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Abstract-Usmg a combmatton of gas chromatography-mass spectrometry (electron impact) as well as the headspace 
techmque, more than 70 compounds were found m the Jumper needle oil obtained from plants growmg m 
southeastern France (Provence) A compartson between the headspace of fresh and bottled black berries shows a 
significant loss of the monoterpenord fraction wtth time In the green berries (unripe) this loss 1s more marked. A 
sesqmterpenotd fraction of the Jumperus cornmums needle 011 was also Investigated by means of the GC (FID) and 
GC-MS (EI, PCI). Among more than 100 isolated constituents, 64 were sesqurterpenotds The presence of several 
oxygen-contamlng dertvatrves based on the calamene and calacorene isomers was established but their structures 
were not fully determmed The various compounds were identified on the basis of our SPECMA data bank (mass 
spectra and Kovits mdrces) and our own files 

INTRODUCTION 

Whereas a number of papers have been devoted to the 
analysis of essential oils from lumper berries [l-lo], with 
about 174 compounds recorded by Lamparsky and 
KlimeS [lo], there is very little known about the compos- 
ition of aerated Juniper needles with the exception of the 
monoterpenes [l l-171. These essential oils are of interest 
because of their high content of sabmene which, however, 
varies depending on the geographical orrgm of the essen- 
tial 011. Because Juniper 1s quite widespread m south- 
eastern France, especially at elevations above 800 m m 
the Samte Baume Masstf about 30 km from Marseilles, it 
seemed of interest to investigate the composttton of the 
essential oil from this shrubby tree. First, we have carried 
out a GC-MS analysis of the essential oil obtained by 
steam drsttllation of fresh-collected lumper needles and 
compared its monoterpene composition with that of 
other essential oils of different origin. 

Secondly, we have undertaken an investigation of the 
heavy fraction of this oil m order to identify sesquiterpen- 
aids. On the basis of ‘H NMR and IR data, De Pascual 
Teresa and co-workers [7] found 20 sesqurterpenes as 
components of a lumper berry 011. Using GC-MS anal- 
ysis, Bonaga and Galetti [9] showed the presence of 40 
components m an oil originating from the Appemnes 
near Bologna However, the mass spectrum attributed to 
cc-cadmol is incorrect 

Our interest in natural products m connection with 
our efforts to complete a specialized data bank m this 

*Author to whom correspondence should be addressed 

field [18, 193 has prompted us to study this essential oil 
of reliable origin Former applications of this approach 
mclude our studies of several essential oils, natural ar- 
omas and model systems related to the Maillard reaction. 

RESULTS AND DISCUSSION 

GC-MS data bank analysts of the jumper (needles) essen- 
teal oil from southeastern France (Samte Baume, Marsell- 
les) 

The constttuents identified by their mass spectra and 
Kovats indices, obtained from the chromatograms re- 
constructed on the basis of the total ionization current of 
the essentral or1 (1) and Its heavy fractron (u), are summar- 
ized in Table 1 

Among the monoterpenes identified m the heavy frac- 
tion of the Juniper needle oil, the mam components are 6- 
and y-cadmenes, (E)$-elemene, (E)-cc-cadmol, spathul- 
enol, and z-muurolene Besides these compounds, we 
have also found aromatic hydrocarbons, aldehydes and 
ketones, alcohols (cl-terpmeol), esters, phenols, and even 
C, to C,, carboxyhc acids 

A number of sesquiterpenoids wtth M,s of 218 and 220 
have not been identified By analogy with the base peak 
at m/z 159 and 157 m calamene and calacorene confor- 
mers, respectively, one can expect that these compounds 
are the corresponding alcohols or oxides. However, there 
are not enough synthetic and/or analytical data available 
m the literature to make it possible to determine their 
structures A hydroxy derivative of calamenene was 
found in the essential oil of Psladla saluifolta by Dennis 
[20]. The mass spectrum for this compound showed a 

