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Headspace Compounds from Flowers of Nicotiana tabacum and Related

Species

John H. Loughrin,! Thomas R. Hamilton-Kemp,"" Roger A. Andersen,*$ and David F. Hildebrand!

Departments of Horticulture and Agronomy and U.S. Department of Agriculture—Agricultural Research
Service, University of Kentucky, Lexington, Kentucky 40546

Volatile compounds from flowers of four lines of tobacco, KY 14, TI 1068, TI 1112, and T1I 1406, were
entrained in air and trapped on Tenax. Each headspace sample was eluted with hexane and sepa-
rated by capillary GC, and the components were analyzed by GC-MS. Total yields of volatiles ranged
from approximately 600 to 900 ppb, which was 30-100 times greater than those from foliage of the
corresponding plants. Caryophyllene was the predominant compound in three lines and a major com-
ponent in the fourth, TI 1068. Studies of volatiles from five other Nicotiana species, Nicotiana
alata, Nicotiana rustica, Nicotiana suaveolens, Nicotiana sylvestris, and Nicotiana tomentosifor-
mis, showed that total volatile yields ranged from 88 ppb for N. rustica to 2424 ppb for N. sylvestris.
There was wide diversity in the composition of compounds from the various species studied. N.
tomentosiformis and N. sylvestris, which are putative male and female progenitors of tobacco, respec-
tively, yielded several compounds also identified as tobacco flower headspace components.

Nicotiana is a large predominantly neotropical genus
of approximately 57 known species. This genus con-
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tains several ornamentals, but tobacco (Nicotiana taba-
cum) is by far its most important member. Tobacco is
one of the world’s most extensively studied crop plants,
not only because of its economic importance but also
because of human health concerns. In addition, the genet-
ics of tobacco and other members of the Nicotiana fam-
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Table I. Compounds Identified in Flower Headspace Samples from Tobacco and Other Nicotiana Species

mass spectral ions®

compound?® Kovats index®
Terpenoids
a-thujene? 93 77 136 43 <1000
B-pinene 93 69 41 136 121 1126
sabinene 93 77 136 41 69 121 1137
myrcene 93 69 41 79 136 121 1176
limonene 68 93 79 136 107 121 1218
1,8-cineole 43 81 93 108 69 154 1229
(E)-B-ocimene 93 80 43 105 136 121 1267
linalool 41 71 93 69 121 136 1564
calarene® 91 119 55 105 79 69 1616
caryophyllene 41 93 133 79 69 105 1622
(E)-p-farnesene® 69 91 77 53 105 133 1663
a-humulene 93 80 121 41 107 147 1696
epoxytagetone? 85 56 43 168 125 153 1696
a-terpineol 93 136 59 121 81 107 1721
neophytadiene 43 68 82 95 123 109 1931
caryophyllene epoxide 79 93 69 109 121 135 2023
nerolidol 69 93 107 41 81 136 2056
cembrene? 93 81 107 119 272 69 >2200
Aromatics
benzaldehyde 106 77 51 1558
methyl benzoate 105 77 136 51 1665
benzyl acetate 108 91 150 79 65 1759
methyl salicylate 120 152 92 65 106 53 1813
benzyl isovalerated 91 108 192 57 41 79 1895
benzyl alcohol 79 108 51 91 65 1905
benzyl valerate? 91 108 192 57 41 79 1920
2-phenylethanol 91 105 1942
eugenol 164 77 91 149 103 121 >2200
Aliphatics
methy! 3-methylpentanoate® 74 43 59 99 1145
2-hexanol 45 69 84 56 1232
4-methylpentanol 56 69 41 84 1328
(Z)-3-hexeny! acetate 67 43 82 1336
3-methylpentanol 69 56 84 41 1341
hexanol 56 43 69 84 1368
(Z)-3-hexen-1-o! 67 82 41 55 1402
4-methylhexanol? 70 41 55 83 98 1443
6-methylheptanol? 84 69 55 41 97 1524
Other
(Z)-jasmone 164 79 110 149 122 135 1980

¢ Identification based on comparison of mass spectral and GC data from plant components with those from authentic compounds unless
otherwise noted. ® Most intense ion, each 14 mass units above m/z 40; in order of decreasing intensity. Molecular ion italicized. © Kovats
index determined on 60 m X 0.32 mm Supelcowax-10 column. ¢ Compound’s mass spectrum consistent with published spectrum (EPA/NIH,
1980; Swigar and Silverstein, 1981) but no authentic standard available. ¢ Spectrum obtained on a Finnigan-MAT ion trap detector. Most
intense ion each 14 mass units above m/z 49; in order of decreasing intensity.

Table II. Yields of Flower Headspace Volatiles Emitted by Tobacco Lines

yield,” ng compound/g flower

compound KY-14 TI-1068 TI-1112 TI-1406
2-hexanol 6.8+ 0.8 7.4%20 trace® 8.4 5.0
(E)-B-ocimene 55+ 0.7
hexanol 9.0%24 52 1.0 103+ 0.9 14.9 £ 0.2
4-methylhexanol 84%20 83x1.7 105+ 1.7 16.1x 1.8
6-methylheptanol T.4%25 62x11 trace trace
linalool 72+£19 301.8 £ 61.6
caryophyllene 541.9 £ 60.4 109.0 £ 22.1 870.5 = 74.9 551.8 £ 58.0
humulene 157+ 19 trace 19.5 £ 8.2 146 5.9
benzyl alcohol trace trace trace trace
neophytadiene trace trace trace trace
caryophyllene epoxide trace 129+ 3.0 trace 48+ 0.6
eugenol trace 7.6x2.6 trace trace
total volatiles entrained 664 71 583 + 188 994 % 52 674 + 54
% identified ~90 ~179 >90 >90

