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ABSTRACT : A laboratory study was undertaken to determine the volatile profile of mango fruits using hexane extract and GC-

MS technique. The number of aroma components identified from Neelum and Banganapalli were 24 and 31, respectively.

Neelum had estersas propenal constituent and alkanes, ketones, alcohols, lactone and acid as associates. In Banganapalli,

alkanes were the dominant constituent followed by esters, alcohols, ethers, fatty acid, amino acid triterpene and sulfur. The

presence of mineral components such assulfur and nitrogen were found to constitute for the aroma of mango fruits.
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INTRODUCTION

Mango is highly preferable by mankind mainly due to

its attractive flavor. Flavor results from compounds that

are divided into two broad classes: Those responsible for

taste and thosefor odors, the latter often designated as

aroma substances. Aroma substancesare volatile

compounds which are perceived by the odor receptor sites

of the smell organ, i. e. the olfactory tissue of the nasal

cavity. The volatile compounds responsible for fruit aroma

and flavor are produced through metabolic pathways

during harvesting, ripening and post-harvest storage

(Quijanoet al, 2007). The aroma profiling of mango is

complex as most of them are oxygenated volatile

compounds which include terpene hydrocarbons, esters,

furanones, lactones, ketones, alcohols, aldehydes, acids

and other groups (Zhang et al, 2006). More than 300

volatile compounds were separated from different mango

cultivars including approximately 162 terpenes and

terpinoids, 128 esters, 86 aromatics, 61 ketones and

lactones, 37 aldehydes, 34 alcohols, 21 acids, 21 alkanes

and cycloalkanes 13 norisoprenoids and 15 miscellaneous

compounds (Pinoet al., 2005). The type andamount

volatiles of mango depend on cultivars (Andrade et al,

2000), maturity of the fruit (Lalelet al, 2003), a part of

the fruit (Lalelet al, 2003), area of production (Singhet

al, 2004), processing method and solvent used (Zhang et

al, 2006; Laohaprasitet al, 2011).

The main objective of this work is to profile the volatile

components of ripe fruit of mango cultivars Neelum and

Banganapalli that are predominantly grown in Tamil Nadu

(Indian Horticultural database, 2013). From the reported

literature, Neelum and Bangalora are considered medium

flavor cultivars and Banganapalli and Alphonso are high

flavor cultivars (Ibrahim et al, 2010). One medium flavor

cultivar (Neelum) and one high flavor cultivar

(Banganapalli) were chosen for this study.

MATERIALS AND METHODS

Mango fruits of cvs. Neelum and Banganapalli were

harvested from Krishnagiri region of TamilNadu for

studying the volatile components responsible for its aroma.

The fruits were then stored at ambient condition

(Temperature: 27±3°C, RH: 60±5%) to study the volatile

componentsemitted during fruit ripening.

Sample preparation and solvent extraction

Fiveripe fruit samples of cultivars Neelum and

Banganapalli were randomly selected from the lot of 20

fruits. The fruits were washed thoroughly in running tap

water for removal of sap, wiped off and cut into small

pieces. Fifty grams of cut fruits were weighed and

wrapped with filter paper and put into solvent extraction

unit, then added with 200 ml of Hexane solvent for volatile

component extraction as per the suggested procedure

(Helena et al,2000) and the extraction was done for 4

hrs as suggested byLaohaprasitet al(2011). The

temperature maintained during the solvent extraction

process was 40 °C - 50 °C. The solvent layer was

separated from aqueous layer by placing the flask in

rotator water bathat 45°C till it condensed upto 20 ml.

The combined extracts were dried over anhydrous

Na
2
SO

4
 for complete removal of water particles
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(Yunchaladet al, 1997), and then extracted volatiles were

analysed through GC-MS.

