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Abstract Huge amount of mango peels is generated by the
mango processing industries with rich composition of
phenolic compounds having high antioxidant activity. In
the present investigation, ultrasound assisted extraction
was found to be an efficient extraction technique for
recovery of phenolic compounds. The highest phenolic
content was obtained using aqueous solution of ethanol
(50%) over other extraction solvents. The highest phenolic
content of 35.5 mg GAE/g was obtained using ultrasound
assisted extraction method with solid to liquid ratio of 1:30
at 45 °C temperature, ultrasound amplitude 30% after
10 min of treatment time. The highest antioxidant activity
of 92% was observed in the mango peels. The significant
impact of ultrasonication treatment on the mango peels cell
wall is evident from the scanning electron microscopy. The
FTIR results indicated the rich composition of polyphe-
nolic compounds present in the mango peels. Ultrasound
assisted extraction can prove to be a sustainable green
technique with high potential of bioactive compounds
recovery like polyphenols for the valorization of mango
by-products.
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Introduction

Mango (Mangifera indica) fruit of the family Anacar-
diaceae is among the major variety of tropical fruit with
worldwide production and consumer acceptability (FAO
2005). The valorization of agro-food chain of mango by the
mango processing industries is associated with its conver-
sion into different products like juice, jams, jellies, etc.
(Wall-Medrano et al. 2020). Mango peels which constitute
nearly 15-20% of the total fruit weight, is a major by-
product left after mango processing. It is considered a
potential source of bioactive substances like polyphenols,
carotenoids, dietary fiber (Banerjee et al. 2018). The rich
composition of such bioactive substances present in the
mango peels is responsible for its high antioxidant activity.

A comparatively larger number of phenolic compounds
are present in mango peels than the mango pulp (Ajila et al.
2007). These phenolic compounds due to their natural
antioxidant capacity holds significant potential in replace-
ment of synthetic food additives and as cancer-preventing
agents (Peschel et al. 2006; Okonogi et al. 2007). A number
of phenolic compounds have been reported in the mango
peels including quercetin, mangiferin, rhamnetin, kaemp-
ferol, ellagic acid, and their conjugates (Masibo and He
2008).

The extraction of bioactive compounds from plant
sources has gained considerable attention due to its
immense health benefits. This is due to their potential
antioxidant activities contributing to the prevention of
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oxidative stress related diseases (Guandalini et al. 2019).
Phenolic compounds often present in several fruit by-
products constitute one of the most important class of
bioactive substances. The wastes generated from various
fruit processing industries are prone to microbial spoilage
leading to objectionable odors and environmental hazards.
This urges the need for their proper disposal which is a
great deal for processing industries considering economic
feasibility of the process. The valorization of the fruit by-
products by recovery of high-value compounds can be a
sustainable means to solve the problem of the large quan-
tity of biowaste generated and its disposal.

Conventional methods of extraction, like soxhlet (Cas-
tro-Vargas et al. 2019) and maceration (Rojas et al. 2020)
have been extensively applied for obtaining polyphenols
from mango peels. However, these techniques are accom-
panied with high temperature, more solvent consumption
and longer extraction time. Since the conventional tech-
niques are not efficient in terms of process yield and
selectivity toward target compounds, non-conventional
techniques can be of considerable interest. One of the green
techniques, ultrasound-assisted extraction (UAE), has been
considered a sustainable technique (Chemat et al. 2020) to
recover phenolic compounds. It involves lower tempera-
ture, shorter time with simplified manipulation and high
reproducibility, resulting in higher quality of the final
product. With regard to environmental impacts, it require
only a fraction of energy than that required in conventional
extraction methods. Ultrasonication has been widely rec-
ognized as an effective and eco-friendly method for the
extraction of bioactive compounds in a number of previous
studies (Mercado-mercado et al. 2018; Martinez-Ramos
et al. 2020; Torres-Leon et al. 2021). The rupture of cell
walls of the treated plant material enables release of high
quantities of bioactive substances thus establishing the
efficacy of the process (Chemat et al. 2017). Thus, the
present study was carried out to apply UAE technique for
phenolic compounds extraction from the mango peels and
assess its antioxidant activity by optimization of different
extraction parameters (solid to liquid ratio, temperature,
amplitude, and time).

