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 Summary
Introduction    –    Mango kernels contribute to a 

major segment of waste from mango processing in-
dustry. Utilization of these resourceful kernels can 
alleviate problems of environment and sustainabili-
ty. Materials and methods   –   Kernels sourced from 14 
mango varieties were analyzed for their protein, fat, 
tannins, antioxidant activity and minerals. Mango 
kernel flour (MKF) after pre-treatment was incor-
porated at 5 to 10% in semolina-based fusilli pasta. 
Results and discussion  –  The protein content amongst 
the varieties ranged from 5.40 to 7.29%. Dehydrat-
ed mango kernels were found to possess very high 
phenolics (309.66–535.16 mg GAE 100 g-1) and anti-
oxidant activity (5.00–27.28 µmol TE g-1). They were 
found to be a rich source of potassium (519.0–912.4 
mg 100  g-1), magnesium (114.0–198.0 mg 100 g-1),  
iron (3.8–12.8 mg 100 g-1) and calcium (106.6–263.6 
mg 100 g-1). Hydrothermal treatment was found effec-
tive in minimizing the bitter taste perceived on con-
suming the mango kernel flour (MKF). Incorporation 
of MKF in pasta was found acceptable on sensory, tex-
tural and cooking parameters. Ten percent MKF pasta 
was enriched in both phenolics (220 mg GAE 100 g-1) 
and antioxidant activity (100.68 µmol TE g-1). Conclu-
sion   –  Hydrothermally treated mango kernel can be 
successfully used as functional ingredient for enhanc-
ing phenolics and antioxidants in food.
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Significance of this study
What is already known on this subject?
•	 Mango kernels are predominant by-products from 

mango processing industry.
•	 High phenolics and antioxidant potential of mango 

kernels is already known.

What are the new findings?
•	 Huge inter-varietal variation in kernel nutritive and 

antioxidant contents were found amongst 14 promi-
nent mango varieties. 

•	 Mango kernels were successfully utilized as source of 
phenolics and antioxidant for functional food, such as 
enriched pasta.

What is the expected impact on horticulture?
•	 Mango kernel utilization as source of nutrients and 

phenolics in functional food industry shall serve pur-
poses of environmental issues as well as sustainability.

Introduction
India is the leading producer and consumer of mango 

with 42.19% share in global mango production, followed by 
China, Thailand, Indonesia and Mexico (Evans et al., 2017). 
Mango processing facility in India is well developed in clus-
ter-based manner. Ripe mangoes are processed through can-
ning and pulping. The pulp is used as base material in drinks, 
beverages, desserts, ice-creams, etc., throughout the year 
because of its universal appeal. Unripe mangoes are used as 
ingredients in pickles and chutneys. Mango kernels amount 
for considerable waste of the processing industry in India, 
generating more than 5 lakh tons of kernels every year (Bung 
and Chachadi, 2002; Anon., 2019). Kernels constitute 17 to 
22% of mango fresh weight (Kittiphoom, 2012). Abundance 

of micronutrients, polyphenols, lipids and good quality pro-
teins in mango kernels has been previously documented 
(Kittiphoom, 2012; Torres-Leon et al., 2016). Mango kernels 
are rich in protein and all important amino acids such as leu-
cine, valine, lysine, glutamate (13 g 100 g-1 protein) but low 
in methionine, threonine and tyrosine (Abdalla et al., 2007; 
Jahurul et al., 2015).

The kernels have been found to be non-toxic based on 
acute toxicity studies as per OECD 423 guidelines. Ashalatha 
et al. (2015) reported that mango kernel powder is safe for 
longer use even as high as 500 mg kg-1 body weight, based 
on the absence of any histopathological changes or  abnor-
mal behaviour with a dose of 5,000 mg kg-1 body weight. Low 
levels of hydrogen cyanide, phytic acid and trypsin inhibitors 
within safe levels has also been reported by Okpala and Gib-
son-Umeh (2013) for Indian origin mangoes. Kernel extract 
also has antimicrobial properties which can inhibit growth of 
both gram negative and gram positive bacteria (esp. Pseudo-
monas aeruginosa, Escherichia coli, Campylobacter jejuni and 
Yersinia enterocolitica, at 100 and 50 ppm). In addition, tyro-
sine inhibitory and metal chelating properties of the mango 
kernel extracts are important in the cosmetics segment. The 
extract of mango kernel exhibits strong antioxidant activities 
and has strong hepatoprotective properties (Torres-Leon et 
al., 2016). The ethanolic extract from mango seed (Mangifera 
indica L.) was identified as one of four extracts with the high-
est antioxidant capacity in addition to the ethanolic extracts 
of Punica granatum (peel), Syzygium aromaticum (bud) and 
Phyllanthus emblica (fruit) (Saito et al., 2008; Torres-Leon et 
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al., 2016). Antioxidant activity of mango kernel extract has 
been demonstrated by several researchers for improving oxi-
dative stability of buffalo ghee, potato chips frying sunflower 
oil and mortadella sausages and found equivalent or better 
than synthetic antioxidants (Pereira et al., 2011; Jafari et al., 
2014). Other uses of mango by-products include use of shell 
as biosorbent for dyes (Alencar et al., 2012).

