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Over 150 volatile compounds have been identified 
in bananas by various investigators. Most of the 
components are aliphatic esters, alcohols, and 
carbonyls. The flavor compounds are produced in 
the postclimacteric ripening phase in a cyclic 
manner. Biogenetic pathways for the develop- 
ment of banana volatiles have been established in 
a series of radiolabeling experiments. [I4C]Leu- 
cine and [14C]valine were converted into the cor- 
responding methyl-branched esters, alcohols, and 
acids. Some related phenolic ethers, such as 
eugenol, eugenol methyl ether, and elimicin were 
formed by the conversion of [14C]phenylalanine. 

Radiolabeled fatty acids (C2-Clo) were converted 
into the corresponding alcohols, esters, and ke- 
tones. The experiments were performed with 
postclimacteric banana tissue slices. The distri- 
bution of radiolabeling in the volatile compounds 
was determined by radio gas chromatography. 
[14C]Linoleic acid and [14C]linolenic acid were 
converted to hexanal, trans-2-hexenal, and 12- 
oxododecenoic acid by ripening bananas. Unripe 
bananas formed 2-nonenal, 2,6-nonadienal, and 
9-oxononanoic acid from the same fatty acids. 
Possible biogenetic pathways are discussed. 

PRODUCTION OF VOLATILES DURING RIPESING OF 
BANANAS 

The typical flavor compounds of fruits like bananas, 
apples, and pears are not produced during growth, nor are 
they present a t  the time of harvest. Flavor compounds in 
these fruits are produced during a short ripening period 
related to the climacteric rise in respiration (Drawert et 
a l ,  1969; Heinz et al., 1965; Paillard, 1968; Romani and 
Ku, 1966; Tressl et al. ,  1970a). The preclimacteric fruit 
produces small amounts of ethylene, which is recognized 
as a “ripening hormone,” and induces biochemical, physi- 
cal, and chemical changes in color, texture, the perme- 
ability of membranes, and an increase in some proteins 
and enzyme activities (Biale, 1964; Hansen, 1966; Palmer, 
1971). One of these biochemical changes is the production 
of flavor compounds. 

Figure 1 shows the production of some banana volatiles 
during storage. The upper curve shows the respiration of 
the bananas a t  a storage temperature of 15”. The climac- 
teric rise is reached after 5 days. The diagram shows the 
development of some flavor compounds of the variety Gros 
Michel. Sequential 300-g samples of bananas were homog- 
enized with methanol to inhibit the fruit enzymes. The 
homogenate was extracted for 8 hr with pentane-methy- 
lene chloride (2:1),  with the addition of an internal stan- 
dard, and the concentrated aroma extract was investi- 
gated by gas chromatography. The esters are produced in 
the postclimacteric ripening phase. Some of the curves 
exhibited a slight cyclic manner. 

Tressl and Jennings (1972) developed an enrichment 
technique for studying the production of volatiles continu- 
ously without destruction of the fruits. Sequential sam- 
ples of air swept through a chamber containing ripening 
bananas and incorporating internal standards were 
trapped on Porapak Q and recovered for gas chromato- 
graphic analyses. Peak areas, determined with digital in- 
tegration and corrected for recovery of internal standard, 
show that the volatiles are produced in the postclimacter- 
ic ripening phase. The acetate and butyrate esters are 
produced at rates that vary in a cyclic manner (Tressl and 
Jennings. 1972). Figure 2 shows that a ripening fruit is a 
highly dynamic system, with short-term fluctuations in 
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relative amounts of individual compounds. This method 
has the advantage that the fruits are not destroyed during 
sampling of the volatiles, and provides an essence with no 
solvent and a minimum amount of water. 

Although the acetate and butyrate esters are most 
abundant in the bananas, some 3-methylbutyrates, 2- 
methylpropionates, and caproates are also produced in 
minor amounts. Besides the aliphatic esters, banana 
aroma concentrates possess some primary and secondary 
alcohols, some ketones and aldehydes, and five to six re- 
lated phenolic ethers (Murray et al., 1968; Wick et al. ,  
1966, 1969; Tressl et al., 197Ob). 

