, papaya, banana and mango. Antioxidants are substances which help in prevention
and delaying oxidative damage of lipids, proteins and nucleic acids by reactive oxygen species that
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involved reactive free radicals. The most abundant antioxidants in fruits are polyphenols and various
types of vitamins such as vitamin A, B, C and E. These polyphenols are mostly known as flavonoids
which usually present mainly in ester and glycoside forms. Antioxidant activity in polyphenolic
compounds from mango are the strongest which can help to inhibit bioactivity in cancer cell line models
[7].
1.2 Natural and Synthetic Antioxidants
In food industry, synthetic antioxidants are widely used to improve the characteristics and properties
of processed food due to its abundant availability. However, many studies of synthetic food additives
have causes numerous complications related with gastrointestinal, respiratory, dermatological and
neurological adverse reactions [8]. For example, the usage of Potassium sorbate as one of the main
preservatives used in food industry had caused several drawbacks on human health when being consume
simultaneously.
In particular, the synthetic preservative had caused allergic effects such as urticarial and asthma and
also cases of intolerance. For instance, the antioxidants which can be found in plants and fruits can be
classified as the absolute natural antioxidants which can act as additives and preservatives. These
antioxidants also can inhibit the growth of microbes and help in improving the properties of food, thus,
can be used as the alternatives to synthetic antioxidants in food industry. Vitamins, polyphenols and
carotenoids are the most natural antioxidant molecule which can be substitute as natural preservatives
[9].
1.3 Use of Antioxidants in Food Industry
Natural and processed food are fragile due to exposure towards contaminated environment which
contributes the growth of microbes and become rotten. The food industry solved this problem by using
preservatives to enable distribution and to prolong the useful life of their production. Antioxidants can
act as preservatives for food which play a vital role to inhibit oxidation of the food which leads to food
spoilage.
In the food industry field, preservatives are used to avoid rotting while antioxidants are used to
prevent the chemical reactions leading to unpleasant taste or odor [10]. Antioxidants play an important
role for inhibiting or quenching free radicals and terminate the chain reaction before vital molecules are
damaged. Antioxidants entered in the widely emerging food industry as an important means to limit the
degradation of stored foods as a result of oxidation process by free radicals [11].
1.4 Mangifera Indica L.
Mangifera Indica L., known as mango belongs to genus Mangifera, consists of about 30 species of
tropical fruiting trees in the flowering plant family Anacardiaceae which have various medicinal
properties. Mango possess antidiabetic, antioxidant, anti-viral, cardiotonic, hypotensive and antiinflammatory properties [12]. Bioactive compounds that can be found in mango pulps, seeds, peels,
leaves and stem bark have the most potent antioxidants such as xanthones. Mangiferin that can be found
in mango is a xanthone that can protect mitochondrial membrane against lipid peroxidation and
promotes anti-bacterial effects [13]. There are abundance of Hydrogen atoms in the chemical structure
of mangiferin which can help in neutralizing free radicals.
2. Materials and Methods
In this study, the screeing of related articles are conducted by following Preffered Reporting Items
for Systematic Review and Meta-Analyses (PRISMA) method strategy in order to obtain accurate
evidence on suitable extraction method with highest extraction yield, characterization of antioxidant
properties between peel and seed of fruits and evaluation of natural antioxidants applied on food.
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2.1 Materials
1. Electronic Database:
• ScienceDirect
• Mendeley
• ResearchGate
2. Preffered Reporting Items for Systematic Review and Meta-Analyses (PRISMA).

Figure 1: A PRISMA Flow Diagram of the search strategy [14]

2.2 Methods
The review on related articles were covered from the year 2020 up to 2021. Electronic databases
were selected as search medium which are ResearchGate, ScienceDirect and Mendeley in order to
identify published studies examining the extraction of antioxidants from peel and seed of Mangifera
Indica L. and both of its properties as well as evaluation of extracted antioxidants towards food.
Preferred Reporting Items for Systemic Reviews and Meta-Analyses (PRISMA) guidelines is used in
this methodology.
3. Results and Discussion
In this chapter discussed further on the findings obtained from the related studies. In this chapter,
there are three sections which includes with data and discussion on the suitable extraction method to
extract antioxidants from Mangifera Indica L. with the highest yield, characterization and comparison
of antioxidants properties from peel and seed of Mangifera Indica L. and evaluation of antioxidants
properties.
3.1 Summary of the primary research
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Table 1: Summary of the primary search results from Electronic Databases

3.2 Data Extraction and Analysis
After conducting data selection strategy, there are 21 articles will be further discuss in Chapter 4.
In this section, the author, journal, year of publication and the title of the articles will be recorded in
table form. Table 2, Table 3 and Table 4 are the list of the selected articles followed accordingly to the
objectives.
Table 2: List of retrieved articles for Objective 1
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Table 3: List of retrieved articles for Objective 2

