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Abstract

Aroma is important in assessing the quality of fresh fruit and their processed products, and
could provide good indicators for the development of local cultivars in the mango industry. In
this study, the volatile diversity of 25 mango cultivars from China, America, Thailand, India,
Cuba, Indonesia, and the Philippines was investigated. The volatile compositions, their rela-
tive contents, and the intervarietal differences were detected with headspace solid phase
microextraction tandem gas chromatography-mass spectrometer methods. The similarities
were also evaluated with a cluster analysis and correlation analysis of the volatiles. The dif-
ferences in mango volatiles in different districts are also discussed. Our results show signifi-
cant differences in the volatile compositions and their relative contents among the individual
cultivars and regions. In total, 127 volatiles were found in all the cultivars, belonging to vari-
ous chemical classes. The highest and lowest qualitative abundances of volatiles were
detected in Zihua’ and ‘Mallika’ cultivars, respectively. Based on the cumulative occurrence
of members of the classes of volatiles, the cultivars were grouped into monoterpenes (16
cultivars), proportion and balanced (eight cultivars), and nonterpene groups (one cultivars).
Terpene hydrocarbons were the major volatiles in these cultivars, with terpinolene, 3-car-
ene, caryophyllene and a-Pinene the dominant components depending on the cultivars.
Monoterpenes, some of the primary volatile components, were the most abundant aroma
compounds, whereas aldehydes were the least abundant in the mango pulp. B-Myrcene, a
major terpene, accounted for 58.93% of the total flavor volatile compounds in “Xiaofei’ (Phi-
lippens). y-Octanoic lactone was the only ester in the total flavor volatile compounds, with its
highest concentration in ‘Guiya’ (China). Hexamethyl cyclotrisiloxane was the most abun-
dant volatile compound in ‘Magovar’ (India), accounting for 46.66% of the total flavor vola-
tiles. A typical aldehydic aroma 2,6-di-tert-butyl-4-sec-butylphenol, was detected in ‘Gleck’.
A highly significant positive correlation was detected between Alc and K, Alk and Nt, O and
L. Cultivars originating from America, Thailand, Cuba, India, Indonesia and the Philippines
were more similar to each other than to those from China. This study provides a high-value
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dataset for use in development of health care products, diversified mango breeding, and
local extension of mango cultivars.

Introduction

Aroma is an important attribute, reflecting fruit quality, ripeness, and consumer acceptance
[1-4]. Aroma is conferred by a range of diverse low-molecular-weight, volatile,chemical com-
pounds that occur widely in nature. It plays a key role in the quality profiles of fruit (including
mango, apple, grape, etc.) and is an attribute considered in flavor and fragrance production
not only in the food industry but also in the cosmetics industry. Monoterpenes, sesquiterpenes,
esters, lactones, alcohols, aldehydes, ketones, volatile fatty acids, some degradation product of
phenols, and some carotenoid contributes to the aromatic volatile profile of mango fruit [5-
10]. Aroma is also important in assessing the quality of fresh mango and its processed prod-
ucts, and is a good index for screening mango germplasm resources for the development of
local cultivars.

Mango (Mangifera indica L.), often called the “king of fruits”, is the most popular fruit
throughout the world in terms of its production, marketing and consumption [11,12]. Among
tropical fruits, it ranks second only to the banana in international trade [13]. Mango produc-
tion throughout the world is nearly 42.66 million tones, and China is the second largest
mango-producing country, producing slightly less than 4.62 million tonnes in 2013 [14].
Apart from the consumption of fresh mangoes, mango pulp and concentrated juice are widely
traded in current international markets as a base material in the beverage industry and as a fla-
voring ingredient in the dairy industry and baby food formulations [14].

Aroma is specific to each mango cultivar [7]. ‘Alphonso’ is a unique mango cultivar with an
abundance of both lactones and furanone in its ripe fruits [9,11,15]. 8-3-carene as the only
compound that contributes the mango-like notes to western mango cultivars [8]. This obser-
vation is supported by a subsequent finding that non-Indian cultivars invariably contain &-
3-carene as their principle volatile component [9,11]. Sixty-one aromatic volatile compounds
were identified in the ‘Kensington Pride’ mango by Lalel et al. [7], of which 35 had not been
reported previously. Lalel et al. [16] also measured Glycosidically bound aromatic volatile
compounds in the skin and pulp of the ‘Kensington Pride’ mango fruit at different stages of
maturity, and found that only terpenes seem to contribute to the aroma of fresh ripe ‘Kensing-
ton Pride’ mangoes.