GC-MS Analysis of volatile compounds

The extracts were analyzed through GC/MS (Thermo

Scientific Trace GC Ultra DSQ II) equipped with column

(30mm × 0.25mm × 0.25µm) under the following

conditions: carrier gas as Helium with flow rate at 1ml

per minute and 1µl sample injection with pre injection of

solvent by AI/AS 3000 Method; split-less mode injection

with 30 sec of sampling time; the column temperature

maintained initially at 50°C at the increasing rate of 10°C/

min, followed by increasing up to 200 °C and kept at the

same temperature for 2 minutes hold with surge pressure

3kPa and 220 base temperature at right SSL method and

250 base temperature at right ECD method with the Aux

1 MS transfer line at 250 °C; the electron impact energy

was 70eV, Juletline temperature was set at 200°C and

the source temperature was set at 200 °C. Electron

impact (EI) mass scan (m/z) was recorded in the 45-450

aMU range.

The total chromatogram was obtained for each

sample. The base peak of each spectrum was compared

with the base peak of the chemical components in the

NIST Ver.2005 MS data library through on-line and

comparing the spectrum obtained through GC/MS. The

volatile metabolites emanated during mango fruit

ripeningwere identified.

RESULTS AND DISCUSSION

Aroma components of Mango fruit cv. Neelum

The volatile components identified by the comparison

of their mass spectra with retention time (RT) (Table 1;

Fig. 1). The GC/MS analysis of volatile components

emitted by the ripe mango fruit cv. Neelum was detected

at the retention time from 2.00 to 53.02. There were 24

volatile compounds including 3 unknown. Among the 23

Table 1 : Aroma compounds of Mango fruit cv. Neelum.

S.No. RT Compound Name Probability Area (%)

1. 2.33 Nonane 82.63 2.16

2. 2.82 Octane, 3,5-dimethyl- 55.86 1.97

3. 3.43 Methane, isocynate 16.44 4.61

4. 4.02 Benzene, 1-ethyl-3-methyl- 28.87 6.50

5. 4.73 Benzene, 1-methyl-4-(1-methylethyl)- 37.91 1.93

6. 5.51 1-Propanone, 1-phenyl- 52.60 1.26

7. 7.12 Octane, 3,5-dimethyl- 33.80 1.16

8. 25.70 Diethyl Phthalate 92.69 0.18

9. 26.02 Hexadecane 17.00 0.55

10. 29.10 Oleyl Alcohol 30.67 3.45

11. 29.83 Cyclopropanecarboxylic acid, 3-(2,2-dichlorovinyl)-2,2-dimethyl-, 44.85 7.52

