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Mango (Mangifera indica) has many nutritional attributes that stimulate its consumption, such 
as sweetness, balanced acidity and intense fruity aroma. In this study, it was demonstrated that 
both the variety and ripening stage have a significant impact on the aroma of mango. The volatile 
compound profile of “Tommy Atkins”, “palmer”, “espada” and “Carlota” varieties in green and 
ripe stages were characterized by headspace solid-phase microextraction gas chromatography 
mass spectrometry (HS-SPME/GC-MS). Thirty-three volatile compounds were identified, 30 from 
“Tommy Atkins”, 29 from “espada”, 25 from “palmer” and 10 from the “Carlota” variety. The 
major compounds were monoterpene and sesquiterpene hydrocarbons, regardless of the degree 
of maturity. However, the oxygenated monoterpenes, esters and lactones were also identified as 
minor compounds. δ-3-Carene terpene is the most abundant in the varieties “Tommy Atkins” and 
“palmer”, α-terpinolene is the most abundant in the cv. “espada”, and myrcene in cv. “Carlota”. 
The profile’s aroma obtained by HS-SPME/GC-MS associated with multivariate data analysis 
lead to discrimination of four mango varieties in green and ripeness stages. Therefore, the volatile 
compounds markers of fruit maturation identified in this study can be used to increase the efficiency 
of mango sorting to improve quality control and meet the consumer market requirements.
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Introduction

Mango (Mangifera indica L.) is a fruit rich in fiber, 
vitamin C and β-carotene that comprises approximately 
80% of water and up to 20% of sugars.1 Its flavor is an 
important characteristic that contributes to its consumption 
and popularity.2 

Brazil is the seventh-largest mango producer in the world. 
Not to mention this product is considered the top source of 
revenue from fresh fruit exports, with US$ 177.3 million 
generated from the sale of 170.5 thousand tons in 2018.3 
The cultivars “Tommy Atkins”, “haden”, “palmer”, “Kent 
and Keitt” are mainly grown for exportation,4 while the 

cultivars “espada”, “rosa” and “Carlota” are sold in the 
national consumer market.5

Mango fruit is mostly consumed fresh, but can also be 
used to prepare juice, jam and frozen pulp. The fresh fruit 
appearance is a relevant factor in its commercialization 
since consumers prefer red mangoes with perfect peels. Due 
to its fragility and perishability, it is difficult to maintain 
its quality after harvesting which limits the expansion of 
exports.6 High-quality mangoes generally have low fiber 
content, strong sweet taste, balanced acidity and an intense 
fruity aroma with low terpene notes. 

The volatile organic compounds (VOCs) are responsible 
for the fruit aroma which depends mainly on the kind of 
cultivar among many other factors.2 Some studies have 
been carried out to determine the VOCs profile of different 
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mango cultivars and led to the identification of more than 300 
compounds including esters, aldehydes, ketones, aliphatic 
alcohols, γ and δ-lactones, and mono- and sesquiterpenes.7 
It has also been assessed that variety,7-9 ripening stage,10,11 
geographic origin,12 fruit part,13,14 treatment after harvesting,15 
and fruit processing16 affect the volatile compound profile 
of fresh mangoes. Despite the contribution of the above-
mentioned studies, the VOCs profile of many mango varieties 
has not been completely assessed yet. Their identification 
is relevant since VOCs can be associated with pest insects, 
particularly mango fruit flies, in cultivated areas. 

Because of the extraction efficiency of low volatility 
compounds, the most applied mango VOCs extraction 
methods are solvent extraction,17,18 simultaneous distillation 
and extraction (SDE),19,20 and hydro-distillation.21 However, 
these methods can produce artifacts due to the degradation of 
thermolabile compounds. Therefore, headspace solid-phase 
microextraction (HS-SPME) is the recommended volatile 
compound extraction method, and is based on the interaction 
of chemical analytes with a solid phase that may have 
different film polarity, thickness and porosity.22 On the other 
hand, SPME allows desorption followed by direct injection 
of analytes in the gas chromatography mass spectrometry 
(GC-MS) turning the analysis quick and handy. 

