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Abstract

Mango (Mangifera indica L.), often referred to as the “King of Fruits,” is
valued for its distinctive aroma, flavor, and nutrientrich composition, making
it economically and nutritionally important. Characterizing mango varieties is
essential for genetic improvement and breeding efforts. This study, conducted at
the Horticultural Research Station in Bahawalpur, aimed to evaluate and
characterize three mango varieties—Sindhri, Langra, and Kingstone Pride—using
a combined morpho-biochemical approach. Morphological traits, including fruit
length, width, peel, pulp, stone, and overall fruit weight, were assessed alongside
biochemical parameters such as total soluble solids (TSS), titratable acidity
(TA), ascorbic acid, total phenolic content, anthocyanin, carotenoid levels, and
antioxidant enzyme activities (POD and CAT). Results indicated that the
Langra variety exhibited superior morphological traits, Sindhri excelled in fruit
quality attributes, and Kingstone Pride showed the highest antioxidative
potential. The study highlights significant wvariation among the evaluated
genotypes in both morphological and biochemical characteristics, providing a

valuable foundation for future mango breeding and improvement programs.

INTRODUCTION

Mango (Mangifera indica L.) is a vital fruit crop and
known as the King of fruits owing to its unique aroma,
taste and high nutritional value (Lebaka et al., 2021).
Mango is cultivated worldwide, with significant
production in Asian countries such as India and
Pakistan etc. where almost 1000 varieties are grown
(Singh, 2016). Mango fruit displays significant
variation in physical and sensory traits, including size,
shape, color, and flavor (Siddiqui et al., 2015). The
wood obtained from the mango tree is widely utilized
for budget-Afriendly furniture, ceiling panels, window
frames, sturdy packing crates, matchsticks, brush
handles, oar blades, farming tools, and more (Krishna
and Singh, 2007). All parts of the plant are useful in
treating a range of ailments, such as abscesses,
fractured horns, bites from rabid animals (like dogs or
jackals), tumors, snakebites, stings, and poisoning
caused by Datura ingestion. They are also applied for
managing heat stroke, miscarriage, anthrax, blisters,
oral wounds, ear inflammation, colic, diarrhea, tongue
inflammation, indigestion, bacterial infections, bloody
dysentery, liver issues, frequent urination, tetanus, and
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asthma (GalvezLopez et al., 2010).

Worldwide, over 1,000 identified mango cultivars are
generally classified into two main groups: Indochinese
and West Indian (Igbari et al., 2019). The Indochinese
group typically features flattened, kidney-shaped,
slightly elongated fruits with light green or yellow skin
and minimal to no red blush. In contrast, West Indian
cultivars are generally rounder and plumper, often
displaying a vibrant red blush. It’s important to note
that many cultivars result from selective breeding and
genetic improvement efforts (Bompard, 1992)
Describing mango varieties is essential for mango
improvement and breeding. Breeding programs that
utilize germplasm with unique traits require detailed
information to develop new cultivars effectively
(Shahid et al, 2024). Various approaches and
techniques for documenting and thoroughly reporting
mango genotypes—based on structural, biochemical,
agronomic, and genetic characteristics have been
published (Khan et al., 2015; Shahid et al., 2024).

To our best knowledge the characterization of mango
varieties from Southern Punjab region is limited. To
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address the need for detailed characterization of
mango varieties, this study evaluates three prominent
cultivars—Sindhri, Langra, and Kingstone Pride—
grown in South Punjab, using a morpho-biochemical
approach.

MATERIALS AND METHODS

This study was carried out at the Horticultural
Research Station in Bahawalpur, utilizing three mango
varieties—Sindhri, Kingstone Pride, and Langra. Fresh
fruit samples of uniform size and quality (20 fruits)
were collected from the experimental mango orchard
at the Mango Research Centre, Shujabad. The samples
were stored at room temperature to allow for natural
ripening. After one week, when full color development
was observed, fruit length, width, and weight were
measured using a vernier caliper. Each fruit was then
separated into three components: pulp, peel, and
stone, and their weights were determined using a
weight balance.

Total Soluble Solids, Titrateable Acidity and Ascorbic
Acid Content TSS were assessed using a refractometer,
TA was determined by acid-base titration, and ascorbic
acid content was analyzed using a 1,10-phenanthroline
spectrophotometer (Chen et al., 2020).