(3-phenoxyphenyl)methyl ester, (1R-cis)-

12. 31.32 Tridecane 28.55 0.59

13. 31.69 Dibenzyl ketone 38.24 0.96

14. 32.93 2(3H)-Furanone, 5-hexyldihydro- 24.54 1.30

15. 33.21 Octadecane, 1-isocyanato- 12.31 0.38

16. 34.97 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester 43.81 0.78

17. 36.19 3-Hexanone, 2,2-dimethyl- 21.65 0.78

18. 37.92 1,2-Benzenedicarboxylic acid, monobutyl ester 25.39 1.14

19. 39.26 Eicosane 36.83 0.70

20. 41.73 n-Tridecan-1-ol 15.80 1.17

21. 42.24 Heptadecane 21.96 0.45

22. 45.07 Pentadecane, 2-methyl- 30.23 0.19

23. 45.42 n-Tridecan-1-ol 22.76 2.32

24. 47.80 Pentadecane, 2-methyl- 12.22 0.41

25. 49.92 Unknown 15.99 22.71

26. 50.41 Unknown 16.92 26.01

27. 52.12 Unknown 29.88 8.82



Volatile compounds of mango cultivars

identified components, 8 were ester compounds (Octane,

3,5-dimethyl-, Benzene, 1-ethyl-3-methyl-, Benzene, 1-

methyl-4-(1-methylethyl)-, Cyclopropanecarboxylicmacid,

3 - ( 2 , 2 - d i c h l o r o v i n y l ) - 2 , 2 - d i m e t h y l - ( 3 -

phenoxyphenyl)methyl ester, (1R-cis)-, 1,2-

Benzenedicarboxylic acid, bis(2-methylpropyl) ester, 3-

Hexanone, 2,2-dimethyl, 1,2-Benzenedicarboxylic acid,

monobutyl ester and Pentadecane, 2-methyl-), 6 were

alkanes (Nonane, Hexadecane, Tridecane, Octadecane,

1-isocyanato-, Eicosane and Heptadecane), 3 ketones

(Methane, isocyanate-, 1-Propanone, 1-phenyl- and

Dibenzyl ketone), 2 alcohols (Oleyl Alcohol and n-

Tridecan-1-ol)1 acid (Diethyl Phthalate syn. Benzene

carboxylic acid) and 3 unknown components.

Aroma components of Mango fruit cv. Banganapalli

The volatile components identified by the comparison

of their mass spectra with retention time (RT) (Table 2;

Fig. 2). The GC/MS analysis of volatile components

emitted by the ripe mango fruit cv. Banganapalli was

detected at the retention time from 2.00 to 53.02. The

total number of components identified from ripe fruit of

Banganapalli cultivar was 31. Among the 31 identified

components, 10 were alkanes (Nonane, Undecane,

Tridecane, Heptadecane, 1-Nonadecene, Pentadecane,

Decane, Hexadecane, Heneicosane and Eicosane), 5

ester compounds (Cyclohexane, nitro-, Benzene, 1,2,3-

trimethyl-, Pyrrole, Benzene, 1-ethyl-3-methyl-, and  1,3-

Cyclopentanedione, 2-methyl-),  5 alcohols (Cyclohexane,

Fig. 1 : Aroma compounds of Mango fruit cv. Neelum.

Fig. 2 : Aroma compounds of mango fruit cv. Banganapalli.



Table 2 : Aroma compounds of Mango fruit cv. Banganapalli.

S.No. RT Compound Name Probability Area (%)