METABOLIC PATHWAYS PRODUCING BANANA 
VOLATILES 

Biogenesis of the many different individual banana vol- 
atiles can be explained by a few known metabolic path- 
ways. We would like to point out some pathways by which 
many of the known banana aroma compounds are proba- 
bly produced: conversion of some amino acids like leucine 
and valine into methyl-branched alkyl and acyl compounds 
of esters and into methyl-branched alcohols; production of 
acids, alcohols, esters, and ketones uia fatty acid metabo- 
lism; and enzymatic oxidative splitting of linoleic and 
linolenic acid into Cg and CS aldehydes and Cs and C12 
oxo acids. We have investigated these postulations with 
l4C-labeled precursors and banana tissue slices. In label- 
ing experiments, banana tissue slices in different ripening 
stages were incubated with I4C-labeled precursors (10-50 
pCi) in 0.4 M sucrose solution. After an incubation period 
of 3 to 5 hr, the slices were separated from the solution, 
washed, homogenized with methanol, and extracted for 8 
hr with pentane-methylenechloride (2:  1) or pentane- 
ether (1:l). The extract was carefully concentrated to a 
volume of 0.25 ml. Aliquot samples of the radioactive ex- 
tract were investigated by gas chromatographic isolation 
of individual compounds and measurement of the radioac- 
tivity by liquid scintillation and by radio gas chromatog- 
raphy. Both methods showed similar results. 

CONVERSION OF SOME AMINO ACIDS 
L-Leucine. Many of the major banana aroma compo- 

nents are branched-chain esters and alcohols (Tressl et 
al., 1970b,d; Wick et a / . ,  1969). The 3-methylbutyl esters, 
the 3-methylbutyrates, and 3-methyl-1-butanol might be 
derived from leucine. The 2-methylpropyl esters, the 2- 
methylpropionates, and 2-methylpropanol-(1) might be 
derived from valine. Leucine and valine were known to 
accumulate in ripening bananas (Palmer, 1971; Wick et 

560 J. Agr. FoodChem., Vol. 21, No.  4, 1973 



BIOGENESIS OF BANANA VOLATILES 

mg C~flOOOgl24h 

3-Methyl buty l  acetate 
l i-.. 

'Oo0 I 
500 I 

5 10 1'5 20 
days of storage at 15OC 

Figure 1. Production of some banana volatiles by the variety 
Gros Michel during storage at 15'. 

al., 1966). Wyman e t  al. (1964) and Myers et al. (1969, 
1970) demonstrated the transformation of [14C]leucine to 
3-methyl-1-butanol and 3-methylbutyl acetate by banana 
disks. We investigated the free amino acids in ripening 
bananas. After the climacteric rise in respiration, the 
amounts of L-leucine and L-valine increased from 5 to 15 
mg per 100 g. L-Isoleucine and other amino acids re- 
mained constant. There seems to be a correlation between 
the increase in the amount of leucine and valine and the 
production of flavor components. Isoleucine, which is only 
a precursor for some minor aroma components, remained 
constant (Drawert et al., 1973b). 

Labeling experiments using postclimacteric banana tis- 
sue slices and l*C-labeled amino acids showed that 
[14C]leucine was converted by banana tissue slices into 3- 
methyl-1-butanol, 3-methylbutyl esters, 3-methylbutyr- 
ates, and 2-ketoisocaproate. The results are shown in 
Table I. The distribution of radioactivity among 13 gas 
chromatographic fractions was measured by liquid scintil- 
lation. Larger proportions of radioactivity were found in 
3-methylbutyl esters and 3-methylbutyrates. The activity 
in butyl butyrate and 2-pentanol butyrate (fraction 8) can 
not be explained. Hydrolyses of the aroma extract showed 
nearly equal distribution of activity in alcohols and acids. 
By far the largest proportion of radioactivity was found in 
3-methyl-1-butanol. The labeling in the 2-heptanol frac- 
tion might be explained by branched 2-heptanol, which 
was identified by Wick et al. (1969). 2-Ketoisocaproic acid 
and 3-methylbutyric acid showed 97% of the radioactivity 
in the acid fraction. 

