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Abstract
Mango is an important fruit with worldwide acceptance, extensive marketing, vast production, wide distribution, and benefits
to human health. Mango wastes, namely, seed kernel (MSK) and peel, have high functional and nutritional potential. An
investigation was undertaken on the mango with molecular analysis of 32 varieties to select genetically diverse genotypes
followed by biochemical characterization of seed kernel of 10 varieties to assess the industrial potential of the kernel.
Overall, 16 biochemical parameters and eight simple sequence repeat (SSR) primers were used to characterize the varieties
of mango. Proximate composition was studied for the different mango varieties. Lipid profile, amino acid profile, and
mangiferin profile were also analysed. For molecular analysis, DNA was extracted from leaf tissues. Biochemical analysis of
the kernel revealed significant variability for phytochemicals among the genotypes. The kernel was rich in minerals (1.15%),
oil (9.235%), starch (50%), and crude protein (10.36%). Amino acid profiling through liquid chromatography–tandemmass
spectrometry (LC-MS/MS) suggested that kernels can be a source of eight essential amino acids. Steric and oleic acid
represented the main fatty acids. Total phenol was in the range of 0.33–0.54%. Mangiferin content in the seed, analysed by
LCMS, varied from 0.27 to 4.88mg/g. Anti-nutritional factors were also detected in the kernel. The results of the current
study suggest that significant varietal differences exist in mango for various phytochemicals. Based on the outcome of this
experiment, it can be concluded that mango kernel is an economical source of valued food and nutraceutical components,
which can be exploited in various food and feed industries.
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Introduction

Mango (Mangifera indica L.; Anacardiaceae) is an impor-
tant fruit tree species of tropical and subtropical regions.
Its nutritional value, aroma, and pleasant taste make it the
king of fruits (Saran et al. 2020). Mango is an essential
raw material for various food industries. The processing of
fruit results in elevated amounts of waste materials. Dump-
ing of the waste products, such as the peels, stones/seeds,
and oilseed meals generated after fruit processing, is one of
the major problems associated with mango pulp industries.
This “co-product” not only causes environmental issues,
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viz. mushrooming of insects and rodents, but is also respon-
sible for financial stress due to the transportation to landfill
sites. The literature suggests that mango seed kernel (MSK)
is a reservoir of useful nutrient components (El-safy et al.
2012). Hence, there is a need to develop strategies for the
productive use of the waste generated by mango-processing
industries.

Approximately 40–60% of waste in the form of peel and
kernel is produced during mango processing. Of this waste,
the peel represents 12–15% while the kernel accounts for
is 15–20%. Every year, over 107 quintals of MSK as waste
results from the food processing sectors, which can be ex-
ploited to generate some valuable produce and as a result
ecological risks could be reduced (Abdalla et al. 2007). The
appropriate use of MSK as raw material and/or a food addi-
tive could increase the financial benefits of these industries.
The use of MSK by food industries to prepare food supple-
ments will also contribute towards eliminating malnutrition,
promoting health and reducing the environmental effects of
co-products (Da Silva and Jorge 2014).
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Starch, oil and protein are significant components of
MSK. The MSK oil comprises both saturated (45 to 48%;
majority stearic) and unsaturated fatty acids (52–56%). In
comparison with many other vegetable oils, MSK oil has
a better stability. With long shelf life, mango oil is safe
and is fit for mixing with vegetable oils, stearin, confec-
tionery, and soap. Earlier research indicated that MSK lipid
from various mango genotypes is devoid of toxic material
such as hydrocyanic acid (Rashwan 1990). The kernel is
also rich in starch. The mango seed cakes and meals gener-
ally called ‘total waste’ have an adequate volume of starch.
However, a kernel is low in protein but encompasses most
of the essential amino acids.

Furthermore, MSK is rich in polyphenols, phytosterols
such as campesterol, sitosterol and tocopherols polyphe-
nols, sesquiterpenoids and phytosterols and metal chelators
and tyrosinase inhibitors (Ashoush and Gadalla 2011; Kit-
tiphoom 2012). Among the various polyphenols present in
the mango, mangiferin (C-2-β-D-glucopyranosyl-1,3,6,7-
tetrahydroxyxanthone) is a distinct compound. Mangiferin
is a promising biologically active and antioxidant com-
pound that can be used as a remedy against inflammation,
diabetes, tumours and for immunomodulation (Luo et al.
2012). The diverse bioactivities of mangiferin are present
in the catechol moiety of the B-ring. Mangiferin promotes
the movement of the endothelial cell during the formation
of new blood vessels (angiogenesis). Thus, it may amelio-
rate vascular diseases and have therapeutic potential in the
inflammation of blood vessels (Imran et al. 2017).

