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Abstract Mango cultivars are presently identified phenotypically. In the present study, near-infrared spectroscopy in the

wavelength range of 1,200–2,200 nm, in combination with chemometrics was evaluated for the purpose. Principal com-

ponent analysis and partial least square (PLS) discriminate analysis were applied using characteristic variables as 0 and 1

for cv Alphonso and Banganapalli, respectively, in one group and for Dasheri and Malda, respectively, in the other group.

PLS was carried out with and without pre-processing of spectral data. Wavelength range of 1,600–1,674 nm was found to

be suitable for the classification of Alphonso and Banganapalli after detrending of data, while Dasheri and Malda could be

classified in the wavelength range 1,200–2,200 nm after computing Norris-Gap derivative. Alphonso–Banganapalli could

be differentiated from each other with 99 % accuracy, whereas, accuracy for Dasheri and Malda was about 94 at 5 % level

of significance.
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Introduction

Mango (Mangifera indica L.) is one of the most popular,

delicious, nutritionally rich fruit with health-promoting

qualities. Mango is mainly a tropical fruit with a few

representatives in temperate region, accounting for

approximately half of all tropical fruits produced world-

wide. India is the main producer contributing over 50 % of

world production [23]. Many authors consider India as the

centre of origin [14] of mango due to its high degree of

diversity with over 1,000 recognized varieties [24], most of

them selected from naturally occurring open-pollinated

seedlings [7]. These varieties are available in a range of

colours, sizes and shapes. Alphonso, Benishaan or Benisha

(Banganapalli in Telugu and other south Indian languages)

mango varieties are the most popular varieties in southern

states of India, while Kesar, Chausa, Dasheri, Langra and

Malda are popular in the northern states.

The physical attributes of fruits such as weight, peel

content, length, seed, pulp, gloss are highly variable with

variety [11]. Mango fruits contain protective nutrients and

are rich in minerals such as magnesium, potassium, sul-

phur, phosphorus and vitamin A, C and D. Good mango

varieties contain 20 % of total soluble sugars [22]. The acid

content of ripe fruit varies from 0.2 to 0.5 % and protein

content is about 1 %. The nutrient percentage depends

upon the variety and maturity of the fruit. When mango is

green, vitamin C is higher. As it ripens, the amount of beta

carotene (vitamin A) increases. Based on the physico-

chemical quality parameters, different mango varieties are

used for different kinds of processing. Besides, these
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parameters also govern the sensory appeal of the varieties

and hence consumer preference. Shafqat et al. [26] reported

that Alphonso and Fajri had the largest fruit and Bang-

anapalli had the maximum pulp (79.4 %). Kumar et al.

[20] evaluated 20 mango varieties and among them, Da-

sheri excelled in pulp percentage. Sugar content was

reported maximum in Langra (20 %) and Malda (20 %)

[17]. Maximum peel weight was observed in variety Fajri

(84.99 g), followed by Alphonso (71.33 g). Among the

varieties exported from India, Alphonso, Dashehari,

Banganapalli and Kesar have high demand at the inter-

national market [23]. Every year 13,000 MT of Alphonso

variety is exported to Middle East, UK and the Netherlands

[22]. Alphonso and Banganapalli are harvested almost

concurrently in Southern India and same is the case with

Dasheri and Malda in Northern India. Since Alphonso and

Banganapalli occur concurrently in India and are similar in

size and shape, the probability of mixing the two varieties

is huge, if someone is not aware of their skin and surface

colour, thereby escalating the need for a system to differ-

entiate between the two varieties non-destructively before

export.

Mangoes are sold by naming its varieties and are iden-

tified on the basis of morphological traits which usually

become difficult for a common man as they are not well

conversed with the varietal traits. Sub-varieties which

neither have the sweetness, nor the flavour of original one

but are morphologically similar and can fetch a good price

at the cost of lack of experience of customer. Traders/

sellers therefore mislead consumers. Variety identification

based exclusively on phenotypic traits is inaccurate due to

the influence of the environment and the limiting number

of discriminating traits. Thus, molecular identification of

mango varieties has been tried with different molecular

systems such as isozymes [2], minisatellites [1], ISSRs [4],

AFLPs [3, 19] and RAPDs [5, 6, 18, 21, 24, 25]. All these

techniques, however, are of destructive nature in which

sample cannot be sold after testing. The objective of this

study was therefore to explore the potential of near infrared

(NIRS) to classify two pairs of major mango variety, each

one available concurrently in the markets for developing

instrumental method to classify the mango non-

destructively.