L-Valine. Labeling experiments with postclimacteric 
banana tissue slices and [U-14C]-~-valine showed an anal- 
ogous conversion of the amino acid into 2-methyl-1-propa- 
no1 (4.50/), 2-methylpropyl acetate (14%), 2-methylpro- 
pionic acid (45%), and 2-ketoisovaleric acid (22%), besides 
some other components (Tress1 et al , 1970~) .  

L-Phenylalanine. Besides leucine and valine, phenylal- 
anine also increased during ripening of bananas. Phenylal- 
anine was supposed to be a precursor of phenolic ethers 
and $-phenylethanol. Some related phenolic ethers of ba- 
nana like eugenol, eugenol methyl ether, and elimicin 
were first identified by Wick e t  al (1966). 3,4-Dimethoxy- 
toluene and 5-methoxyeugenol were identified by infrared 
and mass spectra in our laboratory. Figure 3 shows a gas 
chromatogram of a pentane-ether extract from postcli- 
macteric bananas. Elimicin and its precursor, 5-methoxy- 

2 

Figure 2. Individual butyrate esters from sequential samples of 
the emanations from ripening Valery bananas. 
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Figure 3. Gas chromatographic separation of an aroma concen- 
trate from ripe banana fruit. 

eugenol, are present in large amounts. Next to 3-methyl- 
butyl acetate, 5-methoxyeugenol is the most abundant 
compound in the banana aroma concentrate. We believe 
this is the first time that this compound has been found 
in natural products. 

Figure 4 shows a possible pathway which may explain 
the production of these compounds in bananas. Some of 
the enzymes involved were found and isolated recently 
(Pridham, 1965; Russel and Conn, 1969; Shimida e t  a / ,  
1970; Vanghan and Butt, 1969). Labeling experiments 
with banana tissue slices and [l-14C]phenylalanine (chains 
labeled) showed labeling of the phenolic ethers with an 
allyl system. [1-l4C]Caffeic acid was converted into euge- 
nol, eugenol methyl ether, and elimicin by banana disks. 
The results are shown in Table 11. Eugenol accounts for 
53% of the activity in the aroma extract of the sucrose so- 
lution and 5-methoxyeugenol accounts for about 10%. Eu- 
genol methyl ether and elimicin are better labeled in the 
aroma extract of the banana disks. The results show some 
analogy to the labeling experiments with [2-14C]caproate 
and [8-14C]carpylate, which will be discussed later. We 
found reduction of the acids to alcohols in the sucrose so- 
lution controls and in the banana disks. We found trans- 
formation of the acids into esters only in the banana 
disks. 

The results of labeling experiments with banana tissue 
slices and [2-14C]phenylalanine are summarized in Table 
111. d-Phenylethanol and the esters are minor components 
of the banana. The conversion of phenylalanine into 6- 
phenylethanol is an analogous reaction to the transforma- 
tion of leucine and valine into the corresponding alcohols. 

J. Agr. Food Chem., Vol. 21, NO. 4 ,  1973 561 



TRESSL, DRAWERT 

Shckirnic acid palmod 
El =L-Phenylalanine-A6onia -Lyase 
Ez=Cinnamic-acid-&Hydroxy lase 

Ef Phenolase 

h=Methyltransferase 

\ 
H 2 T - H  COOH d/d/ wq+I 

L-Tyrosine 

OH 
p-Coumaric a. Caffric a 

I 
I 

I 

I 
I 

I 
I 
I 
I 

’. I 
,*’ Lignins ! *  

Favo no ids 

i I-  

v .’ 

OH 
[3,LDimcthoxy toluene] IEugeno I m e t h ylethq 1-1 

Figure 4. Scheme of pathways for formation of phenol ethers in banana. 