The contents and concentration of various phytochem-
icals in mango seed depend on the genetic makeup of
the plant. Therefore, characterization of the germplasm is
a criterion for protection and utilization in breeding pro-
grams. Genetic characterization serves the twin purposes
of documentation of the germplasm and determination
of their genetic variance (Saran and Kumar 2011). The
mango germplasm has been characterized with morpho-
logical markers. But the high interaction of morphological
markers with environmental conditions affects the charac-
terization of germplasm.

On the contrary, simply inherited DNA/molecular mark-
ers are enormous in number and are not affected by envi-
ronmental conditions and the growth stage of the plant. De-
pending on the marker of choice, simple sequence repeats
(SSRs) have also been used in mango (Mahato et al. 2016).
Against this background, the current study was commenced
with the objectives to (1) characterize mango varieties by
SSR markers and (2) evaluate the nutritional and industrial
properties of MSK from selective varieties.

Materials andMethods

Plant Materials andMolecular Characterization

For molecular characterization, leaf samples of 32 mango
genotypes were collected from a mango orchard in the Hor-
ticulture Farm, Anand Agricultural University, Anand. The
DNA was isolated from leaf tissues using cetyltrimethyl
ammonium bromide (CTAB) following the protocol of
Doyle and Doyle (1990). The genomic DNA was am-
plified using SSR primers through polymerase chain re-
action (PCR). The PCR reaction of 15μL volume com-
prised 1.5μL template DNA, 7.5μL PCR master mix (2×;
EmeraldAmp® GT PCR Master Mix, Takara, Japan), 1.5μL
diluted primer and 3.5μL distilled water. The PCR reactions
were conducted in SensoQuest Thermocycler (Göttingen,
Germany) with thermal conditions as per Singh et al.
(2012). Of 32 genotypes, a set of ten diverse (at SSR
marker level) genotypes were selected from each group for
biochemical analysis.

Biochemical Characterization

For biochemical analysis, three fully matured fruits of each
selected genotype were collected followed by pulp removal
to collect the seed. Seeds were washed, the MSK separated,
dried at 60°C for 6h in a hot-air oven and ground into fine
powder manually.

Proximate Analysis

The fine powder was used for biochemical analysis. Mois-
ture and ash content from MSK flour was determined as
per the methodology of the Association of Official Analyt-
ical Chemists (AOAC; 1965). The micro-Kjeldahl method
was deployed to estimate crude protein (AOAC 1965). The
Anthrone method of Dubois et al. (1956) was used for es-
timation of starch. Crude fibre was determined according
to the AACC (American Association of Cereal Chemists)
guidelines (1983). Total oil from MSK was extracted with
a Soxhlet apparatus using hexane (AOAC 1965). Kernel
mineral content (Fe, Mn, Zn and Cu) was estimated as per
Sadasivam and Manickam (1992). Total phenol was esti-
mated with the procedure described by Bray and Thorpe
(1954). The presence of tannin and total phytate was de-
termined following the method of Harborne (1973) and
Makkar et al. (1993), respectively. Trypsin inhibitor activity
was calculated as per Hammerstrand et al. (1981).

AminoAcid Profiling

A fast and straightforward method for quantification of
amino acids without a derivatization approach was stan-
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dardized as per the protocol described by Lane (2015) with
minor modifications. In brief, stock solution (10mM) of
each amino acid standard except cysteine and tryptophan
was prepared in 0.1% formic acid. Cysteine and tryptophan
were first diluted with a few drops of NaOH and the vol-
ume made by 0.1% formic acid. Further serial dilution was
made from 10mM stock, and six series (9.11, 4.88, 2.44,
1.22, 0.61 and 0.305nmol/µL) were prepared for a standard
curve.