The composition and concentrations of aromatic volatiles in mango fruit are influenced by
the cultivar [9,10]. Pandit et al.[9] analyzed 27 mango cultivars, detecting 84 volatile com-
pounds, and the highest and lowest qualitative abundances of volatiles were detected in the
‘Alphonso’ and ‘Pairi’ cultivars, respectively. John et al. [17] found differences in the composi-
tions and concentrations of terpenoid compounds in the sap of seven Indian mango varieties,
including monoterpenes B-myrcene, trans-/cis-ocimene, and limonene. Based on a study that
revealed significant differences in the fresh flavors and textures of six Thai mangoes, Ledeker
et al. [18] suggested that manufacturers should select the appropriate cultivars for mango
purées because heat treatment significantly changes the flavor and texture, Musharraf et al.
[12] developed a quantitative method based on gas chromatography-triple quadrupole mass
spectrometry for the analysis of the aroma component of mango sap in nine Pakistani culti-
vars, and identified seven terpenes, o-pinene, o-phellandrene, (+)-3-carene, sabinene, y-terpi-
nene, (-)-trans-caryophyllene, and a-humulene. When analyzing the aromas of 15 varieties of
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mango cultivated in Brazil, Andrade et al. [19] found that o-terpinolene was the principal
constituent of the ‘Willard’, ‘Parrot’, ‘Bowen’ and ‘Kensington’ varieties; o-terpinolene and
A3-carene mainly occurred in Sri Lanka varieties; A3-carene was the major contributor to the
aroma of mango fruit grown in Venezuela and Myrcene was characteristic of the ‘Alphonso’
variety from India.

Although mango germplasm resource are relatively abundant throughout the world, even
in China, mango breeding objectives largely focus on disease resistance, or fruit size, sweet-
ness, or color [20], rather than on aroma quality. Currently, artificial breeding that has ignored
the properties of fruit aroma, making mango cultivars lack aroma diversification and resource
superiority has been not take full their advantage. The main constraint is that the aroma prop-
erties of mango germplasms are unclear. Therefore, we aimed at improving the database of
mango germplasm resource to provide a basis for breeding unique-functional mango cultivars,
to promote the classification of varieties. Twenty-five mango cultivars, either cultivated in
China or indigenous cultivars from more than seven states or districts, were qualitatively and
quantitatively analyzed with solid-phase microextraction-gas chromatography-tandem mass
spectrometer (SPME-GC-MS). The volatile component profiles of all the mango cultivars are
described and the cultivars were classified according to a cluster analysis based on their volatile
species.

Materials and methods
Plant material, sampling, and chemicals

Twenty-five mango cultivars and their districts of origin are shown in Table 1, All were grafted
on the 17-year-old rootstock Yuexi No.1. which grows in an orchard located in the Mango
germplasm Nursery of the South Subtropical Crops Research Institute, Chinese Academy of
Tropical Agricultural Sciences in Zhanjiang, Guangdong Province, China. For each cultivar,
night trees of similar size and similar vigor were randomly selected for sampling. Of these,
each three trees consisting of a replicate from which 15-20 mango fruits were sampled from
the top, center, and bottom of the trees.

All chemicals and reagents for aroma extraction and the GC/MS analysis were purchased
from Thermo Fisher Scientific (USA), Alfa Aesar (USA) or Sigma-Aldrich Co. (St. Louis,
MO, USA) and were of the highest available purity. The SPME instrument was from Supelco
Company of Sigma-Aldrich (St. Louis, MO, USA). Water was purified with a Milli-Q deioni-
zation unit (Millipore, Bedford, MA, USA). The Trace GC Ultra-ISQ MS system was from
Thermo Fisher Scientific, with a gas chromatograph (Agilent 6890N) coupled to a mass

Table 1. Mango cultivars analyzed in this study and their origins.

Origin Cultivar

China Zihua(1), Shixuan No.8(2), Renong No.1(3), Guire No.82(4), Tainong No.1(5),
Hongmang No.8(6)

America Haden (7), Tommy Atkins(8), Edward(9), Glenn(10)

Thailand Hongmang No.11(11), Keawsaweuy(12), Choke Anand(13), Nam Dok Mai(14),
Thai 506(15)

Cuba Cuba No.1(16), Cuba No.3(17), Cubasankeli(18)

India Mallika(19), Magovar(20), Saigon(21)

Indonesia & Gleck(22), Baodaohuang(23), Guiya(24), Xiaofei(25)

Philippines

Note: Numbers in parentheses of following the cultivar names are the accession numbers.

https://doi.org/10.1371/journal.pone.0187487.t001
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spectrometer (Agilent 5975). The GC column was a fused silica capillary column (Agilent
DB-5 MS, 30 m x 0.25 mm ID x 0.25 um film thickness).

Sample pretreatment and extraction

At the harvesting stage of maturity, fruit at about 80% full ripeness and of identical size were
picked and transported immediately to the laboratory to accelerate their ripening. After about
3 days, the fruit were fully ripe and suitable for pulp collection. After the fruit were peeled and
cut into small pieces, the pulp was frozen with liquid nitrogen and ground into powder. All the
homogenized pulp powder were immediately stored at -40°C for subsequent analyses.

The powdered fresh pulp (8 g) was added to 25-mL vial, which was sealed with a polytetra-
fluoroethylene isolation membrane (Tianjin Jinteng Experiment Equipment Co., Ltd., China)
to extract the aroma compounds with headspace SPME (HS-SPME). The SPME syringe
(100 pum polydimethylsiloxane) was then inserted into the headspace of the vial and the vola-
tiles were extracted at 25°C in a thermostatically controlled water bath for 40 min with contin-
uous stirring.