Material and methods

Mango (Mangifera indica) peels of Chausa variety in the
commercial ripening stage (based on the color of skin and
firmness) were collected from the fruit processors in the
local market of Longowal, Punjab, India. The sample was
dried using sun drying method under open air and sunny
conditions for 7 days until constant weight was achieved
(Anwar et al. 2013). The dried peels (with moisture content
of 11.1%) were grounded to fine powder (200 pm) using

@ Springer

domestic grinder mill and stored (4 &= 1° C) till further
analysis. The chemicals of analytical grade procured from
SD fine chem Itd, Puja science house, Patiala) were used in
the study.

Ultrasound assisted extraction

The phenolic compounds extraction from the mango peel
powder was carried out by using UAE technique (Guan-
dalini et al. 2019) with ultrasonic probe (Snaptech NexT-
gen Lab 500). The powdered sample (1 g) was extracted by
using ethanol (50%, 30 mL) as solvent. After the extraction
process, the extracts were centrifuged, collected in amber
glass bottles and refrigerated. Solid to liquid ratio
(1:10-1:40), temperature (25-55 °C), ultrasonic amplitude
(20-50%) and treatment time (5-15 min) was varied to
obtain the optimal conditions for the extraction of phenolic
compounds.

Experimental design

The design matrix of the present investigation consisted of
single factor experiments for the determination of optimal
conditions of phenolic compounds extraction from mango
peels and study of antioxidant activity. A total of four
parameters namely solid to liquid ratio (1:10-1:40),
extraction temperature (25-55 °C), ultrasonic amplitude
(20-50%) and treatment time (5—15 min) were studied. At
a time, single parameter was varied while the other
parameters were kept constant. The optimal extraction
conditions were determined on the basis of total phenolic
content.

Determination of total phenolic content

Folin-ciocalteu method was used for the determination of
total phenolic content in mango peels (Castro-Vargas et al.
2019). The liquid extract (100 pL) was mixed with folin-
ciocalteu reagent (10% w/w, 750 pL) and after a gap of
5 min, sodium carbonate solution (6% w/w, 750 pL) was
added. The mixture was stirred and left in dark for 90 min
followed by measurement of absorbance (at 765 nm). Tests
were run in triplicate and the final results were obtained as
mg of gallic acid equivalents per g of raw material (mg
GAE/g).

Determination of antioxidant activity

The DPPH radical scavenging assay was used for evalua-
tion of antioxidant activity of mango peels extract (Ajila
et al. 2007). Mango peels extract (200 pL) was mixed with
DPPH solution prepared in ethanol (100 mM, 1 mL). The
mixture was shaken, left in dark (20 min) followed by
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measurement of absorbance (A) at 517 nm. The solution
containing all the reagents except the extract was taken as
control. The calculation of DPPH radical scavenging
activity was performed using the equation:

Scavenging activity (%) = 1 — (As/Ao) x 100 (1)

where A is the absorbance in presence of peel extract and
Ay is the absorbance of the control at 517 nm.

Scanning electron microscopy

The scanning electron microscopy (SEM) was conducted to
study the morphological characteristics of mango peel
powder sample before and after ultrasound treatment.
Scanning electron microscope (JSM- 7610 F plus, JEOL,
Japan) was used for the analysis. Samples were sputter-
coated using a thin layer of gold at room temperature
before imaging (Altemimi et al. 2016).

Fourier-transform infrared spectroscopy

Fourier-transform infrared spectroscopy (FTIR) of the
dried mango peel extract was studied with FTIR spec-
trophotometer (Perken Elmer Spectrum, RX-I, USA) at an
absorbance range of 4000-600 cm~ ! (Kannan et al. 2011).

Statistical analysis

Data obtained for the total phenolic content and antioxidant
activity of mango peels at different conditions of time,
temperature, solid to liquid ratio and amplitude using
ultrasonication technique were analyzed by using SPSS
16.0 software. The results have been presented as
means £ SD of three replicates. Statistically significant
difference between the means in each group were tested
using a 2-way ANOVA with significance level of 5%
(P < 0.05) for all the calculations.

Results and discussion

The total phenolic content of mango peels obtained using
conventional method of extraction (maceration) using 50%
ethanol was found to be 20.5 mg GAE/g. The effect of
various extraction parameters (solid to liquid ratio, tem-
perature, ultrasonic amplitude and time) on total phenolic
content and antioxidant activity of mango peels obtained
using ultrasonication were studied and results have been
discussed below.