Amino acid separation and quantification were carried
out using a triple quadrupole-linear ion trap mass spectrom-
eter QTRAP 4500 (AB Sciex LLC,) in conjunction with an
Expert LC 100 xl UPLC (Eksigent) system. Mass spectrom-
etry was equipped with a Turbo V™ electrospray ionization
(ESI) source. Out of 20, 17 amino acids such as glycine, ala-
nine, serine, proline, valine, threonine, leucine, isoleucine,
aspartic acid, lysine, glutamic acid, methionine, histidine,
phenylalanine, arginine, tyrosine, and cysteine showed the
highest sensitivity in the positive scan mode. At the same
time, asparagine, glutamine and tryptophan responded to
the negative scan mode. Details on multiple reaction mon-
itoring (MRM) for detection and quantification of amino
acids in tandem mass spectrometry are presented in Supple-
mentary Table S1. A 5-µL sample was injected on an ACCQ
TAG ULTRA C18 (1.7µM, length 2.1× 100mm; Waters,
Framingham, MA, USA) column. The column temperature
was adjusted to 40°C. Elution of amino acids was opti-
mized with an increasing gradient of 1000ppm formic acid
in each water (solution A) and acetonitrile (solution B) sam-
ple. A constant flow of 0.3mL/min was delivered through
gradient elution from 2% to 98% of solution B over 5min
and then from 98% to 2% (solution B) for 4min and the col-
umn was re-equilibrated for 1min. Data were recorded and
analysed in Analyst (v. 1.6.2) software (SCIEX, Concord,
Canada).

The sample for amino acid extraction was prepared as
per the protocol given by Koji et al. (1987) with modifica-
tion such as 30mg of kernel powder was first hydrolysed in
3mL of 1000ppm phenol in 6M hydrochloric acid solution
and kept in an oven at 110°C overnight together with blank
(no sample). After 12h, 0.7mL of the hydrolysed mixture
was neutralized with an equal amount of 6M NaOH and the
volume was restored to 2.0mL with Milli Q water. Centrifu-
gation at 13,000 rpm was carried out for 2min and the su-
pernatant was sieved through a 0.22-µm PVDF membrane
filter. The filtrate of 100µL was diluted with 900µL formic
acid (0.1%) for further analysis in LC-MS.

Fatty Acid Profiling

Methyl esterification of oil was carried out as per Baz-
ina and He (2018) with minor modifications. In brief, for
fatty acid profiling, 300mg of oil was mixed with 6mL

of 0.5N methanolic NaOH solution followed by heating
of the mixture on a steam bath until the oil/fat globules
went into the solution. After cooling to room temperature,
the mixture was supplemented with 8mL of BF3-methanol
reagent followed by heating at 80°C for 5min. Further,
1mL of petroleum ether was added in the same flask. At
room temperature, adequate saturated NaCl solution was
added in the mixture for separation of the methyl esters
layer present on top into the narrow neck of the flask.
This layer was collected using a syringe and analysed im-
mediately on a gas chromatographer (Trace-1110; Thermo
Fisher, Waltham, MA, USA) using a flame ionization de-
tector (FID). The following conditions were fixed for the
separation of fatty acid methyl esters: injector and detector
temperature—250°C, oven temperature—120–240°C with
4°C/min, hold for further 7min at 240°C and carrier gas
hydrogen, column head pressure 220kPa, linear velocity
(30–40)cm/s, flow rate 1.0mL/min.

Mangiferin Quantification

Analytical grade standard of mangiferin was procured from
Sigma–Aldrich Fine Chemicals (St. Louis, MO, USA).
Standard was first prepared in methanol to maintain a con-
centration of 1µg/mL. The standard curve for mangiferin
quantification was plotted using concentrations of 1ng/mL
to 1μg/mL. The sample was prepared as per Luo et al.
(2012) with minor modifications. In brief, the MSK fine
powder (0.5g) was mixed with methanol (10mL) followed
by ultrasonication for 30min at 40°C. The sample was
extracted thrice in 10mL of methanol in the ultrasonicator
for 30min. All three extracts were combined followed by
evaporation to dryness at 50°C under the stream of nitro-
gen. The dried residue was dissolved in 5mL of methanol,
filtered through a 0.22-μm nylon filter and diluted 100 times
before injection in LC-MS.

