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ABSTRACT 
The present study analyzed the volatile compounds of three mango varieties (Tommy Atkins, Rosa and Espada) 
using the static headspace technique with SPME coupled to CG-MS. Multivariate methodologies, such as fac-
torial design and response surface methodology, were used to optimize the conditions of adsorption and desorp-
tion of these substances. The data were evaluated by using principal components analysis (PCA) and hierarchical 
grouping analysis, in order to visualize grouping tendencies of volatile compounds. Thirty-seven volatile com-
pounds belonging to different chemical classes, such as esters, terpenes, alcohols and others, were tentatively 
identified in the three varieties of mango. Amongst them, twenty-three presented chromatographic peaks with 
relative areas larger than 2%. The multivariate analysis made it possible to visualize the grouping tendencies of 
the mango samples, according to the presence of their respective volatile substances, and enabled the identifica-
tion of the groups of substances responsible for the discrimination among the three varieties. 
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1. Introduction 
Globally, the mango (Mangifera indica L.) industry is 
the 5th largest tropical fruit industry with the production 
of over 34.3 million tons [1]. Although about 100 coun-
tries grow mangoes, about 80% of production comes 
from the top nine countries in order of production, India, 
China, Indonesia, Mexico, Thailand, Brazil, Philippines 
and Nigeria [2].  

Chemical analysis of the flavor (volatiles) of several 
mango cultivars around the world has been reported [3-6] 
and has recently studied the spatial and temporal changes 
in the volatile profile of mango upon exogenous ethylene 
treatment, while [7] evaluating the attraction of west fruit 
flies to volatiles of three mango cultivars in field cage 

tests. In these works, a wide range of compounds has 
been identified, including esters, lactones, mono- and 
sesquiterpenes. Monoterpenes such as cis-ocimene, α- 
and β-pinene, myrcene and limonene seem to be particu- 
larly important contributors to the flavor of the fresh fruit, 
depending upon the variety [8].  

Aroma compounds are usually difficult to analyze, 
mainly due to their high volatility and low concentrations 
in samples. Therefore, many methods have been employ- 
ed for the analysis of volatiles in foods. These methods 
are generally divided into two classes: classical methods 
(distillation, solvent extraction) and clean methods such 
as solid-phase extraction (SPE), supercritical fluid ex-
traction (SFE), headspace extraction (HSE) and solid- 
phase microextraction (SPME) [9]. The most commonly 
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used clean methods are SPME, SFE, and static and dy-
namic headspace extraction. The multivariate statistical 
techniques applied to chromatographic methods have 
been basically employed for the optimization of the sam-
ple preparation and sample analysis steps [10]. 

The chemometrics associated with SPME-GC has 
been applied in several studies with different food ma-
trices, such as coffee [11] and wines [12]. Chemometric 
methods (hierarchical cluster analysis (HCA), principal 
components analysis (PCA), and others) are especially 
indicated for the analysis of chromatograms of complex 
matrices, involving hundreds of compounds [11].  

The purpose of this work was thus firstly to apply 
multivariate chemometric techniques for optimizing a 
SPME-GC-MS method, in order to extract and identify 
the most abundant VOC in three varieties of mangos, 
purchased in the city of Salvador, State of Bahia, Brazil 
and, secondly, to verify the clustering tendency of those 
VOC, in order to identify the most important one for the 
flavor associated with each variety studied. 

2. Methods and Materials 
2.1. Samples 
Fresh samples of three varieties of mango (Espada, Rosa 
and Tommy Atkins) were purchased at different com-
mercial establishments in the city of Salvador. The sam-
ples were selected carefully, washed, peeled, and their 
pulp homogenized in a blender. About 0.15 g of Tommy 
Atkins, 0.6 g of Espada and 1.6 g of Rosa mango were 
then placed in a 20 ml vial to which 10 mL of deionized 
water was added for headspace static extraction. The vial 
was then closed hermetically with a Teflon lid and an 
aluminum seal. 