Effect of solid to liquid ratio

For the determination of phenolic content in mango peels,
50% ethanol was used as the extraction solvent. The effect
of solid to liquid ratio on total phenolic content and
antioxidant activity of mango peels using ultrasound
assisted extraction was investigated. The different propor-
tion of solvent significantly (p < 0.05) affected the
extraction of phenolic compounds and antioxidant activity
of mango peel (Fig. 1a, b). It was found that the highest
total phenolic content (34.3 mg GAE/g) as well as the
antioxidant activity (90.8%) was observed with 1:30 solid
to liquid ratio, after which a decline in the value was
observed.

The increase in total phenolic content can be due to a
larger volume of solvent which accelerates the diffusion
process. The non-significant change witnessed by the total
phenolic content with increase in solid to liquid ratio after
1:30 might be due to saturation of the liquid in the
extraction system (Medina-Torres et al. 2017). The
obtained results were compatible with the mass transfer
principle, where the driving force for the mass transfer was
the increase in concentration gradient between the solid
material and the liquid (Tao and Sun 2015). The reduction
in total phenolic content at ratio greater than 1:30 might be
due to extraction of other biomolecules like proteins and
polysaccharides, which can dissolve in the medium and in
turn, affecting the dissolution of phenolic compounds
(Yang et al. 2010). The results correlated with a previous
study on mango peels where 1:30 was taken as the opti-
mum solid to liquid ratio for extraction of phenolic com-
pounds using ultrasound assisted extraction (Morales et al.
2020). In another study on mango seed, solid to liquid ratio
of 1:30 was taken as the optimum ratio for the solvent
extraction of bioactive compounds responsible for antiox-
idant activity (Dorta et al. 2013). In case of variation of
antioxidant activity with increase in solid to liquid ratio, no
significant difference was observed in the values which
indicated that the antioxidant activity was not much
influenced by the variation in solid to liquid ratio. This was
in agreement with the previous study on antioxidant
activity of Clinacanthus nutans leaves where solid to liquid
ratio had no significant impact on extraction yield (Su-
laiman et al. 2017).

Effect of temperature

Significant (p < 0.05) effect of temperature was observed
on the extraction of phenolic compounds as well as
antioxidant activity of mango peels (Fig. 2a, 2b). Highest
total phenolic content (34.4 mg GAE/g) was observed at
45 °C after which its value decreased. Whereas, in case of
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antioxidant activity, maximum values were observed at
35 °C, after which it was found to decrease.

Due to sensitivity of polyphenolic compounds to heat,
their antioxidant activity might be lost when temperature
was further raised to 55 °C. It implies thermal degradation
of phenolic compounds and fall in the extraction yield
(Osorio-Tobon 2020). The antioxidant activity of mango
peels was found to increase up to 35 °C. However, further
increase in temperature led to a decline in antioxidant
activity. This behavior might be due to the principle of
equilibrium, in which high temperature leads to increase in
extraction rate and allow maximum recovery of phenolic
compounds thus resulting in higher antioxidant activity.
Increased temperature probably led to an increased phe-
nolic solubility, better mass transfer, faster diffusion rate
and therefore, increased extraction rate (Richter et al.
1996). However, increase in temperature above particular
value may promote degradation of previously mobilized
phenolic compounds as well as the residual phenolics
(Mokrani and Madani 2016). Similar effect was observed
in antioxidant activity of pomegranate peels, where it was
found to increase when extraction temperature during
ultrasonication was increased from 25 to 35 °C (Pan et al.
2012).

Effect of amplitude
Ultrasonic amplitude had a significant (p < 0.05) effect on

phenolic compounds extraction and antioxidant activity of
mango peels (Fig. 3a, b). Highest phenolic content
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(32.8 mg GAE/g) was observed at ultrasonic amplitude of
40% after which a decrease was noted. In relation to
antioxidant activity, its highest value (92%) was observed
at 30% ultrasonic amplitude after which it decreased.
With increase in ultrasonic amplitude, major alterations
occur in plant matrix caused by cavitation. This enhanced
solvent penetration allowing maximum recovery of phe-
nolic compounds. However, further increase in amplitude
might cause degradation of phenolic compounds (Osorio-
Tobon 2020). Similar effect of amplitude was observed on
the antioxidant activity of mango peel extract except that in
this case, amplitude did not have much effect on the
antioxidant activity. Similar findings were observed in a
study on extraction of carotenoids from mango by-products
(Mercado-mercado et al. 2018) where ultrasonic amplitude
of 30% was selected as an optimum extraction parameter.

