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FOREWORD

The laboratory demonstration for the Regional Workshop/Seminar-on
Essential Oils (Essential Oils' 88) is designed to illustraté various
techniques normally employed in the productioh, quality control and
utilization of essential oils. '

The essential oil production techniques will include steam, steam-
water, water distiilation-and machine compression.

The quality control techniques will include some physicochemical
methods as described in the British Standard 2073:1962 (UDC 668.5.017:
543) "Methods of Testihg Essential Oils", the use of gas chromatograph
and thin layer chromatograph. ' '

Soft drink, food preparation and external use cream, incorporéted
with essential oils will be illustrated for the utilization of essential
oils. =~ |

We hope_that the laboratory demonstration, held within a limited time,
will serve its purpose in promoting relevant knowledge and expe;iénce to
pafticibanfsiwhich will prove useful in carrying out their duties. .



CITRONELLA OIL

Introduction

~

R

- Citronella oil is one of the most widely used natural essential oils.
The oil 'is used extensively as a source of important perfumery chemicals
like citronellal, citronellol and geraniol, which find extensive use in

soap, perfumery, cosmetic and flavouringvindustriee throughout the world.

There are two types of citronella: the more important type being
the Java type produced from the grass Cymbopogon w1nter1anus Jowitt.

The less important:one althouqh longer establlshed is the Ceylon type
distllled from the grass Cymbopoggg nardus Bendle. The prqductlon.of

the latter takes place exclusively in Sri Lanka the Jaya-tYpe oil
is produced elsewhere. ' -

o

- Cltronella oil has a fresh lemon - llke odour and is the source of
qeran101 and c1tronellal.' Its prlncipal appllcatlon is in perfumery, its
utlllzatlon 1n flavourlng belng 1n31gn1ficant.

' { The Ceylon~typo oil accounts for only a very small proport1on of
world productlon and exports. The Java type, which accounts for the '
buik ‘of world production is obtained mainly from Indone51a Chlna
Taiwan, India and Guatemala. The volume of world production is unknown
but an international trade currently reaches 1,600-1,750 tons a year, of
which Indonesia and China each contributc between 40% and 45%, Taiwan
and Guatemala each a little under 3%, Sri Lanka about 7%, and Brazil 2%.
The supplies are generallymorethan adequate for current demand. |

Planting and cultivation

The plant is similar to lemongrass but leaf blades are broad, the
stout is 2 m high. It is perennial herb with fibrous root. It flourishes
best under tropical and subtropical climate. It needs abundant moisture
and sunshine for good growth. Rainfall between 200-250 cm, well spread
over the yesr, is ideal for the crop. It grows well in the range of
altitude between 600-1,500 m.



The sandy loam soil with abundant organlc matter is the most sultable.
Heavy clay 50115 and sandy s01ls do not support good growth of the plant
The optimum pH of the soil iIs 6. .

The citronella plants are propagated by splitting the chumps into
slips. Each slip contains 1-3 tillers and is the unit of propagatlon.

The slips should be set out 20x90 cm apart.

The suitable period of planting is during rainy season. The nitrogen
fertilizer should be given at least 4 times per year,  first month after
planting and then after each harvest at the interval about three months.
The recommendedannualdpses of n1troqen PZO5 and KZO are 80—120 40 40
' kg/ha.v

The'citronella plantation‘should be kept weed-free, especially the
newly established plantations and after each harvest. -

_ Harvesting

' The plant can be harvested after planting for 6 months. Only the
leaves which contain maximum amount of the'oil are harvested. The
second and subsequent. harvests can be taken thereafterﬁ2%~— 3.months
interval. Harvesting too soon and too late affects. the quality of oil.
adversely. The plantation can be harvested 4 times per year under the.

. _favou;able Conditions. -

- The same schedule of harvesting should be followed during second-
‘and subsequent years. Java.citronella plantations remain productive
’ for 5-6 years but the yield of leaves and oil is maximum during the second
and third years, after which it starts decreasing. It is, recommended
. that the plantation should beuprooted after 3-4 years and rotated with
some small legume crops. s ' ' |

Distillation . L e e . S

Leaves are dried after harvesting because more dry leaves can be
charged into a still and also, they require less steam and fuel. Time .
required.for drying the grass.depends- upon the weather conditions about

SR



""3-4 hours in bright sunshine and a longer period during the rainy season.
“During drying; the leaves are turned over frequently with a view to
prevent fermentation. The weeds are eliminated during the dryinq
process. It is advisable that the dried materlal is distilled the sameé
day 1t is harvested

Ceylon type

A typical distillation post consists of two stills connected by one
-and the same condenser, which is 1nserted in a rectangular water basin
made of concrete and 1mbedded in the“bround The stills, of galvanized
iron, are usually 2.4 m high and 1.35 m wide; only a few are larger.
The two stills are operated alternately--while one still is being charged

or discharged, the other remains in operation. For this reason the two
stillé have only one helmet (with an attached gooseneck). -Distillation

is carried out with live steam generated in a separate and simple steam
boiler, the latter partly imbedded in the ground. Warm water drawn from
the condenser tank serves to feed the steam boiler. For heating, exhausted
and sun-dried plant material is used. The ashes are dumped into the

fields for fertlllzatlon purposes.

The oil separator and .the contalner holdinq the separated oil are
hHoused .in a locked subterranean room,(accesslble throuqb an underground
passage, to which only the proprietor or_trusted foreman has the key.

Distillation of one charge lasts about 6 hr. This rather protracted
distillation is necessary because of the low steam pressure in the boiler
the limited capacity of the latter and the comparatlvely large charqe of
plant material in the still. '

 Ceylon citronella contains approx1mate1y 0 5 per cent of oil. The
yearly yield of dried grass per acre amounts to 4.5 tons of grass. The
average yearly yield of Ceylon c1trone11a oil per acre amounts to about
23 kg. The maximum yield of a plantation is obtained in the third year,
at which time it reaches 27 or 36 kg of oil per year per acre. After the
fifth year the yield diminishes. S

_Java tggg

Three types of stills are employed in. Java——water and steam stills,
steam stills, and the so-called "godokkans" a sort "of intermediate between

the first two types.



N

Water and steam.stills. One of the advantages which water and

steam distillation possesses over direct steam distillation is that therA
danger of steam channeling in the retort is diminished. The steam .
develops along the entire water surface, and consequently penetrates
the charge of grass quite evenly. o

The water and steam stills are 1mbedded into stone hearths and aré' -
prov1ded w1th a grid, which ‘supports the grass. The water beneath'the
grid is heated with direct fire. One manhole on top and one on_the side
- permit charging and discharging of the plant material. The leaves are R
tramped into the still quite firmly, to prevent formation of steam
channels;~the volume of the charge diminishes greatly during distillation.
Between the still walls and the plant charge especially in stills not
_properly insulated cooling and some 1nternal condensatlon may take. place
and the condensate, which contains dark, non volatile extraction ‘matter,
collects beneath the grid, at the bottom of the still, and atcymulates -...-
after a number of operations. It is advisable, therefore, to draw off
the uater:in the still (beneath the grid) after each charge has ‘been -
distilled, and. to replace it with:fresh water for the distillation of
the next batch

' The ratio of the diameter of a retort to 1ts height should be at
least 1 to 1.5 or 2. Steam channels are more readlly in low, wide retorts
than_in narrow and high cnes, but danger is remedied if a wide retort
tapers conically toward the top. Such stills, although being. highly
superior, are not yet being used very much 1n Java.» It is hlghly .
advisable to insulate the retort with a layer of kieselguhr or other '
material; even finely chopped grass can be used. A retort of 1.10 m g
diameter and 2.40 m height holds 485 to 546 kg of gress which 1s qu1te
suffiCient for one charge.