Use of mango kernels as source of nutraceuticals and bio-
active compounds can be a viable alternative to reduce the 
burden on environment for degradation by dumping them as 
such. A wide range of variation is seen amongst the mango 
cultivars throughout the world. As their quality traits vary, 
the composition of kernels also differs (Lakshminarayana 
et al., 1983). Despite India being a major hub for mangoes, 
there is lack of information on composition and antioxidant 
activity of mango kernels available. Actually the astringent 
taste of mango kernel due to presence of high tannins lim-
its its use as food ingredient (Menon et al., 2014). However 
some pre-treatments such as autoclaving, heating, roasting 
can transform bitter tannins into free form so that the bitter 
taste and astringency is reduced (Legesse and Emire, 2012). 
Keeping this background in mind, the present investigation 
was undertaken to identify varietial variations in nutrition-
al and functional components of mango kernels. In addition, 
hydrothermally treated mango kernels were evaluated for 
their potential as a functional ingredient in a popular conve-
nience food, pasta. The choice of pasta for fortification was 
sought as this product is gaining wide popularity amongst 
the young generation. However, being based on semolina or 
refined wheat, it is rated low on nutritional content. Forti-
fication of pasta with antioxidants shall enhance its accept-
ability amongst the health-conscious population segment.

Materials and methods
Ripe mangoes of 14 varieties were procured from the 

Division of Fruits and Horticulture Technology, ICAR-IARI, 
New Delhi. The kernels were separated from the fruit with 
the help of a guillotine-like hand-held device. The separated 
kernels were dehydrated in tray drier (60 °C) and powdered 
using a hammer mill.

Chemical analysis
Proximate analysis (fat, fibre, ash and protein) was done 

using AOAC methods. The protein content of MKF was de-
termined using micro Kjeldahl method (AACC, 2000), using 
fully automatic digester and distillation unit (Velp Scien-
tifica, Italy). The crude fat was estimated by using method 
30-10 (AACC, 2000) with the help of a J.P. Selecta-make fat 
extractor. Ash content was determined using muffle furnace 
(method No. 08-01, AACC, 2000). Standards for antioxidants 
analyses were procured from Sigma-Aldrich. Total phenolic 
content of kernels was estimated spectrophotometrically us-
ing Folin-Ciocalteu reagent (Singleton et al., 1999). Results 
were expressed as Gallic acid equivalent (mg GAE 100 g-1). 
Antioxidant activity was determined measured using three 
in vitro assays, namely: Ferric Reducing Antioxidant activi-
ty was (FRAP) assay according to the method of Benzie and 
Strain (1996); Cupric ion reducing antioxidant capacity 
was determined according to Apak et al. (2004), and 2,2-di-
phenyl-1-picryl hydrazyl (DPPH) through assay specified 
by Apak et al. (2008). The results were expressed as μmol 
Trolox equivalents 100  g-1. Tannins were determined using 
the method of Saxena et al. (2013) using Folin-Denis reagent. 
Minerals analysis was done using MPAES (Agilent Technolo-
gies, USA).

Kernel pre-treatment and pasta preparation
Mango kernel flour (MKF) was subjected to steam treat-

ment at 100 °C for 20 min in a vertical laboratory autoclave 
(10 psi) for the purpose of de-bittering. Pasta were formulat-
ed with semolina at three levels (5, 10 and 15%) of replace-
ment by MKF. Pasta elaboration into fusilli shape was done 
using laboratory scale Dolly La Montiferrina, Italy.

Pasta quality evaluation

Cooking quality
Cooking quality of pasta (cooking time, solid loss, weight 

gain and volume gain) was determined using standard pro-
tocols (Schoenlechner et al., 2010; D’Amico et al., 2015). Gru-
el loss on cooking pasta was evaluated according to AACC 
method 16-50 (AACC, 2000). Briefly, 25 grams of pasta were 
heated in a beaker (500 mL capacity) containing 300 mL of 
boiling distilled water on gas burner. Optimum cooking time 
(OCT) for each sample was determined by removing units at 
regular intervals and pressing between two petri-plates un-
til the central core disappeared. The pasta was subsequently 
drained using a stainless steel sieve and cooled by keeping 
under running water for a few seconds. Once the OCT of each 
pasta sample was determined, the pasta sample was opti-
mally cooked and the weight gain and solid loss during cook-
ing were determined in duplicates. Weight gain and volume 
gain after cooking were determined by noting an increase 
in weight of 10 g pasta after cooking while volume gain was 
evaluated by toluene displacement method.

Solids loss
Twenty-five grams of the sample was cooked in a pan 

containing 250 mL of boiling water for OCT. The cooking wa-
ter was drained into beaker and evaporated to dryness in hot 
air oven at 100  °C to determine the solids loss in the gru-
el and expressed as % gruel loss using AACC method 16-50 
(AACC, 2000).

Textural analysis of pasta
Textural analysis of cooked pasta was conducted with a 

texture analyser (TA-XTplus, UK). The firmness and sticki-
ness of pasta was determined using P/30 probe under com-
pression mode with test speed of 0.5 mm  s-1, compression 
strain 90% and post-test speed of 10 mm s-1. The peak posi-
tive force was considered as firmness (g) and peak negative 
force as stickiness (g) of cooked pasta. The cut force (g) for 
cooked pasta was determined using knife blade set with pre-
test speed of 2 mm s-1, test speed 3 mm s-1 and compression 
distance of 20 mm. Ten semi-trained panelists (6 females and 
4 males), aged between 21 to 45 years, ranked the freshly 
cooked pasta served in random order two hours post meal. 
Sensory evaluation of cooked pasta was done based on 
9-point hedonic scale (0 = not acceptable; 9 = highly accept-
able). Sensory evaluations were conducted in the isolated 
booths at the room temperature (30 ± 1  °C). Between two 
samplings, the panelists were provided with plain water to 
rinse their mouth.

