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Abstract—Three cultivars of mango from Sri Lanka (Jaffna, Willard and Parrot) were analysed for their volatile aroma
components. The total concentrations of volatiles obtained were ca 251, 422 and 628 ug per kg of fresh fruit,
respectively. Terpenes were the main volatiles of all three cultivars, with monoterpene hydrocarbons contributing
50-63 9, w/w of the total volatiles and sesquiterpene hydrocarbons 14-19 9/. Whilst the major volatile of Jaffna mango
was cis-f-ocimene (38 ), a-terpinolene was the major volatile of the other two cultivars (329, and 35 %/). Esters were
produced by all cultivars (2-16 %), Jaffna yielding most, the majority being unsaturated (12 9/). Willard mango gave
particularly high levels of non-terpene hydrocarbons (19 %), including a range of six long-chain alkanes (8 9;), not

detected in the other cultivars.

INTRODUCTION

Mango (Mangifera indica L.), one-of the most popular and
delicious of all tropical fruits, is probably also the most
widely cultivated fruit for fresh market use [1]. Despite
this importance, and the fact that in recent years the fruit
and various processed products have become increasingly
popular in Eurape, there is relatively little information
regarding the aroma and flavour constituents of mango.
The work of Gholap and Bandyopadhyay [2-6] and of
Hunter et al. [7] was summarized in our previous paper
on mango volatiles [8], but more recent data have been
reported by Diaz [9], Abd El-Baki et al. [10] and
Pickenhagen et al. [11]. There are hundreds of mango
cultivars (not all grown on a commercial scale) which
exhibit a wide range of flavour. Each of the common
cultivars reputedly has distinguishing flavour charac-
teristics [1]. These factors may partly account for the
major differences in aroma components which have been
reported in the above-mentioned publications, and which
otherwise would be unexpected for a single fruit. For
example, car-3-ene was determined as the main volatile
constituent from Venezuelan mango (an unnamed cul-
tivar) [8], whilst this compound has not been detected in
certain Indian cultivars, including the well-known
Alphonso, in which cis-ocimene or myrcene is generally
the major component [4, 5]. Conversely, myrcene could
not be detected in the Venezuelan mango [8].

To evaluate further, and more systematically, the
variation of aroma volatiles with cultivar, a more exten-
sive survey of mango volatiles was undertaken, comparing
three very different cultivars from Sri Lanka. These were
selected to cover a number of variables. Two cultivars
(Parrot or Giva Amba, and Willard) mature at the same
time of year (May—July, the main mango season) and are
considered to afford extremes of mango flavour. The third
cultivar (Jaffna or Karutha Kolomban) has a different
flavour, matures in October/November, and is a dry zone
cultivar, particularly used for canning in Sri Lanka.
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RESULTS AND DISCUSSION

Fresh ripe mangoes were obtained from local markets
in Colombo, Sri Lanka; the three cultivars are readily
distinguishable by their external appearance. Valid aroma
extracts were prepared the same day using well-
established methods [8]. The extracts were concentrated
[8], and then analysed by GC and by GC/EIMS and
GC/CIMS. Duplicate analyses (Table 1) were carried out
in all cases. A number of GC columns were employed,
including packed columns and fused silica capillary
columns (both with PEG 20M or OV 101 stationary
phases), and bonded-phase fused silica capillary columns
containing either BP1 (equivalent to OV 101) or BP20
(equivalent to PEG 20M) stationary phase. The retention
data given in Table 1 were obtained using a 25 m fused
silica column coated with PEG 20M. Kovdts retention
indices [12, 13] of most components (on PEG 20M) are
also included in the table, and they confirm the general
elution sequence. The qualitative data in the table were
obtained using both packed columns and both bonded-
phase fused silica columns; some components were best
identified by GC/MS using one particular phase and/or
type of column. In all instances where positive identities
are given, the mass spectra obtained on GC/MS agreed
with those in the literature. Reference spectra of most
constituents are in general compilations of mass spectra
[13, 14], but there are also very useful, more specific
collections of spectra of monoterpene hydrocarbons [15]
and sesquiterpene hydrocarbons [16]. The mass spectrum
of germacrene D has been individually reported [17] and
agreed very well with that obtained in this work.