1061 



I062 G VFRTYI~ et a/ 

Table I CC-MS data bank analys,s of the Jun,per needle essenttal o11* 

Compound KIPt Occurrencef Compound KIP? Occurrence 

z-Pmene 

Camphene 

[j-Pmene 

Sablnene 
A-3-Carene 

o-Cj mene 

Myrcene 

a-Phellandrcne 

a-Terp,nene 

Limoncne 

[&Phellandrene 

;s-Terpmenc 

p-Cymene 

z.p-Dlmethylstyrene 

Secqttrferpenec und DertLarltec 

z-Cubebene 

r-Ylangene 

r-Copaene 

/j-Bourbonene 
[i-Copaene 

(Z)-/&Elemene 

(t)-/i-Elemene 

fl-Caryophyllene 

Sdntalene 

a-Elemene 

Allo-Aromadendrene 
Calarene 

z-Humulene 

t-Cad,nene 

/?-Maahene 

y-Muurolene 

y-Elemene 

Germacrene D 

Gualene 
zx-Muurolene 

Germacrene B 
n-Farneaene 

&Cddinene 

;-Cadmene 

Ar-Curcumene 
a-Ferulene 

(Z)-Calamenene 

(E)-Cdlamene 

(Z)-Calacorene 

(E)-Caldcorene 

Caryophyllene oxide 

Humulene ox,de (I) 

Humulene ox,de (II) 
4( 14)-Salvial- 1 -en-h-one 

Humulol (‘)) 

1030 

1054 

1090 

1100 

1125 

1126 

1140 

1143 

1156 

1177 

1185 
I221 

1255 

1460 

1475 

1488 
1525 
1535 

1578 
I593 

1605 

1608 

!62? 

1638 
165X 

1664 

1668 
1671 

1684 

1694 

1713 

1720 

1125 

1730 

1736 

1750 

1755 

1760 

1778 

1812 
1850 

1880 

1914 

1934 

1940 
1944 

1950 

1960 

Cubenol 1994 

Cadmenol 1997 

Oplopenone 2000 

I 

I 

I 

1 
1 
I 

I 
I 
1 
1 
1 
L 
I, II 

II 

1, II 

II 

II 

1, 11 

I, II 

II 

I, II 

II 

II 

!1 

1. I1 

II 

II 

1. II 

II 

I, II 

II 

11 

II 

11 

!, !I 

1, II 

I. II 

1, 

II 

11 

I, II 

I, I1 

II 

11 

11 

II 

II 

II 

Spathulenol 

Corocalene (“) 

T-Cdd,nol 
(Z)-r-Cad,nol 

&Cadlnol 

Eudesmol (“) 

Iaospathulenol 
(E)-2-Cadmol 

t,t-Farnesol 

Calamenol 

Calacorenol 

Calamenol 
Carbonyl compounds 

n-Thujone 

/j-Thujone 
Piperltone 

2,4-Nonadlenal 

2.4-Undecadiendl 
p-Methadlenal 

Cummaldehyde 

6,10-DImethyl-5,9-undecadlen 

2-one 

Methyl undecyl ketone 

6,10,14-Trlmethylpentadecan- 

2-one 
,Umbe!!luncne 

Cryptone 
Alcoho/F 

Llnalool 

t-Sab,nene hydrate 
4-Terpmenol 

Borneo1 
Myrtenol 

t-Pmocarveol 

a-Terp,neol 

c,c-Sabmol (?) 

(,c-Plperitol 

C:trone!!ol 

t-Cdrveol 

Geramol 

Dodecanol 

p-Methadlenol 

1,5-p-Menthadlen-7-01 

p-Cymen-R-01 

Cummyl alcohol 

p-Menthadienetrlol (‘) 

Phenols 

CarvdLrol 

EStCr.5 

Isoamyl butyrate 
Isoamyl rsovalerate 

2-Methylbutyl lsovalerate 

2037 I. ,I 

2060 I, 

‘073 1. I, 

7075 / II 
2093 

7110 l, 

2115 I, 

2145 1, II 

2160 I, 

2166 1, 

2193 11 

2196 I, 

1410 1 
1430 1 
1720 1 

II 

1770 1. II 

II 

ii 
ii 
,I 

,, 
1450 1 
1602 1. II 

1625 1 

1650 1 

1690 1, I, 

I6Y4 I 

ii 
1, 

1755 ,I 

1, 

1780 1 
1790 I 
1827 1 
2038 1, 

2270 1 

2130 1. II 

1245 , 
1275 1 
1158 I 
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Table 1 CC-MS data bank analysis of the Jumper needle essenttal otl* 
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Compound KIPt OccurrenceS Compound KIPt OccurrenceS 