Water and steam distillation feguires a separate fire for each : -
still.  Thus, the fuel conSUmption'is relatively greater than in one .
separate steam-boiler;’which'supplies steam for the whole battery system.
Water and steam distillation (with direct fire) can thus be recommended
only if small quantities of grass are processed daily, and if the price
of fuel is low, as in the case of exhausted grass. Operating a retort
holding 485 kg of grass, by water and steam distillation, requires 3 to



4 hr, which is twice as long as would be- requlred w1th direct steam .
distillation. C Co . ‘-

Distillation byvthe dodokkans process. Distillation by using the

so-called godokkans represents a modified ver51on of water and steam
distillation. This type of equipment is usually owned by wealthler .
natives or Chinese. The fire hearth and the water boiler are - separated
from the retort. The capacity of the godokkans varies from 400 to 4,000
kg of grass. A retort holding more than 1,500 kg of leaves is'less
economiical than that holding 1,000 to 1,200 kg. Retorts of small capacity
require a shorter distillation time. It has been the praetice to distil
'a charge of 1,000 to 1,200 kg for 5 to 6 hr, although 3 to-4 hr-is
preferred. ’ N

DlStllllmghnjjldlrect sxeam.. In the case of dlrect steam dlStllla—
tlon the steam is generated in a separate boiler heated by wood or
exhausted grass. The retort resembles that of water and steam StlllS.

As regards the questlon of steam pressule it was formerly believed
that a hlqh steam pressure would glve best results. Recommending a -
pressure of 3 to 4 atmospheres (measured in the steam b0ller) but later
the producers came to realize that such high pressure, while giving a

. greater yield, affected the quality of the oil adversely. Instead of

3 to. 4 atmcspheres steam pressure, 1 to 2 atmospheres are then recommended.
The loss in yield of oil obtained by the use of low pressure ‘steam is
more than compensated by a high total geraniol content of the oil.” If
the distillation is continued sufficiently long all the volatile oil
present in the plant will be distilled.  Such oil, however, contains

also the less desirable constituents. At present, a direct steam still
holding 1,000 to 1,200 kg of leaves is operated with steam of i-to 1
atmosphere (above atmospheric pressure, measured in the steam boiler)
throughout. the distillation, which lasts not longer than 3 hr. The
length of distillation obviously depends not only upon the steam pressure
but’ also upon other factors such:as condition (m01sture3content) of

the plant material.



It is difficult to express the yield of oil per acre of grass in
definite figures because it depends upon so many factors, viz. climate,
fertility of the soil, age of the planting, and method of distillation.
The figure on yield estimated when the first citronella estate was
established in Java on normal soil during the second year corresponded
to about 14 tons per acre. The oil yield average of 0.7 per cent, works
out at 97 kg per acre.

‘Physico-chemical properties

The odour of the Ceylon citronella oil is coarser than that of.the
Java oil. Its content of total geraniol and citronellal is substantially
lower than that of the Java oil, which is responsible for the lower

qualify and value of the Ceylon oil.

British standard specification (BS 2999/18-19:1972) defines certain
characteristics of o0il of Ceylon and Java citronella in relation to the

assessment of its quality as follows:

Ceylon : ‘ Java
Citronella oil  Citronella oil

Apparent.density ; ' 0.893-0.,910 0;880-0.892
20°c ‘ c g/ml g/ml
Optical rotation h -9° to.—l89‘ . .Oo to -5°
20°¢ B
Refractive index : 1.479-1.485  1.466-1.473
Solubility in ethanol 80% (v/v) 1:4 1:2
Carbonyl value* 25-55 | o127
Ester value after acetylaticn+f 185-201 o 251

*
127 - corresponding to 35% of carbonyl compounds, expressed as citronellal,

A+250 ~ corresponding to 85% of constituents liable to acetylation, expressed as geraniol,



Chemical composition
.+ The main differé_nces in chemicai cérhposifion both qualitative and
quantitative between Java and Céylon citroneélla oil were the following:

1

' Ceylon ' - - ... Java-
Compound - ©°  Citronella oil- - "Citronella oil
Tricyclene 1.6 . -
0 - Pinene o 2.6 L -
Camphéene . 8.0 -
" B’~ Pinéne - - - trace . -
Sabinene - _trace oL _ -
Myrcene 0.3 | A : -
- rCar-3-ene . trace ‘ -
.~ Phellandrene » 0.8 A -
Limonene o 9.7 L 1.3 .
cis-Ocimene: ) 1. 4 ' - _— | '
% - Terpinene } o :
B - Phellandrene
p ‘= Cymene - trace - ,
_ Terpinolene 0.7 RS o
1 ~Héxanol R 0.1 . -
Methyl heptenone 0.2 " trace
Citronellal .. 5.2 32.7
.. Camphor 0.5 T -
*...Bourbonene . - 1.0 _ trace
Linalool ; 1.2 1.5
Linalyl acetate 0.8 o .- 2,0
0 -~ Terpineol. trace -
B ~ Caryophyllene 3.2 - 2.1
4 -~ Terpineol 0.7 trace
Menthol trace -
Citronellyl acetate 1.0 3.0



Compound

B —‘Caryéphyllene _
4 - Terpineol
‘Menthol ;
Citronellyl acetate
1 - Borneol

Geranyl formate
Citronellol; . 1
Gerarnyl acétgte J
Nerol
Geraniol
Citronellyl acetate
Geranyl butyrate

Nerolidol L T

Methyl eugénol
Elemol

Methyl iso—eugenol;}
Eugenol
Unidientified
Farnesol

Use

Ceylon
Citronella oil

3.2
0.7
trace
1.9
6.6
4.2

8.4
0.9

18.0
trace -

0.3
1.7
1.7

7.2

1.5
trace

Java

Citronella oil

2.1
trace

3.0
- trace

- 2 '.‘.5 .

15.9

7.7
23.9
PR
trace

trace
6.0

2.3

1.4
0.6

Ceylon citronella oil is used chiefly for the scenting of soaps,

sprays, disinfectants, polishes, and all kinds of technical pfeparations

where price is of prime consideration.

Citronella oils, Java type, is one of the most important essential

oils. Oil with a high content of citronellal is used chiefly for the

isolation of citronellal, and for conversion into citronellol, citronellol

esters, hydroxy citronellal, and synthetic mentol.

0il with a low

citronellal and high geraniol content is used for the extraction of

geraniol, and conversion of the latter into esters.

The price of this

type of oil is lower, and thus serves well for the écenting of soaps

and technical preparations where cost is of prime consideration. In many



cases it can replace the Ceylon type of citronella oil. The bulk of Java
tyﬁe citronella oil, however, is of the usual, normal quality, i.e., com-
prising 35 per cent of citronellal and 85 per cent of total geraniol.
The oil is used for the extraction of aromatic isolates, as well as for
the scenting of soaps and all kinds of technical preparations.

References
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LEMONGRASS

Introduction -

The two main types of lemongrass are recognlzed by the trade. The
"East Indlan“ 011 1s obtained from Cymbopogon flexuosus (DC.) Stapf,,

cultlvated in Travancore near the Malabar coast the "West Indlan"'

lemongrass 6il is obtained from Cymbopogon citratus (DC.) Stapf., cul-

tivated in the tropics, particularly in Guatemala, where production is f
organized on a considérable scale andjmechanization ls.used. Lemongrass
oil is one of the most important essential,oils. The world - productlon
is 800~1,300 tons per year produced from India, Guatemala Chlna. The
‘prlce is around £ 9 per kg for cochin 75%.

The 011 has typlcal strong lemon 11ke odour of the plant due to
high citral content (75-90%) . Among the two spec1es cultivated, C.
flexuosus, also known as Malabar or Cochln Grass is indigenous to India,
whereas C. citratus 1s cultlvated in West Indles Guatemala Brazll
etc. The oil of C. citratus is considered inferior as it contalns -
slightly less citral (60-75%), whereas. oil from C. flexuosus contains
more citral (75-90%). SR o

In Thalland a variety of c. citratus locally called takhra1 1s
w1dely grown 1n the garden. It 18 also used in flavourlng certaln soups

and curries.

Planting, -harvesting and dlstlllation

Lemongrass’ requlres a warm and ‘humid climate with plenty of sunshine
and ralnfall fanging “from 250 cm to 300 cm, unlformly dlstrlbuted over
the year. ‘It is hardy plant and re81stant to drought.