The quantitative data in Table 1 show that in total ca
251, 422 and 628 ug of aroma components were obtained
per kg of fresh fruit (excluding skin and stone) for Jaffna,
Willard and Parrot cultivars of mango, respectively. Our
previous analysis of Venezuelan mango using similar
methods [8] yielded only ca 60 ug/kg of aroma com-
ponents. These data do not necessarily mean that the Sri
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Lankan cultivars have a stronger aroma or flavour, since
relative odour intensities of different constituents will, of
course, affect the total perceived intensity, but in general
terms all these concentrations are relatively modest.
Table 1 shows that 76 compounds were identified in Sri
Lankan mangos (49 in Jaffna, 40 in Willard and 38 in
Parrot), including 8 which were only partially character-
ized. The numbers of unidentified components and their
total percentage contributions to the samples were 14
(0.89),6(0.3%) and 12 (0.4 %), respectively. The majority
of these components were present in such small amounts
that mass spectra could not be obtained, even using
packed columns and high sample loadings. A number of
significant differences can be observed between the results
for the three cultivars, and to facilitate subsequent
discussion, Table 2 summarizes quantitative data for some
classes of compounds and for some important individual
components. Data from the previous analysis of
Venezuelan mango [8] are also included for comparison.
Table 2 shows that terpenes comprised the main
volatiles of all cultivars studied. The numbers of such
compounds and the total percentages were surprisingly
similar for three cultivars, and Parrot mango showed only
slightly higher levels. However, within this group of
compounds there are important and appreciable dif-
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ferences between the cultivars. Thus, Jaffna mango
produced mainly cis-f-ocimene, Venezuelan mango
produced mainly car-3-ene, and the other two cultivars
contained mainly a-terpinolene (and in similar per-
centages). It is noticeable that those cultivars which did
not yield a-terpinolene as their major constituent con-
tained only traces or none. Similarly, the cultivars which
did not contain cis- f-ocimene as their major constituent
yielded only relatively small quantities. However, car-3-
ene, the main volatile of Venezuelan mango, was also
produced in relatively large amounts by Parrot mango,
although it could not be detected at all in the Jaffna
cultivar. Taking into account the strong and characteristic
aromas of monoterpene hydrocarbons, these simple dif-
ferences partly explain the known differences in flavour
between these cultivars.

It is interesting that Jaffna mango, which is cultivated in
the north of Sri Lanka nearest to India, was the only culti-
var studied which contained either cis-g-ocimene or myr-
cene as its major constituent, since these compounds are
characteristic of some Indian cultivars [4, 5]. Myrcene
was not a major component of any Sri Lankan cultivar
and it could not be detected at all in Venezuelan mango
[8]. It is possible that the common formation of high
levels of a-terpinolene in both Willard and Parrot cul-

Table 2. Quantitative data for some classes of aroma compounds.and for specific important volatile constituents of three
cultivars of mango from Sri Lanka and one from Venezuela

Mango cultivar

Jaffna Willard Parrot Venezuelan [§]
% Rel. % Rel. 9: Rel. % Rel.

Compound abund. ug/kg abund. pg/kg abund.  pg/kg abund.  ug/kg
Monoterpene

hydrocarbons 496 124.6 51.1 2156 63.0 3955 55.0 336
Sesquiterpene

hydrocarbons 143 359 13.6 574 189 118.7 139 8.5
Non-terpenoid

hydrocarbons (total) 33 8.3 18.7 78.9 42 264 9.3 57

straight-chain alkanes — — 8.1 342 — — — —
Alcohols 8.1 204 5.7 24.1 7.6 477 — —
Aldehydes 44 111 — — — — 16.9 103
Ketones 0.7 1.8 2.2 9.3 0.7 44 31 1.9
Esters (total) 159 40.0 6.2 26.2 1.7 10.7 — —

unsaturated 12:2 30.7 44 18.6 1.5 9.4 — —
Lactones — — — — 04 2.5
«-Pinene 0.7 1.8 6.6 279 1.6 100 8.2 5.0
B-Pinene 29 7.3 2.1 89 2.7 170 — —
Myrcene 43 10.8 14 5.9 22 13.8 — —
Car-3-ene — — 2.7 114 11.7 73.5 26.0 15.9
Limonene 26 6.5 3.8 16.0 3.1 19.5 6.0 3.7
cis-p-Ocimene 379 95.1 1.0 42 1.9 119 26 1.6
a-Terpinolene tr tr 321 135.5 350 219.8 — —
y-Terpinene — — — — — — 7.7 4.7
B-Selinene — — 7.7 325 14.1 88.5 8.7 5.3
Germacrene D 0.8 20 — — — — — —
Dimethy! disulphide — — 19 8.0 44 27.6 tr tr
Benzothiazole — — 0.1 04 tr tr — —
Hexadecan-1-ol 38 9.5 39 16.5 43 270 — —
A dimethylstyrene — — 038 34 0.4 25 6.2 38

tr = Trace (< 0.1%).
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tivars could be partly associated with their seasonal
similarity, but further study of other cultivars maturing at
the same time would, of course, be necessary to sub-
stantiate this suggestion.

With regard to sesquiterpenes, f-selinene showed an
interesting variation. It was produced in relatively large
amount by Parrot mango, in about half this quantity by
the Willard cultivar, but was not detectable at all from
Jaffna mango. On the other hand, the Jaffna cultivar was
the only one to yield the relatively uncommon sesqui-
terpene germacrene D.

The variation of other terpene constituents, for example,
o- and B-pinene, limonene and y-terpinene, between the
four samples can be seen in Table 2. It is of note that y-
terpinene was only detected in Venezuelan mango. Thus,
overall, there are considerable differences in terpene
volatiles between these mango cultivars.

