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Abstract-cis-3,cis-6-Nonadienal and czs-3-nonenal m Cucumls satzvus were identified by comparison 
with synthetic specimens. The identification of these compounds, combined with biochemical evidence, 
suggests that cucumber alcohol and trans-2-nonenol are biosynthesized via cls-3-unsaturated aldehydes 
from linolenic and linolelc acid, respectively. 

INTRODU(;TION 

In earlier work on cucumber volatiles [1,2], 
several compounds were identified including a 
series of C,-aldehydes and alcohols. The tlavour 
of fresh cucumbers was attributed largely to alde- 
hydes, among which 2,6-nonadienal was respon- 
sible for the characteristic aroma. Furthermore, 
the cucumber flavour was generated when the 
fruits were cut or mechamcally ruptured in the 
presence of oxygen [3], and trans-2,cu-6-nona- 
dienal and tvans-2-nonenal were related to lino- 
lenic and lmolelc acid, respectively, using 14C- 
labeling techmques [4]. 

Recently, cls-3-nonenol and cis-3,cu-6-nona- 
dlenol were tentatively identified as new alcohol 
components m cucumbers [S]. 

The authors reported a biosynthetic mechanism 
for the formation of truns-2-hexenal and cis-3- 
hexenol via an important precursor, czs-3-hexenal, 
from linolenic acid in macerated tea leaves [6]. 

The biosynthetic pathway to trans-2-aldehydes 
from the unsaturated fatty acids in cucumbers, 
however, is still uncertain. If these aldehydes are 
generated enzymatically via biosynthetic mterme- 
diates such as cis-3-nonenal and cis-3,cis-ti-nona- 
dienal produced from linolelc and linolenic acid, 
respectively, the unsaturated fatty acjds must be 
split into a Cg-aldehyde and a C,-0x0 acid in 

the cucumber. In this paper, the occurrence of 
cu-3-nonenal, cls-3,cis-6-nonadienal and azelaic 
half aldehyde in cucumbers has been confirmed 
and a biosynthetic pathway is proposed for 
cucumber alcohol production. 

RESULTS AND DISCUSSION 

EfSect of hlendmg, heatmg, oxygen and pH on the 
formutlon of uldehydes 

In preliminary experiments, results reported by 
Fleming et al. [3] were quantitatively re-exam- 
ined by GLC analysis. The results (Table 1) 
obtained were similar to those reported by Flem- 
ing et al. [33. In the presence of oxygen, there 
was a rapid formation of aldehydes, e.g. trans-Z 
nonenal, trans-2, cis-6-nonadlenal, which are re- 
sponsible for the characteristic flavour of fresh 

Table 1 Effect of blendmg, heatmg and oxygen on the forma- 
tlon of aldehydes 

Non-blended trace trace 

Blended 0 28’ (IOO) 201 (1 @J) 
Heated and then blended 006 (0 201 023 (0 11) 
Blended under N, 003 (OIlI 016 (0 08) 

* mg/kg of cucumber 
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cucumbers produced durmg blending. The forma- 
tlon of aldehydes was prevented by blendmg un- 
der an atmosphere of mtrogen, and/or by heat- 
mg whole cucumbers before blendmg 

The optimum pH for the formation of alde- 
hydes tn cucumbers was 5.5 (Table 2) and the 
optimum pH value was slmllar m cucumber 
homogenates. Results clearly mdlcate that the 
aldehyde flavour components of cucumber are 
produced enzymatically when the cucumber IS 
blended m the presence of oxygen. 

Grosch et al. [4] demonstrated that tram-2- 
nonenal and trarzs-2, cl.+6-nonadlenal were 
related to lmoleic and hnolemc acid, respectively. 
However, no other study has been carried out 
on the quantltatlve changes in fatty actds m rela- 
tlon to the formatlon of flavour components m 
cucumbers. 