Table 4: List of retrieved articles for Objective 3
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3.3 Determination of suitable extraction method
3.3.1 Soxhlet Extraction (SE)
According to International Organization for Standardization (ISO standards), soxhlet extraction
(SE) is the most widely used method for solid-liquid extraction in natural product chemistry and is a
reference procedure for fat and oil extraction [15]. In general, an analytical technique for antioxidants
from plants or spices consists of two steps: extraction (e.g., Soxhlet) and maceration (e.g.,
maceration).In general, an analytical procedure for antioxidants from plants or spices comprises two
steps, extraction such as, Soxhlet, maceration followed by analysis by spectrophotometry, high
performance liquid chromatography coupled or not to mass spectrometry (HPLC-MS), gas
chromatography coupled or not to mass spectrometry (GC–MS). The extract and excess solvent were
evaporated under reduced pressure at 40ºC using a rotary evaporator to get concentrated crude ethanolic
extracts. Following solvent evaporation, the weight of the extracts was measured and preserved in a
petri dish wrapped with aluminium foil for later analysis.
3.3.2 Microwave-Assisted Extraction (MAE)
Microwave-assisted extraction is a unique technology for extracting soluble compounds from a
variety of materials into a fluid [16]. Microwave-assisted extraction consists of three phases that must
be completed in order. First, at increased temperature and pressure, solutes are separated from active
sites in a sample matrix. Then, a solvent diffuses into the matrix of the sample. Finally, the solutes are
released into the solvent from the sample matrix. Microwave-assisted extraction has various advantages,
including faster heating for bioactive material extraction, shorter temperature gradients, and lower
evaporation rates. Furthermore, it can extract bioactive chemicals faster and with better recovery than
traditional extraction methods. As a result, microwave-assisted extraction is a viable alternative to
traditional extraction methods. In the event of bioactive compound extraction, it is favoured. Adsorption
resins were used to purify the extracts obtained by MAE. The adsorption power of the coloured
metabolites was assessed during the screening and selection of the optimum resin. The adsorption
strength was determined by using a UV-Vis spectrophotometer set to 440 nm to measure the extract's
absorbance before and after treatment with the resins.
3.3.3 Ultrasound-Assisted Extraction (UAE)
Various revolutionary extraction techniques have been used in extraction due to low solvent
consumption, shorter working durations, and increased efficiency, allowing for fast and efficient
extraction at subcritical solvent parameters [17]. The solvent characteristics, volume, pH, temperature,
pressure, and the number of extraction steps all affect the extractability of phenolic chemicals from
plant matrices. Due to the effects of the ultrasound wave, which causes acoustic cavitation in the solvent,
Ultrasound Assisted Extraction (UAE) is considered an efficient extraction method. The ultrasonic also
has a mechanical impact, allowing more solvent to penetrate the tissue and increasing the contact
surface area between the solid and liquid phases. Finally, the solute diffuses quickly from the solid to
the liquid phase. In the UAE, sonication power has an impact on extraction efficiency. The selective
extraction of phenolic chemicals is influenced by temperature, solvent, and pH. The selection of
appropriate solvents is critical in the field of extraction chemistry for extracting the maximum amount
of desired chemical components. Extraction was carried out using solvents with varied polarity that are
suitable for use in food and pharmaceuticals. The extraction solvents have a big impact on the phenolic
component extraction yield and antioxidant properties. When compared to single solvents, the binary
solvent, which is a blend of water and organic solvent, had a greater extraction efficiency when utilising
UAE.
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3.4 Effects of pre-treatment and drying methods on phenolic compounds
The pH of samples dried by various procedures ranged from 3.68 to 3.17, which is in good accord
with reported values of 3.09 to 4.11 [18]. The pH of dried mango slices was found to be lower than the
fresh value of 3.86. This could be linked to the concentration of organic acids as a result of the drying
process removing water. As indicated in Table 3.5, the freeze-dried mango slices had the lowest pH
value of 3.17, while the solar-dried sample had the highest pH value of 3.68, which could be attributed
to the lengthy drying process causing more organic acids to be degraded. The lower pH could indicate
microbial infection resistance on the shelf. In terms of pretreatment, the order of pH contents was lemon
juice, control, salt solution, hot water blanching.
Table 5: Physicochemical properties of dried mango as affected by pre-treatments and drying methods

For the materials dried by different drying processes, the ascorbic acid values in Table 4.5 found in
this study ranged from 33.18 to 41.24 mg/100g. The operation condition was found to cause a drop in
ascorbic acid levels. It's possible that ascorbic acid degrades due to its heat labile nature. Vitamin C
losses are also affected by drying processes and raw material type, as well as other factors including
pretreatments. Freeze and fluidized bed dried samples had the highest vitamin C levels of 41.06 and
41.24 mg/100 g, respectively, with no significant differences between them. This great retention could
be attributable to the rapid drying, which prevented ascorbic acid loss, and the use of vacuum in the
process, which was done at a low temperature.
Table 6: The antioxidants of dried mango as affected by pre-treatments and drying methods

