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- INTRODUCTION: -

Essential 5115 are used in making up flavoring ex-
tracts and tavle liquers, These preparations are noth-
ing but alcoholic solutions of the essential o0il to
- which a little glycerine or sugarmay be added. The
- amount of bil actually present in these extracts is
very small, often less than one percent, At presént
no satisfactory method exists for the accurate quanti-
tative determination of the oil when the amount is less
than.two‘percent, especially in the case of peppermint,
cinnamon, nutmeg or anise oils,

The determination of the amount of eésential 0il
in a flavoring extract or table liquer has become nec-
essary because of the adoption by the States and Federal

authorities of standards for these food products, The
standards fix the amount of o0il which shall be present
if the product is to be considered legal.

The main object of this thesis, then, is to devise
a metnhod whereby the amount of essential 0il in a weak
alcoholic solution may be determined with reasonable ac-

curacy,



-:REVIEW OF LITERATURE:~

Litﬁle is to be found in chemical literature re-
lating tq the determination of essential o0ils in fla-
voring extracts, except lemon and orange extract. It
is doubtful whether prior ito 1899 any successful attemp?
had vbeen made to devise methods of making these deter-
minations,

The first fairly accurate method was pTOposéd by
A, S. Mitchell.(l) There are two steps in the det‘r-
mination; (1) the oil is precipitated by diluting some
of the extract with water,and (2) the oil is separated
from the resulting mixture by whirling in the centrifuge,
The chief trouble with this method and its modifications
which followed long after, is the slight solubility of
certain of the oils in dilute alcohol, This error
causes the 1oss of a large portion of the 0il in the
case of a very weak extract,

In 1908, tine first important modification of Mita
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chell's method was made by Howard.(2> He added chloroca
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form to the mixture conitaining the precipitated oil,

and after centrifuging,the chloroform was removed by
rapid evaporation on the water bath. The chloroform

is supposed to extract all the oil from the mixture,
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Apparently it does not, because resu obtained by
this method average low, There are iwo other reasons

for loss of 0il in this method; volatilization of <%he
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0il during the evaporation of the chloroform, and the
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glight soclubility c¢f the o0il in dilufe alcohcl. Mod-
ificaticns of this method using different solvenis

and vessels of different sizes and shapes nhave noi teen
successful,

Hortvet and West( ‘ have devised a method which is
generally regarded as the best of those existing. The
details and suitavility of this method are discussed
fully in the experimental part of this’thesis;

Anocther procedure involving centrifuging has been
suggested by R, 8, Hiltner and is likewise discussed

later in the thesis,



.= :EXPERIMENTAL PART:=

‘(a) Study of the Hortvet and West Method,

The prelimiﬁary part of the experimental work coma
prised a étudy of the method, The details of the meth-
od héve been thoroughly worked out by the authors for
moderate quantities of oils, It was deemed advisable,
however, to determine the accuracy of the method with
the very small amounts considered in the thesis.'

‘The method is based on the assumption that when
an ethereal solution of an essehtial oii is rapidly
evaporated no appreciagble loss of oil occurs if the
evaporation is stopped just as the last of the ether
is removed, |

The.determinatign.is carried ocut as follows:a
Ten cubic centimeters of the extract are transferred
to a separatory funnel, one hundred cubic centimeters
of water added, and the mixture extracted with three
portions of ether using fifty, thirty and twenty cubic
centimeters in succewsion., The combined ethe} extracts
are washed itwice with distilled water and then dried
by standing over Ca Cl,, The dried extract is filtered
into a 150 cc, wide mouthed flask, The ether is evap-
orated rapidly by suspending ﬁhe flask over a water
bath and removing the vapors by suction, When about
- Edve cuvic centimeters of ether remain, ﬁhe solution

is transferred to a 50 c.c. weighed flask and the evap-
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oration is completed, The percent of oil is calculated
ty the following factor -

Weight of oil x 100 = 4o . ent of oil by volume,

10 x Sp. Gr, of oil

The above procedure réquire consideraﬁle care in mani-
pulation and the details must be adhered to very closely,
The critical part of the procedure is the evaporation

of the ether, It must bYe stopped at exactly thé right
point or a marked loss of oil will occur. It is very
difficult, however, to tell when the last drops of ether
have disappeared,