The fatty acids constltutmg the hplds m Intact 
and blended cucumbers, respectively, were quanti- 
tatlvely analyzed as shown in Table 3. The major 
fatty acids of the lipids in cucumbers were lmo- 
lemc, lmoleic and palmltlc acid. Durmg blendmg. 
the amounts of lmolelc and lmolenic acid m both 
the neutral fat and phospholipid fractions de- 
creased markedly to give the aldehydes, tram-2- 
nonenal and trans-2,cls-6-nonadlenal. but the de- 
creases were not accompanied by Increases m free 
fatty acids Therefore, these fatty acids m the neu- 

Table 3 Changes m fatty acids III C&I fraction durmg 
blendmg 

tral and phosphollpld fractions must be converted 
to aldehydes and other compounds. 

The corrclatlon between an increase in tucr~~s-2- 
nonenal and trarl.s-2.~lr-6-nonadlenal and a de- 
crease 111 lmolelc and lmolemc acid suggests that 
the acids constituting the liplds rn cucumbers 
were converted to the flavour components during 
blending. 

After various unsaturated fatty acids were 
blended with cucumbers. the carbon41 com- 
pounds were estimated and the results are shown 
m Table 4. The addltlon of lmolcmc or Imole~c 
acid resulted m a large Increase of C,-aldehydes. 
but with arachldomc acid an Increase in the alde- 
hydcs was not observed 

These facts and the results demonstrating the 
isomerlzatlon of US-~- to r~ara-2-unsaturated 
aldehydes (Table 5) clearly Indicate that, durmg 
blendmg, lmolemc and lmolelc acid added to 
cucumber homogenate are speclfically spht mto 
trans-2,cls-6-nonadlenal and trawls-3-nonenal via 
czs-3-unsaturated aldehydes. respectlvelq [6,7] 
Moreover the structural requirement for this 
emymatlc oxldatlve cleavage 1s not only the 
cis,c~s- 1 ,6pentadlene system of the Btty acid IX] 
but also the specific posItIon of the double bonds 

m relation to the carboxyl group 

lderztzjcatm of’ c1s-3-r~tJ~rrcrl. CIS-~,CIS-S-~I~JJ~~- 

drmal md u~t4m hulf aldeh~~dr 

As ~ls-3.rls-6-nonadlenal and crs-Snonenal 
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Table 6 Identlficatlon of the volatile components Isolated 
from blended cucumber 

Compound Ewdcnce 

rrans-2.Hexenal 
‘is-2-Penten”l 
17-HeXa”“l 
cts-3-Hcxenol 
~l,-i-h”nen.ll 
err-?.‘I,-6.Noo.,d,~“dl 
tran~-2-Nonenal 
i, uila-2.[is-6-Nonadlenal 
cl,-3.Nonenol 
tm,1r-2-Nonenol 
c,~-3.‘r,-h-Nonddlenol 
rrana-2 crs-6.Nonadmml 
P.ze!ax. halr-aldehy& 

IR. 2.4.DNPH’ GLC 
IR, 2,CDNPH. GLC 
IR GLC 
IR, GLC 
IR, GLC 
MS IR NMR, 24.DNPH GLC 
MS, IR, NMR, 2.4.DNPH, GLC 
NMR, IR 2.4.DNPH. GLC 
NMR IR. 2.4.DNPH. GLC 
MS, IR, GLC 
MS, IR GLC 
MS. IR, GLC 
MS, IR, GLC 
!R. 2,4-Dw?!, GLC 

20 
45 
41 
07 
24 
22 
32 
98 

52 6 
22 
28 
47 
28 

* 2,4-DNPH = 2,4-dmltrophenyl hydrazone derivative 

were very unstable and readily isomerized to 
trans-Zaldehydes m cucumber homogenates 
(Table 5) they were immediately extracted with 
organic solvents from the homogenates and puri- 
fied by high vacuum-distillation and preparative 
GLC. cis-3-Nonenal, cis-3&s-6-nonadienal and 
azelaic half aldehyde were converted to the 2,4- 
dmrtrophenylhydrazone derivatives [7] and their 
structures were fully substantiated by IR and 
NMR-spectral comparison with the authentic 
specimens synthesized by unequivocal routes [9]. 