2.2. SPME Conditions 
The SPME extractions were performed using fiber coated 
with Carboxen/polydimethylsiloxane (75 µm) (Supelco, 
Bellefonte, PA, USA). This fiber was chosen due to the 
relative affinity between the compounds in the mango 
pulps and the fiber. The fibers were prepared according 
to the manufacturer’s instructions, which involved pre-
conditioning them in the CG-MS system at 250˚C/20 min 
before each run. After this preconditioning, the SPME 
device was introduced manually into the vial and the 
fibers were exposed during the extraction time. The set 
was immersed on a double boiler with controlled tem-
perature throughout the extraction and under constant 
magnetic shaking.  

2.3. Optimization of the SPME Extraction 
A fractional factorial design (24-1) was first carried out 
with 11 experiments, in which four variables were inves-
tigated (extraction (adsorption) and desorption tempera-

ture, ˚C; extraction (adsorption) and desorption time, 
min), applying three repetitions at the central point to 
evaluate the experimental error. The evaluated levels, as 
well as the experimental ranges, are shown in Table 1. 
Preliminary assays have demonstrated that extraction 
times and temperatures exceeding 5 min and 45˚C, re-
spectively, led to a saturation of the detector signal, in-
terrupting the run in the GC (data not shown). In the 
choice of the best condition, the response evaluated was 
the total sum of the peak areas, obtained in the GC-MS. 

The factorial design made possible to select the signif-
icant variables (P < 0.05), from a Pareto chart, and point 
out their tendencies. However, in order to establish their 
optimum values, there is a need to perform a planning 
that could be capable to describe more adequately the 
data behavior. In this way, a Doelhert’s Experimental 
Matrix was applied (Table 2) and a response surface 
graph was obtained, in order to locate the optimal ad-
sorption times and temperatures of the volatile com-
pounds. This type of design is suitable for simultaneously 
evaluating the effect of several variables and allows for 
the introduction of quadratic terms in the model, which 
are fundamental for the description of response surface 
curves [13]. The not significant variables (desorption 
time and temperature) were kept constant. 

The statistical analysis was performed using Statistica 
6.0 software (StatSoft Inc., Tulsa, OK, USA). 

2.4. GC-MS Analysis 
The VOC were extracted from the headspace volume of  
 
Table 1. Experimental levels applied to the factorial design 
(screening design). 

Variable Variable code 

 (−1) (0) (+1) 

Extraction temperature (˚C) 25 35 45 

Extraction time (min) 1 3 5 

Desorption temperature (˚C) 220 250 280 

Desorption time (min) 5 7.5 10 

 
Table 2. Experimental levels employed for Doelhert matrix. 

Experiment X1 (min) =>  
adsorption time 

X2 (˚C) => adsorption 
temperature 

1 0  0  

2 1  0  

3 0.5  0.866  

4 −1  0  

5 −0.5  −0.866  

6 0.5  −0.866  

7 −0.5  0.866  
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the samples and the trapped compounds were desorbed at 
250˚C, for 5 min, in the GC injector and introduced di-
rectly into the GC column. 

The volatile compounds were analyzed using a GC- 
MS system (Shimadzu GC-2010/QP-2010, Japan) under 
the following operating conditions: DB5 column (30 m × 
0.25 mm i.d. × 0.25 µm, J * W Scientific); helium gas 
flow: 109.2 mL∙min−1; temperature program: 50˚C - 
100˚C (2˚C∙min−1) - 160˚C (6˚C∙min−1) and 280˚C 
(15˚C∙min−1); injector temperature and mode: 280˚C, 
splitless; split ratio: 1:00; ion source temperature: 230˚C; 
interface temperature: 280˚C and energy impact: 70 eV.  

The compounds in each mango variety were identified 
by comparing their spectra with those available in the 
NIST digital library. 

2.5. Principal Components Analysis 
A set of 37 VOC were identified in the different mango 
varieties. Those with relative peak areas larger than 2% 
(23) were submitted to the PCA and HCA methods, in 
order to visualize possible clustering tendencies in the 
three mango varieties under study. The data were orga-
nized in X-type matrix containing 18 rows (6 replicates 
of each mango variety) and 23 columns (VOC). The data 
preprocessed by autoscaling was subjected to HCA, us-
ing the hierarchical agglomerative clustering procedure 
[14], while the PCA was calculated using the Statistica 
7.0 and the Unscrambler® 8.0 software programs (Camo 
S.A.). 

3. Results and Discussion 
3.1. Optimization of the SMPE Conditions 
The results obtained from the factorial design are sum-
marized in the Pareto chart (Figure 1), which indicates 
that the extraction (adsorption) time and temperature 
were the most significant variables (p < 0.05). 