GC/MS analysis and MS library matching

GC-MS analysis was performed as described by Musharraf et al. [12] and Wei et al. [21] with
modifications. After extraction, the SPME fiber was placed into the GC-MS injector and main-
tained for 3 min for desorption. The GC-MS system consisted of a Trace™ GC Ultra gas chro-
matograph and a tandem ISQ mass spectrometer. Chromatographic conditions were: pressure
of the carrier gas (helium) of 7.7 Psi at the initial oven temperature, with flow rate 1 mL-min ™.
All samples were injected in the splitless mode. The injector temperature was 250°C; the initial
oven temperature was 50°C for 1 min, which was increased to 140°C at a rate of 5°C min™,
and then to 250°C at a rate of 10°C min™", where it was maintained for 10 min (total run time,
45 min). The mass spectrometer was operated in electron impact (EI) mode using parameters:
EI mode at 70 eV, with a scan range of 35—335 m/z. The temperatures of the transfer line and
of the ion source was set to 250 and 200°C, respectively. The sample (volume 1.0 uL) was
injected in triplicate throughout the study. The Mass Hunter software (Agilent) was used for
data acquisition and processing. The peaks of the aromas compounds were identified by their
retention times, with references to standard compounds, and the mass spectra obtained were
compared with those available in the Wiley and NIST08 libraries (Wiley RegistryTM, 8th Edi-
tion Mass Spectral Library, and the NIST 08 Mass Spectral Library [NIST/EPA/NIH] 2008 ver-
sion), with an acceptance criterion of a score match > 70%. Signal were acquired and the
analytes were quantified with Multiple Reaction Monitoring (MRM) to determine the precur-
sor-product ion pairs of the transitions. The relative percentage contents of all the analytes
were calculated by normalizing the peak areas.

Statistic analysis

The signal analysis and the automatic integration and generation of signal charts using the
Analyst software were appropriate for the GC-MS equipment. For each component within a
mango variety, the content was determined from three biology replicates and each replicate
was analyzed with three technical repetitions. Microsoft Office Excel 2010 was used to calculate
the target components, relative standard deviations, and bias.

In this study, all the components detected were first grouped into different compounds,
according to the similarity of their chemical property. The relative contents of the compounds
were subjected to a correlation analysis and a cluster analysis. The content of each compound
in a replicate mango variety was generated with the formula: value-1 = ¥(mean scores of the
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three replicates of each component, including all components of the same compound from the
same varieties). The value-1 data were used for a cluster analysis of the varieties, using the
XLSTAT 2010 software, and to calculate Pearson’s correlation coefficients (correlation analy-
sis) across compounds, with the SPASS (version 17.0) software. Similarly, value-2 =log , (£
[value-1 of each variety from the same region]/number of varieties in the corresponding
region) was used for the cluster analysis across regions with Heml 1.0.3.3 software.

Results and discussion

Scanning of volatile composition and proportion from 25 mango pulp

The aroma components of 25 mango pulps was determined independently with HS-SPME-
GC-MS. Fig 1 (A & B) show a representative GC-MS chromatogram of a selected sample
(‘Renong 1’) and the total ion mass spectrum of o-terpinolene, respectively. Altogether, 127
volatile components were detected in the mangoes in this study (Table 2). The compositions
and proportions of volatiles in the mango fruit of individual cultivars are also shown in

Table 2. These results suggest that mango pulp is very rich in volatile components. The Thai
cultivar “Thai 506 had the most volatile components (32 aroma components) ranking first
among all the cultivars analyzed. In contrast, the Chinese cultivar ‘Shixuan No. 8 and the Thai
cultivars ‘Hongmang No. 11" had the least volatile components, containing only two volatile
components each, terpinolene (2.41%) and squalene (14.84%) in ‘Shixuan No. 8 and
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Fig 1. Representative GC-MS chromatogram of volatiles from mango pulp. A: Representative GC-MS
chromatogram of a selected sample (‘Renong 1°); B: representative total ion mass spectrum of a-terpinolene
(retention time, 15.986 min) from ‘Renong 1’.

https://doi.org/10.1371/journal.pone.0187487.9001

PLOS ONE | https://doi.org/10.1371/journal.pone.0187487 December 6,2017 5/14


https://doi.org/10.1371/journal.pone.0187487.g001
https://doi.org/10.1371/journal.pone.0187487

@)