The mam components identified are shown in 
Table 6. These results suggest that the unsatur- 
ated fatty acids are first split into cu-3-aldehydes 
and oxo-acids, and subsequently nuns-2-alde- 

Llnolenlc acid 

I=% 

d”e& 
Cis-3, OS-~- - 

nonadienol 

-A& 

CH20H 

trans-2, cm-6- 
nonadlenol 

cis-3, cis-6- 
nonadlenal 

Azelalc 
half-aldehyde 

\CHO 

Vans-Z, cis-6- 
nonadienal 

CUCUHBER LlLCOHcx “Kw_ET LEAF dLDEHYDE 

Scheme 1 Proposed blosynthetlc pathway for cucumber 
alcohol production 

hydes are formed by the isomerization of cis-3- 
aldehydes. 

On the basis of these findings, the authors pro- 
pose a possible brosynthettc pathway which may 
account for the formation of nuns-2&s-6-nona- 
drenal via cis-3,crs-6-nonadrenal and the corre- 
sponding alcohol, cucumber alcohol, from lino- 
lenic acid in cucumbers as shown in Scheme 1. 

EXPERIMENTAL 

NMR spectra (60 MHz) were obtained m CDCl, contammg 
TMS as an internal reference 

Mhtrrrals Fresh cucumbers (Cucumls sat~uus, variety “C~OJI- 

tuochlal V”), approximately 3 cm m dlam, were used Authen- 
tic samples of cts-3-nonenal and cls-3,cls-6-nonadlenal were 
synthesized 193 

Preparation of essential od Fresh cucumbers (250g) were 
blended with 250ml H,O m a Waring blender for 3 mm and 
then the mixture was steam-dIstilled until 300 ml of distillate 
was collected After the distillate was saturated wtth NaCl, 
It was extracted 3 x with 100 ml Et,0 The combined extract 
was dried over dry Na,SO, After removal of Et,O, the crude 
essential 011 was made up to 2 ml with Ccl+ 

Preparation of fatty acids A crude hpld fraction was 
obtamed from 1 kg cucumbers by blending and subsequent 
extraction with 1 1 of CHCI,-MeOH (2 1) Crude lipid was 
separated mto Me,CO-soluble and Me,CO-msoluble frac- 
tions Concentrate of the Me&O-soluble fraction was dls- 
solved m Et,O-petrol (1 1) Free fatty acids were extracted 
with 1% Na,COJ, acidified and extracted with Et,0 The 
material not extracted with Na,COJ was saponified by alco- 
holic KOH and the unsapomfiable matter was removed by 
extractlon with Et20 The soln of restdual potassium salts 
was acidified and fatty acids from the neutral fat fraction were 
extracted with Et,0 The phosphohpld fraction was repeatedly 
extracted from the Me,CO-msoluble fraction with CHC13- 
MeOH (1 1) and then the concentrate of the combined 
extracts was treated with 160ml 20% HCI H,O bath (100°C) 
for 14 hr under Nz Fatty acids liberated from the phospho- 
lipid fraction were extracted with Et,0 Fatty acids from the 
various hpld fractions were esterlfied with CH,N* 

Preparation of cm-3-unsuturatrd aldehydes Fifty 250 g por- 
tions of cucumbers were blended with 250 ml HZ0 and 100 mg 
of either lmolemc or hnolelc acid m a Waring blender for 
2 mm Immediately the homogenate was filtered through two 
layers of gauze, then the filtrate was extracted with Et,0 After 
the combined extracts were concentrated, the concentrate was 
vacuum-distilled to give an aldehyde fraction without Isomers- 
zatlon The aldehqde fraction was separated by preparative 
GLC on a PEG-20M column and the purified compounds 
were submitted to spectral analysis 