It grows well at altitudes between 100 and 1, 200 m, generally on
poor 501ls along with ‘hill slopes but flourlshes on a w1de variety of
soils‘ranging from ‘rich loam to poor laterlte. The grass grows best on
well-drained sandy—loam. soil; it even ‘thrives on llght—sandy - soils,
provided they are well manured. Plants from such a sandy soil yleld'
relatively more oil with higher citral content than plants from very

fertile soil.

11



The plants are propagated both from seeds and rooted slips in case
of C. flexuosus, whereas in case of C. citratus, it is propégated through
rooted slips. Lemohgrass is a soil-exhausting crop. It is preferable
| to use. spent 1emongrass in the form of compost at the rate of about 10
tons per ha and wood dsh at the rate of about 2 tons per ha. Weeding
and hoelng are very important as they affeot the yield and quality of oil.

The time of harvesting affects the yield and quality of the oil |
Young ‘and tender grass harvested in the early season, gives an oil whlch
is low in aldehyde content {60-70%) and of poor solubility. Later, the
aldehyde content of the oil increases-to75% and more. The yleld'of'oil
also increases. The first harvest is generally possible after 3 months
of transplanting in case of C. flexuosus and aftef 6 months of planting
of C. citratus. Subsequent harvests take place at intervals of 40-50 days
depending upon the fértility of the 5011 and seasonal factors. Ue@eqf_
normal condltloos, three harvests ere possible during the first yeafv
and four in subsequent years. Harvesting is done with the help of
sickles, the plant being cut close to their basesfebouttlo cm above
ground bud. '

The grass is either distilled fresh or ailowed to wilt for 24 hours.
Wilting reduces the moisture content and allows larger quantity of grass
to be packed into the stlll thus economising the fuel use. '

For good quality oil, it is advisable to use steam-distillation.iyg,
To obtain the maximum yield of oil and facilitate rélease of oil, the
grass is chopped into shorter lengths. Chopping the grass has further
. advantages that more éfass-can‘be charged into the still and even peck;ng
is facilitated. The graés should be packed firmly as this orevents the
formation of steam channeis. The steam is allowed to pass into the still

ERER

with a steam pressure from 18 to 32 kg in the boiler.

The yield of grass is the lowest in the first year and hlghest in
the third year and fourth year after planting. On an average one hectare“
produces 75-100 kg of oil. The percentage yield based on fresh weight B

varies between 0.2 and 0.4.

12



Physico-chemical oroperty

0il of lemongrass is a mobile, yellow to reddish-brown 011 w1th a
powerful lemon-like odor. ’

The physico—chemical property is as followed:

East Indian AWest Indian

'B.S. 2 999/32-43. B.S. 2 999/32-43.
1963 : 2 999/35 1 963 : 2 999/36 -

"“Specific gravity at 20°C 0.893-0.903 0.870-0.895

Optical rotation R -3~ (+1) -3 - (+1)

Refractive index at 25 C 1.483-1.489 1.483-1.489

Solubillty in 70% v/v B - Not less:than 75 Not less than 75
alcohol at 26°C ..., ' ' X

Carbonyl value ‘ Not less than 276

: Chémical-bompdsition

The main constituent of. lemongrass oil is citral wv 75—85A. Other
mlnor constltuents present 1n 011 are 5

) Linalool 4

Qeranlol N | . ' N
 Geranyl acetate e
, F;rhesol

Féfnesal

Citronellal

Citronellol

Limonene

Myrcene

Nerol

Use

Because of its powerful lemon-like odour,oil of lemongrass is used
widely for the scenting of soaps, detergents and all kinds of technical
products. The bulk of the oil, however, is employed for the isolation
of citral, which, as such, is used in flavors, cosmetics and perfumes,

i3



or is converted into ionones, a group of very important synthetic aromatics

possessing a strong and lasting violet odour.

As the starting material for the preparation of the ionones, 0il of
lemongrass has become one of the most impp:tant“éhd undispensable essential
oils in the course of fhe bagfﬁgifty Yééféi }This applies to the East
Indidn-as well as to.the West Indian type of lemongrass oil. Large
éuantities of B -ionone are now employed for the manufacture of synthetic

vitamin A.
References
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ROSE OIL

Introduction

Rose oil is one of the oldest and best knOWn scents used in perfumery.
'Rose oil isobtained from various specie-s.‘bf Rbéa. Rosa is a large genus
of erect, sdrmentose or tlimbind shrubs, widely distributed in the tem-
perate regioris of the northern hemisphere and on tropical mountains.
Three, out of the various species of Rosa, have been used commercially-

for production of essential oil.

- 1.  Rosa damascena is the most high grade oil and the major producers

of this oil are Bulgaria, Turkey and India.

2. Rosa gallica is the limited extent of oil, produced in USSR and
Eqypt. |

3. Rosa centifolia is the third species of Rosa which the oil is

produced in France and Morocco.

Here, we would only mention, R. damascena, the species which is
native to the Asiatic region. R. damascena is a verennial with a life
span up to fifty years, 2.5-3.0 m high. The stems are somewhat arching
with numerous stout and hooked falcate prickles of unequal size, intermixed
With numerous unequal ‘aciculi and glandular bristles. Leaf stipulate,
compound, imparipinnate with 5-7 leaflets; stipulééﬁadnaté; leaflets
moderately large 2.5-7.5-cm long and 1.5-4.0 cm broad, ovate" to oblong,

glabrous'on the upper surface but softly pubescent -at the lower end,
"margin serrate, glandular with fine hairy outgrowths which are also.
. present on the raised midrib of the lower surface; glands brown to red;
peticlules also pubescent and slightly glandular. Inflorescence,
corymbose; flowers sweet-scented, red, pink - or white sometimes striped;
pedicelfbésessesdensely packed aciculi and hispid glands; bracts more
or less lanceolate: sepals reflexed: petals variable in color, white or

red. Gymoecium apocarpous. Fruit ovoid or obovate.

15



Planting and cultivation

Rose is propagated vegetatively onlyvas the plants obtained from seed
usually have a smaller number of petals.

The ground must be well ploughed before plantlng, parallel’ ditches,
3.5 ft deep and 1.5 to 1.75 ft- w1de and 7 to 8 ft apart, are dug. The
earth shovelled up from the ditches. is piled in equal”amounts on both
sides of the ditch. The work should be undertakeh‘for not less than
2 months prior to planting, so that the earth can be exposed to air and
m01stu1e sufficiently long for the organlc matter to decompose. At the
time of planting, a part of the eatth p11ed up along the ditch is shovelled
back so that the ditch has now a depth of only 1.5 to 2 ft (the deeper
the bushes are planted, the better they will withstand periods of drought).
The cutting necessary for planting are procured from an old rose field.
Cuttings 1 to 2 £t long are taken from the base of healthy old rose hushes,
the upper, green parts being removed. The woody cuttings are placed into
the ditches horizontally, in four uninterrupted rows, 2.5 to 3 in apart. '
Then a layer of earth (from the piles along the ditches), 2 to 3 in thick,
is placed on top of the cutt ﬁqs thlS is followed by- 2. in of seasoned
stable manure. Two to three months later the first. shoots appear above
'ground The " uOll is then sllghtly hoed,. weeds are removed,. and some more
earth is-shovelled into the dltches and placed around-the - -young plants.
During the first year this procedure (hoelng,.weedlng, .and: plac1nq of =
earth around the young plaﬂLS) has to be repeated at Jleast eight ‘times. ‘"
In the second-and "third year the fleld must be hoed. and ploughed. five
times each year. After ten years the plantatlon may show signs-of decay ]
the bushes ate then cut dow* to the ground for rejuvenatlon. If properly )
taken care of evéry ten yea's a field may remaln productlve from thirty -
to forty ‘years. However such care requlres a great deal -of "work.

Weeds must be removed, old branches cut out, and plenty of manure applied,

Harvesting

Blooming date and duration of the crop depend a great deal upon the
weather prevailing in a particular year. Mild and humid weather prolongs
the flowering period, increasing at the same t1me the yield of oil and

- producing an oil of good guality. But durlng very hot and dry weather

16



the harvest may last only two weeks, and the Yieid of oil may be léwered
due to loss by evaporation. Moreover, the quality of the oil is also
affected because of the large quantities arrival of roses at_thé dis-
tilleries cannot be worked up immediately aﬁd may be left lying on the
floor for hours. During this interval they are likely to start fermenting
or at least to turn so stale that their aroma suffers gravely.