A number of determinations were made oy this meth-
od on alcoholic.soluticns of peppermint, nuimeg, cinna-
mon and anise oils, containing 0.4 percent of oil in
each case, The following table shows the results ob-
tained, The figures following the name of the 0il give

the percent found,

Percent of 0il _ rAverage
Peppermint.. [.52 | .31 | .03| 08 .20 - | - |- Jl.27.
Cinnamon, .., |¢18 | 417 | ,34 | .20 ; e29 | 431! ,29¢,.27
Nutmeg..{... - W19 221 ,13 | - |,46 W11 .47] .26

Anis€isseees | = o13 | 437 | W19 | 420|433 | 33| ,70],32

The great variability of the first results is ex-
piained by lack of experience with the method. There

were also some minor difficulties which had to be re-



moved,

Conclusions:~. The Horﬁvet and West method is shown

by these resulis to be unsatisfactory for the determina
ation of essential oils in extracts containing less than
one peréent of oil, In the case of thesé weak extracts.
from one-fourth to one-half‘cf-the 0ll is -lost, probaba
1y during the evaporation, This large fractional loss
renders the results excessively low, If an extract,
nowever, contained two or three percent of oil, the

loss by weight would be about the same, but the per-
centage error would be mﬁch less, An exampie will il-
lustrate this point.v'Ten-cubic centimeters of a 0.5
percent salutioq_is eQuivalent to .05 cubic centimeters
of o0il, Suppose «Q12 cubic centimeter is lost, then

- the result will be twenty-five percent low, giving ,38
percent as the amount of o0il; Ten qubic centimeters of
three percent ié equivalent to .3 cublc centimeters of
0il, Here the loss of ,012 cutic ceﬁtimeteré will}give
a result only four percent_lo&;giving,z.a-per¢ent as the
amount of oil, Hence for-extfacﬁs containing three per-
cent or more of oil the method,cduld be used with satis-
factory results provided care‘is taken in the evapera-

tion of the ether,



(b) Elaboration of Hiltner's Suggestion,

In Bulletin No. 182, Bureau of Chemistry, United
States Department of Agricuiturg, Hiltner:®suggested
WA Tentative Method for the Determination of Essential
0ils in Alcoholic Solutions*, The proposed meﬁhqd is
as follows: |

Ptepare a quantity of hydrocarcon oil (boiling
point 175 - 200 degrees centigrade) by fractional dis-
' tillation of commercial kerosene, Pipette ten cubkic
céntimeters of the extract into a Babcock milk bottle,
add one cubic centimeter of the hydrocarbon oil, two
drops of concentrated hydrochlofic acid, and twenty-five
cubic cehtimeters of hot water; shake vigof&usly, Warm'
on the water-bath to about eighty degrees, whirl in a
centrifuge, add Water 80 as to bring the floating oil
into the neck of the flask and again whirl.) Determine
the refractive index of the separéted oil.and of-theA
hydrocarbon 0il used at twenty degrees centigrade,

The ihdex of the essential oil must also be knéwn;
Hiltner gives no information as'to the accuracy of the
proposed method,

The method is based on a certain definite change -
in the refractive index of the hydrocarbbn éil due fo
the mixing with it of the essential 0il, On the addi-
'tion of water, the hydrocarbon 0il @nd essential oil are

precipitated. During the whirling.the two oils gather



at the surface of the diluted alcohol to form a homo-
geneous supernatant layer. The refractive index of
this layer depends on the relative proportion of the
two 0ils which compose it.‘ This ig i1llustrated by the
following experiment, Ten cubic centimeters of peppera
mint 0il and one cubic centimeter of hydrocarbon oil
were mixed and the refractive index of the mixture was
found to be 1,4449 at twenty-four degrees centigrade,
According to the principle this should equal the mean
of the refractive indices of the two oils which eqguals
1,445¢<

Réfractive Index cf pure peppermint oil - 1,4582 at 24 C,

Refractive Index of hydrocazrbon oil - 1,4318 at 24 C,
2.8900

Mean - 1,4450

Thus, o@ne cubic centimeter of peppermint mixed
with one cubvic centimeter of hydrocarbon o0il causes an
increase of 1,4450 - 1,4318 = ,0132 in the refractive
index of the hydrocarbon oil, Then, 0,5, 0,3 or 0,1 of
one cubic centimeter of essential o0il mixed with one
cubilc centimeter of hydrocarbon oil would increase the
index of the hydrocarbon oil by 0.5, 04,3 or 0,1 resvec-
tively of ,0132, The last two sentences illusirate
the principle very well, It is summarized in the fol-
lowing stateﬁent: The incfease in the refractive index
0f the hydrocarbon oil due to the admixture of an essen-

tial of higher refractive index is inversely proportiona



al to the ratio of the volumes of hydrocarbon oil to
the volume of essentigl oil,