All experiments were conducted in triplicate. Values are 
presented as mean ± standard deviation (SD) of three repli-
cates. The results were statistically analysed by ANOVA (SPSS 
version 10.0). Statistical significance was accepted at a level 
of 5%. Selected data were subjected to correlation analysis.
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Results and discussion

Mango kernel

Proximate composition
There was a significant variation in protein and crude fat 

content in different varieties (Figure 1). The protein content 
ranged from 5.4 to 7.2%, while fat content varied from 6.4 
to 10.5%. Highest protein content was found in ‘Neelam’ fol-
lowed by ‘Bombay green’ (Figure 1). In terms of fat, ‘P. Aruni-
ma’ and ‘St. Alexandrina’ were found richest, while ‘Amrapali’ 
recorded minimum fat percentage. High fat content in mango 
kernels has food and pharmaceutical value and is used as a 
cocoa butter substitute and in cosmetics (Torres-Leon et al., 
2016). The unique fatty acid composition of mango kernel 
constituted by stearic, lauric and palmitic fatty acids, which 
are responsible for the peculiar melting profile at body tem-
perature, makes it suitable for use in chocolates with typical 
melt in the mouth characteristic (Jahurul et al., 2014). Our 

findings are in conformity with Jahurul et al. (2015) who 
have reported protein and crude fat contents of 6.75% and 
7.1 to 15.0% dry weight basis in their review.

Total phenolics
Mango kernels from different mango varieties were found 

to be high in total phenolics content and the content ranged 
from 309.66 to 535.16 mg GAE 100 g-1 in ‘Bombay green’ and 
‘Gulabkhas green’, respectively (Figure 2). Total phenolics 
recorded in Indian varieties were found to be generally high-
er than those reviewed and reported by Torres-Leon et al. 
(2016) and Soong and Barlow (2006). Variation in phenolic 
content can be attributed to the differential accumulation of 
phenolics in crops, depending on climatic conditions, variet-
ies, stress, etc. Since all the mango cultivars used in this study 
were grown in the same location, following similar horticul-
tural practices, the variation in total phenolics demonstrate 
the genetic variability probably owing to differential regula-
tion in the biosynthesis of phenolic secondary metabolites. 

 

 

Fig 1. Total protein and fat  content in different varieties of mango seed kernel. 
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Figure  1.    Total protein and fat 
contents in kernels of different 
mango varieties.
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Fig 2. Total Phenolics Content and Flavonoids in mango seed kernel from different varieties. 
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Figure  2.    Total phenolic and 
flavonoid contents in kernels of 
different mango varieties.
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Torres-Leon et al. (2016), in their review on mango kernels, 
have reported phenolic content ranging widely from 21 
to 447 mg  g-1 dry weight, indicated vast differences in the 
phenolics amongst varieties and agro-climatic origins. The 
major phenolics reported in mango kernels are mangifer-
in, isomangiferin, homomangiferin, quercetin, kaempferol, 
anthocyanins, phenolic acids (gallic, protocatechuic, ferulic, 
caffeic, coumaric, ellagic, 4-caffeoylquinic acids) (Ribeiro 
and Schieber, 2010). Content of total phenolics present in 
mango is equivalent to that found in plums and blueberries 
(292–672 mg GAE 100 g-1 dry weight) (Cevallos-Casals et al., 
2006; Prior et al., 1998). This content is also at par with phe-
nolics reported in bitter-gourd, finger-millet and black gram 
(Hani et al., 2017; Rudra et al., 2015). Phenolics are the major 
health promoting compounds and have been associated with 
anti-cancerous and anti-diabetic properties, are known to 
scavenge reactive oxygen species (ROS), and act as effective 
antioxidants. Considering high phenolic content found in the 
mango kernel, there is immense potential of their use as a 
valuable ingredient for development of functional foods.

Flavonoids
Flavonoids are important antioxidant compounds known 

to possess hepato-protective, anti-inflammatory, antiviral, 
and anti-proliferative activities and help protect from many 

cardiovascular, cancer and age-related diseases (Calzada et 
al., 2017). The flavonoids content of mango kernel was 88.11 
to 136.17 mg QE 100 g-1 (Figure 2). ‘Mallika’ and ‘Sensation’ 
recorded highest flavonoids content, whereas ‘Gulabkhas 
green’ and ‘Bombay green’ registered the minimum values 
(88.11 to 91.02 mg QE 100 g-1). High flavonoids content in va-
rieties is at par with content reported in sweet orange, pom-
elo and grapes (Kumar and Kaur, 2017). A wide variation for 
flavonoid content in mango kernel exists in literature for, e.g., 
10.98 mg rutin equivalents g-1 by Bakar et al. (2009); 46.5 mg 
100  g-1 dry weight by Ribeiro et al. (2008), while Dorta et 
al. (2012, 2014) have reported flavonoid content of mango 
kernels to be in range of 0.72–1.13 g 100 g-1 dry weight basis. 
Considering moisture content in mango kernel to be 6.34%, 
these values come out to be 4.30–1,058.36 mg 100 g-1 and in 
a range exhibited by our cultivars.