Effect of time

The treatment time also significantly (p < 0.05) affected
the phenolic compounds extraction and antioxidant activity
of the mango peels (Fig. 4a, b). The highest total phenolic
content (35.5 mg GAE/g) and antioxidant activity (92%)
was observed after 10 min of treatment time. Further
increase in treatment time caused no significant change in
the phenolic content as well as the antioxidant activity.
This could be explained by Fick’s second law of diffu-
sion, according to which, a state of equilibrium is attained
between the bulk solution and solute concentration in the
solid matrix after certain period of time. Therefore,
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additional increase in time may not be required for further
extraction of phenolics (Silva et al. 2007). The progressive
release of the metabolites and the efficiency of extraction
process is significantly influenced by the time of contact of
the extraction solvent and plant matrix. The results corre-
lated with the previous studies on mango seed (Morales
et al. 2020) and pomegranate peels (Pan et al. 2012;
Kaderides et al. 2015). Prolonging the extraction time did
not cause any significant change in the antioxidant activity
of mango peels with highest observed antioxidant activity
of 92% after 10 min treatment time. The results were
similar to a previous study on citrus peels (Xu et al. 2008)
and grape pomace extract (Pinelo et al. 2005), where no
change in antioxidant activity was observed with increase
in the extraction time.

SEM analysis

The SEM images for mango peel powder sample were
taken before and after ultrasonication treatment (Fig. 5).
The non-treated sample and the ultrasound treated material
sample showed significant difference in the structural
morphology. From the results it can be clearly stated that
ultrasonic processing led to an increased cell damage thus
leading to an increase in the rate of mass transfer of
bioactive compounds across the cell wall (Altemimi et al.
2016). Similar effect of ultrasound was observed in the
previous studies, where ultrasonic cavitation energy caused
significant changes on the surface structure of prickly pear

peel. The numerous cracks and pores produced on the
surface of peel indicated effective bioactive components
extraction using ultrasound technique (Karunanithi and
Venkatachalam 2019).

FTIR analysis

The FTIR spectral analysis for phenolic extract of mango
peels was carried out in the mid-infrared region
(4000-600 cm_l) (Fig. 6). The prominent band at
3220 cm ™! represented the O-H of carboxylic acid indi-
cating strong intermolecular hydrogen bonding of gallic
acid (Patle et al. 2020). The absorption bands around
2920 cm ™! indicate the C—H stretching of the CH, groups.
These bands indicate the presence of aliphatic CH groups
in the present compounds (Kannan et al. 2011). The sharp
absorption peaks near 1709-1600 cm™" reflect the C=0
stretching vibrations in carbonyl compounds. This may be
attributed to the presence of high flavonoids content in the
mango peels. The low intensity absorption bands near
1450 cm™" represents the C—C-O stretching vibration
whereas absorption bands near 1300-1100 cm ™" indicate
O-H bending vibration which arise due to presence of
compounds such as rutin, gallic acid, quercetin, and tannic
acid (Patle et al. 2020). A sharp absorption band at
1020 cm ™' correspond to the C—O group of molecules. The
absorption bands from 815 to 630 cm ™" can be assigned to
the phenolic compounds like quercetin, tannic acid, gallic
acid and vanillin respectively. The bands near 607 cm™"
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Fig. 5 Scanning electron
microscopy of mango peel
powder. a Non-treated sample
b Ultrasound treated sample

Fig. 6 FTIR spectra of mango 0.067
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peel extract obtained using
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correspond to the stretching vibration of phenols (Valchos
et al. 2000).

Conclusions

The present study revealed the potential of ultrasonication
technique for the extraction of phenolic compounds.
Maximum extraction of phenolic compounds (35.5 mg
GAE/g) was observed with solid to liquid ratio 1:30 at
45 °C temperature, 30% ultrasonic amplitude, after 10 min
treatment time. Ultrasound assisted extraction is an
advantageous green technique with wider applications in
food industries as compared to conventional technique thus
making the overall process economical. Mango peels
possess considerable amounts of polyphenols and antioxi-
dants which make it a potential food supplement in various
food preparations such as bakery products, dairy products,
beverages, etc. Extensive research can be conducted for
total utilization of mango by-products to adopt the concept
of zero waste generation thus establishing sustainability of
the process.
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