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Abstract-Sixtcen volatile compounds have been identified in oil prepared from winta wheat by reduced pressure 
steam distillation-extraction. Most of tbcsc compounds wcrc found in relatively small quatitks (0.5 “/; or less) with the 
exception of pentadd Comparisons were also made of the relative amounts of Cp alcohols and aldchydcs obtained 
from fresh versus frozen plants, cut versus intrrt plants and leaves vmus culms. 

INTRODLJClIDN 

French et al. [I, 23 evaluated many synthetic volatiks and 
found that several compounds stimulate germination of 
fungal spores associated with wheat rust disease. As part 
of an investigation of the possible rok of volatik com- 
pounds in wheat-fur@ pathogen interactions, we have 
isolated and identifiui compounds which are present in 
relatively small quantities among the volatiks prepared by 
distillation-extraction. In a previous study several major 
volatik compounds from wheat were identi6c.d [3]. In the 
prcscnt work, identification of pcntadccanaL a relatively 
major (3.5%) high boiling constituent of wheat, was 
confirmed by synthesis of an ruchentic standard and 
comparison of mass spectral and GC data with those of 
the plant constituent. Sina French and co-workers [I, 21 
found that nonanal and I-nonanol were cffaztivc stimu- 
lators of spore germination, the effects of tissue source on 

the relative amounts of these compounds and related Co 
aklehydes and alcohols prepared by distillation 
extraction of wheat plants were evaluated. 

Buttery et al. [4] recently examined hcadspaa volatiks 
from young intact wheat plants as part of investigation of 
compounds which attract certain insects to undisruptal 
wheat plants This contrasts to the situation with fungal 
pathogens such as rust which disrupt wheat tissue during 
growth. development and fonnrtion of spore pustules. 
The hcadspaa trapping method cmpbyal a porous 
polymer, Tenax, and a 24 hr sampling period during 
which an air stream was passed over the tissue to entrain 
the volatiks. In preliminary tests we found the procedure 
works well for small amounts of volatiks; however, 
certain aldchydes, including nonanal, of interest in re- 
lation lo rusl spore germination were apparently oxidizal 
on prolongal exposure IO the air stream [unpublished 
results]. 

RESULTS AND DON 

Volatik compounds idcntifial by comparison of mass 
spectral and gas chromatograpbic data of the plant 

constituents with those of authentic samples arc listal in 
Table I. These compounds were present in relatively small 
amounts (0.5 “/, or kss) in the volatiks isolated from wheat 
plants and hcncc were not kkntifial as readily as com- 
pounds reported earlier [3]. The C6 compounds, +hexen- 
I-01 and 3-hcxcn-I-yl acetate, have characteristic green. 
grass-like odours and were isolated in small quantities 
from mature plants (stored frozen prior to analysis) that 
were usal as a source of volatile for identi6mtion as 
shown in Table I. In young plants harvested in the 
autumn the odour of these C6 compounds was strong and 

Tabk I. Idcnti6cation of dditiorul volatik compounds iso- 
la~at from wheat by distillrionatraction* 

Pcrantnge 
compound Evidence in oil 

-. ..- 

&-3_Hexcn- I -yl OLXI.MC MS R, rmczt 

CIS-1Hexcn- l-01 MS. R, 0.4 
rrans-2-Often-l-01 MS. R, 0.1 
I-Damn01 MS. R, 0.1 

Eu8aml MS. R, 0.5 

M&R, lmx 

Undmrul MS.4 0.3 
rrans-2-u* MS. R, 0.2 
Tridsuul MS.4 0.1 
Tetr&XaMl MS. R, 0.4 
Pultadaanal MS, R, 3.5 
c&,&-8.1 I-H+adocadknal MS. R# 0.2 
cL.cb~u-8.1 l.lCHepta&atriaul M$ R,$ 0.4 

Pal- MS R, 0.1 

HeudoeuK MS.4 0.1 
I-OEudsMorK MS 0.8 

*Harvestal May 1983. 
tlndicatcsksathM0.l~. 
*Standard irotated from frozen claXmber fNi1. 
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they apparently &e an important contribution to tbc 
grass-like odour quality of the plank Wheat volatiks 
were cxaminal for l-octcn-3-01 w&h was a principml 
component isolated from alfalfa plantx by distil- 
lation*xtraction havingacbPrcrtcristiccartbyodow[S]. 
Although there was GC evidence for a tray amount of 
thiscompound(ksstban0.10/3thercwasnotanodbquate 
amount to obtain mass spectral con6rmation. 