Generally, harvesting begins as soon as the flowers beéin to open
and continues until all have been picked. Flowers are collected. by hand,
being nipped- off juét below the calyx. Gathering of the flowers starts
at aaybreak'and ceases af eith or nine in the morning. When collected
early in’ the morning, the roses give a much hlgher yield of 011 than when
gathered in the afternoon. The harvesters drop the flowers 1nto bags
and then transfer them-into sacks, which are hauled to the distilleries
as soon as pOSS1b1e.

Distillation of rose oil

Distillation is carried out in steam stills. The flowers are covered
with water and they should move freely in it. Start distillation care-
fully and slowly. Time of distillation depends upon the capacity of the
still. The inlet-cooling water temperature in the condenser should be
between 35°-45°C, Since at lower temperature, a stereoptene present in
the oil solidifies in the condenser tubes. The volumes of water disrilling
over should be just sufficient to carry out the oil and not excess. Too
much aqueous distillation washed out the oil separating in the separator
and redissolVeéwéBme of its constituents. Only 20% of the oil is obtained
in f1rst dlstlllatlon and all the distillate is passed throuqh a cohoba-

tion chamber in order to get the rest of oil.

Yield and oil content

The yield and quality of oil depend upan various factors, such as
soil and climate, season of harvest, time of plucking the flowers during
the day, condition of flowers used, e.g. fresh or pretreatedmrypa of
Stlll used etc. X ' a

Yleldg varying from 0. Oz to 0. O3A.
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Physico~chemical properties

Specific gravity at 30
‘Optical rotation
Refractive index at, 25°
Freezitig point
Acid valug

Ester value

Chemical composition

o

0.8485 to 0.8605
- 2218 to - 4% 2.4

-+ 1.4530 to 1.4640

+16.5° to + 22.5°
0.92 to 3.75
7.2 to 17.2

.Major constituents of Bulgarlan rose oil are rhodlnol (l1citronellol)

and geraniol. The following table gives the relative proportlon of major

constituents of Bulgarian rose oil:

‘“Rhedinol  (l-citronellol)

Paraffins
Geraniol
Nerol
B* -Phenyl ethanol -
‘Eugenol nmethyl ether
s LAnalool
+ -Pdfnesol

Uses

38% o 384 L B
16%
14%

[ ST ST
oo

A A i

¥ et

3% N STptHE e
2% - e LT
% [ - Cire

)

Rose oil imparts characteristic flowery top notes to. perfumes.

The extracted absolute adds lasting tonalities -and increases fixation

"f“dfl;pe aroma. 3o a mixture of distilled oil and extracted . absolute -

- shows .the advantages of these characteristics.: The distilled oil-is.

used where solubility in dilute alcohol is important. The absolute. .

is limited only in high proof alcohol, therefore it can be used as

perfume in the products where solubility plays no rdéle. In .powders,

“cream and even the-lower priced products, rose:concrete gives excellent

““results.

" References:-

1. Guenther T., The Essential Oils, D. van Nostrand Company, Inc,

New York, U.S.A. 1952.



CITRUS HYSTRIX

MACHINE-PRESSED OIL OF CITRUS HYSTRIX DC. PEEL

Introduction

-

Citrus hystrix DC. or "makrut" as it is known in Thailand, is a

source of essential oils whiéhgcould be some importance to the food
and cosmetic industries. The oil is used as a flavour in shampoo.

The essential oil obtained from C. hystrix peel by cold-pressed
method.

The quality of the cold-pressed citrus oil is considered superior
to the oil extracted by other methéds. Cold compression does not alter
the aromatic constituents of the oil and thereby keeps the fragrance
and flavour value intact. Pressed oil may be used ih perfumeg and
tlavours for its refreshing, sweet-fruity note. The fruit juice is’
used in food, Thai traditional drug and shampoo preparation. The
essential oil is used as stimulant and stomachic. !

Chemical constituents of Citrus hystrix DC. peel oil are 2-pinene,

camphene, B -pinene, sabinene, myrcene, limonene, trans-ocimine;“ ~-ter-
pinene, P -cymene, citronellal, linalool, etc. The high terpenelcontent
in pressed oil accounts for less solubility in aqueous-alcohol solu-
tion, and becomes a problem in making flavodrcn:perfume compounds .
Vacuum distillation can remove those readily oxidizable constituents,
and thus imprové the stability and solubility of the oil.

Physico-chemical property

Cold-pressed oil

Specific gravity at 20°C 0.8944
Refractive index ‘ 1.4825
Ester value 48.23
Acid value 4.74
References

LAWRENC , M.B., HOGG, W.J., TERHUNE, J.S. and PODIMUANG, V. (1970).—The
leaf and peel oils of Citrus hystrix DC. TISTR Research Project
No.11/5 (0il of Citrus hystrix,).
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Figure 1. Water-steam still
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APPENDIX I

Essential 0il Production

Commercial Scale

Type Water-steam distillation
Capacity 3,000 1 or wilt materials 600 kg

Source of energy Diesel oil

Raw material Citronella (Cymbopogon winterianus)
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Figure 2. Fractional distillation apparatus.
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APPENDIX IXI

FRACTIONAL DISTILLATION, CITRONELLA, CYMBOPOGON WINTERIANUS

Purpose To isolate various fractions of Java citronella oil.

Introduction The separation of volatile oil into various fractions is

obtained by method of fractional distillation. The process must
be carried out under reduced pressure since the oil tends to
decompose and resinify at high temperature. Furthermore, éh effec-
tivély fractionating c¢clumn, absolutely airtight joints, énd aiso
an efficient vacuum étill, are fequired in order to collect the
desired fractions of volatile oil.

Experiment Place 500 ml of citronella oil in a 3-necked round bottom
~ flask fitted with an air-leak fube, a thermometer and a fractionating
column. The column, packed with stainless steel wire-mesh rings,
is éonnected to a column head. Adjust the reflux by means of a
column head while reducihg pressure. Collect oil at the desired
pressure and temperature. Determine the composition of‘the frac-
tions by GLC.
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Figure 3. Gas chromatograph.
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' APPENDIX III

'GAS CHROMATOGRAPH

: Thé citroneila.dil is Qefy often adulterated with some miscible
iiqpids. Some pbysico—cﬁemiéél'methods gould.not show ‘the difference
of the adultepatedroil'to the genuine oil. Gas chromatography, how-
ever, chld be embloyed reliable to deteéfAénd determihé the adulterants
; in the oil. 1In this expe;iment, both éduiterated énd genuine oil are

| injected simultaneously'ihto the injector'parts of the gas éhromato—'
graph. The'vaﬁorizéd oil will pasé through two columns to the detectors.
The signal from each detector is then separateiy amélifiéd to drive a
two-pen recorder system. Cdﬁpare the two chréﬁéto@rams and note the
 operating condition. ' ‘ '

Sample
Description
Size
Column
Details -
Temperature
Detector - . - - .Instrument
- Varian-Aerograch Series
Type | Aerograg
Temperature ’ "7 'Recorder
Attenuation |:Varian Aerograph ‘Model
‘ Injector 1 oV recorder, speed
Temperature Operator
Relative N2 flow rate Date
Note

25



APPENDIX IV

THIN LAYER CHROMATOGRAPHY OF ESSENTIAL OILS

The adulteration of volatile oil by the addition of cheaper grades
of the same oil or of the cheaper oil havinq a similar odour is éome—
times practiced. Thé detection of adulteration in volatile oil is dif-
ficult to make which may not be detected by commonly used chemical and
physico—chemical methbds. The sense of smell and taste applied ﬁo_the
dilution of the oil in varicus media can be used but this orgaﬁéieptic test
needs the very skilful person. The gas chrométographyvmetth has been used
for the study of finger prints and comparing with that of the standard

oil(s).