Table I. Conversion of [U-’4C]-~-Leucine into Volatile 
Components by Postclimacteric Banana Tissue Slices 

Table II. Conversion of [l-14C]Caffeic Acid into Phenolic Ethers 
by Banana Tissue Slices 

Banana disks 
Incubation time 3 hr 
Precursor 50 pCi of [U-14C]leucine 
Radioactivity in the 

40 g (3 X 20 mm) 

aroma extract, % 0.5 

Distribution of radioactivity among volatile components, % 

Ethyl acetate 
3-Methylbutanal 
2-Methylbutyl acetate 
Methyl 3-methylbutyrate 

2.4 
n-Butyl acetate 
Ethyl 3-me th ylb utyra te 
3-Methylbutyl acetate 16.0 
3-Methyl- 1-butanol 18.0 
2-Methylpropyl 3-rnethylbutyrate 
3-Methylbutyl2-methyl butyrate 

n-Butyl butyrate 10.0 
2-Pentanol butyrate 
3-Methylbutyl butyrate 10.0 
3-Methylbutyl3-methylbutyrate 9.0 

0.5 

1.1 

Ethyl butyrate 0.1 

1.9 

Methyl 2-ketoisocaproate 4.0 
n-Hexyl butyrate 

25.0 3-Methylbutyl caproate 
2-Heptanol 3-rnethylbutyrate 
2- H e pten 01 3-m e th ylbu tyra te 
3-Methylbutyric acid 2.0 

Distribution of radioactivity among volatile components after 
saponification of the aroma extract 

Alcohols (47%) % Acids (53%) Yo 
2-Methyl-1-propanol 0 Acetic acid 0.1 
1 -butanol 0 Butyric acid 1.7 

2-Heptanol 23.0 Caproic acid 1.2 
3-Methyl-1 -butanol 76.0 3-Methylbutyric acid 35.0 

1-Hexanol 1 .O 2-Ketoisocaproic acid 62.0 

Banana disks 
I ncu ba tion ti me 

50 g (3 X 20 mm) 
5 hr 

Sucrose 
Disks solution 

Radioactivity in the pentane-ether 

Radioactivity of nonmetabolized 
extract, % 

caffeic acid in the extract 

0.5 1.0 

0.45 0.90 

Distribution of radioactivity among banana aroma components, Yo 
6.0 7.0 

14.0 53.0 

6.0 10.5 
52.0 24.0 

Peaks eluted before eugenol methyl ether 
Eugenol methyl ether 10.0 5.5 
Eugenol 
Elimicin 12.0 
5-Methoxyeugenol 
Peaks eluted after 5-methoxyeugenol 

PRODUCTION OF VOLATILES VIA FATTY ACID 
METABOLISM 

M o s t  un r ipe  f ru i t s  (apples, bananas, strawberries, etc.) 
produce a var ie ty  o f  even a n d  o d d  numbered  f a t t y  acids 
f r o m  C1 to CZO a n d  higher, some m i n o r  vo lat i le  com- 
pounds ( e . g . ,  p r i m a r y  a n d  secondary alcohols), a n d  some 
CS- a n d  Cs-aldehydes. During r ipen ing  these f ru i t s  devel- 
op t he  a b i l i t y  t o  convert  some of t he  acids i n t o  esters, ke- 
tones, a n d  alcohols. W e  invest igated the  conversion o f  
some 14C-labeled acids by banana tissue slices. 

Acetate a n d  bu ty ra te  esters account for  about  70% o f  
t he  aroma compounds in banana aroma concentrate. T h e  
esters are produced in a cycl ic manner,  a n d  the  t w o  cycles 
are apparent ly  out -of  phase (Tress1 a n d  Jennings, 1972). 
T h e  resul ts o f  label ing exper iments w i t h  [U- l4C]acetate 
a n d  [ l -14C]butyrate are shown in Tab le  IV. Postcl imacter-  
i c  banana slices incorporate [U-14C]acetate on l y  i n t o  ace- 
ta te  esters. Saponi f icat ion o f  t he  radioact ive aroma con- 
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Table I l l .  Conversion of [2-l4C]-L-Phenylalanine into Banana 
Aroma Components by Banana Tissue Slices 