[7]
8 (penupuoy)
m- 25ee0 | 2ess'se 6200 20t 9960t suoueing-(He)g-opAupIAiNG-s | 2
5 L¥SED £zeLe 28880 susuidD-SL | Ly
[o)] 8e2L's 29920 £86v'0 Lhve 1685 12220 | €6/20 | 9829'k | 940 51892 susuig-DHL | OF
mu Susraden
S [eledoidojoAn-H}-[(eydreq, eydie
© e eydie’2eydie-e})-gel] “-Ayiswensl
1S £1€00 €0L1°0 €6900 | 2920 $9v2°0 BL'')1-0IpAYEI0O-QL 'L L'9'S 'S TR L | B8
u—
o useyydeu
c [eledoidoppAo-Hi-[(-eudreaz eudre
5 “egeudie'el)-He}] Auewenel-Lee’L '
G 19620 -0IpAueI0-L''S Y BE'E L | BE
Q auainze[o]doxdofo0-Hi-[(eydie'az elaq
[e} ez eyde 2 eleqrey eydieel)-yel]
(5} 15210 98620 14200 | 92200 “-auBIAUIBW-p-IAUIBWLI-2 L L-0IpAYBORp | /€
[
= SLLO suspe1 | o€
o
a.b ouainze
c [e]doudopoAD-H1-[("eydie-q. “e1eq ey eydre
= peydieel)-gel] -iAylewenel-L 'L L
S 15500 -0IpAyeI0-L'I'SBY P'E'RL | SE
(e} [e]doidopAD-H}-[("eudieqz ereq ey eydre
.m “veydieel)-del] Auewensi-L vL L
= 662°0 29670 | €160°0 68Y€°0 $S9E'0 Y0Y0'0 856'0 $¥E0'0 -0IpAUEI0-GL'I'SBY V'ETRL | YE
(9] auszuaq[z" | edosdojoko
m [£° 1 e1uBdoioR0-H1-[(<SeL “Budie" “Bioq
a “"e1eq-ag eydje eg)-see] -(Aulaiuiow-1)
e -p-auslAyiow-g-|AUujeL-2-0IpAYEI00
o £EV0'0 22980 62200 ‘auszuaq[e’ | Jedoidojoholg’ L ewiadophO-HL | ee
m 8uo-|-ueikdozueg-z
m £8Y0°0 “HL(d) “Autew-g-Axoiphy-g-oipAup-p'e | 2¢
mu eueIpeoepoAD-g' L
S SE000 | 6090°h 8600 666L'L 9505°€ L2810 20980 -(Ayeihuiow-1)-g-usiipowr-g-Ikuiew-1 | 1e
=
- 2€10°0 uaxayojofo-susjAyiew-g-IAyiew1-g's‘L | 0g
(0]
...IU BuBIPEXaUOjAD-H' L
«© Y9210 68520 26010 | 9206 15920 eviio | 220 16910 5000 ~(Aueikurows-1)-p-iAyew-1 | 62
W BUBLIIBIBPUNOJIAD
2L { L% 1Apewena6'6's'L | 82
601 £8YE°0 ‘L7 1-ApeweNer6'6'S'L | 8
apupAyue ojAxoqIEIIP-' |
S6Y2°0 -suaxayojfo-|-iAulewa-9's | L2
auaipexayojoko-g'L
9502 | 6992 EIYL LLp0 | 86967 | 6/80°h | S022T 8/89') ~(Kueihuiow-|)-p-AuleN-L | 92
$0€0'2 euaipexeyopho-g*LAulewene1-9's's‘’t | sz
9520 suaIpexayolofo-g'L-IAUleWRNSL-G'G'E'L | 2
9We0 8/60°0 188y 90810 suseyue-d-8'e't | €2
22604 Kulewia-2' | 22
L0867 BuaLeoapOAd-L e L-IAueWIa-L L | 12
£5YH0 65286 $L00 8800 1912 suBLIER0-9'e’ L-iAulewIa-L'e-(2) | 02
Lsshsh £886'vE €/85°G 691€'5G sUBLIEI00-9'E ' L-IAYaWIa-L'e-(3) | 61
12vE'0 suauieidey-9'e’ L-iAnewinL-g's'2 | 81
S0LLO 16920 18610 suBLRIROAPUN-B'G'E'L | LI
808EV 1 S/8E's) suexojsejuadojokolieriued-6'2's'e'L | 9t
2420 SUBIPRUON-Z'} | SL
8L0L0 erefeyiyd 1K1000s1a | vi
1e188 (1AdosdiAuiew-z)
S€50°0 xoqieojpeuezusg-Z'L | €1
$902' L suewal3-A | i
12990 €EV00 989v'2 2080 €990 9EPL0 susuid-d | LI
$2€90 | 11090 suaipuelieud-g | ok
“ 66520 auasuiseued-d | 6
o 2526'85 82250 1200 sueoiin-g | 8
12025°9 susuldD | £
28850 S9Y0'0 9200 14800 6920 | 9985’} £542°0 susgeqno-o | 9
S 18600 | 26450 YOY9'k 1010 | 62420 | SELVL | L6100 | L96KT 95.5T | 68280 90600 | ¥E6B'0 | LOEE'} 20620 aualifydokiedn | g
18200 suaipue|eydinbsasohaig-idy |
615218 9YS0 | 2889k 9,550 aualedy | €
L 28L9'L ouaied-g-jAuadodos|-o-y | 2
P 86200 21800 uesuiseuegD | |
. sz 2 €2 2z 1z 0z [ 8t s 9t St 0 €t 2k L ok 6 8 z 9 g v € z L
® ° aeAping Jusuodwod ajneloA | 8pod

"XOUUE 8y} Ul 8|qB 1 *(%) SJeAlljnd oBuew GZ Wody S|11.|OA ||E JO SJUJUO0D dANe|a4 pue suolisodwo) g a|qel