" In this experiment, small quantity (less. than 3.0%) of citronella -
oil is adulterated in.geraniuﬁ 6il.  It-is.very difficult to détect the
adulteration by using.the gas chromatography method sincé the major - : -
component, citronellal peak, of citronella-oil has the same retention.- -
time of the unldentlfled peak in geranium oil. Thin layer chromato-
graphy technique is applied in this experiment which can show the dif~-
ferences of geranium and citronella oil. At least three spots are

i

different in colour.

The small quantity between 1.5-3.5% of citronella oil is adulter-
-ated in qeranlum o0il and diluted with hexane to contain 75A 011 ‘con-
centration. The guantity applied on the gilicagel GFZS4 plate is O 5-1
pl. The solvent system, hexane/ethyl acetate (90/10) is used and run
for 30-35 minutes. The sprayed reagent is 1.0% vanillin in ethyl
alcohol which contain 2.0% of concentrated sulfuric acid.” Record the
spots appear in the cold and after place in an oven at lOO-lOSOC'for

7-8 minutes.

The aufhentiés'available are linalool, citronellel, aeraniol and

citronellal.

Reference

PARIS, R. ahﬁ'GODOM; M. : "Thin-layer paper chromato@raphy of essential
oils";"ﬁedherches,_NéT 13, 1963, pp. 48-77, Societe Anonyme Des
Etablissements, Roure Bertrand Fils Et Justin Dupont, Paris, France.

Tl
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APPENDIX V

Semi-pilot Scale

Type Steam distillation

1.

Capacity 450 1 ot wilt materials 75 kg

Source of enerqgy Steam

Experiment Steam

Raw material lemongrass (Cymbopogon citratus)

Capacity 160 1 or wilt materials 25 kg

Source of energy Steam

Experiment Steam

Raw material

27



Figure 4. Versatile extractor unit.
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APPENDIX VI

Laboratory Scale Versatile Extractor

Type Water distillation, Versatile Extractor
Capacity 680 1

Source of energy  Steam

Raw material Rosa damascena, fresh flowers 4 kg
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Figure 5. Machine-pressed oil of Citrus hystrix peel.
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APPENDIX VII

MACHINE-PRESSED OIL OF CITRUS HYSTRIX PEEL

Method Hydréulic machine is employed for oil coméression. The green
fruits are thoroughly washed, the peel is removed from the fruit
by knife and a small amount of water is added before compression.
The excluded essential oil is washed away by water spraying; the
oil separated from the water and other residuals by centrifugation.

By water distillation of the machine-pressed oil, the colorless

woi@Sgential oil is obtained.

Gas chromatography

- " ‘Each fraction obtained is analysed by gas chromatograph. Some
chemical constituents in the fraction are also determined by comparing
with the standard components under the same condition. The operating

conditions are noted below.

Sample distilled Citrus hystrix oil
Column 5% SE 30 on CHROMOSORB M 6 ft long
Temperature 70-200°C

Injector temperature 230°%¢

Detector temperature 230°¢

The chemical composition of the oil is as follows:

alpha~pinene
canmphene
beta-pinene
sabinene
myrcene
1limonene

1, 8 cineole
gamma-terpinene
cymene
torpinolene

trans-sabinene hydrate
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citronellal
linalool
caryophyllene
* alpha-terpineol
geraniol
geraniol acetate
-nicitronellol .
Refereﬁceﬁ'
1) ARCTANDER, Steffen (1960) "Perfume and Flavour Materials of :Natural
Origin" (Published by author : New Jersey.) v -

2) LAWRENCE, B.M., HOGG, J,W,, TERHINE, J.S. and PODIMUANG, V. (1970)
“Report No. 1, The Leaf and Peel oils of Citrus Hystrix DC."
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o7 APPENDIX VITI

METHODS. OF TESTING ESSENTIAL OILS

(B.S. 2073:1962)

PREPARATION CF THE  OIL FOR EXAMINATION

Remove;_as far as possible, any visible water present in the eample,
.add about 15 per cent by weight of freshly ignited, neutral magnesium
sulphate and shake the m1xture vigorously from t1me to time during a
period of two hours fllter throuqh paper. ' "

In .the case of oils which are SOlld or partly solid at room tem-
: peratures (e.g. o0ils .of rose, guaiac wood or araucaria), warm the oil
“just sufficiently to liquefy it and proceed hs above malntalnlng the
temperature such-that the oil remains llqu1d throughout.

The colour of some dark-coloured ozls ‘may: be reduced by -shaking
' the oil 1nterm1ttently for a period of 10 miriutes with .l per cent by
we;ght of tartdric or citric acid. Filter and proceed as .above.

PHYSICAL METHODS

DETERMINATION OF SPECIFIC GRAVITY (in air)

a. Definition. The Speoifie gravity (S t/ZOOCIin air)* of an essential
oil is the ratio of the weight in air of a given volume of the oil at
t°%t to that of the same volume,. of water at 20°C, the weighing being
made with welghts adjusted to balance brass weights in air.

"-'-;*11 -

The above deflnltlon of spec1f1c gravity is commonly used: for essentlal 0ils :and differs from those used
in other fields, fer example that in B.S.718,% and in the petroleum industry. The term adopted by the
International Organization for Standardization is 'relatlve density with reference -to water!, The IS0
definition mlates to the ratio of the true densities 4nd not to the ratio of the weights in air,

+t C = 30 °c for oils of rose, araucaria and guaiac wood; 20 °¢ for other essential oils,

+B.S. 718, 'Density hydrometers and specific gravity hydrometers!,
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b. Procedure. Calibrate a specific gravity bottle* or pycnometer (of
capacity at least 10 ml) as follows:

7 Clean andfdry the bottle or pycnometer and weigh it; fill it
with freshly boiled and cooled distilled water and keep it in a
bath of water at 20°C until it reaches that temperature. If a
bottle is used, insert the stopper in such a way that the capillary
is completely: filled with water, and then maintain it at 20°¢

until no further alteration in volume occurs. Wipe the stopper.

If a pycnhometer is used, adjust the volume of iiquid to the fixed
mark; Remove the bottle or pycnometer dry the out51de and weigh.

o Empty and dry the bottle or pycnometer. F111 it w1th the
sample of oil previously brought near to the temperature tc.
‘Keep the bottle or pycnometer in a bath adjusted to t°C until it
has attained that temperature. If a bottle is used, insert the

- stopper in such a way that the capillary is completely filled with
the oil and then maintain it at the temperature, t°C, until no
further e;teratipn_in‘volume occurs. Wipe the stopper. If a
pycnometer is used, adjust the volume to the fixed mark. Remove
the bottle or pycnometer, dry -the outside, and weigh. _

"
W, [ 1+a(t-20)/

c. Calculation. Specific qravity (s £/20°%C) in air =

where Wle welght 1n grammes of water obtalned in calibration test,
where Wé'= we1ght 1n grammes, of 0il obtained in the test,

and coefficient of cubic expansion of glass at the given

temperature'
= 0.000 03 for sdda glass:
0.000 01 for borosilicate glass.

of

NOTE. Specific gravity at a given temperature st /20 C, may be
converted to apparent den81ty (see page35)atthlstemperature t C by
multiplying by the factor O. 997 18. The appropriate correction.for

. a series of specific gravities is given in Table 1. '

»
Suitable bottles are described inm B,5. 733, 'Density bottles',
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TABLE 1, CORRECTIONS FOR CONVERTING SPEGIFIC GRAVITY TO APPARENT DENSITY

Specific gravity Correction o be applied to give apparent
5 t/20°c o density (g/ml) at £°C
0.75 - 0,002 1
0.80 _ - 0,002 3
0,85 - B S LT = 0,002 4
C0.90 o f h = 0,0025. . - - .-
0-95 ’ - - 00002 7
,'l-OQ R [ .. =-0,0028 .
1,05 - 0,003 0; e L
1,10 - 0,003 1 :
1,15 - 0,003 2
1,20 -~ - 0,003 4

DETERMINATION OF APPARENT DENSITY
(WEIGHT PER MILLILITRE) (at t°C in air).

a. Definition. The apparent density (weight per millilitre) of an
essential oil at tCC is the weight in air, in grammes, of one millilitre
of the oil at toc* against weights adjusted to balance brass weights

in air. ' ’

b. Procedure. Determine the capacity of a density bottlet or pycno-
meter (of capacity at least 10 ml) from the fact that, when weighed
against brass weights in air of.density-0.00lZ g/ml, 1 litre of freshly
distilled water at 20°C weigns 997.18 g or at 30°C weighs: 994.62 g.
Ordinary q§vi@t;pnslin the density of. air from the mean value of 0.0012-:

g/ml do not affect. the result.