These characteristics explain why SPME is a widely used 
technique for volatile compounds profile analysis in various 
vegetal matrixes, such as pepper (Capsicum chinense sp.),23 
Plectranthus ornatus callus24 Mikania glomerata Sprengel 
leaves,25 acerola fruits,26 as well as mango.21,27,28 In this 
study, the objective was to differentiate “Tommy Atkins”, 
“palmer”, “espada” and “Carlota” cultivars and their 
ripeness stages based on the profiles of the volatile organic 
compounds analyzed by HS-SPME/GC-MS.

Experimental

Materials

The standard solutions of n-alkanes C8-C24, ethyl 
butanoate, α-pinene, β-myrcene, α-phellandrene, δ‑3‑carene, 
D-limonene, β-ocimene, α-terpinolene, ethyl octanoate, and 
trans-β-caryophyllene were purchased from Sigma-Aldrich, 
(St. Louis, USA). The volatile compounds were extracted 
and concentrated in carboxen/polydimethylsiloxane (CAR/
PDMS) SPME fiber (75 μm), using the SPME holder for 
manual sampling (Supelco, Bellefonte, USA).

Fruits 

Physically uniform green mango fruits, without any 
visible signs of disease, were purchased from the Active 

Bank of Mango Germoplasm (varieties “Carlota” and 
“espada”) of Embrapa Mandioca e Fruticultura (Cruz 
das Almas) and farms of the municipality of Juazeiro 
(varieties “Tommy Atkins” and “palmer”), both cities are 
located in the state of Bahia (Brazil). Sampling was carried 
out between December 2016 and May 2017. Four fruits 
with peduncles from each variety were collected in the 
orchards and transported in closed plastic bags to the 
laboratory, where they were washed in tap water and 
stored at room temperature. The fruit mass in the green 
stage ranged from 150.0 to 420.0 g. These samples were 
analyzed in their green stage and after natural ripening 
to maturity at room temperature. Ripening stages were 
recognized through texture and color changes in the fruit 
peel, using the maturity stage scale developed for the 
“Tommy Atkins” mango.29 Following this maturation 
scale, mangoes were used with the shell almost entirely 
green (level 1 or 2) and the shell predominantly yellow/
reddish (level 5).

Solid-phase microextraction (SPME) and GC-MS analysis

The extraction and desorption method by HS-SPME 
was based on the method developed to leaf analysis of 
the Eugenia uniflora with few modifications.30 In order to 
reproduce as close as possible the natural process of the 
odors emission that depends on the bark thickness and 
porosity, whole fruit and extraction room temperature were 
used. In further details, whole fruits were kept in a sealed 
glass vessel (26 cm length × 15 cm width × 15 cm height) 
maintained at room temperature about 25 ºC during 8 h 
to saturation of the recipient atmosphere with volatile 
compounds emitted by mango fruit. Then, an SPME fiber 
(CAR/PDMS, 75 μm) was exposed for VOCs extraction in 
headspace mode during 12 h and stored at room temperature 
about 25 ºC. A long period of 12 h was necessary to have 
the capture of minority and less volatile compounds 
guaranteed. The fiber was then removed from the sealed 
vial and inserted into the GC injector for thermal analytes 
desorption at 250 ºC for 3 min for GC-MS analysis. Before 
extraction, the fibers were conditioned in the injector 
following the manufacturer’s instructions. 

The GC-MS analysis was made using a Shimadzu 
GCMS-QP2010 Plus (Kyoto, Japan) with a 70  eV 
electron impact ionization source. For analyte 
desorption/injection in the column, a splitless injector 
was used. The chromatograph was equipped with 
a Rxi-1 MS column (100% dimethylpolysiloxane; 
30  m  ×  0.25  mm  internal  diameter  ×  0.25 μm, Restek, 
Bellefonte, USA). The oven temperature programming was 
as follows: 40 °C for 3 min, increasing from 1 °C min-1 to 
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100 °C, from 0.7 °C min-1 to 125 °C, and from 8 °C min-1 
to 250 °C, sustained for 5 min. A constant flow of carrier 
gas helium was maintained at 0.60 mL min-1 (15.4 kPa), 
at a constant linear speed of 27.9 cm s-1. The transfer line 
and ionization source temperature was 230 °C.