Banana disks 50 g (3 X 20 mrn) 
Incubation time 5 h r  
Radioactivity in the aroma extract, % 0.56 

Distribution of radioactivity among banana components, YO 

P- Phen y le th  anol 
Eugenol 
Eugenol methyl ether 
P- Phen y le t h yl acetate 
P-Phenylethyl butyrate 
Elimicin 
5-Methoxyeugenol 

67 

23 
10 

Table IV. Conversion of [lJ-l4C]Acetate and [l-’4C]Butyrate into 
Volatile Components by Postclimacteric Banana Tissue Slices 

Banana disks 40 9 40 9 
Precursor (50 pCi) [U- l  4C]acetate [ 1 -l 4C]butyrate 
Incubation time 3 h r  3 h r  
Radioactivity in the 

aroma extract, Yo 4.5 8.3 

Distribution of radioactivity among volatile components, YO 

Ethyl acetate 7.7 0.1 
2- Met h y I p r o p y I acetate 75.7 0.1 
Ethyl butyrate 0.4 4 . 4  
n-Butyl acetate 12.3 0.8 
2-Pentanol acetate 0.9 0.2 

55.0 2.3 3-Methylbutyl acetate 
1-Butanol 
2-Methylpropyl butyrate 0.7 70.0 

6.3 Butyl butyrate 
2-Pentanol butyrate 
3 - M  ethyl bu tyl butyrate 0.2 63.0 

5.2 0.3 2- H ep tan01 acetate 
Hexyl acetate 
3-M ethyl bu tyl 1 . 4  1 .o 3-Methylbutyrate 

0 .2  70.5 2-Heptanol butyrate 
Hexyl butyrate 
Butyric acid 1 .o 

0.3 

centrate showed 99% of the activity in the acetate frac- 
tion. Acetate acylates the different alkyl compounds of 
the banana. In an analogous reaction, [1-I4C]butyrate is 
converted only into the corresponding butyrate esters 
(Tressl et af., 197Od). The higher fatty acids (C6, CS, C ~ O )  
serve in a variety of ways as aroma precursors. We have 
shown these reactions with [2-14C]hexanoate, [8-14C]octa- 
noate, and [1@-14C]decanoate when introduced into tissue 
slices. For identification of labeled esters, individual com- 
pounds were isolated by gas chromatographic trapping 
and, after saponification the alkyl and acyl fractions, were 
investigated by radio gas chromatography. The fatty acids 
were determined as methyl esters. The methods have been 
reported in detail (Tress1 and Drawert, 1971). 

Results of labeling experiments with [2-14C]hexanoate 
are shown in Table V. [2-l4C]Hexanoate is reduced to 1- 
hexanol by climacteric and postclimacteric banana disks. 
Note that in this case about the same conversion to l-hex- 
anol occurred in the sucrose controls. The conversion of 
the fatty acid into esters could be demonstrated only with 
postclimacteric tissue slices. Labeling of methyl, ethyl, 
butyl, 3-methylbutyl, hexyl, and octyl caproate indicates 
acylation of the different alkyl compounds of banana. La- 
beling of hexyl acetate and hexyl caproate indicates acyla- 
tion of 1-hexanol. There is a small conversion of the pre- 
cursor into 2-pentanone and 2-pentanol. Most of the ac- 

Table V. Conversion of [2-14C]Hexanoic Acid into Volatile 
Components by Banana Tissue Slices 

Climacteric Postclimacteric 

Banana disks 
Incubation time 5 h r  5 h r  

50 g (3 X 20 m m )  50 g (3 X 20 m m )  

Sucrose 
Disks  solution Disks 

Sucrose 
solution 

Radioactivity in the 
aroma extract, % 20 13.5 23 7 

Distribution of radioactivity among volatile components, % 

2-Pentanone 
Valeric acid 
Methyl caproate 
Ethyl caproate 
n-Hexyl acetate 
1 -Hexanol 
Butyl caproate 
Hexyl butyrate 
3-Methylbutyl caproate 
Amyl caproate 
Ester (not identified) 
Hexyl caproate 
Octyl caproate 
Caproic acid 