Fill the bottls or pycnometer with the oil and keep the temperéture
at t°. Weigh the. filled bottle or pycnometer in air.

SR

" . .
t°c = 3000 for oils of rose, araucaria nd guaiac wood; 20°C for other essential oils,

*) bottle complying with B.S, 733, 'Density bottles', is suitable,

35



c. Calculation. Apparent dénsity = ¥4g/ml,

where W = weight, in grammes, of the oil at t°C,
and V

LE

capacity, in millilifres, of the bottle or bycnometer
at t°¢

NOTE. Apparent aensity at a givén temperature, t°C, may be converted
to specific gravity at this temperature t/20°C by multiplying by the
factor 1.002 83. The appropriate corrections for a series of apparent
densities are given in Table 2.

- TABLE 2, CORRECTIONS FOR CONVERTING APPARENT DENSITY TO SPECIFIC GRAVITY

Apparent density Correction to be applied to give sp.gr.

(g/ul) at +°C (s +/20°)
0,75 ‘ + 0,002 1
0,80 . . + 0,002 3

0.85 ’ + 0,002 4
0,90 + 0,002 5
0.95 ' ’ + 00002 7
1,00 + 0,002 8
1,05 e ' 40,0030
‘1,10 -4 0,003 1
1,15 + 0,003 3
1.20 i + 0,003 4

- DETERMINATION OF OPTICAL ROTATION

a. Definition. For the purpose of this deﬁérminéfion the optical

| - rotation of an essential o0il is taken as the anglé in_deqtees"through'
which the plane of polarization is turned when plane-polarized sodium
‘light is passed through a layer of oil, 1 dm in thickness.

The notation is optical rotationa t

pr t being the temperature (°C)

at which the determination is made.
b. )General. The determination should be carried out in a dark-room,
usihg sodium light. Any recognized type of polarimeter may bé’ﬁséd;
The standard temperature for the expression of results is 20%%.
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When- the determlnatlon 1s carrled out at any other temperature
this temperature should be recorded together w1th the observed rotatlon.
This is partlcularly 1mportant in the case of 01ls of hlqh opt1cal

rotation.

.o. Erocedure. Switch the light source on and wait until full lumi~’
nosity is obtained. Fill the polarimeter tube with the essential oil
at the required temperature, ensuring the absence of air bubbles.
_Place the tube in the polarimeter; read the dextrorotatory (+) or
laevorotatory (-) optical rotation of the oil on the scale of the in-
strument. Allow ample time for the oil and observation tube to attain

a steady temperature before taking readings.

.As_far as possible make determinations using.] dm tubes. In the
case of dark-coloured oils or oils having;a_high rotation, e.g. above
900, a shorter tube may be used, whilst wfth liqht:coloured oils or
oils low rotation the determlnatlon may be made in a longer tube, cal-
culating the results to a léngth of 1 dm in each case, The tolerance
""in length on all tubes shall be T 0.05 mm. _

d. Expre331on of results. Record the results 1n degrees. Take the
average of at least three readings, which should ‘agree w1th1n 0. 08
and round to the first decimal place. -

A}

DETERMINATION OFVREFRACTIVE INDEX

o

a. Definition. For the purpose of th1s determlnatlon the refractive

index of an essent1a1 oil 1s taken as the ratio of the sine of the

s
B

wave-length 589 3 nm (the mean of, the D lines of sodium) passes from
air into the oil. = '

The notatlon 1s refractive 1ndex n B, t being the temperatureu(9C)

-at wh1ch the determlnatlon is made.

* )
1 nanometre (1 nm) = 10 7 metre = 1 millimicron (1 mu).
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.. Procedure. In order to obtain a preliminary indication, cool a few
millilitres of the oil in a small test tube and stir with the thermo-
-meter Gntil solidification takes place, note the temperature and set
aside the tube of solidified oil in a cocl place. Then fill the outer
container of the apparatus with water (or brine) at a temperature about
5 degC lower than that noted above, and fit the_latger outer tube in
its place.  Into the inner tube place 10 ml of thé‘oil inéert the

~ thermometer and cool the tube and oil to the temperature indicated in
the preliminary test. Now insert the tube and contents in the apparatus,
and allow the temperature to fall a further 1 or 2 degC. Then seed the
oil with a trace of the prev1ously solidified oil and st1r with the
thermometer until solidification takes place.

Récord the'highest:temperature reachéd as'the freezing point.

DETERMINATION OF SOLUBILITY IN ETHANOL

t

a. General. All essential oils are soluble in absolute ethanol, and
many are soluble in diluted ethanol. Frequently, however, the solutions

obtained are not clear and are descr1bed as 'opalescent'.

b. - Definitions. - Fhe terms used for describing the solub111ty of es-

sential oils are as follows:

Soluble, or completely soluble, means that the oils form a
clear and bright solution in the proportions stated.

Soluble with opalescence means that the solution formed is not
entirely clear and bright, but its opalescence does not exceed
that of the reference opalescence prepared as described below.

c. Reagents. Ethanol, diluted. The following table shows the strengths,
as percentages by volume, of the aqueous ethanolic solutions usually
Aemployed1in the determination of solubilities, together with the
corresponding tolerances for relative density, measured at 20/20°C.
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"TABLE 3, RELATIVE DENSITY OF AQUEOUS ETHANOL SOLUTIONS

(peit};:zlér ) Relative densitj); iiﬁits
95 . 0.812 3-0,813 0 .
90 0,830 3-0.830 9
85 _ 0,846 0-0,846 6
80 : 0,860 4-0,860 9
75 0,874 0-0,874 5
70 0.886 8-0,887 3
65 0.899 0-0,899 4
60 o 0,910 5-0,910 9
55 0.921 4-0,921 9

Solution of reference opalescence, freshly prepa:ed by adding
0.5 ml of 0.1N silver nitrate solution to 50 ml of 0.0002N sodium
chloride solution and stirring. Add one drop of diluted (25 péf cent)

‘nitric acid and observe after 5 minutes. Shield from direct sunlight.

d. Procedure. Place 1 ml*, accurately measured, of tHe oil in'a 10 ml
~or 25 ml stoppered graduated cylinder, and add the ethanol of appro-
'_éfiate strengtﬁ accordihg to the o0il being tested, drép by drop, shaking

after each addition, until as clear a solution as possible is obtained

at a temperature of 20%.

If the solution is not clear compare the opalescénce égainst a
dark background, with that of the reference opalescence, through equal
thicknesses of liquid.

After the oil has dissolved add an excess of the ethanol, as some

oils precipitate on further additions of ethanol.
Express the results as follows:

'Solubility in X per cent (v/v) ethanol

= 1 volume in Y volumes, becoming opalescent in Z volumes'

(the words in italic type being added if appropriate).

If the solution is not entirely clear, record whether the opalescence

is 'greater than', ‘equal to', or 'less than' the reference opalescence.

. .
Where difficulty is encountered in placing 1 ml in the tube, on account of the viscosity of the oil,

the 0il should be weighed and the volume calculated from the apparent density,
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DETERMINATION OF RESIDUE ON EVAPORATION

a. Apparatus. Water bath with cover having holes of 70 mm diameter
and provision for keeping the water level at approximately 50 mm below
the cover throughout the test.