The detected compounds were identified by comparing 

their experimental mass spectra resulting from the GC-MS 
acquisition with mass spectra from the Library (NIST 147 
Database). The confirmation was carried out by comparison 
of the retention time of a C8-C24 analogous alkane series. 
Some compounds were confirmed by analytical standard 
(Table 1).

Table 1. Volatile chemical composition (n = 4) of different mango cultivars and two maturation stages (green and ripe). Means with different letters within 
a row are significantly different at p < 0.05

No. Compound RIb RILIT
c

Greena / % Ripea / %

“Tommy 
Atkins”

“Palmer” “Espada” “Carlota”
“Tommy 
Atkins”

“Palmer” “Espada” “Carlota”

1 ethyl butanoated - 796 n.d.a n.d.a n.d.a n.d.a n.d.a 1.02a 0.55a n.d.a

2 ethyl but-2-enoate 825 825 n.d.a n.d.a n.d.a n.d.a n.d.a n.d.a 0.44a n.d.a

3 α-pinened 927 927 4.9a 0.55b 0.28b 0.3b 4.40a 0.12b 1.34b 0.39b

4 β-pinene 964 965 0.75a n.d.b n.d.b n.d.b 0.80a 0.07b 0.04b n.d.b

5 β-myrcened 984 984 4.18a 2.83a 1.78a 24.22b 3.56a 3.37a 2.34a 60.79c

6 α-phellandrened 991 992 0.72a 0.54b 0.98a n.d.b 0.82a 0.56b 1.86a n.d.b

7 δ-3-carened 998 1000 34.66a 32.64ac 4.08b n.d.b 23.00ac 20.08cd 6.39bd n.d.b

8 α-terpinene 1003 1002 0.3a 0.27ac 2.37b n.d.c 0.92ad 0.28ac 1.47d n.d.c

9 p-cymene 1006 1005 1.17a n.d.b 2.15c n.d.b 1.07ad n.d.b 3.43e n.d.b

10 β- phellandrene 1011 1010 1.18a 0.54a 1.04a n.d.b 1.21a 0.52a 1.82c n.d.b

11 D-limonened 1014 1013 3.25ac 2.27a 1.31a 0.65b 3.10c 1.85c 0.99b n.d.b

12 (E)-β-ocimened 1030 1030 n.d.a n.d.a 0.06a 1.12b 0.03a n.d.a 0.29ab 9.16c

13 (Z)-β-ocimened 1040 1038 0.78a n.d.a 0.13a 0.74a 0.91a 0.80a 0.15a 4.44b

14 γ-terpinene 1047 1046 0.50a n.d.b 0.36a n.d.b 0.65a n.d.b 0.34a n.d.b

15 p-cymenene 1069 1070 0.48a n.d.a 3.87b n.d.a 0.60a 0.16a 6.76c n.d.a

16 α-terpinolened 1074 1075 6.91a 4.50a 36.30b n.d.a 6.14a 4.81a 47.23c n.d.a

17 methyl octanoate 1105 1105 n.d.a n.d.a n.d.a n.d.a 0.08a 0.34a n.d.a n.d.a

18 limonene epoxide 1108 1113 0.77a n.d.a 0.39a n.d.a 0.29a n.d.a 0.75a n.d.a

19 alloocimene 1114 1116 0.03a n.d.a 0.07a 0.67a n.d.a 0.05a 0.27a 5.98b

20 p-cymen-8-ol 1155 1156 0.09a n.d.a 1.16b n.d.a 0.07a n.d.a 2.41c n.d.a

21 ethyl octanoated 1183 1184 4.36ab n.d.a 0.82a n.d.a 1.64a 9.07b 2.50a n.d.a

22 γ-octanolactone 1210 1210 n.d.a n.d.a n.d.a n.d.a 0.08a 2.11b 0.07a n.d.a

23 α-cubebene 1335 1336 n.d.a n.d.a n.d.a n.d.a 0.80b 0.93b n.d.a n.d.a

24 α-copaene 1373 1373 n.d.a 0.19b n.d.a n.d.a 0.42c 0.33bc n.d.a n.d.a

25 α-gurjunene 1389 1393 5.32a 9.86acd 1.31b 14.13c 0.6b 0.40b 0.3b 3.09bd

26 trans-β-caryophyllened 1394 1392 11.03a 10.09a 3.60bc 33.90d 3.84a 4.54a 0.81b 8.77ac