1. 2.33 Nonane 72.90 2.77

2. 2.76 Cyclohexane, propyl- 53.41 1.25

3. 3.41 Cyclohexane, nitro- 45.31 4.30

4. 4.00 Benzene, 1,2,3-trimethyl- 41.58 3.80

5. 4.73 Pyrrole 19.21 1.70

6. 5.51 Benzene, 1-ethyl-3-methyl- 11.91 0.73

7. 6.55 Hexaethylene glycol dimethyl ether 37.57 0.43

8. 7.10 Undecane 47.70 0.61

9. 8.77 1,3-Cyclopentanedione, 2-methyl- 24.54 0.38

10. 9.48 11-Hexadecen-1-ol, (Z)- 26.92 3.24

11. 14.21 cis-9-Tetradecen-1-ol 24.10 0.48

12. 22.60 Unknown 98.54 0.30

13. 26.02 Tridecane 53.47 0.30

14. 29.10 Oleyl Alcohol 41.26 22.44

15. 29.57 Heptadecane 26.90 0.52

16. 29.79 1-Nonadecene 15.94 0.26

17. 32.95 Pentadecane 28.51 0.82

18. 36.19 Decane 15.23 0.74

19. 38.10 SULFUR, MOL. (S8) 98.90 1.17

20. 39.29 Hexadecane 25.82 1.30

21. 39.61 Unknown 18.39 0.54

22. 41.73 Threonine 23.31 1.94

23. 42.24 Heneicosane 44.79 2.06

24. 43.38 Ricinoleic acid 17.12 0.58

25. 44.11 Unknown 8.89 1.24

26. 45.09 Eicosane 16.76 2.49

27. 46.11 Ricinoleic acid 14.90 1.76

28. 47.03 Squalane 11.59 2.15

29. 47.82 Eicosane 13.99 3.33

30. 48.82 Androst-4-en-3-one, 17-(acetyloxy)-, (17á)- 11.74 2.60

31. 49.72 2-Propyl-1-pentanol 11.29 8.96

32. 50.55 2,5-Cyclohexadiene-1,4-dione, 2,6-bis(1,1-dimethylethyl)- 20.40 13.89

33. 51.37 Unknown 26.27 7.89

34. 52.41 Heptadecane 10.66 3.03

propyl-, 11-Hexadecen-1-ol, (Z)-, cis-9-Tetradecen-1-

oland 2-Propyl-1-pentanol), 3 were ethers (Hexaethylene

glycol dimethyl ether, Androst-4-en-3-one, 17-

(acetyloxy)-, (17á)- and 2,5-Cyclohexadiene-1,4-dione,

2,6-bis(1,1-dimethylethyl)-), 1 wasfattyacid (Ricinoleic

acid), 1 amino acid (Threonine), 1 was triterpene

(Squalane), Sulfur and 4 were unknown.

Previous analysis of fresh ripe mango fruits of

different mango cultivars revealed range of volatile

components. Pino et al (2005) identified and quantified

nearly 375 volatile components from 20 Cuban cultivars.

The components identified from cv. Neelum in this study

showed similarity for 12 components ofDelicioso, Haden,

Super-Haden, Manga amarilla, Macho, Manga blanca,

Ordonez, Obispo, Corazon, Delicia, Filipino, Huevo de

toro, San Diego, Manzano, Smith, Florida, Minin, La Paz,

Keitt, and Kent. Remaining 9 were reported first time in

ripe fruits of medium flavor mango cv. Neelum. They

components areOctane, 3,5-dimethyl-, Methane, isobutyl-

, 1-Propanone, 1-phenyl-, Diethyl Phthalate, Oleyl Alcohol,

Cyclopropanecarboxylic acid, 3-(2,2-dichlorovinyl)-2,2-

dimethyl-,(3-phenoxyphenyl)methyl ester, (1R-cis)-, 1,2-

Benzenedicarboxylic acid, bis(2-methylpropyl) ester, 1,2-

Benzenedicarboxylic acid, monobutyl ester and Eicosane.

Considering mango cultivar Banganapalli into account,

14 components were showing similarity of Pino’s result.

The components Pyrrole, Benzene, 1-ethyl-3-methyl-,

Hexaethylene glycol dimethyl ether,  Oleyl Alcohol, Sulfur,

Threonine, Heneicosane, Ricinoleic acid, Eicosane,

Squalane, Androst-4-en-3-one, 17-(acetyloxy)-, (17á)-,
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2-Propyl-1-pentanol and 2,5-Cyclohexadiene-1,4-dione,

2,6-bis(1,1-dimethylethyl)-.

Terpenes are the most abundant volatile component

in fruit of almost all the mango cultivars and esters are

the second highest group followed by ketones and lactones

(Singh, 2011). Triterpene identified in this study was

Squalanewhich may responsible for a high flavor of cv.

