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The direct gas chromatographic (GC) analysis of essential oils of plants has
been described by several authors'—3. This technique offers advantages over liguid
injection of solvent or steam-distitied extracts of the oils®; it may be applied to animal
tissue!® or to extracied volatile solids deposited on an Inert material*t—13, While pieces
of plant tissue as small as 16 xg fresh weight® may be analysed, Von Rudloff? warns
that the resuits, although they may be quantitative for the pilece of tissue analysed,
must be interpreted carefully as being representative of a larger tissuc sample.

In most of the techniques described, the oils are volatilized from the tissue in
a pre-heating artachment and then swept on to the GC column. A heated injection
port that achieves volatilisation of oils from plant material has been described bricfly
by Henderson er al.%, who placed the tissue sample (fess than | mg fresh weight) in
a proprietary glass Iiner tube that was then inserted into the injection port. Baerheim
Svendsen and Karlsen® have described a procedure whereby 10-20 mg fresh plant
material is placed into a basket which is inserted into the injection port by means of
a magnet. No comparison, however, appears to have been made of such solid injection
techniques against other methods of oil extraction such as steam distillation or solvent
exiraction.

This paper describes a2 direct loading technigue which should be applicable to
maost gas chromatographs without insrument modification and compares results
with those from solvent extraction techniguss. The plant material is placed in a stain-
less-stesct mesh basket which fits inside the injection port; the basket is of simple con-
strirction and the sample may be recovered for further analysis. We have been using
the technique successfully in studies on the nature. biosynthesis, and site of synthesis
of the major volatiles of Cinnamemum zeylanicum.

EXPERIMENTAL

Plarnt material

Root, bark, and leaf samples of Cinnamomumn: zeylanicum Nees were collected
frcm the Sydney Roval Botanic Gardens and dried at room temperature. The dried
tissue was cut into thin strips immediately before analysis.



NOTES 469

Solid injection systen: and technique

The cotumn was equilibrated at room temperature and a 5-cm section adjacent
to the injection port was cocled with ice. The injector cap was removed and a stainless-
stee] mesh basket (2.5 x 0.3 cm) (Fig. !) containing plant tissue (15-60 mg) was
inserted into the injector port. A stainless-steel wire served to both insert and remove
the basket. Following sample insertion, the injector cap was securely replaced and the
volatiles vapourised from the tissue at 180° for 5 min. The fore-column was contin-
ually cooled with ice during this period which has been found sufficient for complete
vapourisation of tissue volatiles zs judged by solvent extraction studies on the
residue. The injection cap was then removed and the basket withdrawn, using forceps,
without the need to interrupt carrier gas flow. The injector cap was replaced, the ice
condenser was removed, and the oven temperature was raised to 90° for 2 min, fol-
lowed by programming at 2°/min to a final temperature of 240°.
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Fig. I. Small stainless-steel mesh basket {A) which can be inserted and removed from the injection
port (B} of a gas chromatograph.

The following operating conditions were used: gas chromatograph, Varian
Aerograph 1520 equipped with Vidar 6300 digital integrator; detector, flame ionisa-
tion detector: column, 4.57 m X 3.2 mm [.D. stainless-steel coil packed with 109
Carbowax 20M on Chromosorb W AW DMCS, 100-120 mesh; fiow-rate of carrier
gas {nitrogen}, 12 ml/min; flow-rates of hydrogen and air to detector, 23 and 250
mifmin, respectively. -

RESULTS AND DISCUSSION

The most highly prized part of the cinnamon plant is the stem bark which be-
comes the cinnamon of commerce; the major volatiles of this tissue have been char-
acterised through GC separation of the steam-distilled oil!¥. Thic method of oil
recovery is comparable ta that used in the commercial preparation of cinnamon bark
oil, however, we have found the il to be more completely extracted with a solvent
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such as carbon disulphide's. Thus we have qualitatively examined the pattern of voia-
tiles of dried stem bark as indicated by our solid injection technique (Fig. 2A) and by
carbon disulphide extraction (Fig. 2B). Each volatile was then quantified by the peak
arez methaod as a percentage of the total peak area (Table I). The solid injection tech-
nigue recovered significantly higher amounts of two of the major volatiles contained
in th's tissue, namely, f-caryophyilene and an unknown compound (peak 13). Com-
parable amcunts of the other volatiles were recovered by both methods. Total vola-
tiles ~ecovered by the solid injection method was slightly higher than that by solvent
extraction method judging by the peak areas. Both operations were carried outat the

same attenuation.
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Fig. 2. GC pattern of the volatiles recovered from 60 mg of dried cinnamon sterm bark using (A}
sc;:d injection and (B) carbon disulghide extraction.

The solid injection technique for determining the volatile pattern of thin pieces
of plant tissues compares favourably, both qualitatively and quantitatively, with that
of sclvent extraction. The technique is extremely rapid and reprcducible, works equal-
Iy well on fresh and dried plant material, has given excellent results with other parts
of the cinnamon plant such as root bark and leaves, and the residue is easily recoversd
for further analysis such as dry weight determination or radioactive counting.
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TABLEIX

QUANTITATIVE COMPARISON OF THE VOLATILES OF CINNAMON STEM BARK BY
SOLID INJECTION TECHNIQUE AND SOLVENT EXTRACTION WITH CARBON DI-
SULPHIDE

Each volatile is expressed as a percentage of the total peak area (means of duplicate analyses). Peak
numbers refer to Fig. 2. ND = not detected.

Peak nra. Compourd or volatife Solid injection Solvent extraction
K«l‘t{l CSz
1 a-Pinene 1.0 1.3
2 Camphene 0.12 0.3
3 3-Pinene Q.18 25
4 a-Phelandrene 1.00 trace
5 a-Terpinene 1.00 trace
6 Limonene trace 8.2
7 1:8-Cinecie trace a.5
8 p-Cymene 0.8 a.8
g Unknown a.6 NB
10 Linalool 0.7 1.0
j3 1 Unknown 0.6 ND
12 B-Caryophylicne 8.0 2.5
i3 Unknown 26 ND
14 a-Terpineole 04 Q.3
15 Cuminaldehyde trace trace
16 Safrole a.5 20
t7 Unknown 0.2 02
18 Cinnamic aidehyde 58.2 62.0
19 Eugenol 2.1 20
20 Cinnamy! alcohol 20 1.4
2t Uspknown — —
22 Unknown 26 1.8
23 Uzsknown trace trace
24 Upknoown trace i.6
25 Benzyl benzoate 3.7 4.0
26 Unknown trace trace
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