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CHAPTEE I.

THE ESSENTIAL OIL IN THE PLANT.

AN absolutely scientific definition of the term essential cr volatile oils is
hardly possible, but for all practical purposes they may be defined as
odoriferous bodies of an oily nature obtained almost exclusively from
vegetable sources, generally liquid (sometimes semi-solid or solid) at
ordinary temperatures, and volatile without decomposition. This defini-
tion must be accepted within the ordinary limitations which are laid
down by the common acceptation of the words, which will make them-
selves apparent in the sequel, and show that no more restricted definition
is either advantageous or possible. Many essential oils, for example,
are partially decomposed when distilled by themselves, and some even
when steam distilled.

The volatile oils occur in the most varied parts of the plant anatomy,
in some cases being found throughout the various organs, in others
being restricted to one special portion of the plant. Thus in the conifers,
of which the pine is a type, much volatile oil is found in most parts of
the tree; whereas in the rose, the oil is confined to the flower ; in the
cinnamon, to the hark and the leaves, with a little in the root; in the
orange family, chiefly to the flowers and the peel of the fruit; and in the
nutmeg, to the fruit. The functions of these bodies in the plant economy
are by no means well understood. Whilst it is easy to understand that
a fragrant odour in the unfertilised flower may be of great value in
attracting the insects with the fecundating pollen, this can have no
bearing on the occurrence of odorous bodies in, say, the bark or internal
tissues, except in so far as the presence of essential oil in one part of the
plant is incidental to, and necessary for, its development, and .transference
to the spot at which it can exercise its real functions. There may also
be a certain protective value in the essential oils, especially against the
attacks of insects. At present one is compelled to class the majority of
the essential oils as, in general, belonging to the by-products of the
metabolic processes of cell life, such as are many of the alkaloids,,
colouring matters, and tannins; with, possibly, in certain cases, ex-
cretionary functions. Some are undoubtedly the results of, pathological
processes. The structures of the plant which carry the secreted oils-
occur in the fibro-vascular as well as in the fundamental tissues. De-
pendent on their mode of origin, the receptacles may be either closed
cells containing nothing other than the matter secreted, or they may be
vascular structures which have their origin in the gradual absorption of
adjacent cell walls, and the consequent fusion of numerous cells into
one vessel; or, again, they may be intercellular spaces, large cavities
formed in two distinct ways, (1) by the decomposition of a number of
adjacent cells, leaving a cavity in their place, whose origin is thus lysigen-
ous, (2) by the separation of adjacent cell walls without injury to the
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2 THE CHEMISTKY OF ESSENTIAL OILS

cells themselves, thus leaving a space for the secretion, whose origin is
schizogenous. Sometimes the oils contain a non-volatile resin in solution,
forming an oleoresin. For example, isolated cells containing an oleoresin
are found in some of the Laurinese, Zingiberacese, and Coniferae, and
intercellular spaces (the so-called glands) in some of the Umbelliferae
and Coniferae.

There are, of course, numerous other functions which the essential oils
possess, but in regard to which any views must necessarily be of a highly
speculative nature. For example, Tyndall has suggested that, especially
where secretion (or excretion) takes place near the surface of an organ,

B

D

FIG. 1.
In the above diagram A represents an oil cavity below the upper surface of the leaf

of Diclamnus Fraxinella (x 820). B represents the same in an early stage, and
shows the mother cells of the cavity before their absorption (lysigenousj. C is
an early and D a later stage of the formation of a resin passage in the young
stem of the Ivy (Hedera Helix) ( x 800). In both cases g shows the separating
cell (schizogenous).

the essential oil has a function which regulates the rate of transpiration.
Moisture which is saturated With essential oil has a different heat con-
ductivity from that of moisture alone, so that a plant which gives off
much perfume may be protected, during the day, from too great trans-
piration, and, during the night, from too great reduction of temperature.
The high rate of consumption of essential oil during fecundation points,
too, to a distinct nutritive value, possibly due to easy assimilation owing
to its chemical constitution, of the essential oil.