For quantification of mangiferin, the ESI probe was op-
erated in negative ion scan mode on then QTRAP 4500
(Sciex) platform. The mass spectrometer parameters were
optimized with a capillary temperature of 550°C, curtain
gas at 30psi, ion source gas 1 (GS1) at 50psi and GS2 at
50psi with –4500v. Nitrogen was used as curtain and col-
lision gas. A standard of 1μg/mL was infused at the flow
rate of 10μL/min in the mass analyser. The optimized de-
clustering potential (DP) and entrance potential (EP) for de-
tection of parent ion (421) was –11.5 and –4.8, respectively.
The two most intense fragments (m/z) 421/300.7 (collision
energy [CE]: –30 and collision cell exit potential [CXP]:
–10) and 421/330.8 (CE: –28.54 and CXP: –30) were se-
lected for MRM.

For chromatographic separation, an expert ultra LC-
100xl series UPLC system (Eksigent, Dublin, CA, USA)
equipped with a binary solvent pump, an auto-sampler and

K



2430 S. D. Patel et al.

a column oven was used. Separation of mangiferin was
carried out using an ACQUITY UPLC BEH C18 column
(2.1× 150mm, 130Å, 1.7-μm particle size; Waters) main-
tained at 40°C in the column oven. The sample volume of
5μL was injected through the UPLC.

Elution of mangiferin was optimized with an increas-
ing gradient of 1000ppm formic acid in each water (so-
lution A) and methanol (solution B) sample. The mo-
bile phase was delivered through a gradient elution of
20–50% of solution B over 2min (flow rate= 0.5mL/min)
and then from 50% to 100% of solution B for 8min
(flow rate= 0.6mL/min) and the column was re-equili-
brated for 2min (flow rate= 0.5mL/min) with 20% of so-
lution B. Data were recorded and analysed in Analyst
(v. 1.6.2) software (AB Sciex, Framingham, MA, USA).
A standard curve was obtained with linear regression
(y= 2.1e+ 007x+ 1.88e+ 005) and an r value of 0.99 to
calculate the concentration of mangiferin in samples.

Data Analysis

To analyse the data, the amplicon size of the SSR marker
was calculated manually. The number of alleles per locus,
major allele frequency, gene diversity, heterozygosity and
polymorphism information content (PIC) were calculated
by Power marker v. 3.25. Neighbour-joining (NJ) cluster-
ing was carried out with DARwin 6.0 to construct a dendro-
gram. The biochemical data were analysed as per Chandel
(1997). Quantification of amino acids and mangiferin were
calculated using Analyst version 1.6.2 data acquisition soft-
ware. Quantification was done by taking 1/x (x, area) as
a weighting factor.

Table 1 Amplification details of SSR markers

Marker Primer sequence (5’-3’) Amplicon
size (bp)

Major allele
frequency

Gene diver-
sity

Heterozygosity PIC

QGMi011 CAACTTCCGAAAGCTAGAGGAG/
GTTTCTTCGTGGCACTCATTACCACAC

260–233 0.78 0.34 0.44 0.28

QGMi001 GAAAGGCTTGCAGAGACAGG/
GTTTCTTCTGTTCGGTGATGGAGGAGT

175–259 0.65 0.45 0.26 0.35

MMCT70 ACGGTTTTTAGAGGTGACATC/
AGTATAATTGGCAAGGAAAGAGGT

293–317 0.69 0.42 0.60 0.33

MMCT75 TTGGCAACTTGGTGGATGTAG/
GCAAAATTGTGGCTTAGGTAGTG

262–296 0.76 0.36 0.48 0.29

MMCT138 TGGCAACAAAAATGGAAACTT/
ACCTAACATCCGCTCCTTCC

296–345 0.89 0.19 0.21 0.17

MMCT5 GTGTTGTGTGCATAAGGTTGAAGT/
AGGTTCAGATCCCAACAGTAAAAG

135–160 0.60 0.47 0.36 0.36

MMCA268 TATCACTGTGAATGTTTTGGCTTT/
ATACCTTTCCTTCAAACAAGCAAC

125–155 0.71 0.42 0.34 0.36

MMCA49 TTCTCACCAACACCACCAAA/
TGCTGATAAAAACAAAGGGTCA

202–273 0.93 0.12 0.13 0.11

Mean 0.78 0.31 0.31 0.25

PIC polymorphism information content

Results and Discussion

Molecular Diversity

Genetic Analysis Using SSRMarkers

A reliable methodology for genetic diversity investiga-
tions is molecular characterization. The limitations (low
polymorphism, few alleles, time-consuming, stressful, and
germplasm environment interactions) of phenotypic data-
based diversity analysis are overcome with the help of
DNA marker data. Among various DNA markers, mi-
crosatellites or SSRs are preferred by plant geneticist due
to the advantages such as high polymorphism information
content (PIC), co-dominance behaviour, automation, single
locus, etc. In the present investigation, the diversity in
32 mango varieties was assessed using SSR markers. Dur-
ing the screening step, 15 out of 20 primers were amplified
successfully, of which eight were polymorphic (Table 1).
Eventually, these polymorphic markers were exploited to
evaluate inter-varietal diversity.