In vitro antioxidant activity
The antiradical capacity of the mango kernel extracts was 

estimated in terms of three in vitro assays namely, CUPRAC 
(cupric reducing antioxidant power), DPPH assay (2,2-diphe-
nyl-1-picrylhydrazyl) and FRAP (ferric reducing antioxidant 
power). The CUPRAC values ranged from 9.62 to 37.46 μmol 
TE g-1. DPPH activity ranged from 7.77 to 27.28 μmol TE g-1 
and FRAP ranged from 11.05 to 22.56 μmol g-1 (Figure 3a). 
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Fig. 3 Antioxidant activity of Mango kernel of different varieties and their correlation with total phenolics content 
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Figure 3.  Antioxidant activity of kernels of different mango varieties and their correlation with total phenolic content.
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Significant variation in antioxidant activity was observed in 
kernels amongst the cultivars and maximum antioxidant ac-
tivity was recorded in mango kernels from varieties ‘Bom-
bay green’ and ‘Langra’. Such high antioxidant activity is on 
par with activity reported in plums, grapes, pomegranate 
and even blue berries which exhibit antioxidant activity in 
range of 13.9 to 45.9 μmol TE g-1 (Kumar and Kaur, 2017; 
Prior et al., 1998). Our results are in agreement with Dorta 
et al. (2012) who reported activity in the range of 18–24 g 
100 g-1 catechin equivalents for significant high correlation 
(p = 0.00) was found between total phenolic content and an-
tioxidant activity (R2> 0.8) (Figure 3b).

Recently, Torres-Leon et al. (2017) have reported mi-
crowave application for extracting the phenolics from man-
go kernels. They have reported ethyl gallate, penta-O-gal-
loyl-glucosides as major gallotannin compounds in mango 
seeds kernel, while rhamnetin-3-[6″-2-butenoil-hexoside] 
was found to be the major flavonoid compound.

Tannins
Mango kernels are known to possess high amounts of hy-

drolysable tannins, which are easily hydrolyzed by the action 
of digestive acid and/or enzymes, releasing Gallic acid or el-
lagic acid units (Bernardini et al., 2004; Scalbert and William-
son, 2000). Tannins are primarily responsible for bitterness 
or astringency of flours and low amount of tannins is highly 
desirable for food fortification. Tannin content in mango ker-
nels ranged from 5.6 to 21.89 mg g-1 (Figure 4). In this con-
text, varieties with low amounts of tannins, such as ‘Pratibha’, 
‘Dussheri’, and ‘P. Pitamber’, were found to be better for ed-
ible purposes compared to other varieties. Varieties ‘Surya’, 
‘Neelam’ and ‘Gulabkhas green’ showed highest content of 
tannins (18.63 to 21.89 mg  g-1). High content of tannins in 
these varieties can be exploited for their anti-microbial ef-
fects. Antibacterial property of Indian mango kernel extracts 
against human pathogenic bacterial strains like Bacillus sub-
tilis, B. cereus, Salmonella typhimurium, and Escherichia coli 
has been reported (Alok et al., 2013). The antimicrobial ac-
tivity of gallotannins is attributed to their iron binding capac-
ity and ability to form extra stable complexes with proteins 
and some carbohydrates of bacterial cell membrane (Chung 
et al., 1998; Engels et al., 2011). Methanolic extract of mango 
kernel has reported to have anti-diarrheal activity and also 
affects intestinal transit (Sairam et al., 2003).

Minerals content
Iron content in mango kernels was found to vary widely 

amongst the varieties and ranged from 4.2 to 12.8 mg 100 g-1. 
Maximum iron content was observed in ‘Amrapali’ and ‘Bom-
bay green’ (Figure 5). This is in agreement with content 
(11.9 mg 100 g-1) reported by Fowomola (2010). Calcium is 
an important mineral responsible for bone development and 
muscle contraction in human body. Mean calcium content in 
varieties was 154 mg 100 g-1, however, inter varietal variation 
amongst varieties was very high (106 to 263.6 mg 100 g-1). 
Kernels from ‘Bombay green’ and ‘Langra’ were found to 
possess the highest calcium content (> 216 mg 100 g-1). Zinc 
content ranged from 1.8 to 5.2 mg 100 g-1 with mean content 
of 2.2  mg 100  g-1. Magnesium content ranged from 114 to 
265 mg 100 g-1 with a mean of 164.2 mg 100 g-1. Magnesium 
is an important micronutrient and plays an important role 
in regulating of body’s acid-alkaline balance. Our results are 
in agreement with values reported by Yatnatti et al. (2014); 
calcium (170 mg 100 g-1), zinc (5.6 mg 100 g-1); magnesium 
(210  mg 100  g-1) and potassium (368  mg 100  g-1). Copper 
content of kernels was recorded as 1.15  mg 100  g-1 on an 
average with varietal variation ranging from 0.8 to 1.8  mg 
100  g-1. Potassium ranged from of 519 to 912  mg 100  g-1 
while sodium content ranged from 30 to 113 mg 100 g-1. Be-
sides neuron transmission, sodium and potassium are also 
known to play an important role in protein synthesis in the 
human body. Recommended levels of magnesium and potas-
sium are 310–340 mg day-1 and 10 g day-1 respectively (Nair 
and Augustine, 2018). Large variation in potassium content 
ranging from 60.0 to 540.5 mg 100 g-1 was found in several 
reports (Elegbede et al., 1995; Odunsi, 2005; Nzikou et al., 
2010; Ifesan, 2017). This could be attributed to differences in 
plant variety, cultivation climate, ripening stage, harvesting 
time of seed kernels and the extraction method used (Kit-
tiphoom, 2012).