A relatively major compound was isolated which m&95 
and IR spectral data indicatal wax pen- [3]. An 
authentic sample of pentad- was synthesized by 
controlled oxidation of I-pcntadccanol using chromic 
anhydride intercalated in graphite. The synthetic com- 
pound yielded a mass spectrum which compared 
favourably with that of the plant constituent and the 
synthetic sample co-&ted with the plant component 
from a capillary GC column permitting condrmation of 
its identity. This compound along with 8.1 I-hcptadaca- 
dicnaI and 8,11,I4-hcptadccatricnal probably arise from 
enzymatic a-oxidation of palmitic, linokic and linoknic 
acids, respstinly, as deacribad by Galliard and Mathew 
[6]. Originally. 8.1 I-hcptadecadienal and 8.1 I,lChcpta- 
daatrknal were isolated from cucumber fruit where they 
were charscterited from their spectraI data [7]. That 
compounds were present in relatively small quantities in 
wheat (Table 1) and tbc mats spectral and GC retention 
data mat&d those obtained for standards from cucum- 
ber fruit. 

A high boiling compound (cluting prior to Cl7 abdo 
hydcs on the SP 21oOcolumn) was isolated which from its 
fragmentation pattern indkatal that it wax an aliphatic 
methyl ketone exhibiting a characteristic base peak at m/z 
58[M -MeCOHCHl]’ andatiaofions14muapat-t. 
CI miss spcctrowtry using methane gas showal that the 
M, was 268. These data indicated that the compound was 
2-octadaanonc. Similar fragmentation patterns were 
found in the literature for other methyl ketones [8]. 
However. since no authentic standard wax available, this 
ldcntification LS considered tentative. 

In order to have adequate sumpks availabk for analysis 
as needed for identification stud@ wbmt plants were 
stored frozen prior to distillation+xtraction. A quantitat- 

ivc corn-n of votatiks from fresh and frozen young 
plants harvestal two months after seeding in November 
1983 is given in Tabk 2. The same Co compoundx that 
were detected in frozen tissue were also isolated from 
fresh tissue. An overlapping peak interfered with dctcrmi- 
nations of the relative quantitia of 2-nonen-l-01 Tbc 
mnaining volatik compounds identified in plants storad 
frozen were also isolated from fresh wheat by distil- 
lationutreftion. The numcrial values prcxcnted for Cp 
compounda in Tabk 2 mt GC peak areas norma- 
lized to a pcntadccane internal stan&rd. These values are 
useful to indicate @ trends such as iacnuc or 
deuasc in tbc amount of a compound. Frozen tissue 
yiddal tica.& amounts of Cp volatiks Earikr work 
also showed that freezing snmpks prior to 
distiLation+xtraction increpsad the ykld of Cp com- 
pounds from cucurbits [9]. 

Data from the paalysis of Cp compounds in kava and 
culms of wheat plants are presented in Tabk 2. Mature 
plants were harvested in late Spring (harvested April 19lM; 
scakd September 1983) when it wax pxactial to xcpar8tc 
kaf bLadcs from culms (hollow stems) but prior to tbc 
0pparaKIc of tbc inflorcs~~~~. Campoxitc valws were 
calculated for whole plants from 54 % of leaf values and 
46% of culm values. Tbesc paccntagcs represent the 
contribution of the perts to the total aerial weight of the 
plants at harvest. As in the cxmqhsons of tbc fresh and 
frozen plants, all of the Co compounds anal* were 
P~tinbothtbeLcavalad~oCtbcplontbWith 
regard to t& relative amounts of C, coa~pouadr, nonanal 
and I-nonanol were fourbd to pra!ominatc in kavcx and 
tbcrc were incrca& proportions of alcohols urh ax 3.6 
no&-l-al in culms. When culms were cut open (split 
vcrtially and opened) there wu a chuaacristk odour 
rcminisocnt of urUtulatai cp akhobols such as 3.6 
nonadkn-14 [lo]. All other compounds idcntided in 
wheat were also found in both kava and culms. 

In Table 2, data are also presentad on comparisons of 
Cp compounds isolated from intact plants (cut at soil 
level) d plants cut into M cm piacrs. It was found that 
~annpou&fromthcintactandaltp&ntti%sWwae 
qualitatively the same except that the pa& corresponding 

HamcrIed 

Nov. 1983. 

Frah Frozen 

Nonad 4.44 10.6 

rraw-2-Noncnal 0.3 1.3 

wans.cu-2.bNonadk1~l 0.9 4.4 

I-Nonanol 1.0 2s 

cu-3-Nonen-lsl 0.6 0.9 
rratu.cis-2bNonadkn- I-01 0.4 5.7 

cis,cu-3,&Nonadim- I-01 1.2 1.3 

Lava cldms CosopoaIte 
.-.- _ 

39.2 1.9 2L3 
0.2 0.8 0.6 
0.4 1.8 1.2 

17.7 9.8 13.5 
0.5 11.3 6.4 
0.2 1.1 0.7 
1.0 19.1 II.1 

HamcsId 
April 1985: 

Intact CUI 

Ll 5.0 
0. I 0.2 
0.1 0.2 

22 6.0 
0. I 1.4 
- 0.1 
0.1 26 

l Iau~ture p&nu (2@ 3Oan tallk see&d !kpt. 1983; maa7atal tn Wannp bknda. 

t Mature planu (4G SO an Ia& seaki Scpc. 1983; GUI into 3-6 an scgmmlr. 

