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Abstract--Dark-grown tea seedlings were exposed to 14C0, and incubated for I month. From a comparison 
of the radioactivities in lipid fractions obtained from both intact green seedlings and mechanically injured seed- 
lings, it was found that the radioactivity in cis-3-hexen-l-01 was significantly increased by mechanical injury. 

INTRODUCTION RESt’LTS ANI> DISCUSSION 

Since cis-3-hexen- l-01. the so-called leaf alcohol, 
was first discovered from fermented tea leaves by 
P. van Romburg in 1895 [ 11, the occurrence of the 
free alcohol and its esters in oils have been 
reported from a wide range of higher plants such 
as mulberry leaves [2], radish leaves [2], acacia 
leaves [2], Japanese mint [3], apples C41, 
bananas [4], oranges [4], and strawberries [4]. 
Because of its characteristic green leaf odour, it 
was considered that cis-3-hexen- l-01 occurred 
naturally in intact fresh leaves [S, 61. However, 
the mechanism of its formation has not been eluci- 
dated. 

Distrihutiorl of’rvrllioacticities in lipid fractions from 
intact teu sdlinys UMI ir!jured tea seedlings which 
were irlcuhatcd in ’ 4C02 

We reported in a previous paper [7] that the 
amount of many volatile constituents of tea leaves. 
including cis-3-hexen- l-01, markedly increased 
during the manufacturing process of black tea, 
such as withering and fermentation. Those findings 
indicated that fresh or intact tea leaves contained 
only a very small amount of cis-3-hexen- l-01 com- 
pared with that of mechanically injured leaves. We 
describe in this paper the formation of cis-3-hexen- 
l-01 from administered 14C02 after maceration of 
tea leaves. 

In order to determine the biosynthesis of &s-3- 
hexen- l-01, dark-grown tea seedlings were exposed 
to 14C0, and incubated for 1 month. Lipids and 
volatile fractions were prepared from both intact 
green seedlings and mechanically injured seed- 
lings, and the radioactivities were compared 
(Table I). The radioactivities in both chloroform- 
soluble and methanol-- water-soluble fractions of 
injured seedlings were lower than those in the frac- 
tions of intact seedlings. By contrast, remarkably 
high radioactivity was observed in the volatile 
fraction of injured seedlings compared with that of 
intact seedlings. 

Formution efcis-3-hr.ur/l- l-01 by mrchanical irzjury 
Volatile fractions were subsequently analyzed 

by GLC; radioactivities of effluent fractions and 
recovery rates of authentic cold compounds were 
determined. Total radioactivity was calculated 
(Table 2) by dividing the radioactivity of the 

Table I. Comparison of radioactivities in lipids and volatile fractions between intact and injured seedlings 

Intact 
seedlings 
Injured 
seedlings 

CHCl,-soluble 
Fraction I 

13.1 X IO” 

9.9 X IOh 

Radioactivity incorporated (dpm) 
MeOHm~H,O-soluhlc 

Fraction 2 

27.1 X IO” 

16.6 X IO” 

Volatile 
fraction in (I) 

3430 

51240 

I81 
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effluent fractions by the recovery rate of cold stan- 
dard. The amount of radioactivity in each effluent 
fraction from intact seedlings was low, whereas 
radioactivities in some effluent fractions from in- 
jured seedlings were very high, especially in h-3- 
hexen- l-01. that is. 98 dpm in intact seedlings and 
17090 dpm in injured seedlings. The observation 
indicated that cis-Shexen- l-01 was produced after 
mechanical injury. It is considered that adminis- 
tered “C02 is not directly incorporated into free 
cis-3-hexen-l-01 during the metabolic period, but 
into a precursor which is then easily converted into 
free cis-3-hexen- l-01 on injury. 