3.5 Evaluation on antioxidants properties
3.5.1 Effect of Extraction Time and Temperature
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The effect of varied extraction periods on the mangiferin content was investigated, while the other
variables were kept constant: a liquid-to-solid ratio of 10/1, an ethanol concentration of 60, and an
extraction temperature of 60 °C [19]. The results are shown in Figure 2 After 4 minutes of extraction,
the mangiferin content had reached its maximum level (0.87 Abs). The mangiferin content gradually
decreased as the extraction time increased from 5 to 15 minutes. This discovery could be explained by
the fact that, because mangiferin has reached equilibrium dissolution at 4 minutes, increasing the
extraction period to more than 4 minutes would result in solvent evaporation as well as exposure to the
compound's environmental deterioration. As a result, 4 minutes was chosen as an appropriate extraction
period for subsequent tests.

Figure 2: Effect of extraction time (min) on mangiferin content

The influence of different extraction temperatures on the mangiferin content was investigated, with
the following other circumstances in place: a liquid-to-solid ratio of 10/1 and an extraction period of 10
minutes. Overall, the mangiferin content increased significantly from 0.778 to 0.842 Abs when the
extraction temperature was increased from 15 to 60 °C, as shown in Figure 3. However, as the
temperature rose to 75 °C, the level began to drop to 0.79533 Abs. Previous research has found that a
temperature of 60 °C is ideal for promoting mangiferin solubility and desorption. Solvent evaporation
and mangiferin breakdown were observed in the current investigation when the extraction temperature
was raised above 60 °C. As a result, the extraction temperature of 60 °C was chosen for subsequent
tests.

Figure 3: Effect of extraction temperature (°C) on mangiferin content

3.5.2 HPLC Analysis
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The crude extract of local mango leaves was made utilising the ultrasonic extraction method with
ethanol as the extraction solvent in this investigation. The extraction efficiency obtained was 14.17 %
(w/w), which was somewhat higher than the 13.93 % (w/w) found in previous studies. To be more
specific, recent experiments used methanol as the solvent and extended the extraction process for four
days, but the current approach, which uses ethanol as the solvent and ultrasonic extraction, yielded a
similar efficiency (14.17 percent) and only took four minutes. As a result, the current procedure can be
regarded a step forward in terms of extraction efficiency and time, providing crucial information for
future optimization studies and industrial-scaled experiments. Table 7 shows the findings of an HPLC
study of mangiferin in a crude extract of mango leaves collected from UAE. In summary, upon
examining the crude extract, seven peaks are visible, each with a different R.T. and peak area.
Table 7: HPLC analysis of mangiferin content (mg/g)

3.5.3 Antioxidant Activity of Purified Mangiferin
The purification was aided by the antioxidant activity of crude ethanol extract, ethyl acetate
fractions, standard mangiferin, and purified mangiferin produced from UAE, as shown in Table 8. It is
commonly known that assessing the biological activities of plant-based extracts, such as antioxidant
and antimicrobial activity, can give crucial information about the extraction and purification procedures'
efficacy. As a result of the findings of this investigation, it can be stated that the use of ultrasonic
extraction, liquid–liquid fractionation, and column chromatography to generate mangiferin with a high
antioxidant potential was successful. This combinatory process is therefore highly suggested for
mangiferin extraction, due to the benefits of reduced energy and extraction time usage.
Table 8: Antioxidant activity of mangiferin in related samples

4. Conclusion
In conclusion, the findings of this study offer insight into the use of by-products from mango as a
promising source of mangiferin extraction to reduce agricultural waste. For a desire of 0.93, the ideal
extraction conditions in criollo mango peel were defined as 10 minutes at 54 °C. In previous studies
stated that total phenols and mangiferin concentration, as well as ABTS and ORAC antioxidant activity,
were found to be very close to the results predicted by the model when evaluating the ideal conditions
in peel. It can be deduced from the foregoing that the ultrasonic extraction process in the mango peel
was optimised. The peel has a high metabolite content and antioxidant activity, indicating that it might
be used as a functional addition in juices, nectars, and other mango-based products. According to the
current findings, freeze and fluidized bed drying procedures generated better dried mango slices with
708
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higher quality criteria. Pretreatments were discovered to be an effective way for preserving the colour
and vitamin C content of dried mango fruits. Finally, one of the ways for controlling unwanted quality
changes is to choose the proper pre-treatment during mango slice drying. Furthermore, pretreatments
and drying procedures exhibited the potential to extend the shelf life of dried mango slice.
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