Therefore, only these two variables were evaluated in 
the optimization process by means of the Response Sur-
face Methodology (Doelhert matrix). In this design, three 
replicates were performed at the central point to estimate 
the experimental error and to evaluate the adjustment of 
the mathematical model employed. The response surface 
graph in Figure 2 shows that, as the adsorption time and 
temperature increase, so does the area of the chromato-
graphic peaks. However, if the detector’s signal became 
very high, the chromatographic run was interrupted due 
to the detector saturation. Therefore, after this optimiza-
tion the critical values of 4.0 min and 40˚C were em-
ployed, respectively, for the adsorption time and temper-
ature, and were used in the analyses of all the mango 
samples. 

The extraction temperature and time are interrelated 
and frequently investigated in optimization studies [12,  

 
Figure 1. Pareto chart of the evaluated variables in the 
planned factorial design. 
 

 
Figure 2. Response Surface graph obtained by the central 
composite design using encoded variables in which the re-
sponse was the total chromatographic peak area. 
 
15]. The extraction temperature has a dual impact on the 
analyses: although high temperatures allow for a rapid 
release of the analytes to the gas phase, they tend to re-
duce their partition coefficients between the fiber and the 
gas phase [16]. Relating to the extraction time, it needs to 
be long enough to enable phase equilibrium to be reached, 
without an excessive heating of the fiber [17]. 

3.2. Volatile Compounds Identified in the  
Mango Varieties 

Amongst the thirty seven volatile compounds tentatively 
identified in the mango samples, Table 3 lists the twenty 
three whose chromatographic relative peak areas were 
larger than 2%, while Figure 3 shows the chromato-
graphic profile of these compounds. The VOC identified  
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Figure 3. Chromatographic VOC profiles of Tommy-atkins (a), Rosa (b) and Espada (c) mangoes. 

 
belong to different chemical classes of compounds, 
mainly esters and terpenes. Among them, α-pinene, β- 
myrcene and caryophyllene were common to the three 
mango varieties. The relative abundances of the VOC 
varied among samples of the three varieties. For example, 
ethyl butanoate was detected only in the Tommy Atkins 
mango, with an average relative abundance of 17.7%; 
α-pinene was detected with average relative abundances 
of 17.9%, 31.3% and 2.8% in the Tommy Atkins, Rosa 
and Espada varieties, respectively, and 3-carene had av-
erage relative abundances of 51% in the Tommy Atkins 
and 17% in the Espada mango varieties, but was not de-
tected in the Rosa variety. These variations may be due, 
among other factors, not only to the differences amongst 
different varieties, but also to the different degrees of 
ripeness and peculiarities of different cultivation sites. 

Some of the compounds listed in Table 3 had also 
been identified in the mango varieties Rosa (α-pinene, β- 
pinene and myrcene), Tommy Atkins (d-limonene) and 
Espada (α-pinene and myrcene) [18]. 

VOC present in Tommy Atkins mangoes, produced in 
the São Francisco Valley, were investigated at three dif-
ferent stages of ripeness, using SPME-GC-MS and GC- 
FID [19]. The data obtained was in accordance with 
those of this work, since they identified 32 compounds, 
consisting mainly of monoterpenes, and found that 3- 
carene was the main VOC present in all the stages of 
ripeness, followed by α-pinene. 

Other mango varieties were studied by different au-
thors and also have shown VOC which are similar to 
those of this work. The monoterpenes (α-pinene, cam-
phene, β-pinene, ocimene and d-limonene) were identi-
fied in mango juice through HS-SPME-GC-MS⁄FID [20]. 
The influence of changes in the geographical origin had 
been studied on the VOC profile of “Alfonso mangoes” 
in three regions of India [4]. Amongst other VOC, they 
found α-pinene, β-myrcene, d-limonene, o-cimene and 
caryophyillene. A total of twenty nine VOC were deter-
mined in “Nam Dok Mai” mangoes and, amongst them, 
four were in this work (o-cymene, carene, limonene and  
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Table 3. VOC tentatively identified in samples of the three mango varieties. 