6/14

//doi.org/10.1371/journal.pone.0187487 December 6, 2017

PLOS ONE | https


https://doi.org/10.1371/journal.pone.0187487

Volatile fragrant components for a mini-core collection of mango germplasm

PLOS | o

@)

(panuyuo))
2UBXaYOIOAD
6200 9GLy'LL | 88918 | SHOO | L0k €00€9 | €228 | 6Y88'S | 2818'€EE wzv'e | el | g2kl eer'y 22yy've | YEOE'BL | L2210 | L192°69 88009 ~(euepiAualAyiows-1)-p-iAyeur-L | 06
9L 92900 ousedoD | 68
15620 | 29660 | €204 | €GKOE 29880 | 8290 26012k | 98¥L0 | 60022k 1607 2£80°G SYPLO | $9920 | 8LSYL | L166') 62.8'} ausjifydokied | 8g
20800 60100 99180 86800 eueydwep | /g
82500 19158 [A100 ‘proe djoueing | 98
86100 Jaise [Axay ‘pioe oloueing | S8
€1zt 210 96950 12690 WrLL | 9906') 21860 10159 |Auaxay-¢ ‘pioe dloueing~(z) | +8
2570 Jayse |Auaxay-g ‘poe dloueing-(3) | €8
$099°1 Jayse [AdoidiAyiew-g'poe oloueing | 28
sue-y-08pun[0°Z'/]
1200 ophoig-ausiAiour-g-iAylownL-LLLLY | 18
Bue-g
68L0°S 1698 10Y0'69 vev'y €89€°0 888y'S | 6YLLL 812y “ideylo" 1 vloooig-(S1)-Auewir-2'2'e | 08
eere 1126t sua-g-4day(0° | plopAoig-uewin-2'2'e | 6L
aueyday
10620 glolofoig-ausiiupew-g-iAewip-9'g | 8L
6292 sua-gdaulL’ | glophoig-Auowin-9'9'’e | L2
sua-z-1dau[} | €]
17900 €-1Anow-p)-g-Aewip-9°Z | 9L
9800 susuldD | G
Bue-z-xey
26’ £465°0 [0°1lorAoig-(IAueiAow- )-L-Autew-p | 2
18800 auolnyy | €2
250804 ‘pioe djozuaq-Axoy oL
1IN0 ‘ueinjozueg-iAulew-z-01pAYIP-€'Z | 1L
15810 suezuaq—kuewIp-' L-AW3-Z | 0L
9000 S0¥0°0 95¥0°0 auazuag-l/Aylew- | -ojeuekoosip-4'z | 69
¥€L0°0 eveet suazuag-(AupiAueur-1)-r-iAnew-L | 89
1220 2606°€ 9510 auszueg-(iAusutelAyiow-1)-p-iAnew-| | 29
€810 suawAo-W | 99
26910 auazueg-(AualApow-1)-g-Ayow-1 | g9
002 euszueg-AylewIp-g'z-Aue-1 | 9
82000 16200 ajeuEAo0S|Ip BUBIAUSU-W-AUIDN-Z | €9
71220 | 26200 suezueq-iAylewenel-v'e'Z'L | 29
9E€°0 epAyaprezuag-[Axo(iAisikyewn)lsia-s'z | 19
sueinzy-{(e1eqeg" eydie
“2eydre’1)-s1] (hueupelAyew-1)
2950 S0pL0 Leve't -L-Aawip-b* 1-01pAYEI00-B'8 L'9'S'E'S L | 09
auanzy-[("eydye
“2"eydieyeydie’1)-s1] (KueurelAyiow-1)
S0€20 15560 ~L-ApawIp-b' 1-0IpAUEIO0-8'L 'S Y'ES' L | 69
6292°L S29v 19150 Ay1e ‘ploe oljepuewAXoIpAH- | 85
19689 18)58 |AY9°PIo. DI[oPUBWAXOIPAH-E'SINL-IP | LS
£rero 29900 loyooje jea | 95
y9vS°E £675'99 9090 | 289 | BOVE'9Z | 2,209k | €698l | 12S0'9S 8LLEL 1E68°GH eualeD€ | 5§
aUBJO0E|ISIB)-L 'S YT
6v2L19 S
2v0v'6 €5
291t auoueIny-(Hz)e-IAuawip-'Z-AxouleN-y | 28
65700 8UO-Z-UBJEOIOUAUYIONE | 1S
20010 ou0-g-UBIAd-HZ - IAdoid-g-01pAuEnel | 05
8uo-g
9100 -lozepiwizueg-Hg Auew--oipAup-°L | 6Y
52010 80110 10159 -{f--UaXBU-£-S10 PIOB OIU0I0ID | 8
¥SLEO 10-1-UBIPB0-9'Z (2) -AueWIp-2'E | Lt
Jousyd
P800 (1Adosdoxo-|)-p-(Aureikurewip-1' 1)sig-9'z | 9%
1€0'E auo-|-uaipediyopho-p z-iAulewn1-9'9°'z | St
9ELLO 15€0°0 1206'9€ ‘0UBLIEI0-9'Y - AIBWI-9'Z | b
29100 euousydolyl | ey
seAping jueuodwod aelop | 8pod