The amplicon size ranged from 125bp (MMCA268) to
345bp (MMCT138). The amplicon sizes were in the range
reported earlier (Nazish et al. 2017). From 32 varieties, a to-
tal of 21 alleles were amplified with eight SSR primers. In
a previous study, Singh et al. (2012) reported that the av-
erage number of alleles per locus is 3.47, which is higher
than our results and this may be due to the use of a dif-
ferent set of SSR markers on varieties of more variabil-
ity. The maximum allele frequency (0.9348) was found for
marker MMCA49 and the minimum (0.6053) was found for
MMCT5. Mean gene diversity was 0.3122. Maximum gene
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diversity of 0.4778 was found for MMCT5 and the mini-
mum of 0.1219 was found for MMCA49. The mean PIC
was 0.254 and ranged from 0.1145 (MMCA49) to 0.3648
(MMCA268), suggesting that markers of the current study
have a low level of polymorphism. A low PIC (0.39) value
was also recorded in Pakistani mango germplasm by Nazish
et al. (2017). The variability in the germplasm affects the
PIC and individual alleles for each marker. The heterozy-
gosity ranged from 0.13 to 0.60 with a mean value of 0.31.
Mango is a cross-pollinated tree species and conserves gene
flow, which leads to heterozygosity. Gene diversity and het-
erozygosity had a minor difference and a moderately pos-
itive correlation (0.61), indicating that the germplasm is
in Hardy–Weinberg equilibrium. Discrimination of mango
varieties was possible through the use of SSR primers.

The unweighted neighbour-joining approach was used to
calculate the pair-wise dissimilarity indices among mango
types. With a mean of 0.49, dissimilarity coefficients
ranged from 0.05 to 0.94 among 32 varieties. Minimum
dissimilarity (0.05) was between ‘Badam’/‘Alphanso’,
‘Malgoa Lal’/‘Rajapuri’ and ‘Badam’/‘Nastota’. The max-
imum genetic divergence (0.94) was between the ‘Ke-
sar’/‘Amrutang’, ‘Neelum’/‘Badshah Pasand’ and ‘Doo-
dhpenda’/‘Badshah Pasand’. In their study, Begum et al.
(2013) reported that the pair-wise genetic dissimilarities
ranged from 0.00 to 0.46 with a mean value of 0.23 in
different mango varieties. The clustering revealed three
distinct groups among mango varieties at a 0.1 dissimilar-
ity coefficient cut-off value. Cluster A had three varieties
(‘Mahudha Gol Keri’, ‘Noorjahan’ and ‘Langro’); clus-
ter B was generated with nine varieties (‘Badshah Pasand’,
‘Navrangi’, ‘Venkalia Aurangabad’, ‘Neelum’, ‘Kailash
Rashulabad’, ‘Jujva Gol Keri’, ‘Gorjit Amalsad’, ‘Amru-
tang’ and ‘Kesar’). The largest group was cluster C, which
included 20 varieties. This cluster was further divided into
three sub-clusters (C1, C2 and C3). Based on the result
obtained from the diversity analysis, the most popular and
genetically diverse varieties of fruits available were selected
for biochemical analysis (Fig. 1).