@ Mean of three determinations % standard error. ® Trace = integrated but less than 5 ng of compound/g of flower.

but unlike tobacco it was not a major component. Linalool isolate. Interestingly, N. tomentosiformis contained sev-
and several minor compounds found in tobacco were also eral alcohols including branched-chain compounds not
detected in N. tomentosiformis. However, unlike tobacco frequently reported in headspace volatiles. Overall, except

there was no component predominating in the volatile for a large quantitative difference in caryophyllene, there
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Table III. Yields of Flower Headspace Volatiles Emitted by Five Nicotiana Species

yield,® ng compound/g flower

compound N. sylvestris N. rustica N. suaveolens N. alata N. tomentosiformis
a-thujene 7.6 2.8
sabinene 60.0 £ 14.0 9.0+ 1.6
methyl 3-methylpentanoate 11.1+26
myrcene 424 +10.4 10915
limonene 58.7+11.0 189+ 21
(E)-B-ocimene trace® 126 2.5
4-methylpentanol trace
(Z)-3-hexenyl acetate trace
3-methylpentanol 38.3+£4.6
hexanol 33.5+3.1
(Z)-3-hexen-1-o0l 27.6 = 10.6 278+ 5.7
4-methylhexanol 10.5 + 3.2 317+ 1.1
6-methylheptanol 213+ 1.6
benzaldehyde 211.5 £ 48.5 trace trace
linalool trace 115 +4.1
calarene trace
caryophyllene 838.5 + 169.3 trace 318+ 1.0
(E)-B-farnesene trace
c-humulene 22.0+ 5.0
epoxytagetone 36.0 £ 21.5
a-terpineol 19.5+ 8.6
methyl benzoate 49.1+4.8 473.1 + 289.8 trace
benzyl acetate 124+ 34
methyl salicylate 92.1 £ 82.0
benzyl isovalerate 94+24
1,8-cineole 117.2 £ 43.1 50.8 = 10.9
benzyl alcohol 403.0 £ 160.5 trace 328+11.3 14.0@ 5.8
benzyl valerate 85+3.2
2-phenylethanol trace
(Z)-jasmone 6.7+3.6
nerolidol 26.7 £ 4.2
cembrene 46+1.5
total volatiles entrained 2424 + 647 88+ 29 1303 £ 556 211 44 322+ 28
% identified ~87 ~54 ~867 ~59 ~69

@ Mean of three determinations  standard error. ® Trace = integrated but less than 5 ng of compound/g of flower.

were many similarities between the composition of tobacco
and N. tomentosiformis.

In contrast to N. tomentosiformis, N. sylvestris pro-
duced large amounts of volatiles (Table III) and the total
yield exceeded those of all other species studied. Also,
the predominant volatile in N. sylvestris flower head-
space was caryophyllene, which paralleled the result
obtained with tobacco lines. In contrast to tobacco, N.
sylvestris produced large amounts of benzaldehyde and
benzyl alcohol and small quantities of several aromatic
esters such as methyl benzoate and benzyl acetate. It is
interesting that at least one of these aromatic com-
pounds was present in detectable, although frequently
trace, quantities in all the Nicotiana species studied. They
have also been found frequently as components of head-
space volatiles from other flowers such as orchid (Patt
et al., 1988), rose (Dobson et al., 1987), and alfalfa (But-
tery et al., 1982).

Table III also shows a comparison of the total yields
of headspace volatiles from flowers of the additional spe-
cies. These Nicotiana species exhibited a wide range of
yields from a low of 88 ppb for N. rustica to a high of
2424 ppb for N. sylvestris as compared to an average
yield of 729 ppb for the tobacco lines.

With regard to the aroma of some of the major com-
pounds, linalool has a characteristic floral aroma and may
contribute to the fragrance of TI 1068. Caryophyllene
has a weaker aroma that is more reminiscent of conifers
whereas 1,8-cineole, which is also called eucalyptol, has
an aroma characteristic of eucalyptus. The aromatic com-
pounds encountered have rather weak odors, but some
such as the esters are regarded as possessing floral aro-
mas. However, as with other aroma mixtures, the com-

pounds present in the largest quantities do not necessar-
ily make the greatest contribution to the characteristic
fragrance. One interesting compound identified in N.
sylvestris was cis-jasmone, which is associated with jas-
mine aroma. N. sylvestris and N. suaveolens appear to
possess the strongest floral fragrance of the species stud-
ied.

Volatile compounds have long been thought to attract
insects such as bees and moths to certain flower species
for pollination (Pellmyr and Thien, 1986). Certain mem-
bers of the Nicotiana family such as N. sylvestris and
N. suaveolens may be on diurnal cycles of production
and/or release of volatile compounds from flowers. We
are currently studying the emission of volatiles at differ-
ent periods during day/night cycles to gain insight into
the possible role of diurnal cycles in the release of com-
pounds from Nicotiana species. In addition to a role of
attracting insects for pollination of certain flower spe-
cies, volatiles might have a role in pollen germination.
French et al. (1979) have shown that volatile compounds
stimulated pine pollen germination. There are several
examples of relatively low concentrations of volatiles affect-
ing germination of other types of propagules such as fun-
gal spores (French and Gallimore, 1971; Pharis et al., 1982)
and seeds (French and Leather, 1979; Bradow and Con-
nick, 1988). The effect of volatiles on germination mer-
its further study, particularly with flowers that are major
producers of volatile compounds.
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