$lamature planu (30. Man Ia& smdai Sept. 1984, GUI inIo 3 6 an segments or inIact. 
$Values normdual IO a&d intemd sundud, penudsane; man of IWO dct crminntions. A value of I .O was 

cstiuukxl as oquwaknt to co 1 ppb yAd of compound from plant tissue on a wl per fr. wt buu 
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to 2&nonadicn-l-ol in intS3 plants was to0 small for 
mass spaaral con6nMtion. GcneraUy, there were greater 
quantities of Cp compounds in tbc cut tissue However. 
there was a marked increase in fnoncn-l-al and 3.6 
nonadicn-l-01 when the tissue was cut. Disruption of 
wheat tissue re3ults in iacreorad amalntx of c, volatiks 
probably due to greater mixing ofcnzymea and ruktrater 
[ 1 I]. Growth and development of fungal pathogens on 
host plants also cause disruption of plant tissue however. 
spaSs similarities to the physically induced processes 
remain to be ctarificd. GcncraUy. tbc same compounds 
were obtained by distillation+xtraction of all the tissuea 
iUliIlyWd. 

EXPEILIMRNTAL 

P&au mum4l. Winter ubmt cultiw ‘Arthur 71’ grown on a 
University of Kentucky farttt wan harvested and ~tcmd frozen 
( - 20”) oc rcfrigcl8lal (Y) 0vcmigh1. voldk cTcmpoundr wcfe 
isolated ump the pcdure and rppntus (28 L Ha0 per kg 
phnt tissue) dacribcd for red. p. steam distillation-extraction 
[3]. Mature phustorcd frozenas&scribbd pmiouIty [3] were 
used as a soufu of tissue for the deol&alion of &litio~I 
compoundr In upts compum~ p&n1 pru. freshly tbuvcxtal 
plants were rdrigcratal overnight after hrmrt and tbat kd 

blxiu were ratW-cd from culmx and tixcuc was cut into co 
3-6cmccgacntrpriortodirtillrtion~tnaioaFor~mproon 
of intrt versus cut wheat, plants were cut 81 soil kvd and 
refngmtsd ovemight and then used intmct 0T cut into 3-6cm 

Pi==. 
GCMdGC/MS.GC~~nrwatcnrriadoutruinprl.8m 

x 4 mm id. wlumn contaming 20 ‘/. SP 2100 on SupcrcOpact for 
initd fractionation of tbc sampkr and a 3Om x 0.32 mm 
Supclcowax IO fusod silica apihy column for subsequent high 
resolution GC anal+ GC/MS analyses using El-MS were 
perforwd as described in rd. [3] and CH. was the ragcnt gas 
for Cl-MS. For com@sonr of C, compaur~4 GC peak areas 
wacdetermined ungan claztronic integrator and lwxrmliecd to 
an int. standard. pent&cane. Fractions of C, compounds 
collected from the SP2100 packed column were wasbed from U- 
tube5 with 50 jd of Me,COcontaining pentxkane at a concll of 
)o ng/rl. One CJ portions ol these soIns were injaztal into the 
capillary column for quantiticatnm 

S~k~iro/pmrcdccrmol.T025ml~tdwnewuedded I.1 g 
of I-pmtadapnoland IO gofCr0, intcrulataIingra&ite(Alfa 
Productxl The mixture was rdluxal for 24 hr aozordine to the 

penenl proadure of ref. [ 121 for xckctivc oxidation of alcohols 
to titlydc& After coolin& tbc mixture was hltercd through an 
ultra-6nc sintcred glus funnel and suboquently through a 
MiNipore FH 0.5 )cm Blta to remove graptute insdubks. The 
ractiommixturewhichhdrsli&grancolourwupurifiadby 
microdist&tion on a Vigrcaux cdumn under red. prex, 
(-2Smm Hg) followed by prep GC on the 20% SP 2100 
column de&bed above Tbcrc was a co 20% conversion of the 
ak&ol to pentukunal as &own by GC analyub Tbc product 
y+&d the following mrpr mus spcctrrl peaks above m/r 40. 
(7’82 (loo), 57 (8a4l (76), 55 (72h43 (681% (63), 81 (%6L 83 (SIA 
69 (45). 95 (45). 67 (44l68 (43A 97 (37). 71 (35) and 44 (30). 

Acti@emtnrs-We arc grateful to Piera Fkmtng and John 
Lou&in for rairtana and to George Lmcbcc for obining 
MS dAtA Baloukarl Rearcb, Inc wpplial synthetic standards. 
This ppcr (85-l(r3-19) is pubbshai with the approval of tbc 
Director of the Kentucky Agricultural Experiment Station. 
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