EXPERIMENTAL 

l~~cuhuriorr of tcu scrdli~qs in dioucticr CO1. Tea seeds 
(Thou .si~~e/~si.s) were germinated and grown in the dark for 2 
months at IX ‘, The dark-grown tea seedlings (yellow) were 
exposed to radioactive CO:, which was generated by adding 
lactic acid to 400 Iic‘i Na,CO, in 20”;, NaOH soln. for 4 days 
in the light. Thcrcaftcr. the seedlings were incubated for I 
month in alternating 10 hr light period at 10000 lx and 14 hr 
dark period. The mcubations were conducted at av temp of 22 
in a closed ho\ where air was circulated into XI”,, KOH soln 
outside the box to ahsorh the CO, generated. Those yellow seed- 
lings were nearly greened within the period of 14 days photo- 
synthcais. 7.5 g of leaves and unlignitied stalks were used as in- 
tact seedlings for the extraction of lipids and the preparation of 
volatile fraction. 

,21~,ci1trrrical irrjwj. to iuracr secdlimqs. 7.5 g Of a second sample 
of intact seedling were macerated for 0.5 hr m a mortar and 
allowed to brown for 7.5 hr at IX 

Prc~ptrrtrtim o/ lipids crd rofatilc fraction The methods used 
were the samt: as descrihcd previously [:7]. Lipids were 
cx~l-acted by means of homogcniring the tea seedlings with 
CHCI, MeOH f I : I) [X] which contained the authentic unla- 

helled cis-3-hexen- l-01, linalool. nerol. 
anol and I-phenylethanol as carriers. 

gcraniol. phcn!lmeth- 
H,O was added to a 

concn of 40”; m the extracts. and the mivturc !~as separated 
into CHCl,-soluble and aq. MeOH-soluhlc fraction. The 
CHCl,-soluble fraction was cone and steam distilled at 30 for 
20 min in IUUO. From the distilla~cs the volatile constituents 
were extracted with Et,O. which was sonc. 

Sepurutim of cis-3-ilcurll-I -o/. cr A-Hewen- I-01 MUS separ- 
ated from the cone volatile fraction ha GC \cith thermal con- 
ductivity detector [7]: column packing. lo”,, CarboMax 20 M 
on Diasolid L (60 X0 mesh): carrier gas. 30 ml mjn; column 
temp program. 130‘ to 240 at a rate of 1 ‘min. 

Dctcrmimrtiou c?f rudtowtirit)~. Radioactivity was measured 
with a liquid scintillation spectromctcr. Samples containing 
pigments wcrc decolorized in UV light. before radioactivit) was 
measured. In the cast of the ctihlcnt from the GC. each ellluent 
fraction was directly trapped into IO ml of a liquid scintillator 
based on tolucne by ohserving the position of cold auIhcntic 
standard. and the radioactivit! was mcnsursd. 

~~k,lowlcd~~,/,~tf~r The authors thank Dr Won K. Kim. 
Research Station. Canada Dept. of Agriculture. Wmnipc+. 
Manitoba, for his kind assistance in the preparation of this 
manuscript. 

5. 

6. 
7. 
x. 

REFERENCES 

Romhurgh, P. V. (I X9.5) I;&y F’ltr~tc,r7t~irt IP Blritrflzor<l. 
I 19; (1920) P,o. 4c&. Sci. .-lii~.~t~~d~~kr,t~. 22, 75X. [cf. ref. 5.1 

Takei. S.. Sakato. Y. and Ohno. M. (1934) Sci. PO/I. I. K. C‘. 
R. (Jquu). 13, I16 
Walhaum. H. (1917) J. Pr. C/W~I.. 96, 754. [cf. ref. 5.1 
Nursten. H. E. (1970) T/U, Bioc~lwmstc~ of Fnrrr\ ad thci~ 
Pducrs (Hulme, A. C.. Ed). Vol I. pp. 239 36X. .Acudemic 
Press. New York. 
Bcdoukian. P. ( 1963) 3/llc,r,icrrrr Pc~r$rrm~r rod C‘osmetic~.\. 7X. 
31. 
Ohno. M. (1961) Koryo (Japui~). 61, 2. 
Sai.jo. R. and Takco. T. (1973) .d</i‘. Viol. C/X,,U.. 37, 1367. 
Folch, J., Lees. M. and S~anleq. G H. (1957) .I. &I/. C/I‘,JIZ.. 
226. 497. 