(penupuo)) -z alqeL

7/14

//doi.org/10.1371/journal.pone.0187487 December 6, 2017

PLOS ONE | https


https://doi.org/10.1371/journal.pone.0187487

200¥ /8/810'8uod [eunol/L.2g 10 1/610°10p//:sdny

“sjuauodwiod [eNPIAIPUI JO SJUNOWE DLJ8WN[OA 8AIB|8) 0} puodsaliod senjep 810N

Volatile fragrant components for a mini-core collection of mango germplasm

PLOS | o

aueyje(AxolAlIS|AUtowIL)
6v8°0 siq-1AuaydAxolAisiAuewn1-d | zzi
9800 20120 P1€00 | 1020 19200 Je1sa |Axay pioe ojouedoid-Ayew-z | 921
Je1s0 |AUIPEI00-9'Z
1690°0 -ihuiewp-2 g ‘pioe ojouedoig-iAuew-z | szt
9662 82'L 1388 |A100 |Anqos el
85010 [ 61822 $oOV' Lk 9LLL0 Iouayd-siq(euspliAuieliyiews-1)-'y | €21
Joueyd-(iAdosdiAuew-1)
88000 “r-(Aweihuowip-1°1)sig-9z | zel
19500 [eueUON-L | 12k
28200 pleOoNwWEd | 021
¥289°2 suauljes-A | 611
sueleyydeN-[(‘e1eq eg eydie
£ eydie'ey)-yey] (Auayieifurour-1)
90€€°0 6672 -£-euslAyiow-|-|Aylew-ep-oipAyeoeq | L1
euseyydeN-[(eeqeg* eyde
*,*eydie ey)-gey] -(iAusuielhyiew- 1)
968 9816°€ 28 2v0z'L 91€0°} 822LT v826°L 5680°€ -£-ouslAyiow- L-jAyieu-ep-01pAyeoep | LiL
65000 lovEo | 2i8r'0 LovE0 ausupeD-g | 9Lt
auajeyyden-[(eydye
‘eg"eleq ey eydie 1)-s 1] “(Auieikurour-1)
-1-iAyrewlp-£ ‘p-oipAyexey-eg'g's'ey'z’ L | SLi
Lp00 | LIELO susloMND | piL
sualeyydeN-(Aueikurows-1)
28181 26900 ~L-IAuawip-/ p-0IpAyexay-eg'o'sey'2’L | €Lt
susjeuiydeN-(sp-S 1)-(AnelAyiows-1)
2985°L 6897'L 25810 929L0 2810 25200 | L8500 “L-ApowIp-, p-0IpAYeXeU-B8''SE T L | BLE
sueleyydeN-[(eudie eg eydie
*2eydre’})-s 1] ~(ueyielAurew-1)
7100 -L-iAyiowip-eg‘ | -0IpAYeI00-B8'8°L'9'S'E T L | LLL
2820 22,20 sueousleA | OLb
euefeyydeulApewip-L'y
72900 -lAdoudosi-L-o1pfyexeH-eydieg'9'y'e'z'L | 60k
eusleyydeN-[(Eleq B8  BYdIE
ey eyde-z)-yel -(Ausuielfulew-1)-g
61780 €282 L) 2828°S 88010 | €810 £2820 -Ayrewip-g'ey-01pAyero0-e8'9's'ey v'e'’ L | 80k
6190 68200 (yA)-eusiopbuol | Lol
91960 205'} 99520 susuowr] | 90k
000 Sp0°0 19159 |AUXaU-E'PIOB OI0UEXSH | GO}
SE9Y'0 suBsoolBUSH | 1OL
8EKO'0 euousydojedrlAuleN-y | €0k
16200 15610 sueyje-(Axouje0iolo-g)sig-z't | 20k
Sv22'0 suesooi3 | 10L
89260 17090 susuowrT-g | 00k
81660 Lj0joAD-|AylewexaH | 66
1290k ‘auexojisenaloPAD-IAylewelo | 86
YOEL'0 auajuadojofo-(jAuadoid-g)-L | /6
16020 eusuadojpAD-Aylew-g's’ L-kueyie-y | 96
65.8°€ -lAueWIp-G'g e | 96
8086'L | 2€96'L eyl 6£L00 y158'L 61522 sere 9LIEL suaxayojho-(iAualAuiaw-1)-L-suslkuion-v | v6
suexeyo[okd
8LLLO (suapiAulelfyiew-1)-g-1Auew-¢ | €6
610 ‘auaxayojoAD-(IAusialpews-1)-g-IAue-1 | 26
auaxayojokD-(jAuexay-1
29500 ~eusifulew-|-Auiew-g)-p-iAews-| | 16
seAping jusuoduwiod ajejon | 8pOD

@)

(penupuo)) -z alqeL

8/14

//doi.org/10.1371/journal.pone.0187487 December 6, 2017

PLOS ONE | https



https://doi.org/10.1371/journal.pone.0187487.t002
https://doi.org/10.1371/journal.pone.0187487

@° PLOS | ONE

Volatile fragrant components for a mini-core collection of mango germplasm

Table 3. Relative contents of various chemical classes in different mango cultivars.