Evaporating basin of nominal capacity of 50 ml, made of heat-
resisting glass inert towards essential oils, and conforming to the

dimensions shown in Fiqure 1.

b. Procedure. Beat the evaporating basin on the vigorously boiling
water bath for one hour, wipe the exterior, place it in a desiccator

for 20 minutes and weigh it to the nearest m1111gramme. Weigh into the
ba51n to an accuracy of 1 mg, a suitable quantity of the oil (see

Table 4) plade it on the v1gorously b0111ng water bath, screened from
%.draughts and heat for a continuous perlod of 5 hours. Remové: thé basin,
w1pe it and place it in a desiécator, and after 20 minutes welgh to the

nearest milligramme.
100 W

c. Calculdtion. Residue on evaporation, per cent by weight = -—?T—jé
» SR : : o : 1
"~ where W2 =-weight, in grammes,. of residue,
and W1 = weight, in grammes, of sample taken..

Express the result to the first decimal place.

PABLE 4, WEIGHT OF OIL TO BE TAKEN FOR DETERMINATION
OF RESIDUE ON EVAPORATION :

Expected residue

X Weight 'of oil
on evaporation

per cent w/w grammes
Bélow 5.0 | 4852
- 5,0-8.0 o832
T " bove 8,0 1,8-2.2
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CHEMICAL METHODS
DETERINATION OF ACID VALUE

NOTE. This method is not applicable to oil of wintergreen and oil of
sweet birch.

a. Definition. The acid value of an essential oil is the weight of
potassium hydroxide, in milligrammes, required to neutralize the free-

acids contained in 1 gramme of the oil.

b. Reagents. The reagents used shall be of a recognized analytical
reagent quality. Distilled water or water of at least equal purity
shall be used throughout.

Ethanol, 95 per cent (v/v).

Potassium hydroxide, approximately 0.1IN ethanolic solution, stand-
ardized by titration with 0.1 N hydrochloric acid using phenolphthalein

as indicator.

Phenolphthalein indicator, 0.2 per cent solution in ethanol, 60

l“-' -

per cent (v/v).

c. Procedure. Weigh into » flask, to an accuracy of 1 mg, not 1e§s_;
than 2 g of th& oil. A&d 5 ml of the ethanol, freshly poiled and A‘
neutralized to phenolphthalein. Titrate with the 0.1 N ethanolic
potassium hydroxide solution,iusing 0.2 ml of the phenolphthalein
indicator. '

56,1 x Nx V

d. Calculation. Acid value = W

where V = volume, in millilitres, of the ethanclic potassium
" . hydroxide soliition required,

" W = weight, in grammes, of oil taken,

i

and N.# normality &f ‘the’ ethanolic potassium:-hydroxide solution.

Express the result to the first decimal place.™
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ESTERS
DETERMINATION OF ESTER VALUE

NOTE. This method is not applicable to oil of w1nterqreen and o0il of
sweet birch. )

a. Deflnltlon, The ester value of an essential oil is the weight of
potassium hydroxide, in milligrammes, required to neutralize the acids
liberated by the hydrolysis of the esters present in 1 gramme of the oil.

b. Reagents. The reagents used shall be of a recognized analytical‘
reagent quality. Distilled water or water of at least equal purity
shall be used throughout. -

Ethanol, 95 per. cent (v/v).

Potassium hydroxide, approx1mate1y 0.5N ethanolic solution. Pre-
pare by dlssolv1ng 33 g of potassium hydroxide in 1000 ml of the
ethanol. . Allow to stand and decant or filter the clear liquid.

Potassium hydroxide, 0.1N ethanolic solution.

Hydtochlorie dcid,.0.5N solutioh.

Phenolphthalein indicator, 0.2 per cent solution in ethanol, 60
- per cent (v/v).

c. Apparatus. Flask, 250 ml capacity, made of chemically resistant

glass and with a neck termlnatlnq in a ground socket .

Reflux condenser, having a ground cone for attachment to the
flask.

d. Procedure. Weigh into a saponification flask, to an accuracy of
1 mg, a suitable quantityﬂbf the oil (see Table 5). Add 5 ml of the
ethanol and neutralize with the 0.IN- ethanolic potassium hydroxide
. solution, using the phenolphthalein indicator. Add to the neutralized

solution 25.0 ml of the 0.5N ethanolic potassium hydroxide solution

»*
B.S. 572, 'Interchangeable conical ground-glass joints!,
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and boil ‘the mixture under a reflux condenser for 1 hour*. Cool, add
20 ml of water and immediately titgate_the excess of alkali with the
O.SN hydrbéhlbric acid, using an_édditipnal 0.5 ml1 of the phenolphtha-
lein indicator. Make a blank determinaéibn, following tﬁe same pro-
cedure but omitting the oil. R

Ignore any reappearance of the pink colour on standing. |

TAPLE 5, WEIGHT OF OIL TO BE TAKEN FOR DETERMINATION OF ESTER VALUE

Expected ester value Weight of oil

grammes

Below 50 . 445-5.0

50-70 3.5-4,0 Ve

.70-90 2,5-3.0

. 90-110 . . 2.0~2,5
110-140 1,5-2,0

140-180 -l.2-1.5
180-220 1.,0-1,2

220-228 ‘ 0.9-1,0

A. CALCULATION OF ESTER VALUE

Ester value E = 28f95 XW(B —~ v)
where B = volume,-in millilitres, of 0.5N hydrochloric acid required
for the blank, '
¥ = volume, in millilitres, of 0.5N hydrochloric acid required
to neutralize the excess of alkali used for the hydrolysis,

and W = weight, in grammes, of oil taken.
B. CALCULATION OF CONi:NT OF ESTERS

The percentage of esters present in the oil may be calculated from the
formula (see Note) : SR : ‘

s

Esters, per cent = §%¥ ‘

where E = thé#observed ester value,
and M

i

the moleculat” weight of the ester.

*
With certain esters hydrolysis may be incomplete after 1 hour, In such case +the period required for
hydrolysis will be specified in the appropriate British Standard,
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C. CALCULATION OF CONTENT OF COMBINED ALCOHOLS
The percentage of alcohols present as esters in thé oil may be cal- ~
culated from the formula (see Note) :
. '\._‘\' - E C
Combined alcohols, per cenf = =T
where E
and C

‘the observed ester value,

the mofecular weight of the alcohol.

NOTE. In the above formylae it is assumed that the alcohols are monohydri

~and the acids monobasic.
DETERMINATION OF CARBONYL VALUE

Definition. The carbonyl value of an essentlal oil is the weight of
potassium hydroxide, expressed in m1111qrammes that is eguivalent to
the amount of hydrqulamlne reguired to oximate the carbonyl compounds

present in 1 gramme of the oil.
.A. HYDROXYAMMONIUM CHLORIDE METHOD

This method is suitable for essential oils containing aldehydes other

than citronellal and also for certain essential_oils containing ketones.

a. Reagents. . The reagents used shall be of a recoqnlzed analytlcal
reagent quality. Dlstllled water or water of at least equal purity
shall be used.

Ethanol, 95 per.cent (v/v), free from aldehydes and ketones.

Hydrochloric acid, 0.5N solution.

Potassium hydroxide, approximately 0.5N ethanolic solution. Pre-
pare by dissolving 33 g bf»potassium hydroxide in 1000 ml of the ethanol,
aliowihg to stand, and decanting or filtering the clear liquid. Stand-
ardize against the hydrochloric acid, using the bromophenol blue indi-
cator, and running the alkali into the acid.

Hydroxyammonium chloride solution. Dissolve 5 g of hydroxyam-
monium chloride in 95 ml of the ethanol: add 0.5 ml of the bromophenol
blue indicator. Neutralize with the ethanolic potassium hydroxide
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solution until the solution is green when the liquid is observed in a
thin layer, and red when the layer is thick. A lemon-yellow colour
should be obtained by adding 0.05 ml of the hydrochlorlc acid to 20 ml
of the solution, and a red colour by addlng O 05 ml of the ethanolic
pota381um hydroxide to another 20 ml of solutlon.