Total Phenolic Content
A 100 mL volume of plant extract was combined with
0.75 mL of Folin-Ciocalteu reagent and incubated at
22°C for 5 minutes. Next, 0.75 mL of Na,COs
solution was added, and the mixture was maintained
at 22°C for 90 minutes. The sample's absorbance was
subsequently  measured at 725 nm
using a spectrophotometer (Shahbaz et al.,
2023). Anthocyanin and Carotenoids Content For
assessing the levels of carotenoids and anthocyanins, a
gram of the sample was extracted with a 15:85 HCI-
methanol solution, subjected to a shaking water bath
at 25 °C for six hours. Following this, the sample was
centrifuged for 20 minutes at 4 °C at 4000 x g using a
temperature-controlled centrifuge. The absorbance of
anthocyanins was measured at wavelengths of 650,
620, and 530 nm employing a UV-Vis
spectrophotometer (2326 K, Hermle Labortechnik
GmbH, Wehingen, Germany). The total anthocyanin
content (mg Kg—1 FW) was calculated using the

equation:

Anthocyanins = (A530 nm — A620 nm) — 0.1 (A650
nm — A620 nm The pigments involved in
photosynthesis were quantified through

spectrophotometry. A small amount of acid-washed
sand was mixed with 5 ml of acetone to create a
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homogeneous pulp sample (0.1 g) (BDH Chemicals,
England). Afterward, the mixture was filtered through
Whatman No. 1 filter paper and centrifuged at 9,000
rpm for three minutes at room temperature.
Absorbance of the resulting filtrate was then measured
at 470, 645, and 662 nm. The pigment concentration,
expressed in Hg per gram of fresh weight (FW), was
calculated using the following formula

Cx + ¢ = (1000A470 - 1.90Ca - 63.14Cb) / 214 A470
refers to the absorbance at 470 nm (the wavelength
designated for carotenoids), while Ca denotes
chlorophyll a, and Cb signifies chlorophyll b. Cx + ¢
represents the total carotenoid concentration assessed
in terms of xanthophylls and carotenes.

Antioxidative Enzymes Activity

For estimation of peroxidase activity, reaction mixture
consisted of 2 mL, containing 200 uL of H,O, (27.5
mM), 200 uL of enzyme extract, and 1 mL of water.
Absorbance was measured at 470 nm using a
spectrophotometer, and the reaction mixture was
exposed to fluorescent light for 7 minutes (Shahbaz et
al., 2023).

Catalase (CAT) activity was measured following the
method described by Liu et al. (2013). A 1000 pL
volume of fruit extract was mixed with 1000 pL of
freshly prepared H,O, solution (5.9 mM), and

absorbance was recorded at 240 nm.

Statistical Analysis

This study was carried out under complete randomized
design (CRD). Data were analyzed using one-way
ANOVA with means compared through LSD test (p <
0.05) using Statistics 8.1

RESULTS

Fruit Length and Width

Facts associated with fruit length and width are
accessible in Figures la and 1b expose that Langra has
significantly maximum length and width (15.8 cm and
9.84 cm) as compared to the other 2 varieties.
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Figure 1. shows Fruit Length (1a) and Fruit width (1b) of 3 mango varieties. Data compiled from the average of
three replicates, with vertical bars indicating the standard deviation of the means. Mean values having
different superscript letters differs significantly (P < 0.05)

Fruit, Stone, Pulp and Peel weight

The average fruit weight ranged from 646g to
410g. The highest fruit weight was noted in Langra
when compared to Sindhri and Kingstone Pride,
while Sindhri had the lowest weight, as illustrated
in Figure 2a. Pulp weight exhibited significant
variation among the different varieties. Sindhri
had the lowest pulp weight at 262.58¢g, whereas
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Langra recorded the highest at 426g (see Figure
2b). According to Figures2c and 2d, Langra also
had the greatest peel and stone weights, measuring
73.8¢ and 57.4g, respectively. No significant
difference was noted among Langra and Kingstone
pride in case of Ascorbic acid content while sindhri
depicted low ascorbic acid content (844 mg/100g)
(Figure 3c).
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Figure 2. Fruit weight (A), Pulp weight (B), Peel weight (C), Stone weight (D) of 3 Mango varieties. Data
compiled from the average of three replicates, with vertical bars indicating the standard deviation of the
means. Mean values having different superscript letters differ significantly (P < 0.05).
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Total Phenolic Content

Langra has maximum value (44 mg GAE/g DW) of
total phenolic content as compare to other 2
varieties while no significant variations were found
among the phenolic contents of Sindhri and Kingstone
pride (Figure 4) and Langra showed maximum
phenolic compounds as compared to the other two
mango varieties.
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Anthocyanin and Carotenoid Content

Carotenoid and Anthocyanin content were calculated
through 3 Wavelengths ie. 0662, 645, 470
and 530, 620 and 650 respectively. For the estimation
of carotenoid content, when subjected to wavelengths
of 470, 645 and 662, Kingstone pride has maximum
value as compare to other 2 varieties (Figure 5a, b and
c). For the quantification of anthocyanin content,
Carotenoids activity when subjected to wavelengths of
530, 620 and 650 Kingstone pride depicted maximum
anthocyanin activity (Figure 5d, e and f).
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Figure 3. Total Soluble Solids (3a), Titrateable Acidity (3b) and Ascorbic Acid content (3¢c) of 3 Mango
Varieties. Data compiled from the average of three replicates, with vertical bars indicating the standard
deviation of the means. Mean values having different superscript letters differs significantly (P < 0.05).
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Figure 4. Total Phenolic Content of three different mango varieties. Data compiled from the average of three
replicates, with vertical bars indicating the standard deviation of the means. Mean values having different
superscript letters differs significantly (P < 0.05).