Linalyl acetate 

Sabmyl acetate 
4-Terpenyl acetate 

Bornyl acetate 

8-p-Cymenyl acetate 

Isoamyl benzoate 

1530 

1557 

1580 
- 

- 

ii 

i 

I, it 

1 
II 

1, u 

Mtscellaneous 

3-(4-Methyl-3-pentenyl)-furan 1415 1 
a-Pmene oxide 1486 1 
Even actds, C, to C,, 1 

*Compounds whose identtficatton has not been confirmed by comparison with a reference sample are followed by a question 

mark 

TKovats mdices were calculated from the regression line. KIP =0.689 x (scans) + 870 4, with a correlation coefficient r = 0 996 

Reference files were No 1834-10/84, 1549A-22/l l/84, and 1549(3-22/l l/84 

$(I) denotes compounds identified m the essential 011 and (11) the compounds identified m the heavy fraction of this oil 

$Solvents, phthalates, and more than 30 compounds that have not been identified (mainly sesqutterpenotd derivatives) are not 
hsted m the Table. 

molecular ion at m/z 220 with the next peak at m/z 202 
corresponding to the loss of a water molecule. The base 
peak at m/z 159 indtcates the basic structure of calamen- 
enes However, it IS likely that the hydroxyl is not bonded 
to the position with the Isopropyl group because of the 
absence of the fragment at m/z 59 characterrsttc of a 
tertiary alcohol Consequently, structures such as 1 and 2 
for calamenols and calacorenols, respectively, appear 
more adequate Mass spectra for spathulenol and 4( 14)- 
salvtal-1-en-6-one have been recorded by Maurer and 
Hauser [21]. 

Table 2 represents a compartson of the terpenord and 
aromatic hydrocarbons found m Jumper essential 011s 
(needles) from various countries The relative amount of 
sabmene in our oil (48.4%) IS higher than m essential oils 
of drfferent geographical origin and approaches that 
found m Norwegian essenttal 011s from elevatrons be- 
tween 500 and 1100 m [16]. The high percentage of LX- 
pmene seems characteristic of Juniper 011s from lower 
elevations (5-200 m) [6]. 

In a study of the essential oil of Junrperus pseudo- 
sabzna, Satar [17] has found increased amounts of a- 
pmene and sabinene (35 5 and 38 1%, respectively) These 
numbers demonstrate that our oil 1s rich in monoter- 
penes (80%) and espectally m sabmene. The important 
varrattons m the composrtton reflect the geographical 
origin of the 011, the elevation and the species 

Headspace analyszs of ripe and unrrpe jumper berries 

Usmg the headspace technique we have investigated 
the monoterpenoid and aromatic hydrocarbons present 
in ripe and unripe Jumper berries. Volatiles of gm ob- 
tamed by maceration of black berries in an alcoholic 
solutton (45”) followed by steam-distillation were also 
studied 

Two samples of berries (black and green) were collec- 
ted in October, 1984, and stored m bottles for two years 
before analysts. Fresh ripe berries were collected two 
years later (October, 1986) and immediately analysed by 
GC. The Tenax-trapped volattles of the sample were 
thermally desorbed at 260”/3 set by column chromato- 
graphy Relative amounts of monoterpenoids and p- 
cymene m the headspace of Jumper berries are grven m 
Table 3 as well as those observed m gin. 

The present work provtdes information about the 
computerizatton of data obtained after GC-MS analysts 

of Juniper essential oil (needles) from southeastern 
France. The composition of monoterpenoid hydrocar- 
bons and p-cymene both m the essential or1 and m the 

1 2 

Table 2. Relative amounts of monoterpene and aromatic hy- 

drocarbons m the Juniper needle essenttal oil from various 

countries 

Ortgm of the essential 011 

I* 11t 111s IQ VII 
1 2 

Compound Relative amount (%) 

a-Pmene 165 80 

Camphene 012 - 

/?-Pmene 09 - 
Sabmene 484 02 
/l-Terpmene 007 - 

A-3-Carene 007 - 

Myrcene 35 - 
1-Phellandrene 16 - 
a-Terpmene 0.3 - 
Limonene 20 1 
P-Phellandrene 09 - 

y-Terpmene 12 - 

p-Cymene 32 - 

a-Terpmolene 1.6 - 

34 

22 

- 

5 
- 

- 

- 

- 

57 

3 

12 

20 

39 

5 

*The present study. Determmed from an analytical chroma- 

togram (50 m x 0.22 mm I d. Carbowax 20M capillary column). 

t From Canadian lowlands [13] 

ZNorwegian 011 (Central Norway) 112, 141 

(iNorwegian 011s 1, lowlands and 2, high mountams [16] 
11 West German 011 (northwest) [lS] 
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Table 3 Relative amounts of terpene hydrocarbons and p- 

cymene m the headspace of Jumper berrlcs and gm* 

Berries? 