Materials and Methods

Sample Collection

Two pairs of mango varieties viz. Alphonso and Bang-

anapalli; Dasheri and Malda, selected for this study were

harvested manually for two consecutive years (2009 and

2010) following randomised block design [14, 15] from the

commercial orchards of Indian states (Maharashtra, Kar-

nataka, Odisha, Punjab and Bihar). The fruits were picked

from five different positions viz. north, south, east, west

and centre of tree canopy at three different dates called

first, second and third harvest in the morning hours with

intact stalk of 8–10 mm. The first harvesting was at rela-

tively immature stage, second at about 100 % maturity and

third at over mature stage based on growers experience and

previous findings [12, 13, 15]. The fruits were transported

to the laboratory within 48 h of harvesting in ventilated

corrugated fibre board boxes containing partially frozen gel

packs at the bottom and top of mangoes’ layer to minimize

the quality loss. Thereafter mangoes of each variety free

from external injury/blemish and of visually similar in size

and colour were immediately sorted, destalked and de-

sapped. Five fresh fruits of each variety were used for

experiment (0 day) and the remaining samples were stored

under ambient conditions (26–30 �C, RH 60–70 %) for

natural ripening. Further three fruits of each variety were

used from stored samples at an interval of 2 days (2, 4, 6, 8

and 10 days) to have samples of varying physicochemical

properties.

NIR Spectra Acquisition

The acquisition of spectra was performed using a portable

NIR spectrophotometer (Luminar 5030, Brimrose Corp.,

Maryland, USA), equipped with a diffuse reflectance

optical configuration and an InGaAs (1,200–2,200 nm)

detector. The spectrometer included a measurement unit

connected to computer similar to the one used by Jha

et al. [16]. Each fruit was scanned 50 times in the

sampled region and the readings were automatically

averaged to one spectrum signal. A total of four spectra

from two equidistant points along the equatorial region of

both sides of fruit were acquired, averaged and stored for

analysis.

Chemometric Analysis

Spectral data were imported to unscrambler (CAMO AS,

Trondheim, Norway, version 10.1) software and data

were plotted (Fig. 1) to inspect the nature of the spectra.

Visually odd spectral curves among the groups were

identified as outliers and were deleted. For preliminary

classification, principal component analysis (PCA) was

performed on the selected spectra and score plots

between different principal components (PCs) were plot-

ted to see the formation of different groups of samples

based on their varieties. After ascertaining the group,
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final classification was carried out using partial least

square (PLS) discriminate analysis. PLS regression and

PCA projection methods were employed thereafter for

classification of samples. Altogether 1,310 samples were

used for classification of mango samples.

Spectral Region Selection

Selection of spectral region plays vital role in building

calibration model using latent variables methods such as

PCA and PLS. The absorbing regions (wave number where

maximum light is absorbed) of spectra decide the number

of input variables in multivariate statistical model. The

spectral range should include information on varietal var-

iation of the samples monitored and other matrix constit-

uents while excluding regions dominated by noise or other

artifacts that might be incorporated into the model. Suitable

regions may be identified by plotting the correlation spectra

or by simply plotting the raw spectra and looking in dif-

ferences in various peaks.

Classification of Samples

Preliminary classification of samples was performed using

PCA. Score plots between different PCs were drawn to

study the distribution depicting similarities among sam-

ples. Thereafter PLS discrimination analysis was per-

formed. This method is based on modelling the

differences between several classes with PLS. In this

method both the varieties under analysis were assigned

indicator variable values of 0 and 1, i.e., a binary variable

with value 1 for members of that class, 0 for non-

members. In current experiment cv Alphonso was

assigned 0 and Banganapalli 1 value. Similarly in case of

Dasheri and Malda, Dasheri was assigned 0 and Malda 1

value. Thereafter by building a PLS model with all

indicator variables as Y, class membership was directly

predicted from the X-variables describing the samples.

Discrimination was carried out on the raw data and on

the selected peak regions of the spectra with and without

applying data pre-treatment. A predicted value of 0.5 was

selected as the cutoff for assigning samples to either

variety category.

To further verify the above classification, PLS pre-

diction method of classification was used. For this pur-

pose, the samples were grouped into different varieties

manually. Separate PLS for each category was performed

and optimum number of PCs (same for both categories

of varieties) was selected based on x-explained variance.

These PLS models were used to develop classification

table using the classification module available in the

Unscrambler software to assign each sample to respec-

tive variety and the percentage of correctly classified

samples was computed.
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Fig. 3 Second-order derivatives (Norris-Gap) of Dasheri and Malda
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Fig. 2 Detrended NIR spectra of Alphonso and Banganapalli culti-

vars of mango in the wavelength range of 1,600–1,674
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Results and Discussion

Preliminary Analysis

A typical spectral curve (Fig. 1) of all four variety samples

(Alphonso, Banganapalli, Dasheri and Malda) did not

show any major differences in peaks and depressions. The

peaks and depressions in spectra show the strong and weak

transmittance characteristics of the mangoes, respectively,

within the range of study. The relative values in other

region of spectra, however, varied from sample to sample.