DISCUSSION

This study aims to evaluate and characterize three
different Mangifera Sindhri,
Langra, Kingstone pride grown in South Punjab
region using a morpho-biochemical
approach. Factorial —analysis that all
examined effectively characterized mango
cultivars. Similar studies conducted on local mango
varieties showed continuous diversity in pomological
traits; however, the current study indicated a lower
degree of variation (Kher et al.,, 2002). This may be
attributed to the genetic makeup of each variety, which
shapes distinct traits and is significantly influenced by
environmental factors.

Mean value of fruit length measurement showed
meaningful variation extended from 15.8 to 11.7 cm
our outcomes are in confirmation with Shahid et al.,
(2024) and Kher and Sharma (2002). Fruit width
depicted significant variation which is in agreement
with previous studies Bora et al. (2017) and Kher and
Sharma (2002).

The average fruit weight ranged from 646g to 410g,
which showed high degree of variation which may be
due to difference in respiration rates of different
varieties (Shahid et al., 2024). Peel Weight was
observed between 73.8 to 65.8g didn’t indicated
significance among varieties which is in confirmation
with Shahid et al., (2024). It is evident from figure
Figures 2c and 2d, Langra also had the greatest peel
and stone weights, measuring 73.8g and 57.4g,
respectively showing somehow significant variations,

indica varieties 1i.e.

revealed
traits
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confirmed by Bora et al. (2017).

Biochemical traits of fruits—such as TSS, TA, ascorbic
acid, sugars, antioxidants, and phenolics— are crucial
for ensuring a high-quality cultivar or variety.
Attributes like taste, texture, aromatic volatiles, and
these biochemical characteristics collectively contribute
to the overall excellence of mango (Navak et al., 2013).
TSS content ranged from

18.9 to 14.4, Sindhri (18.9) and Kingstone pride (16.6)
depicted high Soluble Solids content as compare to
Langra variation in TSS content is supported by Bora
et al., (2017). Maximum titratable acidity was found in
Sindhri (0.63%), overall, it ranged from 0.63% to
0.16% showed high degree of variation. Wide degree
of variation in different mango varieties was also
supported by Bora et al., (2017) and Bakhshi and
Bajwa, (1959). No significant difference was noted
among Langra and Kingstone pride in case of
Ascorbic acid content while Sindhri depicted low
ascorbic acid can be attributed to the genetic diversity
and range present in the experimental material Mitra
et al. (2001). When the ascorbic acid content of
various mango types was analyzed, it was found that
Kingstone Pride and Langra had comparable levels,
suggesting that there was no discernible difference
between the two. The ascorbic acid concentration of

the Sindhri variety, on the other hand, was
significantly lower, ranging from 844 to 1122
mg/100g.

The total phenolic content exhibited notable variation,

ranging from 44 to 20 mg GAE/g DW, aligning
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somewhat with findings by Liu et al. (2013). The
natural appearance of fruit, reflected by its total
carotenoid content, provides specific
benefits,especially in international trade, where the
additives is prohibited.
Carotenoid and anthocyanin levels were measured at
wavelengths of 662, 645, and 470 nm for
carotenoids, and 530, 620, and 650 nm for
anthocyanins. Kingstone Pride displayed the highest
activity for both carotenoids and anthocyanins on
different wavelengths. Variations in carotenoid
content have been noted by Hoda et al. (2003).
Quantification of peroxidase (POX) activity revealed
nearly identical values for the Sindhri and Langra
varieties (1.92), while Kingstone Pride exhibited the
lowest activity (0.04). These findings align somewhat
with Liu et al. (2013)’s research, with observed
differences potentially attributed to environmental
factors. In case of CAT activity, a range of value from
0.09 to 0.085 was quantified with no significant
varation, which is different from the findings of
Shahid et al., (2024).

CONCLUSION

Evaluation and

use of artificial color

three
different Mangifera indica varieties Sindhri, Langra,
and Kingstone pride grown in the South Punjab region
using a morpho-biochemical approach depicted the
hypothesis that substantial variation exists among
different genotypes based on their morpho-
biochemical characteristics. Results concludes that in
among these varieties Langra has better morphological
traits than Sindhri and Kingstone pride while in terms
of fruit quality Sindhri was best. Moreover, Kingstone
pride depicted better antioxidative properties.
Detailed characterization is therefore an essential step
for starting a breeding program.

characterization  utilizing
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