27 α-caryophyllene 1422 1417 5.10a 4.13ab 2.21ab 20.13c 1.44ab 1.39ab 0.47b 3.52ab

28 α-amorphene 1441 1469 n.d.a n.d.a 2.35b n.d.a 0.04a n.d.a 0.50a n.d.a

29 germacrene D 1452 1455 n.d.a 10.08b 0.49a n.d.a 12.60bc 20.18c 0.10a n.d.a

30 β-selinene 1453 1458 1.53ab 5.90b 13.77c 0.15a 1.76ab 1.37ab 2.20ab 0.33a

31 α-guaiene 1468 1470 0.21a 4.32b 0.49a n.d.a 3.58b n.d.a 0.07a n.d.a

32 γ-muurolene 1483 1483 n.d.a 1.75b 0.56a n.d.a 2.93b 3.31b 0.11a n.d.a

33 δ-cadinene 1497 1503 0.07a 0.41a n.d.a n.d.a 5.39b 5.67b n.d.a n.d.a

Monoterpene hydrocarbons 67.75abc 48.57bd 66.87ab 28.80d 57.00abd 39.20d 86.00c 83.70c

Sesquiterpene hydrocarbons 26.34ade 51.43b 30.24ae 71.20c 40.00abe 45.74ab 5.30de 16.30e

Oxygenated monoterpenes 0.97ab n.d.a 1.89b n.d.a 0.43ab n.d.a 3.63c n.d.a

Esters 4.94a n.d.a 1.00a n.d.a 2.06a 12.52b 4.06b n.d.b

Lactones n.d.a n.d.a n.d.a n.d.a 0.50a 2.53a 1.00a n.d.a

n.d.: not detected. aRelative peak area in the chromatogram obtained by GC-MS; bretention indices obtained by injection of a n-alkane (C8-C24) mixture in a 
Rxi MS-1 capillary column; cretention indices of compounds in a Rxi MS-1 or equivalent, according to the data provided by NIST database; didentification 
was validated against mass spectrum and retention time of analytical standard.
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Statistical analysis of the VOCs profile data

Four fruits of each cultivar were analyzed by GC-MS 
at both ripening stages. The peak area for each identified 
compound was calculated using LabSolution software 
version 2.0 (Shimadzu). The relative peak areas were 
calculated according to the total peak areas in each sample 
as suggested in other previous works.30,31 Statistical analyses 
was performed using Metaboanalyst 3.0 package.32

Analysis of variance (ANOVA) and Tukey’s test 
(P  <  0.05) were carried out to assess the significant 
difference among the groups. Data used for multivariate 
analysis were a matrix of 33 compounds × 32 samples of the 
four above mentioned mango varieties (“Tommy Atkins”, 
“palmer”, “espada” and “Carlota”), in green and ripe 
fruits. The values for the relative areas of the compounds 
in the sample were autoscaled33,34 and underwent principal 
component analysis (PCA) and hierarchical cluster analysis 
(HCA) associated with the heatmap.

Results and Discussion

The volatile compound profiles of four cultivars in the 
green and ripe stages were analyzed by HS-SPME/GC-MS 
to characterize and differentiate varieties and their ripening 
stages. Figure 1 shows the characteristic chromatograms 
of each mango variety in green and ripe stages. Note that 
the profiles are clearly different in the number of peaks as 
well as their abundances. Thirty-three volatile compounds 
were identified: 30 from varieties “Tommy Atkins”, 29 
from “espada”, 25 from “palmer” and 10 from “Carlota”. 
Each mango cultivar has different compounds as the most 
abundant. In addition, the most abundant compounds vary 
according to the degree of ripeness of the fruit. Table 1 
shows the identified VOCs, their retention indices (RI) in 
the Rxi-1 MS capillary column, and the average relative 
composition (n = 4) of each compound in all the variety 
samples.