Although non-terpenoid compounds were produced in
lesser amounts than terpenes, there were, nevertheless,
appreciable differences between the cultivars which would
be expected further to affect flavour. This is particularly
seen with the esters. Jaffna mango contained 17 esters
which together accounted for 15.9 %/ of the sample, whilst
the Willard cultivar contained only eight, contributing
6.2%;, and the Parrot cultivar only four, contributing
1.7%. No esters could be detected in Venezuelan mango
[8]. The most abundant esters were unsaturated (12.2 9,
of the sample for Jaffna mango), and included a range of
derivatives of cis-hex-3-en-1-ol (from acetate to hexa-
noate, inclusive). Such compounds are well known as
aroma volatiles. There was also a large variation between
cultivars in the content of non-terpene hydrocarbons.
Willard mango yielded far more than any other cultivar,
and in particular it gave a range of six straight-chain
alkanes from tetradecane to eicosane, none of which was
detected in any other cultivar.

Other, possibly important, differences between the
cultivars include the following. Willard was the only
cultivar to give pent-3-en-2-one, and in quite large
amount. Lactones, which have been reported previously
in canned mango [7], were only produced by Parrot
mango, but in small quantities. Of the Sri Lankan
cultivars, only Jaffna produced any aldehydes (three). The
high percentage given by Venezuelan mango was mainly
due to furfural, which was not detected in the present
work. The two sulphur compounds could not be detected
in the Jaffna cultivar, and only traces of dimethyl sulphide
were obtained from Venezuelan mango and no ben-
zothiazole. The other two cultivars produced both sul-
phur compounds, with Parrot mango yielding appreciable
quantities of dimethy! sulphide. All Sri Lankan cultivars
gave relatively large amounts of one long-chain alkan-1-
ol. This was not produced by Venezuelan mango, in which
no alcohols were detected.

The dimethylstyrene, which was identified in
Venezuelan mango in relatively large concentration |8},
was also detected in the Willard and Parrot cultivars, but
not in Jaffna mango. From the mass spectrum of this
compound, it is not possible to assign fully the positions of
the methyl substituents, but they are nuclear. From odour
descriptions at an odour port during GC analysis, the
dimethylstyrene was described as having mango charac-
ter, both in this work and in the previous study [8]. In
agreement with the earlier investigation [8], car-3-ene was
again described as having significant mango quality, but in
addition in this work the GC peaks due to a-copaene and
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ethyl dodecanoate were also considered to have mango
character.

EXPERIMENTAL

Sample preparation. Fresh ripe mangoes were obtained from
local markets in Colombo, Sri Lanka and were extracted the same
day using a modified [ 18] Likens and Nickerson apparatus [19],
as previously described for Venezuelan mango [8]. Pentane
(15 ml) was used as solvent and extraction was carried out for
2 hr. Extracts were subsequently concd to 1.0 ml as previously
described [18].

GC.FID-GC: 25 m x 0.2 mm i.d. fused silica capillary contain-
ing PEG 20M or OV 101 or BP20 bonded-phase (equivalent to
PEG 20M) or BP1 bonded-phase (equivalent to OV 101); H,
0.8 ml/min; temp. programme 65° for 3 min, followed by an
increase at 12°/min to 180°; detector and injection point heaters,
275° and 250°, respectively; typically 0.1 ul or 1.0 ul injected at
25:1 split. Other columns used were 5.5 m x 4 mm id. glass
packed with either 10%, PEG 20M or 3%, OV 101 coated on
100-120 BSS mesh acid-washed Diatomite C, using N,
(30 ml/min) and the same temp. programme.

GC/MS. A Kratos MS25 instrument was used, linked on-line
to a Kratos DS50 data processing system. The same GC
conditions as above were used, with He as carrier gas. Packed
columns and bonded-phase fused silica columns were mainly
used. The single-stage all-glass jet separator was at 250°.
Significant operating parameters of the MS during EIMS were:
ionization voltage, 70 eV; ionization current, 100 uA; source
temp., 225°; accelerating voltage, 1.33 kV; resolution, 1500; scan
speed, 1 sec/decade (repetitive throughout run). Identical con-
ditions were employed during CIMS except for: reagent gas,
i-butane; ionization potential, 100-110eV; emission current,
5mA.

Quantitative assessment. Samples were prepared in such a
manner that a known aliquot of the fruit sample was analysed.
Quantitative data were then derived both from the TIC trace
during GC/MS and from the GC-FID traces. Known amounts of
a selection of identified compounds (toluene, limonene, cis-hex-3-
en-1-ol and hexadecan-1-ol) were injected under the same
analytical conditions in order to enable calculation of absolute
amounts of components in the sample.

Odour assessment. Aromas of the separated components of the
essences were assessed at an odour port following GC. An outlet
splitter at 10: 1 diverted the major fraction of the eluate through
a heated line to the outside of the GC oven for aroma assessment
by two subjects, both of whom were familiar with mango aroma.

Acknowledgements—We thank Mr. W. G. Gunn and Mr. A. E.
Cakebread for running the GC/MS, and Dr. G. MacLeod for
assistance in odour assessments.
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