0.7 0.1 
0.1 0.1 
0.2 

0.7 
9.2 15. 7 

0.1 

0.2 

0.1 
7.7 0.1 

81.0 84.6 

0.14 

0.1 1 
0.15 
2.1 

78.7 

2.5 

8.2 
0.1 
2.1 

12.7 
1.3 

51.9 

Table VI .  Conversion of [10-’4C]Decanoic Acid into Volatile 
Components by Banana Tissue Slices 

0.2 
0.2 
0.3 

25.6 

0.1 

0.2 

0.5 

72.9 

Climacteric Postciimacteric - 
Banana disks 
Incubation time 5 h r  5 h r  

50 g (3 X 20 m m )  50 g (3 X 20 m m )  

Sucrose Sucrose 
Dlsks  solution Disks solution 

Radioactivity in the 
aroma extract, % 33.5 6 44 13.5 

Distribution of radioactivity among volatile components, ‘Yo 

Caproic acid 4 0.2 0.1 
2-Nonanone 
Caprylic acid 
Pelargonic acid 
Methyl decanoate 
Ethyl decanoate 
1 -Decanol 
Butyl decanoate 
iso-Amyl decanoate 
Hexyl decanoate 
Decanoic acid 

2.5 2.4 1.3 3. 
0.5 
1.5 

1.9 
17.2 
1 1 . 2  

4.0 7.1 0. 

93.5 93.6 59.1 96. 

tivity in the aroma extracts resided in nonmetabolized 
[2-14C]hexanoate. 

[8-14C]Octanoate is, in a similar manner, transformed 
into volatile components. The results have been reported 
in detail (Tressl and Drawert, 1971). [8-14C]Octanoate is 
converted into 1-octanol and 4-hepten-2-01 by climacteric 
and postclimacteric banana disks. But the conversion of 
the precursor into octyl esters and octanoates could be 
demonstrated only with postclimacteric tissue slices. 
There was a small conversion of octanoate into Z-hepta- 
none, 2-pentanone, hexanoic acid, and butyric acid in- 
volving @-oxidion. 

Results of labeling experiments with banana tissue 
slices and [1@-14C]decanoate are shown in Table VI. [lo- 
14C]Decanoate is converted into some decanoates and re- 
duced to  1-decanol. Labeling of pelargonic acid indicates 
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Figure 6. Enzymatic production of CS and Cs aldehydes and C9 
and Cq2 oxo acids in homogenates of bananas. 
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Figure 7. Enzymatic oxidative splitting of [U-14C]linolenic acid 
by homogenates of green bananas. 
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Figure 8. Enzymatic oxidative splitting of [U-14C]linoleic acid by 
an enzyme extract of ripe bananas. 
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Figure 9. Reaction scheme for enzymatic splitting of linolenic 
acid into aldehydes and oxo acids. 

a oxidation. [U-14C]Palmitic acid was not converted into 
volatile constituents by banana tissue slices. Figure 5 
shows a reaction scheme which may explain the transfor- 
mation of fatty acids into alcohols and esters. Kolattuku- 
dy (1970b) discusses a similar pathway for the conversion 
of C14 to CIS fatty acids into wax esters. Fatty acid acyl 
CoA reductase was recently isolated and purified by Kol- 
attukudy from Euglena gracilis (Kolattukudy, 1970a,b, 
1971). 

ENZYMATIC OXIDATIVE SPLITTING OF LINOLEIC AKD 
LINOLENIC ACID INTO Ctj AND CQ ALDEHYDES AND C g  

AND C12 OXO ACIDS 
Drawert et al. (1966) reported the enzymatic formation 

of 2-hexenal and hexanal from linolenic and linoleic acid 
in banana, apple, pear, plum, and grape homogenates. 
Forss et al. (1962) identified trans-2-nonenal and trans- 
2,czs-6-nonadienal as typical aroma compounds in cucum- 
bers. Fleming et  al (1968) showed the formation of Cg al- 
dehydes by an enzymatic reaction requiring 0 2  Kazeniac 
and Hall (1970) and Stone et al. (1971) reported the con- 
version of [14C]linolenic acid into czs-3-hexena1, trans-2- 
hexenal, and cis-3-hexenol by tomatoes. Apples and 
grapes produce only hexanal and hexenal when homoge- 
nized in air. When the fruit enzymes are inhibited there is 
no production of aldehydes (Drawert et  al.,  1973a). 