In this study, the majority of identified volatile 
compounds in the four mango varieties were monoterpene 
and sesquiterpene hydrocarbons in all ripening stages, 
although oxygenated monoterpenes, esters and lactones 
were also identified. In the varieties “Tommy Atkins”, 
“palmer”, “espada” and “Carlota” the percentage of 
identified compounds varied from 88.32 to 95.94% of the 
total area of peaks detected in the green fruit samples. The 
variation in the ripe stage samples ranged from 82.84 to 
96.38%.

Figure 2 shows the box plots of classes of compounds 
for four mango cultivars in green and ripe stages. During 
ripening, a tendency to a decrease in the percentage 

of monoterpene hydrocarbons and an increase in the 
percentage of sesquiterpenes were observed in the cultivar 
“Tommy Atkins”, yet not statistically significant. On the 
other hand, an increase in the percentage of monoterpene 
hydrocarbons and a decrease in the percentage of 
sesquiterpenes were statistically significant for the varieties 
“espada” and “Carlota” (p < 0.05). For the cultivar 
“palmer”, neither statistical difference nor a decrease in 
the percentage of monoterpenes and sesquiterpenes during 
ripening were evidenced. In the ripe stage, the percentage 
of monoterpene hydrocarbons in all the varieties was 
higher than the percentage of sesquiterpenes, except for 
the “palmer” variety.

It has been proposed that the aroma of different mango 
cultivars can be classified based on the prevalence of 
monoterpenes or sesquiterpenes.7 The terpene δ-3-carene 
was the dominant compound of “Tommy Atkins” and 
“palmer” cultivars; α-terpinolene was the major contributor 
to “espada”, while β-myrcene was the major compound 
in “Carlota”. Therefore, the four cultivars of this study 
belong to the group with the predominance of monoterpene 
hydrocarbons.

As regards the VOCs profile of different mango varieties, 
Canuto et al.35 used SPME to identify 32  compounds 
in “Tommy Atkins” mangoes grown in the Vale do São 
Francisco in Pernambuco. Our study identified 19 of 
these compounds. The authors analyzed the VOCs profile 
of mangoes in green, ripening and ripe stages and thus 
identified the compounds associated with ripening such as 
ethyl esters and ethanol. Moreover, their results showed a 
decrease in the percentage of monoterpenes and an increase 
of sesquiterpenes during the ripening process. In another 
study, Lopes et al.20 applied the static headspace technique 
followed by GC-MS analysis to identify the VOCs emitted 
by 6 mango varieties including “Carlota”, “espada” and 
“Tommy Atkins”.

Sixteen out of the thirty-two compounds identified in 
this research were evaluated. Some of them, as δ-3-carene, 
α-pinene and β-myrcene are thought to have a greater 
influence on the aroma of mangoes based on the results 
obtained from aroma extract dilution analysis (AEDA) in 
gas chromatography-olfactometry (GC-O). Note that whole 
fruits were used to try to reproduce as close as possible the 
natural process of the odors emission that depends on the 
bark thickness and porosity. As peeled and sliced fruit do 
not have the diffusion process of the VOCs through the bark, 
to reproduce the natural odors emission was not possible. 
Thus, in addition to detect the majority of compounds 
reported in other studies using SPME or other extraction 
techniques, this method allows performing the monitoring 
without loss of the fruit sample.
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So far, the study of Beaulieu and Lea36 was the only one 
that have assessed the VOCs profile of the cultivar “palmer”. 
Using HS-SPME/GC-MS in fruits under different storage 

conditions allowed the identification of ten compounds, 
six of which were analyzed in our study. Some of these 
compounds have been reported in the literature.7,15,17,28 

Figure 1. Profile comparison obtained by HS-SPME/GC-MS after VOCs analyses of four mango varieties in green and ripe stages: (a) “Tommy Atkins” 
green; (b) “Tommy Atkins” ripe; (c) “palmer” green; (d) “palmer” ripe; (e) “espada” green; (f) “espada” ripe; (g) “Carlota” green; (h) “Carlota” ripe (for 
identification of numbered peaks see Table 1). 
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However, there were some differences in the VOCs we 
identified. These differences may be related to several 
factors, among which the extraction technique used, 
extraction conditions, type of fiber in the SPME, and the 
chromatography column used in the GC.