Banganapalli such compound is absent in medium flavor

cultivar Neelum. Esters were found to be wider

contributors of volatile components in cv. Neelum. Esters

of Octane, 3,5-dimethyl-, Cyclopropanecarboxylic acid,

3 - ( 2 , 2 - d i c h l o r o v i n y l ) - 2 , 2 - d i m e t h y l - , ( 3 -

phenoxyphenyl)methyl ester, (1R-cis)-, 1,2-

Benzenedicarboxylic acid, bis(2-methylpropyl) and 1,2-

Benzenedicarboxylic acid, monobutyl  were also reported

in mango fruit cv. Neelum. Likewise,Pyrrole[heterocyclic

aromatic ester compound and biosynthetic precursor of

caroteneoids (Walsh et al, 2006)] and 1,2-

Benzenedicarboxylic acid, monobutyl ester were also

identified in mango cv. Banganapalli. The esters identified

may be straight chain, saturated or unsaturated which

are generally metabolized from fatty acids through â-

oxidation. Generally, the precursor of esters has been

found to be high during ripening of mango (Lalelet al,

2003). A fatty acid called ricinoleic acid was also identified

from cv. Banganapalli. There are two main biogenetic

pathways can be considered for alcohols, amino acid

metabolism and lipid peroxidation pathway, leads to the

formation unsaturated alcohols (Pinoet al, 2005). The

only alcohol newly identified in both the cultivars was

Oleyl Alcohol and the amino acid Threonine was found

in cv. Banganapalli. in this study the alkanes,Eicosane

was identified and reported in mango fruits of both the

cultivars. But this alkane was previous reported by

Boussaadaet al.  (2008) isolated from

Rhaponticumacaule – an aromatic plant, for its

antimicrobial activity. In mango fruits of 20 Cuban

cultivars, the mineral component sulfur was also identified,

Pino et al(2005) reported that these mineral component

may be responsible for the ‘S’ and ‘N’ group components

such asMethane, isocyanate- and Cyclohexane, nitro-

respectively which was also reported in this study.The

components listed in Table1 and 2, specific for two Indian

mango cultivars i.e. Neelum and Bangalora may

individually or collectively responsible for their

characteristic aroma.

CONCLUSION

Overall, the results have showed that aroma

compounds are very unique to mango cultivars and could

be used as identification keys or to develop e-nose for

varietal discrimination.

REFERENCES

Boussaada O, Ammar S, Saidana D, Chriaa J, Chraif I, Daami M,

Helaland A N and Mighri Z (2008) Chemical composition and

antimicrobial activity of volatile components from capitula and

aerial parts of Rhaponticumacaule growing wild in Tunisia.

Microbio. Res. 165, 87-95.

Helena E, Andrade A, Maia J G S, Gracas M and  Zoghbi B (2000)

Aroma volatile composition and Analysis. J. Food Composition

Analysis 13, 27-33.

Ibrahim M, Hussain A and Tajammal M (2010) Mango Varieties. In: A

Handbook on Variety Description and Production Technology

of Mango (eds. Ibrahim M,  Hussain A and Tajammal M)Federal

Seed Certification and Registration Department, Ministry of

Food, Agriculture & Livestock Islamabad.

Lalel H J D, Singh Z and Tan S C (2003) Distribution of aroma volatile

compounds in different parts of mango fruit. J. Hortic. Sci.

Biotechnol. 78, 131-138.

Lalel H J D, Singh Z and Tan S C (2003) Maturity stage at harvest

affects fruit ripening, quality and biosynthesis of aroma volatile

compounds in ‘Kensington Pride’ mango. J. Hortic. Sci.

Biotechnol. 78, 225-233.

Laohaprasit N, Ambadipudi D S and Srzednicki G (2011) Optimisation

of extraction conditions of volatile compounds in ‘Nam Dok

Mai’ mangoes. Int. Food Res. J. 18, 1043-1049.

Pino J A, Mesa J, Mesa J, Munaz Y, Marti M P and Marbot R (2005)

Volatile Components from Mango (Mangiferaindica L.)

Cultivars. Flav.Frag. J. 21, 207–213.

Quijano C E, Salamance G and Pino J A (2007) Aroma volatile

constituents of Colombian varieties of mango. Flav. Frag. J. 22,

401-406.

Singh Z (2011) Aroma volatiles emissions from mango fruit: a closer

look at various Pre and Postharvest regulatory factors. Acta

Hort. 906, 267-273.

Singh  Z, Lalel H J D and Nair S (2004) A review of mango fruit aroma

volatile compounds: State of the art research. Acta Hort. 645,

519-527.

Walsh C T, Tsodikova  S G and Jones A R H (2006) Biological formation

of Pyrroles: Natures logic and enzymatic machinery. Nat. Prod.

Rep. 23, 517-531.

Yunchalad M, Yves L and Claudie D (1997) Comparison of aroma

components in Thai mango (cv. Kaew) from different extraction

methods. In: Proc. 6th ASEAN Food Conf. Singapore. pp-24-27.

Zhang  Z, Zeng D and  Li G (2006)The study of Aroma characteristics

of Chinese Mango Cultivars by GC-MS with Solid Phase

Microextraction. J. Plant Sci. 1,  98-105.

http://www.nhb.gov.in/Indian horticultural database, 2013

Volatile compounds of mango cultivars