; Bromophenol ‘blue indicator. Dissolve, by warmlnq, O 249 of bro-
'mophenol blue in 3 ml of 0.1N ethanolic potassium solutlon (prepared by
diluting the 0.5N ethanolic solution with 4 volumes of the ethanol) and
10 ml of the ethanol. After cooling to room temperature make up to

100 mlﬂ@ith the ethanol.

b. Procedure. Weigh to an accuracy of 1 mg, into a 200 ml glass-
stoppered conical flask a suitable quantity of the oil (see Table 6),
add 25 ml of the hydroxyammonlum chloride solution. As will be indi-

. cated in the British Standard for.theféppropriate essential oil, either
set aside for the time specified or titrate immediately with the ethano-
lic potassium hYdroxide, taking care to avoid going beyond the greenish-
yellow colour of the indicator, continuing the titration at intervals

of not greater fhan'S minutes until the bluish-—green end.point is
__reached and no further colour change takes place after a further 5

mmutes .

If addltlonal heating is required, this will be indicated in the
approprlate British Standard. '

TABLE 6

Expecte;i carbonyl value Weight of oil
\, " “gramme§ et
" Telow 50 9,0-10
50100 . 540-6,0
100-200" R 2,5-3.0
200-300 C O 1,7-2,0
300-400" 1.2-1.4
400500 A 1,0-1,1
over 500__. 0,8
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"B, FREE HYDROXYLAMINE METHOD

This method is suitable for essential oils containing.aldehydes
(including citronellal) and certain ketones, in the absence of sub-

stantial amounts of esters..

a. Reagents. The:reagents used.shall be of a recognized,analygical
- reagent quality. Distilled water or water of at least equal purity
shall be used.

Ethanol, 95 per cent (v/v), free from aldehydes and ketones.

Hydroxyammoniuﬁ chloride solution. Dissalve 5 g of hyéroxyam-A
mohium chloride in 95 ml of the ethahibl; add 0.5 ml of the bromophenol
blue indicator. Neutralize with the ethanolic potassium hydroxide .-/
solutioh until the solution is greeh when the iiquid 1s observed in a
thin layer and red when the layer is thick. A lemon-yellow colour -

" should be obtained by adding 0.05 ml of ‘the hydrochloric acid to 20 ml
""6f the solution, and a red colour by adding 0.05 ml-of the iethanolic
pota551um hydrox1de to another 20 ml of solution. Filter- if necessary.

Hydrochlorlc ac1d 0 5N solutlon.

BT ae ™
s

Potassium hydrox1de approx1mate1y 0.5N ethanollc solutlon., Pre—
pare by dlssolv1ng 33 g of pota551um hydrox1de in 1000 ml of the ethanol
allow1ng to stand, and decanting or fllterlng the clear 11qu1d Stand—

ardize against the hydrochloric acid, using the bromophenol blue indi-
cator, and running the alkali into the acid.

Bromophenol Blue indicator. Dissolve, by warming, 0.2 g of bro-
mophenol blue in 3 ml of 0.1N ethanolic potassium hydroxide solution
(prepared by diluting the 0.5N ethanolic solution with four volumes of
the ethanol) and 10 ml of the ethanol. After cooling to room tempera-
ture make up to 100 ml with the ethanol.

b. Apparatus. Alkali-resistant glass flask of capacity 100 ml to 200
ml with a ground—glaséljoint* to which can be fitted a glass stopper
or, when required, a glass tube at least 1 metre long and about 1 cm

internal diameter, to serve as a reflux condenser.

*
B.S. 572, 'Interchangeable conical ground glass joints', .
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C. Procedure. Weigh to an accuracy of 1 mg, into the alkali-resistant
glass flask, a suitable quantity of the oil (see Table 7). Introduce,
by means of a pipette, into a 200 ml conical flask 20 ml of the hy-
droxyammonium chloride solution, then add 10.0 ml of the ethanolic -
potassidﬁvhydroxide solutiori. Mix. Pour the liquid into the .flask
containing the essential oil and set aside the conical flask without
washifig, According to the instructions given in the British Standard
for the particular essential oil being tested, let the contents of the
first flask stand or boil under reflux for the time specified. When the
latter'procedure t3 followed, always cool rapidly before removing the
reflux condenser. Neutralize with the hydrochloric acid .till a greenish-
yellow colour is-observed. Transfer the .liquid to the conical flask
used to mix the reagent and the ethanplic potassium hydroxide solution.;
and then pour half of it back into the first flask. Again neutralize |
the contents of one flask to a lemon-yellow colour, transfer to the
other flask, mix and return one half to the emptied flask. Continue

in this way until the point is reached at which the addition of two -up
drops of. the hydrochlorlc acid to the one flask causes no further change
of colour by comparison with the other flask. Carry out a blank deter—
mination by the same procedure but omitting the gsseqt;al oil.

TABLE 7 i
Expected carbonyl Walue Weight of oil
gran;mes
Below 25 5.5-6,0
25-50 2.8-3.0
65¢G«100 . 1,4-1,5
1.09-200 0,7-0,8
_200-300 0.5-0,6
"300-400 © 0.,4-0.5
400-500 0.3—0.4 )
over 500 » 0.3
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C. CALCULATION OF CARBONYL: VALUE"
‘ HYDROXYAMMONIUM CHLORIDE METHOD

56 1l x f X V X N
W
'vbiuﬁé, in miililitres, of N ethanolic potassium hydroxide
used, : e
N = the normality of the ethanolic potassium hydroxide solution,

Carbonyl value C =

it

where V

W = weight, in grammes, of oil taken;

"and f = a correcting factor when the end-point of the reaction occurs
" at a pH different from that of N (or 0.5N) hydroxyammonium
chloride. =~ ‘ '

NOTE. For Dlmethyl Yellow and Methyl Orange f = l 008 and for Bro-
mophenol Blue f = 1. O '
FREE HYDROXYLAMINE METHOD

28, 05 (V,-V,)

Carbonyl value C =

W
where U, = volume, in millilitres, of 0.5V hydrochloric acid required
by the blank, '
Vz = volume in millilitres, of 0.5N hydrochlorlc acid requ1red
by the sample,
and W = weight, in grammes, of oil taken.

D. CALCULATION OF CONTENT OF ALDEHYDE OR KETONE

HYDROXYAMMONIUM CHLORIDE AND FREE HYDROXYLAMINE METHODS

The percentage of carbonyl compounds, calculated in terms of a specific
aldehyde or ketone, may be calculated from the formula :

Per cent by weight of aldehyde or ketone = SglM

where C = the determined carbonyl value,

and M = molecular weight of the aldehyde or ketone.
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b. General. The determination may be carried out by any well recoghized
method, but instruments employing the principle of the eritical angle

are most often used. 20 'is the standard temperature for the expres-
sion of results unless otherwise stated in the specification for a
particular oil.

Diffuse white light may be used as an alternative to light from a
sodium lamp for instruments fitted with an Amici compensator which has
been adjusted, and the instrument calibrated for a wavelength of
589.3 nm*. Readings taken with white liqht'aré'aCCdrateidnly when a
perfectly colourless and sharp line of demarééfion is obtained between
the dark and light fields. R r N

c. Procedure. Carry out the determination at or as near as possible
to the temperature spec1f1ed. o

d. Expre351on of results. Record the refractive 1ndex at 20 C as a
number to four decimal places.

NOTE. The refractive index fdr thé specified teméerature may be cal-
culated from that obtained at a temperature within 2 deqC of the
specified temperature by subtracting 0.0004 for each 1 degC the reading
is taken below the specified temperature, or add;ng the same correction
when the reading is taken above this temperatu}é;

it e

DETERMINATION OF FREEZING POINT::

a. Apparatus. The apparatus reCOhmended consists of a stout-walled
glass test tube, 125 mm x 30 mm {inside measurements), fitted into a
wide-mouthed jar or bottle.of about 500 ml capac1ty by means of a bored
cork: and an inner test tube, 100 mm x 21 mm, fitted 1nto the larger
tube also by means of a bored cork. The thermometer used should pre-
ferably comply with B.S. 1704+; being selected to be readable to 0.2
degC, and to have a diameter of about 5 to 6 mm and length of bulb
between 15 mm and 20 mm.

~9

*
1 nanometre (1 nm) = 107~ metre = 1 millimicron (1 mu).

+B.S. 1704, 'General purpose thermometers?,
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