The variety and ripening stage characterization and 
differentiation was based on the volatile compound profile 
followed by a multivariate HCA. Figure 3 shows the sample 
and volatile compounds dendogram associated to the VOCs 
profile heatmap. The simultaneous use of a dendogram and 
a heatmap improves the visualization of the relationships 
among variables and samples.37

The four mango varieties and their ripening stages 
were fully discriminated by the HCA as shown in Figure 3. 
The varieties “Carlota” and “espada” formed distinctive 
clusters while the varieties “Tommy Atkins” and “palmer” 
presented a lower clustering tendency. Concerning the 
“Tommy Atkins” and “palmer” varieties, the compounds 
responsible for the discrimination of their VOCs profiles 
as observed in the HCA could be explained by the fact that 
both varieties have the same progenitor, namely the cultivar 
“Haden”. These three varieties were developed in Florida 
(USA) and have different characteristics due to crossovers 
between Indian and South Asiatic cultivars under southern 
Florida’s climatic conditions.38

The heatmap shows the influence of each compound 
on the four varieties and their ripening stages. “Carlota” 
green mangoes had a higher concentration of β-myrcene, 
α-gurjunene, trans-β-caryophyllene and α-caryophyllene, 
while the amount of (E)-β-ocimene, (Z)-β-ocimene and 
alloocimene was higher in ripe “Carlota” mangoes. The 
compounds α-terpinolene, β-selinene and α-amorphene 
were characteristic of the ripe stage of the cultivar 
“espada” in its green stage, whereas α-terpinolene, 

p-cymenene, p-cimen-8-ol, p-cymene, α-phellandrene and 
β-phellandrene characterized the ripe stage. The cultivar 
“palmer” in its green stage was characterized by δ-3-carene, 
α-gurjunene and α-guaiene which had great influence on 
the discrimination of green samples. It must be pointed out 
that in the ripe stage ethyl butanoate, methyl octanoate, 
ethyl octanoate, γ-octanolactone, α-cubebene, δ-cadinene, 
α-copaene, germacrene D and γ-muuroleno were the 
compounds with more influence on the discrimination of 
that stage. Esters are the main markers of ripe “palmer” 
mangoes. The prevalent compounds in green “Tommy 
Atkins” mangoes were δ-3-carene, α-pinene, β-pinene 
and D-limonene, while the ripe stage was characterized 
by α-cubebene, δ-cadinene, α-copaene, germacrene D 
and γ-muurolene.

The identification of VOCs emitted by different green 
and ripe mango varieties might explain the preference 
of some pest insects, such as the fruit flies, for some 
varieties and ripening stages.39 The Ceratitis capitata and 
Anastrepha  obliqua, for example, are the main fruit fly 
species to cause damage in mango cultures by oviposition 
in the fruits.40 There are some varieties, however, whose 
peel produces a resin which is less attractive to fruit flies 
probably due to high egg mortality in the fruits.41 Moreover, 
a relationship could be observed between the VOCs 
profile of the four mango varieties and their susceptibility 
or resistance to fruit flies.42 The host plant selection of 
phytophagous fly females consists of a chain of three 
different stimuli: the VOCs emitted by the plant, the visual 
stimulus, and the non-volatile compounds present in the 
fruit (nutrients and toxic substances to insect eggs).43 A 
feasible alternative to reduce damages caused by fruit flies 
would be growing mango varieties that are less attractive 
to this pest.

Figure 2. Box plots of classes of monoterpene hydrocarbons (a), sesquiterpenes hydrocarbons (b), oxygenated monoterpenes (c) and esters (d) compounds 
of the different mango varieties in green and ripe stages (RC: ripe “Carlota”; GC: green “Carlota”; RE: ripe “espada”; GE: green “espada”; RP: ripe 
“palmer”; GP: green “palmer”; RT: ripe “Tommy Atkins”; GT: green “Tommy Atkins”). In the box plot, Y axis represents normalized concentrations of 
the compounds as quartile for each sample group. The range of the vertical scale is from the minimum to the maximum value of the selected group, or, to 
the highest or lowest of the displayed reference points, median, and 95% confidence interval.
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The PCA was applied to identify the main compounds 
responsible for the sample clustering of the four mango 
varieties and their ripening stages.44 Figure 4 shows that 
the PCA resulted in 8 different clusters. The volatile 
compounds that discriminate sample clusters can be 
seen in Figure 5. It should be noted that the green fruit 
samples tended to be in the center, whereas the vectors 
that represents the compound weights for the class were 
smaller. “Tommy Atkins” and “palmer” displayed higher 
variances between green and ripe stages which might be 
explained by the higher weight of esters in both varieties. 