The production of aldehydes in banana homogenates 
depends on the ripening stage of the fruits. Peeled ba- 
nanas were homogenized with methanol for 10 min and 
the homogenate was extracted with pentane-ether. The 
extract was investigated by gas chromatography. Only 
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small amounts of aldehydes and oxo acids were detected. 
In a similar experiment, peeled bananas were homoge- 
nized with buffer (0.1 M phosphate, pH 6.8). After 10 min 
the enzymes were inhibited with methanol and the ho- 
mogenate was extracted and analogously investigated by 
gas chromatography. The results are shown in Figure 6 .  
Green bananas, not treated with ?thylene, produce trans- 
2-nonenal, trans-2,cis-6-nonadienal, and 9-oxononanoic 
acid. The carbonyl compounds produced by green bananas 
and cucumbers are identical. Bananas, treated with ethyl- 
ene and stored for 4 days a t  15”, produce hexanal, trans- 
2-hexenal, and 12-oxo-trans-10-dodecenoic acid. These 
carbonyl components are also produced by climacteric 
and postclimacteric bananas. Bananas treated with ethyl- 
ene and stored for 2 days a t  15” produce hexanal, trans-2- 
hexenal, 12-oxo-trans-10-dodecenoic acid, trans-2-nonenal, 
trans-2,czs-6-nonadienal, and 9-oxononanoic acid to nearly 
equal amounts. The carbonyl components were identified 
by their infrared and mass spectra in our laboratory. The 
results will be published in detail in the near future 
(Tressl et al., 1973). The carbonyl compounds are potent 
flavor components with low olfactory thresholds. Their 
production during processing of fruits causes changes in 
flavor. The changes may be desirable or undesirable, de- 
pending on the product. 

Linolenic and linoleic acid were presumed to be precur- 
sors of the carbonyl compounds. Investigation with ba- 
nanas and apples showed a correlation between the pro- 
duction of aldehydes and a decrease in the amounts of 
linoleic and linolenic acid. The conversion of labeled lino- 
leic and linolenic acid into c6 and CS aldehydes was 
shown with banana homogenates. The distribution of the 
radioactivity among volatile components was investigated 
by radio gas chromatography. The results of the enzymat- 
ic oxidative splitting of [U-14C]linolenic acid by homoge- 
nates of green bananas, providing labeled nonadienal and 
labeled 9-oxononanoic acid, are shown in Figure 7 .  

Attempts to isolate the enzyme system responsible fot 
the production of aldehydes failed. Acetone destroyed the 
activity. Lipoxigenase preparations did not produce c6 or 
CS aldehydes like fruit homogenates. However, a crude 
enzyme preparation showed high activity for aldehyde 
production. [U-l4C]Linoleic acid is converted by the en- 
zyme extract of ripe bananas into hexanal, hexanol, and 
12-oxo-trans-10-dodecenoic acid. The results are shown in 
Figure 8. 

Radiolabeled 13- and 9-hydroperoxy octadecadienoic 
acid were transformed into c6 and CS aldehydes and the 
corresponding oxo acids by the enzyme extract. 

A reaction scheme which may explain the production of 
c6 and CS aldehydes and Cs and oxo acids by bananas 
is shown in Figure 9. In the first step linolenic acid is 
transformed into the 13- or 9-hydroperoxy acid by lipoxi- 
genase. These intermediate products might be split into 
aldehydes and oxo acids by an enzyme we called aldehyde 
lyase. The results will be reported in detail in the near fu- 
ture. 
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