Biochemical Characterization

Moisture Content

The quality, taste and appearance of fruits and seeds are
influenced by water/moisture content. Therefore, moisture
is one of the most frequently evaluated parameters during
the phytochemical analysis of seeds and fruits. In the cur-
rent study, seed moisture varied from 22.24 (‘Badam’) to
24.00% (‘Neelum’; Table 2). Sagar and Singh (2016) re-
ported that moisture content in MSK of Indian mango vari-
eties was 43.22%. The moisture content in kernels depends
on the maturity and quality. The moisture content of the
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Table 4 Variability in lipid content in seed kernel of ten mango varieties

Variety Saturated fatty acid Unsaturated fatty acid

Palmitic acid
(%)
(C-16:0)

Stearic acid
(%)
(C-18:0)

Behenic
acid (%)
(C-22:0)

Lignoceric
acid (%)
(C-24:0)

Oleic acid
(%)
(C-18:1)

Linoleic
acid (%)
(C-18:2)

Linolenic
acid (%)
(C-18:3)

Arachidonic
acid (%)
(C-20:4)

‘Kesar’ 2.17 13.31 0.19 0.39 32.44 3.53 0.22 0.79

‘Amrutang’ 1.44 10.13 0.23 0.41 17.21 2.22 0.18 0.82

‘Langro’ 1.02 6.41 0.13 0.21 12.12 1.67 0.21 0.49

‘Amrapali’ 0.22 1.00 0.01 0.02 02.31 0.39 0.04 0.05

‘Dashehari’ 2.62 17.28 0.19 0.25 33.25 3.96 0.34 0.85

‘Mallika’ 1.33 8.89 0.14 0.22 17.48 2.47 0.22 0.54

‘Neelum’ 0.43 0.81 N/A N/A 02.20 1.07 N/A 0.04

‘Rajapuri’ 0.67 3.69 0.06 0.09 06.08 1.06 0.10 0.23

‘Alphanso’ 0.54 4.78 0.09 0.18 08.78 0.87 0.05 0.32

‘Badam’ 1.52 0.50 0.08 0.12 12.84 4.52 0.11 0.30

N/A not detected

seed determines the chemical stability and storage capacity
of the seed.

Ash Content and Mineral Content

Compared to wheat flour, MSK flour contains 2–4 times
more minerals (Kaur and Brar 2017). In the current study,
ash content, an index of total mineral in MSK, varied from
0.87 (‘Langro’) to 1.62% (‘Mallika’) with an average of
1.15% (Table 2). These results are in close agreement with
those of Rajan et al. (2011), where ash content in MSK
powder was 1.72%. Recent studies suggested that MSK
flour can be exploited to prepare mineral-fortified biscuits
and cookies (Gumte et al. 2018). Consequently, MSK flour
could be a growing source of functional food ingredient
for the food/bakery industry, such as for biscuits and bread
(Das et al. 2019). The mineral requirements by humans
and plant are analogous. In view of the current interest in
the mineral composition of MSK due to its influence on
MSK flour quality, minerals were also assessed. In MSK
of various mango varieties, substantial variability was ob-
served for Fe (20.20–28.70ppm), Mn (2.30–9.40ppm), Zn
(6.20–31.20ppm) and Cu (19–106ppm). ‘Rajapuri’, ‘Al-
phanso’, ‘Badam’ and ‘Neelum’ were recorded as a rich
source of Fe, Mn, Zn and Cu, respectively.

Crude Protein Content and Amino Acid Profiling

Crude protein (CP) refers to the total amount of protein.
Although MSK has less protein than cereals, it is of higher
quality because it has a high amount of all the important
amino acids (Jahurul et al. 2015). With an average value
of 10.36%, CP in MSK varied from 8.10% (‘Amrutang’)
to 12.07% (‘Neelam’) in the current study (Table 2). Pre-
vious studies indicated that MSK contains 5.20–8.10% CP
(Lakshminarayana et al. 1983). The results of the current

experiment were comparable to the results of Dakare et al.
(2014), where CP was between 6.83% and 8.50%.

Amino acid profiling in the current study suggested that
18 amino acids (AAs) are present in mango seed, which
are utilized in protein synthesis. Out of 18 AAs, eight were
categorized as essential (isoleucine, methionine, pheny-
lalanine, leucine, lysine, threonine, tryptophan and valine).
Histidine and arginine are crucial in infants (Table 3; Sup-
plementary Fig. S1). Earlier, Dakare et al. (2014) reported
17 different AAs in MSK with nine essential AAs. In the
current study valine, threonine, leucine, isoleucine, and
phenylalanine were found in higher amounts, which is in
agreement with earlier reports on MSK (Fowomola 2010).
The results indicated that variety ‘Mallika’ and ‘Neelum’
were lacking histidine, lysine and serine. This shows that
the genetic makeup of genotypes is different. The regres-
sion and retention times of 20 amino acids in MSK are
given in Supplementary Table S2.