In terms of variation of just terpenes and sesquiterpenes, 
“espada” and “Carlota” presented lower variances between 
green and ripe stages.

The PCA and HCA, as chemometric tools, allowed for a 
wider evaluation of the VOCs profile of each mango variety 
as well as for the discrimination of samples. The same 
analysis has been carried out by Benevides et al.,45 who used 
PCA and HCA to discriminate “Tommy Atkins”, “espada” 
and “rosa” varieties through the 23 VOCs identified by 
HS-SPME/GC-MS.

Andrade et al.46 analyzed the VOCs of 15 mango 

Figure 3. Dendogram associated to heatmap of volatile compounds identified in the four mango varieties in green and ripe stages (RC: ripe “Carlota”; 
GC: green “Carlota”; RE: ripe “espada”; GE: green “espada”; RP: ripe “palmer”; GP: green “palmer”; RT: ripe “Tommy Atkins”; GT: green “Tommy Atkins”).
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varieties produced in Brazil and classified them in three 
groups based on the prevalent compound α-terpinolene, 
δ-3-carene or myrcene. The results show that the cultivar 
“espada” has higher amounts of α-terpinolene, whereas 
the cultivar “Carlota” has higher amounts of myrcene. 
Terpene δ-3-carene was the prevalent compound in the 
varieties “Tommy Atkins” and “palmer”. Other studies 
reported similar results regarding the varieties “Tommy 
Atkins”, “espada” and “palmer”.20,36,47 Nonetheless, these 
results are not aligned to those obtained by Andrade et al.,46 
who found that α-terpinolene and myrcene were prevalent 

in the varieties “Carlota” and “espada”, respectively. The 
differences observed might be due to various factors, such 
as the geographic origin of the fruits, part of fruit analyzed 
(pulp with or without peel), subjective assessment of the 
fruit ripening stage, and extraction technique used.12,14

Besides, the volatile components that provide fruit 
aroma are one of the most important quality indicators. The 
volatiles profile has already been used for the discrimination 
and classification of several mango cultivars from China,48 
Australia49 and different continents.50

The ripening stage assessment of mangoes is the 
major step in the selection of fruits for exportation. If they 
are harvested in the green stage a precocious ripening 
occurs resulting in low-quality fruits. Fruit sorting for 
commercialization includes the assessment of the fruit 
ripening stage through titratable acidity, amount of total 
soluble sugars and carotenoids, besides weight, firmness 
and color. Most of these analyses destroy the fruits, are 
time-consuming, and the accuracy of the results regarding 
the ripening stage is not always ensured.51 This research 
shows that profile analysis of volatile compounds is a 
useful method to differentiate the green and ripe stages 
of the varieties “Tommy Atkins”, “palmer”, “espada” and 
“Carlota”. Some volatile compounds are ripening markers 
of specific mango varieties and might be used in fruit 
sorting for commercialization. Gas chromatography and 
electronic nose, for example, were used to detect volatile 
compounds associated with mango ripening stages, thus 
allowing accurate discrimination of ripening stage as well 
as an estimate of the best time for harvesting.10

Conclusions

This study might prove useful for mango agribusiness 
as it shows the characteristic VOCs profile of four mango 
varieties “Tommy Atkins”, “palmer”, “espada” and 
“Carlota” in their green and ripe stages. The VOCs profile 
analysis through HS-SPME/GC-MS associated with HCA 
and PCA multivariate data analysis enabled this research 
to discriminate mango varieties and differentiate ripening 
stages. The volatile compounds that characterize the 
ripening stages of the four mango varieties assessed in 
this study might be used in electronic noses to improve 
the sorting efficiency and thus the quality control of export 
fruits that meet the market requirements. 
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