Cultivar code |Volatile compounds (%)

M S Nt L Alc |Ald K Ac Alk
1 87.92 | 4.46 1.12 1.15 | 0.25 0.20 0.21
2 2.41
3 92.26 | 3.57 | 0.12 0.71 0.38
4 85.43 | 6.59 1.27 1.16
5 89.32 | 2.93 2.31 0.16 0.16
6 49.23 1.34 | 0.17 0.78 0.01 | 0.91
7 81.11 | 10.32 0.99
8 97.48 | 12.02
9 18.60 1.68 6.84
10 17.82 71.18 0.85
11 27.48
12 69.53 | 12.74 1.21 2.11
13 7.03 | 0.33 4.75 | 0.12
14 22.20
15 61.33 1.60 | 13.72 2.53 0.05 1.07
16 73.66 | 20.44 | 0.19
17 73.87 | 246  0.221 0.42 3.28 0.69
18 72.65 | 6.09
19 0.69
20 83.38 | 8.02 0.57
21 1.05 | 22.41
22 91.21 1.41 0.02 0.15 0.01
23 9150 | 520 | 0.41 1.35
24 11.48 25.85 .081
25 81.53 | 15.82 1.00 0.34 0.05 0.08

0.08

12.15

2.78

0.57

0.11

0.98
14.84
14.84

0.13

15.39
4.98

0.37

4.63
4.38
1.97

0.04

0.35
32.4

1.97

Note: M, S, Nt, L, Alc, Ald, K, Ac, O, Alk and P indicate monoterpene, sesquiterpen, non-terpene, lactones,

alcohols, aldehydes, ketones, acids, others, alkanes, phenols, respectively. The same below. Values

corresponds to the relative volumetric amounts, where volatile compounds = X(score of each component

belonging to the same compound).

https://doi.org/10.1371/journal.pone.0187487.t1003

1-Methyl-4-(1-methylethylidene)-cyclohexene (1.12%) and 3-Carene (26.35%) in ‘Hongmang

No. 11’.

Different volatile compositions and proportions in the 25 mango pulps

The significant differences in the compositions and proportions of the volatile components in
the 25 mango pulps are shown in Table 3. Monoterpenes, some of the primary volatile compo-
nents, were the most abundant aroma constituent, whereas aldehydes were the least common
volatile constituents in the mango pulps, “Tommy Atkins’ had the highest monoterpenes con-
tent of 97.48%, followed by ‘Renong No.l’, ‘Gleck’ and ‘Baodaohuang’, which all had content
of more than 91%. The aldehydes content were lowest in these mango pulps (Table 3).

Correlation analysis of the volatiles

The highly significant positive correlations between volatiles alcohols (Alc) and ketones (K),
alkanes (Alk) and non-terpene (Nt), O (others) and lactones (L), detected with a correlation
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Table 4. Correlation analysis of the volatiles.

Indexes M S Nt L Alc K Alk P O

M 1 0.090| -0.199| -0.281 0.125 0.188 0.086| -0.161 -0.362

S e 1 -0.206 -0.274 -0.168 -0.112 -0.189 -0.181 -0.279

Nt| —  — 1 -0.074| -0.075 -0.069 | 0.521** | -0.046 0.035

LG —  — e 1 -.061 -0.090 -0.075 0.167 | 0.797**

Alc| —  — o o 1 0.795%* 0.264 0.109 -0.157

K —_— —_— _ — —_— 1 0.282 0.143 -0.147

Ak| — —_ —_ —_ o —_ 1 -0.051 -0.078

Pl — —_— —_ _— _ —_— —_ 1 0.266

o — — e e e e e e 1

Note:-means negative correlation;
** significant correlation (P<0.01);——none.

https://doi.org/10.1371/journal.pone.0187487.1004

analysis, are noteworthy. However, other pairs of volatile components showed negative corre-
lations, such as Nt and monoterpene (M) or sesquiterpene (S), L and M, S, or Nt, etc., although
these were not significant (Table 4).

Cluster analysis of volatile components

A cluster analysis was conducted based on the volatile composition and proportion data for
the 25 cultivars, and the cluster dendrogram was presented in Fig 2. The results show that, at
50% dissimilarity, cultivar 6, 15, 3, 8, 4, 20, 22, 23, 1, 5, 17, 18, 7, 25, 12, and 16 were analogous
in their volatile compositions and proportions, with diverse volatile compositions and contain-
ing mainly monoterpenes (these cultivars were grouped as the ‘monoterpenes’ group). Culti-
vars 24,9, 11, 14, 21, 2, 13, and 19 clustered together, with lower volatile compositions and
proportions (these cultivars were grouped in the ‘proportion and balanced’ group). Interest-
ingly, cultivar 10 was classified alone based on its unique lack of terpene (this cultivar was
independently classified in the ‘nonterpene’ group).
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Fig 2. Cluster dendrogram of 25 mango cultivars.
https://doi.org/10.1371/journal.pone.0187487.9002
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Fig 3. Cluster dendrogram of six regions. “l & P”, Indonesia and the Philippines; M, monoterpene; S,

sesquiterpene; Nt, nonterpene; P, phenols; Alk, alkanes; L, lactones; Alc, alcohols; K, ketones; Ald,
aldehydes; Ac, acids and O, others.