There are three ihings which may hinder the suca
cessful application of this principle: (1) The refrac-
tive index of the essential oil may not be a constant
for all samples; (2) The relative proportion of the oils
in the supernatant layer may not be the same as the rel-
ative proportion of the oils in the mixiure before cen-
trifuging; (3) Some constituent of either oil may be re-
tained by the dilute alcohol, thus causing a cﬁange in
the refractive index of the separating oil. The first
error may be removed by a prelimiﬁary extraction of the
0il with ether as in the directions given in the Hortvet
and West method and the detérmination of its.refractive
index, The other possible sources of error are dis-
cussed later,

The method was first tried on pevppermint extract
because the difference between the refractive index of
peppermint oil and hydrocarbon o0il is less than in the
case of the other oils. Cbviously, the greater the difa
ference between the indices éf the hydrocarbon oil and
essential o0il, the more delicate will be the method.
This is the reason for chansing a hydrocarbon of oil of
the boiling point given, Now, the index of peppermint,
howevér, is not much greater than that of the hydrocar-
ben o0il, hence a weak peppermint extract would be a

‘more rigorous test of the delicacy of the method than
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in the case of'extracts of the other oils,

| Some preliminary work was necessary before starting
on the determinations. The aydrocarbon o0il was prepared
by diStilling commercial kerosene;.the fraction distil-
ling between 175 - 200 degrees being used. This distil-
‘late was washed three times with concentrated sulphuric
acid, once with dilute potassium hydroxide, and then
re-distilled, All refractive indices were takenvon an.
Abbe fefractometer, over a range of iemperatures be-
tWeen tweniy degrees and thirty degrees. Plots were
made showing the variation of the index with ftempera-
ture; in the case of peppermint o0il and anise o0il and
the two hydrocarbon oils used, 1In laﬁer work it was
found best to méke all determinations at room tempera-
ture, and so the reffactive indices of hutmeg and cinna-
mon was taken oﬁiy at room temperature,

The results of the first five determinations on
peppermint 0il were not good, The increase in the ré-
fractive index of the hydrocarbbn 0il due to the admix-
ture of ,1R25 cubic centimeters of peppermint oil wvaried
from ,0012 to ,0027. It was felt that these unequal
results might be due to slightly varying conditions in
the precipitation and so great cdre was taken in the
-following determinations to have the various factors,
such as amounts of water, time of whirling, volumes of

extract and hydrocarbon oil, etc,, strictly comparable,
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mhe results agreed much better,

These rewults, however, were much higher than the
theory required. The theoretical increase in the rea
fractive index of the hydrocarbon oil due to the admix-
ture~of one cubic centimeter with ,125 cubic centimeter
of peppermin is ,0015., Results found were ,0025, ,0026
and ,0024 respectively, averaging .,0010 above the the-
oretical, To learn if these high results were due to
a change in the hydrocarﬁon 0il itself, a"blank” run-
was madé. The "blanks" were run under exactly the same
éonditions as the real determination except that alcohol

instead of extract was added. The correction found from
the "blanks* equalled the difference between the actual
increase and the theoretical, The fact that_the "blank"
correction reduces the actual increase tc.the theoretical 
renders the method particularly applicéble to peppermint
extract,

The increase in the refractive index of the hydro-
carbon o0il in the "blank" run'is due probably to the re-
tention of some constiﬁuent'by the dilute alcohol,

Two unknown pepprermint extracts were determined by
this method using tﬁe "blank“ correction. The amount of
0il was found to be .40 percent and .58 percent respect-

ively. The actual amounts were .48 percent and .50 per-

cent,

The determination of o0il in anise extract was next
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tried, The results obtained did not at all equal the
theoretical values even after the "blank" correction
was applied, It was not expected in the case of anise
that the actual results could be réduced ta.the theof
retical as eésily as with peppermint because of the
mich greater difference in refractive index of the hy-
drocarbon and essential oil, The difference vbetween the
actual and theoretical increase, however, is so great
here that there is not much hope of being able to re-
duce the actual to the theoretical ty means of correc-
tion. 1In order to apply this method to anise extracts,
an empirical relation between the amount of oil in the
extract and the refractive index of the mixture of
anise and hydrocarbon.will.have to be derived,