# VOC ret. time (min) Tommy atkins Espada Rosa 

1 ethyl acetate 3.37 + − − 

2 ethyl butanoate 8.88 + − − 

3 ethyl butenoate 11.00 − − + 

4 Α-pinene 16.63 + + + 

5 camphene 17.67 + − + 

6 3,7,7-trimethyl-1,3,5-cycloheptatriene 19.17 + − − 

7 β-pinene 19.59 + − + 

8 β-myrcene 20.41 + + + 

9 cyclohexene, 4-methyl-3-(1-methylethylidene) 21.29 − − + 

10 2-carene  21.49 + + − 

11 tujene 21.74 + + − 

12 3-carene 21.84 + + − 

13 4-carene  22.39 + + − 

14 2-ethyl-1,3-dimethylbenzene 23.01 + + − 

15 2,3 epoxycarene  23.18 − + − 

16 d-limonene 23.24 + − − 

17 o-cimene 24.58 − − + 

18 isoamilbutanoate 25.06 + − − 

19 terpinolene 27.26 + + − 

20 5-isopropyl-3,8-dimethyl-1,2,4,5,6,7-hexahydroazulene 37.82 − + − 

21 caryophyllene 38.00 + + + 

22 α-caryophyillene 38.53 − + + 

23 Isopropenyl-1-methyl-4-methylene decahydroazulene 38.96 − + − 

 
caryophyllene) [5]. 

3.3. Data Analysis 

A multivariate analysis of the results was performed in 
order to visualize grouping tendencies between objects 
(samples) and possible dispersed variables which could 
distinguish the mangoes varieties through their aroma 
constituents, for each specific variety, or through the 
variations in concentrations of these constituents. In this 
way, the Hierarchical Cluster Analysis was used. 

The resulting data are presented in the dendrogram in 
Figure 4, in which three clusters correspond to the man-
go varieties (Tommy Atkins, Espada and Rosa) at a dis-
tance level of 50. From the left, the MR, ME and MT 
correspond to the clusters of Rosa, Espada and Tommy 
Atkins samples, respectively. 

Figures 5(a) and (b) show the scores and loading 
graphs, for samples and variables respectively. The first 
two principal components were able to explain 76.20% 
of the total variance, indicating that the studied volatile 

compounds could explain most of the characteristics of 
the samples. 

The scores graph clearly shows the distinction among 
the groups of the mango varieties, i.e., the clustering 
tendency of these samples. Additionally, the variables 
described in the loading graph, which are located in the 
same quadrant as the groups of samples in the scores 
graph, comprise some of the most important information 
in the sample description. When scores and loadings 
graphs are analyzed together, the association between 
groups and the respective discriminator VOC becomes 
clear. 

Table 4 shows clearly the information contained on 
the loading graph of Figure 5(b), namely the VOC 
which allow for the discrimination between the Rosa, 
Tommy Atkins and Espada mangoes. Amongst the 23 
identified VOC (Table 3), only α-pinene, β-myrcene and 
caryophyllene were found in the three mango varieties. It 
was also observed that six VOC (2-carene, tujene, 3- 
carene, 4-carene, 2-ethyl-1,3-dimethylbenzene and ter-
pinolene) were present in both Tommy Atkis and Espada  
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varieties, one (α-caryophyllene) in Espada and Rosa and 
one (camphene) in Tommy Atkis and Rosa varieties. The 
other VOC were identified in just one of each variety, 
and thus they can be considered as possible flavor mark-
ers. According [3], esters, terpenes and aldehydes are 
very impactant on the fruit’s flavor. 

The results presented by the PCA also indicate that 
there was a greater dispersion among the samples of 
Tommy mango, which is consistent with the dendrogram 
and can be explained by the higher quantity of com-
pounds detected in smaller concentrations. The samples 
of the other varieties (Espada and Rosa) presented a 
higher clustering tendency. 
Principal components analysis shows that volatile com-
pounds provide enough information to develop a classi-
fication method for the studied mangoes, including their 
geographical origin. In addition, the agreement between 
HCA and PCA is consistent with this idea. Was observed 
a geographical differentiation in the VOC profile of Al-
phonso mangoes and stated this variation was reflected in 
the cluster separation in the PCA [4]. 

Was also studied the spatial and temporal changes in 
the VOC profile of Alphonso mango on effect of pre- 
climacteric ethylene treatment using PCA and the study 
revealed accelerated ripening in terms of early appear-
ance of ripening-specific compounds upon ethylene  

treatment and the increase in the terpene level during 
ripening appears to be independent of ethylene [6]. 