Compound 
__. 

Ripe Unripe 

(black) (green) Gm: 

a-Pmene 30 5 494 100 

r-Thulene traces traces traces 

fi-Pmene 17 208 0 58 
Sabmene 28 0 21 8 98 
Myrcene 27 5 93 64 
a-Phellandrene 067 06 044 
Llmonene 31 121 28 
b-Phellandrene ( t 1, X-cmeole) 078 1 11 0 32 
cfs-b-Ocimene 0 025 0017 traces 

y-Terpmene I 37 1 02 1 16 
franc-/&Oclmene 005 trdces 

p-Cymene 04 042 0 56 
r-Terpmolene 09 047 0 12 

Total 95 87 42 32 18 
__-- -__. 

*Analyses were carried out on a DELSI Dl 700 Instrument 

equipped with a bubbler and a trap filled with Tenax GC 

Nitrogen was bubbled through the flask for 15 mm Volatdes 

trapped on Tenax CC and thermally desorbed at 250 were 

separated using an FF-AP cdplllary column (50 m x 0 28 mm 

Id) 
t Fresh berries (black and green) were collected m October 

1986. and Immediately analysed Prolonged storage (2 year\ ) led 

to a slgmhcant loss of z-pmene (3 so/a), B-pmene (025%) and 

sablnene (10%) (berries collected m 1984) 

headspace of berries (ripe, unripe, fresh or bottled) and 

gin shows some differences m the relative amounts of 

components However. these differences cannot be used 

to explain the characterlsttc aroma ofJumper berries and 

gm Also, the results provide mformatlon about the ses- 

qulterpenolds identified m the heavy fraction of this 011 

EXPERIMENTAL 

Plant material Jumper trunks were harvested III October. 

1984 m the Samte Baume Massif (Marsedles) The needles 

(- 1 kg) were separated from the trunks and berries and were 

steam-dlstllled m a stamless-steel apparatus eqmpped with a 

condenser The obtamed essenttal 011 was yellow with a metalhc 

appearance and wds separated by decantanon (yield -4 5 g) 

Fractronatron oft/w etsentralcul The essential oil was dlstdled 

under reduced pressure at 50”/‘4 mm Hg using a Vigreux column 

(height IO cm) The volatile fraction was recovered m a receiver 
kept at - 5 The residue representmg the heavy fraction (app- 

roximately 20% of the essential 011) was analysed by the usual 

chromatographlc techniques dnd by coupled CC-MS usmg 

electron impact (El) and posmve chemical lomzatlon (PCI) 
techmques 

CC unalys~s using the DELSI headspuce techniyue Volatile5 

from 30 berries were flushed out by an Inert gas (N,) for IO mm 

and trapped on Tenax CC Then they were thermally desorbed 
at 250’ and separated on an FFAP column (50 m x 0 28 mm 

I d ) The DELSI 700 apparatus was combmed with a Shlmadzu 

C-R3A Chromatopack integrator The chromatograph was es- 
pecially eqmpped wuh a DC1 umt for the analysis of the 

head5pace of aroma compounds (both m sohd or hqmd state) 

Chromatographlc and CC-MS analyses The analyses were 

performed under the same condltlons as those already described 

an ref 1221 

Calculaflon of the KotiztC rrtdwus After havmg recogmzed 
Audi ~0 i”“~~~~s ~~ 1~ intros W,h~. Kavats r,~diL~~ ~,~ eiw 

respective column are known, d lmrar regresslon allowed us to 

calculate the Kovbts IndIces from the scdns for all ma% spectra 

recorded 1231 
ldent~fitatron of unkrumn compounds On the one hand, the 

unknowns were ldentlfied on the basls of the EPA/NlH datd 

bank coupled to the VG 70-70F mass spectrometer, dnd on the 

other hand, on the basis of our own SPECMA data bank and 

files The concept of the ddta bank ,md It\ ~mplementatmn have 

been developed elsewhere [I 8. 191 
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