The study of the essential oils in situ have hitherto been compara-
tively restricted, and although much work has been done on a few oils,
the results obtained, valuable as they are, must be regarded as of a pre-
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liminary nature, indicating possibilities of great interest as research
develops.

From a purely practical point of view, the principal problem which
requires solution—and which is gradually becoming more understood—
is the determination of the external conditions which will enable the
grower and distiller to produce the best results, both qualitatively and
quantitatively, in regard to any given essential oil.

This problem involves consideration as to the effect of external con-
ditions such as light, heat, moisture, altitude, manuring and other
cultural matters, and as is obvious, such considerations may, and do, vary
greatly with different plants. Such considerations are to some extent
within the scope of the knowledge and skill of the well-trained farmer
and the careful distiller. But there are other considerations of a much
more abstruse character to be taken into account, and here only the
chemist can undertake the necessary investigations. The questions which
present themselves for solution are, broadly, some such as the following:—

Where and in what form does the essential oil have its origin ?
What alterations does it undergo during the life history of the plant ?
How does it find its way from one part of the plant to another ? How
can external conditions be controlled so as to vary the character of the
essential oil at the will of the cultivator ?

These, and similar questions are all-important, if the production of
essential oils is to be placed on a really scientific basis.

The questions raised in the foregoing paragraphs will be examined
briefly, and in principle only, as the detailed 'account of many of the
researches which apply to one plant only, would be outside the scope of
this work.

At the outset, attention may be drawn to the fact that the greater
part of our knowledge of the development of the essential oil in the plant
tissue is due to the painstaking researches of Charabot and his pupils.
And a very considerable amount of the information included in this
chapter is acknowledged to this source.

From the practical point of view, the principal variation of environ-
ment which is definitely under the control of the cultivator, is, of course,
the alteration in the composition of the soil, which is brought about
by scientific manuring. The analysis of fruits and vegetables will give
the ordinary agriculturist much information as to the necessary mineral
ingredients to be added to the soil; but in the case of essential oils,
the conditions are entirely different. The various parts of the plant
tissue are affected in different ways by the same mineral salts, and suc-
cessful development of the fruit or any other given part of the plant may
have little or no relationship with the quantity or quality of essential oil
produced. So that it is only by actual distillations of the plant, or
portion of the plant, coupled with an exhaustive examination of the
essential oil, that informative results can be obtained.

The principles underlying this question are, mutatis mutandis, identical
for all cases, so that as a typical illustration the case of the peppermint
plant may be selected, as this has been worked on by several independent
investigators very exhaustively.

Charabot and Hubert 1 carried out an elaborate series of experiments
on a field containing 29 rows of peppermint plants, each about 5 yards
in length. The normal soil of-the field had the following composition :—

1 Boure-Bertrand Fils, Bulletin, April, 1902, 5.
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Pebbles 250 per mille.
Fine soil, dry 750 „
Nitrogen (parts per 1000 in the dry fine soil) . . 1-44 „
Lime (expressed as GaO per 1000 in the dry fine soil) 309-45 ,,
Phosphoric acid (expressed as P2O5 per 1000 in the

dry fine soil) 2-82 „
Potash (expressed as K2O per 1000 in the dry fine

soil) 1-74
A number of the plants were watered with a solution of 500 grams

of sodium chloride in 20 litres of water, and a number with a similar
quantity of sodium nitrate. These salts were administered on 23 May,
and the following observations were made on the dates specified, on the
essential oils obtained under the usual conditions, from the plants
normally cultivated, and then treated with the salts above mentioned:—

Plants Cut on 24 July.

Optical rotation . . . .
Menthyl esters . . . .
Total menthol . . . .
Menthone . . . . .

Plants Cut on

Menthyl esters . . . .

Plants Cut on 16

Optical rotation . . . .
Menthyl esters . . . .
Total menthol . . . .
Menthone . . . . .

Normal.

- 3° 38'
12'0 per cent.
38-2
8*2

Sodium Chloride.