Such variations have been reported due to change in sur-

face texture and moisture content of the fruits [8, 9].

To improve the efficacy of raw spectral data for clas-

sifying mango samples, pre-processing of spectra such as

baseline correction, detrending, smoothing (second order),

full multiplicative scatter correction (MSC) and Norris-

Gap derivatisation was performed [8, 16]. The spectral

curve obtained following pre-processing was critically

studied in different wavelength, for any visible varietal

difference. The number of wavelengths was also sequen-

tially minimized to obtain small groups and best perform-

ing wavelengths for distinguishing Alphonso from

Banganapalli and Dasheri from Malda. Similar method-

ology was employed by Jha and Gunasekaran [10]. The

spectral curve for Alphonso and Banganapalli differed in

wavelength range of 1,600–1,674 nm following application

of detrending (Fig. 2). The Alphonso variety, unlike

Banganapalli, showed sharp depression in wavelength

range of 1,644–1,664 nm and a peak in 1,616–1,644 nm.

Fig. 5 Principal component

scores plot of 746 samples

Dasheri and Malda in the

wavelength range of

1,200–2,100 nm, ellipses show

grouping of samples according

to variety (colour figure online)

Fig. 4 Principal component

scores plot of 564 samples of

Alphonso and Banganapalli in

the wavelength range of

1,600–1,674 nm, ellipses show

grouping of samples according

to variety (colour figure online)
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Dasheri and Malda also showed distinguishable peaks in

1,200–2,200 nm (Fig. 3) after pre-processing (Norris-Gap

derivative).

These wavelength ranges were further used to build

respective score plots following PCA. The score plots for

Alphonso and Banganapalli between PCs 1 and 2, which

respectively described 97 and 1 % of the variance in the

spectral collection, roughly showed two groups based on

the type of variety (Fig. 4). Similarly for second pair

(Dasheri–Malda), the score plots between components 1

and 4 showed two groups based on the type of variety

with the variance of 30 and 3 % (Fig. 5), indicating that

the classification of mango varieties is possible, with a

significance level of 5 %. Further the score plots devel-

oped after PLS regression on same wavelength range

showed clear separation of Alphonso from Banganapalli

(Fig. 6) and Dasheri from Malda (Fig. 7). In both the

pairs, sum of explained variances was found to be highest

by the factor PCs 1 and 2. In first pair, the sum of

explained variances by factors 1 and 2 was very high, 98

and 74 % for X and Y components, respectively. This

indicates that classification of Alphonso and Banganapalli

is possible using NIR spectroscopy with a reasonable

degree of certainty. For the second pair, the sum of

explained variances by factors 1 and 2 was comparatively

lower, 34 and 60 % for X and Y components,

respectively.

Classification of Samples

PLS discriminate analysis was performed using raw, Norris-

Gap derivative, detrended spectra for variety based classi-

fication of mango samples. It is evident from the summary of

analyses that in case of Alphonso–Banganapalli (Table 1),

99.07 % samples of Alphonso and 99.58 % samples of

Banganapalli could be classified correctly, with predicted

category variables \0.5 for Alphonso and higher than the

same for Banganapalli varieties. Similarly, in case of Da-

sheri–Malda variety, almost all the samples (98.37 %) of

Dasheri have predicted category variables \0.5, whereas,

for Malda, predicted category variables were higher than 0.5

for 945 of samples (Table 1). PLS model developed for

Alphonso–Banganapalli after detrending of data in the range

of 1,600–1,674 nm therefore correctly discriminated the

two varieties. Similarly PLS model of treated (Norris-Gap

derivative) spectral data in the range of 1,200–2,200 nm

could correctly discriminate Dasheri–Malda. Jha and

Gunasekaran [10] also demonstrated the use of PLS dis-

crimination and PCA as a tool to classify samples of mango

juice with and without added sugar content.

Fig. 6 Partial least square

scores plot of 564 samples of

Alphonso and Banganapalli in

the wavelength range of

1,600–1,674 nm, ellipses show

grouping of samples according

to variety (colour figure online)
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Conclusions

Near infrared spectroscopy in combination with chemo-

metric analyses showed potential in identifying specific

mango variety under study. The Alphonso and Banganapalli

cv at 5 % significance level were predicted with accuracy of

99.07 and 99.58 %, respectively, whereas the Dasheri and

Malda variety can be identified at an accuracy level of 98.37

and 94 %, respectively.
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