The difference between the actual and theoretical
.increase in the case of anise is due}probably to the
retention of a2 component of anise by the dilute élcahol.
This could be ascertzined by noting the difference be-
tween the index of the dilute alconol formed in a run,
and an ordinary,similar dilute alcohol, Possibly a cor-
rection as useful as the "blank" in peppermint determinag-
tion might be obtained in this way,

Determinations on cinnamon and nutmeg extracts al-
80 gave results which did not agree with the calculated,
vélues. - Bxperiments were then tried to see if ﬁixtures
of cinnamon or nutmeg and hydrocarbon oil follcwed_the

Principle of the method, It was found in these experi-
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ments thaﬁ cinnamon and nuimeg o;l,do not mix with the
hydrocarbon in the cold, Cinnamon settles from the hy-
drocarvon oil almost immediately.after shaking, while
mitmeg forms a turbid mixture, |

Above Tifty degrees a homogeneous liquid is formed,
The refractive index of the mixtures‘of either one of
thesé oils With the hydrocarbon do not agree with the
indices calculated according to the principle of the
method, Consequently, if this method_is to be used for
determinations of oil in extract of cinnamon or nutmeg
an empirical formula willlhave to be derived,

The following table shows the summary of results
on peppermint, anise, cinnamon and nutmeg extracts.
The determinationé were carried out on «5 % solutions,

The figures are averages of two or more determinations,
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Increase : ' '
Extract No. of cc, in refr, Calecula- Differ-
' of extract ind. of ted . ine erice.,
useds hydrocarbon crease.
"Blank' cor-
rection ap-
plied,
Peppermint 25 .0015 - #0015 +0000
10 .0006 .0005 .0001
20 +0012 .00011 .0001
5 «0003 0003 . 0000
Abise 25 L0073 .00112 .0039
10 .0029 .0054 « 0025
Cinnamon 10 - 40040 . 0027 .00153
Nutmeg 10 .0013 .0015 .0002
25 ,0031 0047 .0016

-+ GENERAL CONCLUSIONS REGARDING THE METHOD:-

Hiltner's method is suitable foi the determinaticn
of 0il in weak peppermint extracts, but net in weak nui-
meg, anise or cinnamon extract; It might be made sat-
isfactory for the last oils by derivation of empirical
formulae, PFurther study of the means of applying the
method tc theée latter oils would be highly desirable

because ease of manipulatien, and rapidity.
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(¢) Nephelometric Measurements,

The turbidity v»roduced when an extract is diluted

Q.

ted the use ¢f the negheliometer for

Q

with water suggze

0
n

tiie determinaticn of the o0il., The nephelometer is
used for detectihg small differences in weakly turbid
solutions, The turbidity produced by diluting a very
‘weak extract of an essential oil with water is usually
slight and its degree is supposedly dependent upon the
amount of 0il present. Hence, it was thought that the
nephelometer would be éarticularly suitable for defect.
fing differences in such turbidities,

Before using the nephelometer, howevér, experiments
were tried with the Jackson Candle Turbidime%ei. In
this instrument a lighted candle is}placed below a grad-
uated glass cyliﬁder. The turtidity of a liquid is
measured by pouring it slowly into the glass cylinder

until the candle flame Jjust disappears, This instrument

®

measures satisfactorily a turbidity produced by the pres-
ence of very small opaque particles in a liquid, as
U
~example, that due to a suspension of barium sulphate,/
these experiments it is not found suitable for the mea-
suring of a turbidity produced ©y the suspension of mi;
rute, translucent glabules, as is the case with an in-
solubvle oil.

_ Measurement of turvid liquids by a nepnelometer is

based on the fact that a turbid liguid reflects upward
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some of the light which strikes it horizontally, Dis-
tilled Watef will reflect no light upward, The great-
er the turbidity, the greater is the percent of light
sent upward,

The form of nephelometer employed in this work was.
one proposed by Kober(5) and attached to the Wéll known
Dubusqg colorimeter, The licquids to be measured are put
into two glass tubes, the top, vottom and three sides
of which are fully protected from all lighﬁ by dull
black casings, The'féurth side of the tudes is éx@ésed
fo the‘light from a powerful Mézda lamp placed about
eighteen inches‘from the instrument.. The light rgflect-
ed upward by the liguid passes up fhrough the bottom of
a glass plunger, the sides of which ére rainted black,
into the eyepiece,df a telescope placed on top of the
instrument., The plungers in the tubes are movabvle up
and down and their movement is followed on a scale by
an indicator. On ;ooking through the telescope of the
instrument, the observer sees two half-fields different.
ly illuminated, one half.field being produbed vy the
light reflected up from one tube, and the other half-
field by the light from the other tube, The amount of
light sent by the liquids can be varied by moving the
- plunger up and down, When'the light reflected vy both
tukbes is equal, the field of the teleScope appears unia

form, Then a very slight shifting of one of the plun-

[$)]

gers should produce two differently illuminated fields.
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The delicacy of the measurements of this instrument is
‘dependent upon the distance through which one of the
plungers can be moved without destroying a uniform
field,