Utilization of mango kernel in pasta
In order to utilize mango kernel for food purposes pow-

dered mango kernel flour (MKF) was autoclaved at 100  °C 
for 20  min for de-bittering. Autoclaving has been reported 
to reduce bitterness and transform the flour into sweet flour 
with light brown coloration in line with previous work (Le-
gesse and Emire, 2012). The autoclaved MKF was analysed 
for phenolics and antioxidant activity. In general, total phe-
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Figure 5.  Minerals content (mg 100 g-1) in kernels of different mango varieties.

 

 

 

  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. Minerals content (mg / 100g) in different varieties of mango seed kernel   

nolics were found to decrease by 4 to 17% upon autoclaving. 
The only exception was the ‘Chausa’ variety, where 20.5% in-
crease in phenols was observed upon autoclaving. Jambrec et 
al. (2015) have also reported reduction of free and increase 
of bound phenolic forms in autoclaved buckwheat grains and 
enhancement of sensory quality of tagliatelle pasta prepared 
from them. Treated MKF was then incorporated in fusilli pas-

ta at three levels namely 5, 10 and 15%. There was signifi-
cant decrease in protein content from 11.97 to 10.47% and 
increase in ash content in formulated pasta. This was expect-
ed due to difference in protein content in respective semoli-
na and mango kernel. Also there was substantial decrease in 
expansion volume of cooked formulated pasta as compared 
to control pasta (Table 1).
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Sensory attributes of MKF pasta
The degree of openness of the gluten 

network in pasta would influence the ex-
tent of water absorption by starch gran-
ules during cooking (Sun-Waterhouse et 
al., 2013). The starch-gluten interactions 
would be different in the presence of MKF, 
and this ultimately determines the quality 
attributes of the pasta including the firm-
ness, solid loss and stickiness of pasta upon 
cooking. For all formulations, leached solids 
were low due to formation of networks in-
sulating the starch and restrained impreg-
nation of water for expansion and also lim-
ited solids loss in gruel. Generally, leached 
solids in commercial pasta should not ex-
ceed 10%, and for all formulations of pasta, 
the leaching loss was within this range. As 
expected, firmness and stickiness of cooked 
pasta increased with increasing levels of 
mango kernel in formulated pasta. Overall 
acceptability score of control pasta was 8.6, 
whereas formulated pasta scored slightly 
lower (8.4) which was due to low colour 
score and brownish coloration. However, in 
terms of taste and flavour, the formulated 
pasta with MKF rated high (8.0). This was 
probably due to sweetness imparted by 
autoclaved mango kernel. Incorporation of 
mango kernel flour in pasta was found ac-

ceptable up to 10%. For 15% MKF formu-
lation, there was decline in scores due to 
brownish appearance of formulated pasta 
(Figure 6). 

Phenolics content and antioxidant 
capacity of pasta

In terms of phenolics, while control pas-
ta made from semolina had a total pheno-
lics content of 163.9 ± 2.9 mg GAE 100  g-1, 
the 15% MKF recorded phenolics content of 
294.4± 7.8 mg GAE 100  g-1. The 10% MKF 
pasta which showed maximum acceptabil-
ity had phenolics amounting to 220.5± 2.9 
mg GAE 100 g-1 while its antioxidant activ-
ity in terms of DPPH was recorded to be 
100.68± 8.9 μmol TE  g-1, which was 13.45 
times higher than control pasta. The antiox-
idant content thus achieved lies in the range 
of açai berries with 87.4 to 114 μmol trolox 
equivalents (TE) g-1 (Pacheco-Palencia et 
al., 2009). Sun-Waterhouse et al. (2013) 
have incorporated fettuccine pasta with el-
derberry juice to enrich them with pheno-
lics and antioxidants. They have reported 
maximum antioxidant activity in uncooked 
pasta < 2 mg TE g-1 and phenolic content of 
115–211 mg catechin equivalents 100  g-1. 
Similarly, Sant’Anna et al. (2014) have incor-
porated grape marc powder to enrich fet-
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Figure 6.  Fusilli pasta enriched with mango kernel flour (MKF).
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tuccine pasta with phenolics to possess 100 mg GAE 100 g-1 
phenolics, and antioxidant activity of 336 mM TEC 100 g-1. 
Comparably better phenolics and AOX activity in MKF justify 
the use of MKF for enrichment purposes, while providing a 
means for value addition of by-products from mango pro-
cessing industry.

Conclusion
Mango kernels are a reasonably good source of proteins 

and minerals. Vast varietal differences exist in the nutrients 
and functional profile of the mango kernels. MKF can be eas-
ily and effectively debittered using autoclaving treatment. 
The debittered MKF can be used as functional ingredient in 
various foods like pasta. In case of pasta, the phenolics were 
improved by 34.5 to 79.6% over control while antioxidant ac-
tivity was enhanced by 13.5 to 17.7 times over control pasta, 
without hampering sensory and cooking quality. Hence, the 
findings of this study suggest the potential of mango kernel 
for use as a promising ingredient in functional food industry 
for enhancing antioxidant content and micronutrients.

References
AACC. (2000). Approved methods of the American Association of 
Cereal Chemists, Methods 44-15A (Moisture), 08-01 (Ash), 46-
08 (Protein), 30-10 (Crude fat), 32-10 (Crude fibre), 16-50 (Gruel 
loss), 54- (10th edn.). (St. Paul, MN: American Association of Cereal 
Chemists).