Preparation of azelmc half aldehydr The fraction containing 
azelalc half aldehyde was extracted with CHCI, from the 
homogenate of fresh cucumbers The combined extracts were 
concentrated and the concentrate was estenfied with CH,N, 
Azelalc half aldehyde methyl ester was separated by GLC on 
a PEG-adlpate column and the purified compound was sub- 
mltted to spectral analysis 

GLC Essential 011 from cucumber was analyzed by GLC 
with a 3 mm x 3 m stamless steel column packed with 20% 
PEG-2OM on cehte 545, 6C-80mesh The column temp was 
programmed from 100 to 180” at 2” mm GLC analyses of 
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fatty acids were pertormed on a 3 mm x I m stzrnless steel 
column packed with 20y0 PEG-adipate on Chromosorb W. 
60-80 mesh. The column temp. was isothermal at 180’. 

effi,ct of hlcdir~~g. /why, orypw urd pH 01, t/w fiwmatiou 
of LII~CIIV~CZ. (I) Eficct of blending: Volarile components of 
cucumbers were prepared without blending and other volatile 
components were prepared after blending for 3 min. (2) Effect 
of heating: Fresh cucumbers were immersed in a 60 water 
bath for 2Omin. (3) Effect of oxygen: Frczh cucumbers were 
blended under N3 or in the presence of air. (41 Effect of pH: 
Fresh cucumbers were blended with each pH of Mcllvain’s 
buffer. The essential oil from each sample was prepared as 
described above and analyzed by GLC. 

Chtrqc~s it) ,ftrrt~ wick ;JI ~uclr fi-trctiou d~wi~q h/o~di~~y. The 
fatt) acids li>r zero blending time were prepared from 
cucumbers inactivated hr heating at 80 for I5 min: other 
samples were prepared alter blending for 3 min according to 
the method described abovc. 

Fatty acids derived from each fraction were analyzed by 
GLC. 

Fmwwtio~~ oj aldrhyd~.~ ,/~II um~~twtf~‘d filtty acds. A soln 
of each fatty acid (200 mg). dissolved in a small amount of 
MeOH and H,O. was blended with flrcsh cucumbers for 3 
min. The essential oil was then isolated and analyzed by GLC. 

lrleritific.rltior2 olcis-3.cis-6-llo/l~~~/~~,tl~~/. cis-3-,lorlr,itrl ~1x1 (I~c- 

in the same manner. IR ~~:,:~:~crn~ ‘: 7710 (H-C-OJ. 1730 
(C-O). 730 (L.IS, --CH-CH--). 2.4-DNPH; IR v~,~~_: cm ‘: 3300 
(-NH-). 1610 (-C’-Np). 77 @is. XH-CHm-). NMR (CDCl,): 
~5 O-90 (3H. I. CH,- (X-1. I.48 (6H, n,. Me-(C&),-CH2-). 
2.1 I (ZH. y. -CX-(~‘I+-C’H=). 3.70 (?I~. r. --:CH--CH,-CH=), 
5.5X (2H. ,,,, -(‘&c‘_H_-). 7.51 (IH. 1. -<‘H?-CH=N~-). 7.93 (IH, 
(/. Ho). 833 (IH. c/t/. Hm’). 9.13 (IH. tl. Hm). 11.08 (IH. s. 
=N--NH-- ). The IR-spectra of these aIdchIdes showed no 
absorption at Y70 cm ’ for the lrcrtla-form. The IR and NMR- 
spectra of the natural compounds VL’CTC Identlcal with those 
of synthetic speclmcns. /\relnic half aldehydc methyl ester was 
purified as described above. IR 1,:,:!:1 cm ’ : 1710 (H-C-:0). 
I725 (c’ -0). 
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