Quantitative measurements cf unknowns are made,by‘
.comparison with.standards. If a standard solution is
always used in the same way, that is, the same amount
of precipitated 0il, the same height of liquid in tubes,
¢cual lighting conditions, etc.,, then the readings ob-
tained with unknown solutiéns plotted against the ra-
tios of the sclutions will follow a defirite and regu-
lar curve, This curve is expressedﬁin the following

equation -

where Y equals height of unknown, X equals ratio of
solutions, and S equals height of standard solution,

K is the constant obtained by suvstitution of values
ovtained vy standardization of a standard with known
soluﬁions. Thereforé,if once the vailue of K is de-
rived for any given standard solution and height of
standard solution, fhe nephelometric readings when the
standard is compared with an unknown will give at once
on calculation the ratic of the soluticns., It is as-
sumed tnat solutions which differ very much from the

stamdard sclution, as may be. observable by a macroscop-

ical examination of turbidities, will require as in



colorimetric work, a more suitatle standard,

Nephelometric measurements were made on weakvanise
and cinnamon extracts. These two extracts are very dif-
ferent iﬁ regard to the degree of turbidity caused oy
addition-cfwater., The former gives a}heavy, cpague
turbidity on dilution with water, while the latter un-
der the same conditions gives only a slight translucent
cloudiness, For example, ten cubdic centimeters_of a 0.,5%
sdluticn of anise added to one hundred cubic centimeters
of water forms an opaque liguid; but ten cuivic centimea
ters of 2 0,5% solution of cinnamon added to the same
aﬁount.of water, will give only a barely visible.cloudi-
ness, c¢innamon oil, being much more soluble in dilute
alcohol than is anise oil,

0.5% solutions of‘anise and cinnamon were stand-
ardized by comparing with 0,4% solufidns. In the case
of the anise extractis the turbid liquids to wte compared
were prepéred ¢y adding five cubic centimeters of the
extraét{to one hundred cubic centimeters of water, and
with the cinnamon extract these liquids were produced
by adding ten cubic centimeters to fifty cubic centi-
me?ere of water, From the heights of liquids giving
equal illuminaticon in the nephelcmeter and the known
ratios of the sclutions, the constant for the stand-
-afds was derived by substituting these values in the

~ eguation given above,
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The amount of esSeﬁtial ¢il in an unknown anise
extract was successfully determined by comrarison with
standardized 0,5% anise solution, The turbid liquids
compared were obtained in the same manner as those used
in the standardization., From the data in the nephelo-
metric measurement and the constant of the standard,
the ratiosof the standard of the unknown are salcula-
Ated according to the equatioh given above, In ﬁhe Mmeg -
surement of unknowns great care muét be taken to repro-
duce exactly the conditions which obtain in the stand-
ardizations, An unknown cinnamon extract was also suc-
cessfully determined in an analogous manner,

The‘following table shows the results dbtained in

the examination of these unknowns.

Extract True percent Percent found by
of oil, nepnelometric
‘measurement,
Anise 045 ‘ .43
Cinnamon e9d .91

- GENERAT, CONCLUSICHS: -

These results indicate that the nephelometer can
be successfully used for the determination of amounts
of essential o0ils too small to be determined by hazdly
any other méthod. It is unfortunate that the nerhelom-
eter became available at so late a date that more work

could not be done on this method,
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-:SUMMARY OF EXPERIMENTAL WORK:-

(1) The Horivet and West metnod for the deter.
mination of small amounts of essential o0il in flavor-
ing extrabté was found to be unsatisfactory because of
excessive loss of o0il, |

(2) A procedure developed from Hiltner's sugges=
tion proved satisfactory for the determination'of pep;
ﬁermint 0cil in weak peppermint extract. The procedure
was not euccessfully applied to dilute anise,cinnamon,
or nutmeg extracts,

(3) The results obtained with the nephelometer
indicate thatkthis instrument can be successfully ap-
plied to the determination of small émounts of essen-

tizl o0ils,
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