Abdalla, A.E., Darwish, S.M., Ayad, E.H., and El-Hamahmy, R.M. (2007). 
Egyptian mango by-product 1. Compositional quality of mango seed 
kernel. Food Chem. 103(4), 1134–1140. https://doi.org/10.1016/j.
foodchem.2006.10.017.

Alencar, W.S., Acayanka, E., Lima, E.C., Royer, B., de Souza, F.E., Lameira, 
J., and Alves, C.N. (2012). Application of Mangifera indica (mango) 
seeds as a biosorbent for removal of Victazol Orange 3R dye from 
aqueous solution and study of the biosorption mechanism. Chem. 
Eng. J. 209, 577–588. https://doi.org/10.1016/j.cej.2012.08.053.

Alok, P., Keerthana, V., Kumar, J.C., Ratan, K., and Chand, A.D. (2013). 
Antibacterial property of two different varieties of Indian mango 
(Mangifera indica) kernel extracts at various concentrations against 
some human pathogenic bacterial strains. Res. J. Biol. Sci. 2, 28–32.

Anonymous (2019). Speciality fats Mango butter. http://www.
manoramagroup.co.in. (accessed July 18, 2019).

Apak, R., Güçlü, K., Özyürek, M., and Karademir, S.E. (2004). Novel 
total antioxidant capacity index for dietary polyphenols and 
vitamins C and E, using their cupric ion reducing capability in the 
presence of neocuproine: CUPRAC method. J.  Agric. Food Chem. 
52(26), 7970–7981.

Apak, R., Güclü, K., Özyürek, M., and Celik, S.E. (2008). Mechanism 
of antioxidant capacity assays and the CUPRAC (cupric ion reducing 
antioxidant capacity) assay. Microchimica Acta 160(4), 413–419.

Ashalatha, M., Shivakumar, S., Janadri, Shyla, R.J.B., and Yoganand 
(2015). Acute toxicity study of seed kernel of Mangifera indica L. 
(SKMI). Int. Ayurvedic Med. J. 3(9), 2525–2827.

Bakar, M.F.A., Mohamed, M., Rahmat, A., and Fry, J. (2009). 
Phytochemicals and antioxidant activity of different parts 
of bambangan (Mangifera pajang) and tarap (Artocarpus 
odoratissimus). Food Chem. 113(2), 479–483. https://doi.
org/10.1016/j.foodchem.2008.07.081.

Benzie, I.E.F., and Strain, J.J. (1996). The ferric reducing ability of 
plasma (FRAP) as a measure of antioxidant power: the FRAP assay. 
Anal. Biochem. 239, 70–76.

Bernardini, N., Cane, R., and Schieber, A. (2004). Characterization of 
gallotannins and benzophenone derivatives from mango (Mangifera 

indica L. cv. Tommy Atkins) peels, pulp and kernels by high-
performance liquid chromatography/electrospray ionization mass 
spectrometry. Rapid Comm. Mass Spectrom. 18, 2208–2216.

Bung, P., and Chachadi, A.H. (2002). Critical analysis of exports: 
Mango and processed mango products by Indian mango processing 
industry. http://klsimer.edu (accessed August 26, 2019).

Calzada, F., Juárez, T., García-Hernández, N., Valdes, M., Ávila, O., 
Mulia, L.Y., and Velázquez, C. (2017). Antiprotozoal, antibacterial 
and antidiarrheal properties from the flowers of Chiranthodendron 
pentadactylon and isolated flavonoids. Pharmacognosy Mag. 13(50), 
240.

Cevallos-Casals, B.A., Byrne, D., Okie, W.R., and Cisneros-Zevallos, L. 
(2006). Selecting new peach and plum genotypes rich in phenolic 
compounds and enhanced functional properties. Food Chem. 96(2), 
273–280. https://doi.org/10.1016/j.foodchem.2005.02.032.

Chung, K.T., Lu, Z., and Chou, M.W. (1998). Mechanism of inhibition 
of tannic acid and related compounds on the growth of intestinal 
bacteria. Food and Chem. Toxicol. 36(12), 1053–1060. https://doi.
org/10.1016/S0278-6915(98)00086-6.

D’Amico, S., Mäschle, J., Jekle, M., Tömösközi, S., Langó, B., and 
Schoenlechner, R. (2015). Effect of high temperature drying on 
gluten-free pasta properties. LWT-Food Sci. and Technol. 63(1), 
391–399.

Dorta, E., Lobo, M.G., and Gonzalez, M. (2012). Reutilization of 
mango by-products: Study of the effect of extraction solvent and 
temperature on their antioxidant properties. J. Food Sci. 77(1), C80–
C88.

Dorta, E., González, M., Lobo, M.G., Sánchez-Moreno, C., and de Ancos, 
B. (2014). Screening of phenolic compounds in by-product extracts 
from mangoes (Mangifera indica L.) by HPLC-ESI-QTOF-MS and 
multivariate analysis for use as a food ingredient. Food Res. Int. 57, 
51–60. https://doi.org/10.1016/j.foodres.2014.01.012.

Elegbede, J.A., Achoba, I.I., and Richard, H. (1995). Nutrient 
composition of mango (Mangifera indica) seed kernel from Nigeria. 
J. Food Biochem. 19(5), 391–398.