Total Starch Content

Starch is not only a principal carbohydrate constituent of
most plant materials but also an essential source of energy
for the human body, metabolized into glucose during di-
gestion. Starch has wide applicability in the food, textile,
paper and pharmaceutical industries. The growing demand
for starch by various sectors can be met by finding new
starch sources other than potato and cereals such as corn
and rice. In this context, MSK could be a suitable source of
starch because it consists of up to 50% starch (Nayak and
Rayaguru 2018). With a mean of 36.36%, the starch in MSK
in the current study varied between 25.58% (‘Badam’) and
49.99% (‘Neelum’) (Table 2).
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Fig. 1 Un-weighted neighbour-joining (NJ) tree of 32 mango varieties
constructed with SSR markers

Crude Fibre

The crude fibre (CF) varied between 1.09% (‘Amrapali’)
and 2.53% (‘Mallika’) among the varieties, although the
average value of CF was 1.61% (Table 2). The outcomes
of the current study are comparable with those reported by
Mutua et al. (2017), where CF ranged between 2.64 and
3.71%. The CF in seed kernel and yellow corn is similar
(Omer et al. 2019); hence, seed kernel-based cake can be-
come a cost-effective animal ration for the dairy industry
by replacing maize and other feed.

Total Oil Content

The pale yellow MSK oil has promising qualities and is
a good source of micronutrients, i.e. sterol, tocopherol, and
squalene (Jin et al. 2016). In a dry form, the MSK con-
tains 7.1–15% crude fats (Jahurul et al. 2015). In Indian
varieties, MSK oil ranged between 3.7% and 12.6% (Lak-
shminarayana et al. 1983). In the current study, with a mean
of 9.23%, total oil content in MSK was found to vary from
4.16% (‘Amrapali’) to 14.40% (‘Badam’) (Table 2). These
results are in agreement with the study by Jin et al. (2016),
where MSK oil ranged from 5.65% to 11.14%. There are
roughly 4–18 million tonnes of MSK available annually
throughout the world, making it a potential raw material
for a variety of lipid-based industries (Diarra 2014). The

major fatty acids (Table 4) present in MSK were palmitic
acid (0.22–2.61%), stearic acid (0.49–17.28%), oleic acid
(2.20–33.25%), linoleic acid (0.39–4.5%), linolenic acid
(0.03–0.33%), arachidonic acid (0.03–0.85%), behenic acid
(0.01–0.22%), and lignoceric acid (0.01–0.4%). Yadav et al.
(2017) reported on the optimization and extraction of oil
from MSK. According to Yadav et al. (2017), stearic acid
(58.08%), palmitic acid (1.33%), oleic acid (17.99%) and
linoleic acid (2.86%) were the key fatty acids in MSK oil.
MSK oil is rich in unsaponifiable matter; hence, MSK fat
can be targeted in the cosmetics industry. As for amino
acids, ‘Neelum’ exhibited a lack of behenic acid, lignoceric
acid and linoleic acid.

Total Phenol Content

Several studies suggested that kernel is an excellent source
of various phenols and antioxidants. Functional food and
nutraceutical sectors are becoming more interested in MSK
(Abdalla et al. 2007). The literature suggests that total phe-
nolic contents in MSK ranged from 0.12% to 0.44% (Ab-
del-Aty et al. 2018). In the current study, the total phenol
content in mango seed was found to range from 0.33%
(‘Neelum’) to 0.54% (‘Badam’) (Table 2). The differences
in total phenol among various studies might be due to en-
vironmental and edaphic conditions (stress conditions in-
crease phenols) and the genetic makeup of cultivars. Studies
indicated that MSK phenol inhibited protease, fibrinogens,
haemolytic and haemorrhagic activities as well as the lethal-
ity of snake venom. Therefore, MSK phenolic compounds
could be used by the pharmaceutical industry to manage
viper venom (Abdel-Aty et al. 2018).