4. Conclusions 
The results of this work highlight the importance of 
chemometrics, both for optimizing important parameters 
in the analysis of VOC in biological samples and in the 
analysis of obtained data. The use of statistical tools,  
 

 
Figure 4. Dendrogram of the cluster analyses. 

 
Table 4. Loading values of the variables for the two first PCs. 

Espada mango (ME) Tommy Atkins mango (MT) Rosa mango (MR) 

Var PC1 PC2 Var PC1 PC2 Var PC1 PC2 

IMC 0.79778 −0.06598 ETA −0.35707 0.84927 α-PI −0.92230 −0.31278 

CHM 0.97494 −0.08298 BTN −0.14245 0.41762 β-PI −0.90939 −0.30272 

Tuj 0.87666 0.39010 ETB −0.36007 0.87285 β-MI −0.52452 −0.81457 

3-Car 0.97678 −0.03774 CAN −0.20952 0.44972 CHTT −0.60523 −0.74303 

BED 0.96298 0.00117 CHT −0.32408 0.82314 DPC −0.47641 −0.58598 

EPX 0.94237 −0.07285 TER −0.32838 0.83429 OTD −0.51449 −0.64172 

CID 0.82467 −0.06599 BMM −0.34021 0.85286 OCTD −0.59641 −0.73432 

δ-TP 0.81621 −0.06271 D-LIM −0.37875 0.90682 CAR −0.50518 −0.79725 

CMM 0.80544 −0.06566 IAB −0.30162 0.69989 α-CAR −0.47800 −0.81391 

OCD 0.95930 −0.05808 ABM −0.29592 0.69504    

DOT 0.88682 −0.09020 TPL −0.37698 0.90036    

CHP 0.80423 −0.07958 CPA −0.32592 0.72417    

GDI 0.73992 −0.05648 3-Car 0.02144 0.83332    

EUD 0.73708 −0.08679       

IMC: 1-isopropyl-4-methyl-1-cyclohexene; CHM: ciclohexane,4-methyl-3-(1-methyletylidene); Tuj: Tujene; 3-Car: 3-carene; BED: Benzene-2ethyl-1,3- 
dimethyl; EPX: 2,3-epoxycarene; CID: Ciclopentene,3-isopropenyl-5,5-dimethyl; δ-TP: δ-terpinene; CMM: Ciclohexene,4-methyl-1-(methyletenyl); OCD: 
Octatriene dimethyl; DOT: 2,6 dimethyl, 1,3,5,7 octatetraene; CHP: Cicloheptane,1,3,5,tris(methylene); GDI: Guaia-3,9-diene/5-isopropyl-3,8-dimethyl- 
1,2,4,5,6,7-hexahydroazalene; EUD: Eudesma; ETA: Ethylacetate; BTN: Butanol; ETB: Ethylbutanoate; Can: Canfene; CHT: 1,3,5-cicloheptatryene; Ter: 
Terpinene; BMM: Benzene-1-methyl-2-(1-methyletyl); D-LIM: d-limonene; IAB: Isoamylbutanoate; ABM: Ác. Butanoico,2-methylbutylester; TPL: Terpi-
nolene; CPA: Copaene; 3-Car: 3-carene; α-PI: α-Pinene; β-PI: β-Pinene; β-MI: β-mircene; CHTT: 1,3,5-cicloheptatriene,3,7,7-trimethyl; DPC: Diisoprope-
nylciclobutane; OTD: Octatriene dimethyl; 0CTD: 2,4,6-octatriene,2,6 dimethyl (E, Z); CAR: Cariofilene; α-CAR: α-Cariofilene. 
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(a)                                                        (b) 

Figure 5. Dendrogram of the cluster analyses. 
 
such as Factorial Plannig and Doehlet Matrix, has pro-
vided optimal conditions for using the SPME-CG/MS 
technique in the sampling and identification of 37 vola-
tile substances in the three mango varieties. 

The principal components analysis enabled the visua-
lization of clustering tendencies of the mango samples as 
a function of the identified VOC, as well as the identifi-
cation of groups of substances which were responsible 
for distinguishing among these three varieties. 
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