Engels, C., Schieber, A., and Gänzle, M.G. (2011) Inhibitory spectra 
and modes of antimicrobial action of gallotannins from mango 
kernels (Mangifera indica L.). Appl. and Environm. Biol. 77, 2215–
2223. https://doi.org/10.1128/AEM.02521-10.

Evans, E.A., Ballen, F.H., and Siddiq, M. (2017). Mango production, 
global trade, consumption trends, and postharvest processing and 
nutrition. In Handbook of Mango Fruit: Production, Postharvest 
Science, Processing Technology and Nutrition, M. Siddiq, J.K. Brecht, 
and J.S. Sidhu, eds. (Michigan State University, John Wiley & Sons Ltd. 
(Pub.)), p. 1–16. https://doi.org/10.1002/9781119014362.ch1.

Fowomola, M.A. (2010). Some nutrients and antinutrients contents 
of mango (Magnifera indica) seed. Afr. J. Food Sci. 4(8), 472–476.

Hani, N.M., Torkamani, A.E., Abidin, S.Z., Mahmood, W.A.K., and 
Juliano, P. (2017). The effects of ultrasound assisted extraction on 
antioxidative activity of polyphenolics obtained from Momordica 
charantia fruit using response surface approach. Food Biosci. 17, 
7–16. https://doi.org/10.1016/j.fbio.2016.11.002.

Ifesan, B.O.T. (2017). Chemical properties of mango kernel and seed 
and production of biscuit from wheat-mango kernel flour blends. Int. 
J. Food and Nutr. Res. 1, 3–5.

Jafari, J., Gharachorloo, M., and Hemmaci, M.H. (2014). The stabilizing 
effect of three varieties of crude mango seed kernel oil on tallow. 
J. Food Biosci. and Technol. 4, 31–36.

Jahurul, M.H.A., Zaidul, I.S.M., Norulaini, N.A.N., Sahena, F., Abedin, 
M.Z., Ghafoor, K., et al. (2014). Characterization of crystallization 
and melting profiles of blends of mango seed fat and palm oil 
mid-fraction as cocoa butter replacers using differential scanning 



V o l u m e  7 4  |  I s s u e  5  |   S e p t e m b e r - O c t o b e r  2 0 1 9 235

Gaur Rudra et al.  |  Exploring varietal differences in nutritional and antioxidant potential of mango kernel

calorimetry and pulse nuclear magnetic resonance. Food Res. Int. 55, 
103–109. https://doi.org/10.1016/j.foodres.2013.10.050.

Jahurul, M.H.A., Zaidul, I.S.M., Ghafoor, K., Al-Juhaimi, F.Y., Nyam, Kar-
Lin, Norulaini, N.A.N., Sahena, F., and Mohd Omar, A.K. (2015). Mango 
(Mangifera indica L.) by-products and their valuable components: 
A  review. Food Chem. 183, 173–180. https://doi.org/10.1016/j.
foodchem.2015.03.046.

Jambrec, D., Sakač, M., Mišan, A., Mandić, A., and Pestorić, M. (2015). 
Effect of autoclaving and cooking on phenolic compounds in 
buckwheat-enriched whole wheat tagliatelle. J.  Cereal Sci. 66, 1–9. 
https://doi.org/10.1016/j.jcs.2015.09.004.

Kittiphoom, S. (2012). Utilization of mango seed. Int. Food Res. J. 
19(4), 1325–1335.

Kumar, H., and Kaur, C. (2017). A comprehensive evaluation of total 
phenolics, flavonoids content and in-vitro antioxidant capacity 
of selected 18 cereal crops. Int. J. Pure App. Biosci. 5(2), 569–574. 
https://doi.org/10.18782/2320-7051.2632.

Lakshminarayana, G., Chandrasekhara Rao, T., and Ramalingaswamy, 
P.A. (1983). Varietal variations in content, characteristics and 
composition of mango seeds and fat. J.  Am. Oil Chem. Soc. 60(1), 
88–89. https://doi.org/10.1007/BF02540898.

Legesse, M.B., and Emire, S.A. (2012). Functional and physicochemical 
properties of mango seed kernels and wheat flour and their blends 
for biscuit production. Afr. J. Food Sci. Technol. 3(9), 193–203.

Menon, L., Majumdar, S.D., and Ravi, U. (2014). Mango (Mangifera 
indica L.) kernel flour as a potential ingredient in the development 
of composite flour bread. NOPR. https://doi.org/10.1007/s13197-
014-1466-8.

Nair, K.P.M., and Augustine, L.F. (2018). Country-specific nutrient 
requirements and recommended dietary allowances for Indians: 
Current status and future directions. Indian J. Med. Res. 148(5), 522.

Nzikou, J., Kimbonguila, A., Matos, L., Loumouamou, B., Pambou-Tobi, 
N., Ndangui, C., et al. (2010). Extraction and characteristics of seed 
kernel oil from mango (Mangifera indica). Res. J. Environm. and 
Earth Sci. 2(1), 31–35.

Odunsi, A. (2005). Response of laying hens and growing broilers 
to the dietary inclusion of mango (Mangifera indica L.) seed kernel 
meal. Trop. Animal Health and Prod. 37(2), 139–150.

Okpala, L.C., and Gibson-Umeh, G.I. (2013). Physicochemical 
properties of mango seed flour. Nigerian Food J. 31, 23–27. https://
doi.org/10.1016/S0189-7241(15)30052-7.