https://doi.org/10.1371/journal.pone.0187487.g003

Regional differences in mango volatiles

To clarigy the variations in the cultivars originating from seven distinct regions, a cluster anal-
ysis was performed base on their volatile contents. The results suggest that the cultivars origi-
nating from America, Thailand, Cuba, India, Indonesia and Philippines were more similar to
one another than to those from China. The cultivars originating from America and Thailand,

as well as Cuba and India, were especially similarity (Fig 3).

Monoterpenes were again the most common volatiles, which is consistent with the results
in Table 3. Individually, the cultivars originating from India contained the most monoterpene,
followed by those originating from America and Thailand, whereas the cultivars originating
from China, Cuba, Indonesia, and the Philippine contained the least monoterpenes (Fig 3).
The cultivars originating from China had the highest contents of sesquiterpen, Whereas those
originating from Cuba had the highest contents of both phenols and ketones, and those from

Thailand had the most monoterpenes, lactones, and other volatiles.
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Conclusion

The volatile components that confer the aroma of fruit are one of the most important indi-
cators of quality. Our analysis of the volatile organic compounds in mango pulp allowed us
to differentiate mango cultivars and indicated the complex synthetic mechanisms involved
in the production of their aroma [22]. Altogether, 127 volatiles were detected in all the
selected mango cultivars, which belonged to various chemical classes. The highest and low-
est qualitative abundance of volatiles were observed in the ‘Zihua’ and ‘Mallika’ cultivars,
respectively.

Previous research by Pino et al. indicated that terpenes are the primary aroma constitu-
ents of mangoes [10]. Andrade et al. divided mango cultivars into terpinolene cultivars,
3-carene cultivars, and myrcene cultivars, based on their different constituent terpenes [19].
Similar to previous studies, in the present study, we found that terpenes were the main
aroma constituents of 16 mango cultivars, and included a-pinene, selinene, caryophyllene,
careen, and terpinolene. However, we detected significant differences in terpenes composi-
tions and proportions in the 25 cultivars: the terpenes contents of ‘Guire No. 82’, ‘Magovar’,
‘Gleck’, ‘Baodaohuang’, ‘Cuba No. 3’, and ‘Cubasankeli’ were much higher than those of
‘Shixuan No. 8, ‘Choke Anand’, ‘Mallika’, and ‘Edward’ (Table 3). ‘Shixuan No. 8 had only
two major aroma components, terpinolene and squalene, and was the only cultivar to con-
tain squalene, with a content of 43.91%. Liu et al. [23] reported that selinene, eremophilene,
and aromadendrene were only detected in ‘JinHwang’; limonene were detected in ‘Trwin’;
and o-caryophyllene were detected in ‘Keitt’. Interestingly, in this study, “Thai 506’ was the
only cultivar to contain squalene, though the content was only 0.01%. Although a few B-
squalene-, limonene-e, or o-caryophyllene-containing cultivars were found in this study, no
cultivar contained aromadendrene. These large differences may be attributable to differ-
ences in the cultivation conditions, maturity levels, and postharvest storage treatments, as
well as to the cultivars themselves. In these ways, differences in aroma and flavor are gener-
ated in mango fruit.

Aldehyde occurs at a low level, but plays a key role in mango flavor. This observation was
supported by the earlier finding by Macleod et al. that the aldehydes content of mangoes was
0.03%-14.36% [24]. In the present study, only two cultivars contained aldehydes. However,
Pino et al. [10] considered that the aldehydes in Cuban mango cultivars was associated with
the sweet herbal flavor of their fruit. A typical aldehydic aroma, 2,6-di-tert-butyl-4-sec-butyl-
phenol, was detected in ‘Gleck’ in the present study.

Aldehydes are easily broken down to alcohols and lactones [25]. Alcohols occur in small
amounts in mango fruit and contribute slightly to their aroma and flavor [26,27]. In this
study, only three cultivars contained alcohols. Lactones confer a full-bodied fruit aroma, and
Andrade et al.[19] reported lactones to be the second most common aroma volatile in the
mango. A study by Wilson et al. [28] suggested that lactones occur at low but still detectable
level in mango fruit, and Pandit et al. [29] found eight lactones in 18 mango cultivars. y-Octa-
noic lactone was the only ester detected among the total flavor volatile compounds in the pres-
ent study, with its highest concentration in ‘Guiya’ (China).

The cluster analysis of regional difference was limited in this study by the partial and
small number of specimens in the mini-core collection of mango germplasms. Therefore,
further analysis should be conducted with more mango germplasms in the future. The highly
significant positive correlation and other negative pairwise correlations among the volatile
components suggest that metabolic interrelationships and the regulation of the volatiles in
mango pulp warrant further research to assist the development and utilization of mango
aromas.
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