0°
12*8 per cent.
38-2
4*0

20 August (Green Parts only).

33'3 per cent. 39-6 per cent.

September (after Fall of Petals).

- 5° 30'
27*0 per cent.
47'0
2'5

- 12° 18'
30-1 per cent.
48-1 „
I'l

Sodium Nitrate.

- 0° 10'
12*3 per cent.
36-7
6-0

39 2 per cent.

- 2° 30'
28-9 per cent.
45-8
2'5

The oil distilled from plants normally cultivated, which were cut on
18 July, that is six days before the earliest of the above experiments,
gave the following results :—

Optical rotation - 3° 30'
Menthyl esters 8*8 per cent.
Total menthol 41-1 „ „
Menthone 4'0 ,, „

The facts established by these experiments are that both sodium
chloride and sodium nitrate favour esterification but impede the forma-
tion of menthone.

These facts, however, cannot be correctly studied without taking
into account a considerable amount of collateral matter. For example,
whilst the actual percentage of esters in the essential oils is increased
by the use of sodium chloride, this salt has an inhibiting action on the
vegetation generally, so that the actual weight of methyl esters per
acre is less than when no sodium chloride is used, whilst the reverse is
true when sodium nitrate is used.

A very elaborate investigation on the subject has recently been
carried out by Gustav Hosier.1

1 Pharm. Post, 1912, i. 2.
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Eight different cultivations were carried out under the following
conditions :—

1. Without any manure.
2. With farmyard manure.
3. With sodium nitrate.
4. With sodium nitrate and farmyard manure.
5. With sodium nitrate and calcium superphosphate.
6. With sodium nitrate, calcium superphosphate, and farmyard

manure.
7. With sodium nitrate, calcium superphosphate, and potash salts.
8. With sodium nitrate, calcium superphosphate, potash salts, and

farmyard manure.
The following are the details of yield of plants and essential oil, with

the market values of the product, all being calculated on the same basis :—

1
2
6
4
5
6
7
8

Per Hectare.

Dried Plants in
Kilos.

1300
2000
1860
2820
1940
2320
2200
3140

Per Cent., Oil. ' WeigKU ™ °U "

0-77 10-01
0-88 16-40
0 74 18-76
0-811 22-84
0-73 14-16
0*84' 19-94
0-72 15-84
0-95 29-83

Value.

500
820
938

1142
708
974
792

1491

The essential oils, distilled from the plants cut in September had the
following characters :—

Per cent, on dry
herb

Specific gravity
Optical rotation
Acid number .
Ester „
Menthyl est ers .
Ester number of

acetylated oil
Free menthol .
Total „
Menthone.

1.

0 87
0-9088

- 29-67°
0-77

37-47
10-73

196-05
50-13
60-86
3 52

2.

0-93
0-9092

- 29-22°
0 51

33-49
9-33

187-75
48-59
57-92
6-11

3.

0-83
0-9105

-60-25°
0-78

41-13
11-74

197-04
48-82
60-56
0-89

4.

0-91
0-9090

- 30-44°
0-46

43-32
12-07

195-24
47-76
59-83
2-94

0-83
0-9100

- 31-78°
6-58

44-14
12-30

189-36
45-89
57-69
4-01

6.

0-95
0-9087

- 30-41°
0-50

32-28
9-27

194-07
30-93
60-20
1-37

7.

0-83
0-9111

-32-05°
0-52

45-52
12-58

192-70
46-08
58 66
3-75

g.

1-08
0-9099

- 30-25°
0-37

36-75
10-24

197-65
50-97
61-21
2-14

It will be noted that the experiments with sodium nitrate confir m the
results of Charabot and Hebert, both as regards the increase in menthyl
esters and the decrease in menthone in the essential oil.

The influence of sunlight on vegetable growth, and the results of
etiolation are, of course, well known to botanical students. There is no
room for doubt that the production and evolution of the odour-bearing
constituents of a plant are in direct relationship with the chlorophyll