Pacheco-Palencia, L.A., Duncan, C.E., and Talcott, S.T. (2009). 
Phytochemical composition and thermal stability of two 
commercial açai species, Euterpe oleracea and Euterpe precatoria. 
Food Chem. 115(4), 1199–1205. https://doi.org/10.1016/j.
foodchem.2009.01.034.

Pereira, A.L.F., Vidal, T.F., Teixeira, M.C., Oliveira, P.F.D., Pompeu, 
R.C.F.F., Vieira, M.M.M., and Zapata, J.F.F. (2011). Antioxidant effect of 
mango seed extract and butylated hydroxytoluene in Bologna-type 
mortadella during storage. Food Sci. Technol. (Campinas) 31(1), 
135–140. https://doi.org/10.1590/S0101-20612011000100019.

Prior, R.L., Cao, G., Martin, A., Sofic, E., McEwen, J., O’Brien, C., Lischner, 
N., Ehlenfeldt, M., Kalt, W., Krewer, G., and Mainland, C.M. (1998). 
Antioxidant capacity as influenced by total phenolic and anthocyanin 
content, maturity, and variety of Vaccinium species. J. Agric. and Food 
Chem. 46(7), 2686–2693. https://doi.org/10.1021/jf980145d.

Ribeiro, S.M.R., Barbosa, L.C.A., Queiroz, J.H., Knödler, M., and 
Schieber, A. (2008). Phenolic compounds and antioxidant capacity of 
Brazilian mango (Mangifera indica L.) varieties. Food Chem. 110(3), 
620–626.

Ribeiro, S.M.R., and Schieber, A. (2010). Bioactive compounds in 
mango (Mangifera indica L.). In Bioactive Foods in Promoting Health 
(Academic Press), p. 507–523.

Rudra, S.G., Jakhar, N., Nishad, J., Saini, N., Sen, S., Bhardhwaj, R., 
Jaiswal, S., Suneja, P., Singh, S., and Kaur, C. (2015). Extrusion 
conditions and antioxidant properties of sorghum, barley and horse 
gram based snack. Vegetos – Int. J. of Plant Res. 28(2), 171–182.

Sairam, K., Hemalatha, S., Kumar, A., Srinivasan, T., Ganesh, J., Shankar, 
M., and Venkataraman, S. (2003). Evaluation of anti-diarrhoeal 
activity in seed extracts of Mangifera indica. J.  Ethnopharmacol. 
84(1), 11–15. https://doi.org/10.1016/S0378-8741(02)00250-7.

Saito, K., Kohno, M., Yoshizaki, F., and Niwano, Y. (2008). Extensive 
screening for edible herbal extracts with potent scavenging activity 
against superoxide anions. Plant Foods for Human Nutr. 63(2), 65–
70. https://doi.org/10.1007/s11130-008-0071-2.

Sant’Anna, V., Christiano, F.D.P., Marczak, L.D.F., Tessaro, I.C., and 
Thys, R.C.S. (2014). The effect of the incorporation of grape marc 
powder in fettuccini pasta properties. LWT-Food Sci. Technol. 58(2), 
497–501. https://doi.org/10.1016/j.lwt.2014.04.008.

Saxena, V., Mishra, G., Saxena, A., and Vishwakarma, K.R. (2013). 
A  comparative study on quantitative estimation of tannins in 
Terminalia chebula, T.  belerica, T.  arjuna and Saraca indica using 
spectrophotometer. Asian J. Pharm. Clin. Res. 6(3), 148–149.

Scalbert, A., and Williamson, G. (2000). Dietary intake and 
bioavailability of polyphenols. J.  of Nutr. 130(8), 2073S–2085S. 
https://doi.org/10.1093/jn/130.8.2073S.

Schoenlechner, R., Drausinger, J., Ottenschlaeger, V., Jurackova, K., 
and Berghofer, E. (2010). Functional properties of gluten-free pasta 
produced from amaranth, quinoa and buckwheat. Plant Foods for 
Human Nutr. 65(4), 339–349.

Singleton, V.L., Orthofer, R., and Lamuela-Raventos, R.M. (1999). 
Analysis of total phenols and other oxidation substrates and 
antioxidants by means of Folin-Ciocalteu reagent. Meth. in Enzymol. 
299, 152–178.

Soong, Y., and Barlow, P. (2006). Quantification of gallic acid and 
ellagic acid from longan (Dimocarpus longan Lour.) seed and mango 
(Mangifera indica L.) kernel and their effects on antioxidant activity. 
Food Chem. 97, 524–530.

Sun-Waterhouse, D., Jin, D., and Waterhouse, G.I. (2013). Effect 
of adding elderberry juice concentrate on the quality attributes, 
polyphenol contents and antioxidant activity of three fibre-enriched 
pastas. Food Res. Int. 54(1), 781–789.

Torres-León, C., Rojas, R., Contreras-Esquivel, J.C., Serna-Cock, 
L., Belmares-Cerda, R.E., and Aguilar, C.N. (2016). Mango seed: 
functional and nutritional properties. Trends Food Sci. & Technol. 
55, 109–117. https://doi.org/10.1016/j.tifs.2016.06.009.

Yatnatti, S., Vijayalakshmi, D., and Chandru, R. (2014). Processing 
and nutritive value of mango seed kernel flour. Current Res. Nutr. and 
Food Sci. J. 2(3), 170–175. https://doi.org/10.12944/CRNFSJ.2.3.10.

Received: Dec. 12, 2017
Accepted: Jul. 27, 2019