Mangiferin Content

Mangiferin, a xanthone, is a promising antioxidant bioactive
compound in mango and has antiviral, anticancer, antidi-
abetic, antioxidative, antiaging, immunomodulatory, hep-
atoprotective and analgesic effects (Tayana et al. 2019).
Mangiferin exists in 12 plant families, but members of the
family Anacardiaceae and Anemarrhena are the primary
sources of mangiferin. It has been reported that MSK is
a good source of mangiferin. Several reports are available
for the quantification of mangiferin content on various in-
strument platforms. The HPLC-based investigation of the
mangiferin has been performed (Barreto et al. 2008; Tayana
et al. 2019). The LC-MS/MS method is comparatively sen-
sitive, solvent saving and quick to quantify sufficiently at
low concentrations (Luo et al. 2012). In the present study,
the limits of detection (LOD) and quantification (LOQ) for
mangiferin were 5 and 15ng/mL, respectively. Earlier, the
amount of mangiferin in MSK from different cultivars was
found to be between 0.05 and 6.5mg/g (Barreto et al. 2008;
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Ribeiro et al. 2008). In the current study, total mangiferin
content in mango seed varied from 0.27 to 4.88mg/g DW
with a mean of 1.55mg/g (Table 2). The cultivar ‘Mallika’
had the highest mangiferin, whereas it was minimum in
‘Kesar’ (Supplementary Fig. S2). As a principal secondary
metabolite that protects the plants against several (a)biotic
stress, higher amounts of mangiferin were noted in the seed
kernel. The outcomes of the current study are in agreement
with Luo et al. (2012) who found that mangiferin content
in MSK ranged from 0.14 to 2.43mg/g DW.

Anti-Nutritional Factors (Phytate, Tannin and Trypsin
Inhibitor)

Phytochemical analysis of MSK indicated that it is a good
source of many food ingredients such as oil, protein,
starch etc. Therefore, due to its high nutritional value,
MSK is consumed as porridge in India. It is also widely
known that anti-nutritional factors significantly affect the
nutritional value of vegetables and fruits and reduce the
usefulness of MSK as food and feed. The amount of
anti-nutritional factor in MSK is given in Table 2 where
phytic acid, tannin and trypsin inhibitor are 0.24mg/100g,
0.32mg/100g and 18.45TIU/mg protein, respectively.
The minimum phytic acid value was found in the vari-
ety ‘Kesar’ (0.193mg/100g), the lowest tannin was in
‘Neelum’ (0.225mg/100g) while trypsin inhibitor was
the lowest in ‘Alphanso’ (16.986TIU/mg protein). The
smallest amount of anti-nutritional factor is suitable for
consumption. Fowomola (2010) reported on nutrient and
anti-nutrient contents of the kernel in Nigeria. The results
of anti-nutrient analysis showed that MSK contains tannins
(1.03± 0.01mg/100g) and phytate (1.44± 0.01mg/100g).
Its trypsin inhibitor activity was 18.42± 2.54TIU/mg pro-
tein. The trypsin inhibitor content was in agreement with
that reported by Mishra et al. (2018), i.e. 18.36TIU. Al-
though tannins are anti-nutritional factors for humans, they
play a vital role in plant defence mechanisms, especially
against insect attack. Tannin is a potent antioxidant and has
anti-carcinogenic and anti-mutagenic effects. According
to Dhingra and Kapoor (1985), tannins can be removed
by soaking the MSK three times in hot water (80°C) for
20min. In the current study, tannin was 20 times lower than
in tamarind seeds (20.10mg/100g; Mishra et al. 2018).

The current study revealed that the ‘Langro’ variety
exhibited the higher amount of histidine, valine, threo-
nine, leucine, lysine, serine and tyrosine. By contrast, the
‘Dashehari’ variety was rich in fatty acids such as palmitic,
stearic, linolenic and arachidonic acid as well as amino
acids, namely glutamic acid, glutamine and alanine. The
highest levels of the bioactive component mangiferin and
ash content were recorded in ‘Mallika’. The ‘Badam’
variety can be exploited by industries for edible oil.

Conclusion

Mango is one of the most important tropical fruits in the
world. Processing of mango by the food industry generates
peel and kernel as waste by-products. Instead of dump-
ing, the seed can be processed to harvest starch, fat, pro-
tein, fibres and many other secondary metabolites especially
mangiferin. The current study suggested that mango seed
kernel (MSK) with high oil and mangiferin content con-
tained in the variety ‘Badama’ and ‘Mallika’, respectively,
can be important raw material for many industries. The
results of this study support the idea that the growing prob-
lem of seed kernel management can be resolved through
utilization of MSK by the food, pharmaceutical, and feed
industries (livestock and poultry). The MSK flour can be
exploited to increase the nutritional value of food supple-
ments.
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