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v e T ABSTRACT/ R

- For the past three years the Department of Food Sc1ence at the
Un1vers1ty of Alberta and the Hort1cu1tura] Research Centre at Brooks, &"
ATberta,have been studylng the feaslbITlty of grow1ng spices and herbs o

©.in ATberta on a comnerc1a] scale. This study reports the composition

. and qua11ty of the essential oils for the crop years 1970 through 1972

, from the seeds of anise (P1mp1ne]]a anisum L. Yy caraway (Carum carvi L.),

d1TT (Anethum graveo]ens L ), fennel (Feon1cu1um vulgare Mill. ), herbs

‘_g_of pepperm1nt (Mentha p1per1ta L.) and ‘sage (Salvia off1c1nalis~1 )

The 0115 were obta1ned by steam dlst1l]at1on of dr1ed herbs and seeds.

The ana]yses of the essential oils were Carrled out by means of

- 'thin- Tayer and gas liquid chromatography and 1nfrared and mass spectro- .

N

scopy k Th]n Tayer chromatograms of anlse 011 revea]ed 13 spots .Thegpkv'
" two major spots.correspondea to hydrocarbons and to beniene re]atedfcon-f"'
* stituents. There were seven spots on th1n layer chromatograms of cara- ES
way oiT:’ The spots correspondang to hydrocarbons and carvone were tsz .
twb maJor ones Thin- Tayer chromatogram§ of di]l 011 showed - éight spots:t
t of which the/ spots for hydrocarbons, carvone and: an alcohol with Tina-
lool and T 81c1neo] were the three maJor ones. There were ten spots on i

_ chromatograms of fenne] 0il. The maJor spots were. those of benzene

fs're]ated constltuents and hydrocarbons. ain- layer chromatograms of

&
.pepperm1nt 011 revea]ed e]even spots, of which spots for hydrocarbons,

: menthy] acetate menthone and(menthol were the major. ones Sage 0il

'showed n1ne spots on thin- Tayer chromatograms The' spots for borneol,

‘{ linalool, T »8- c1neo], camphor, thUJone,\bornyT acetate and h drocarbons

'were the major ones.
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' The gas- 11qu1d chromatograms of the essent1a1 011s studled
revea]ed major, 1ntermed1ate minor and trace constituents Anise oil -
contained fifty- four const1tuents with 57. 42 to 75.21% of trans- \

=

".anethole as the major one. 011 of cara\ay/had a total of forty-seven

‘constituents, of which carvone (38.79%) and llmoneneizzg\ilgl\uere the
 major ones. Dill 0il contained a total of thirty—eightoconst1tuEntsg\

* of which carvone (43.26 to 48. 46%) and limonene.(33 1 to'40‘82%) were\\T\\;¥
~ the major ones. Fenne] o11 had a total of f1fty constituents, of which

| trans-anetho]e (39.19 to 68 90%), 11monene (8. 29 to ]9 78%) and fenchone :
(10 83 to 16.12%) were the major ones. - Peppermint o;] conta1ned a total -
of f1fty—f1ve const1tuents of which mentho] (32 33 to 44. 18%) and ®
‘nenthone (32 62 to 21.24%) were the major ones. ~Sage oil had'a totaT e

- of sixty const1tuent§,vof wh1ch thujone (23. 70 to 29. 06%) humulene ;
(13.12 to 16.44%), camphor (8. 34 to 10. 31%) and B—caryophy]lene (7 67

. to 9. 34%) were the,maJor ones. | , a
‘ The qua]1ty of anlse seed oil from Brooks was better than,the

oi]lfrom the whole herb and .was better than commerc1a1 0il obta1ned

from Michigan. Although the quality ofvcaraway oil from Brooks was -

slightly lower than the commercial. 011 ‘from M1ch1gan ‘an 1mprovement

could be ach1eved by d1=t1111ng the 011 from more matured 'seed. The

'qua11ty of di]] seed 0l from Brooks, -was comparable to the oi]s from

the U S A, and-Europe. The b1tter fenne] seed 0il from Brooks, 1972

.tcrop, “due to the high content of trans anetho]e was of better quality \
}than ‘that. of the . 1971 crop which was distil]ed from the wholeherb In

'_'addftion the quality of the oil was comparable to that of oils from the :

v. S A. and Europe The qua]ity of peppenn1nt 011 from Brookséwd’benaﬁrg

- on’ the stage of "'rowth 1s comparable to that of conmercia’l oil from \

o
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Michigan The‘duality ot sage 0il from the Erooks, 1971 crop was '
"‘better than that of the 1972 crop and commercial 011 from Michigan
| The y1e]d of 011 from sp1ces and h;rbs grown under climatic

-cond1t1ons of A]berta appeared to be dependent on the crop year, total -
"hours ofisunsh1ne and the 1ength.of the frost-free Eeriod; However,;
- the quality of theqoiis was still comparable to the oifétéemmefgjélly

i

available on the world market.
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NTRODUCTION '

4

The foodllndustry is constantly seeking-new methods\of 1mprov1ng
or redes1gn1ng its products for both gustatory and f1nanc1a1 reasons
This has created a lucratlve market for sp1ces o]eores1ns and essghtial
. oils for domestic use by producers of soft dr1nks, baked goods, desserts,
_tfonfections, meat and fish oroducts, and'alcoholfc beverages. Current]y;;
- al{ of these flavoring-oroducts are'impOrted
B : For the past five years a team at the Un1vers1ty of Saskatchewan |
has been studylng the feaS1b1]1ty of growing the pepperm1nt plant as a
cash crop for farmers A few years ago the Canad1an Department of
Agr1cu1ture Research Branch at Morden Man1toba and the Provincial v
ﬂgrtlcu]tural Research Centre at Brooks A]ber1f; began an. 1nvest1gat1on .
to determlne whether pepperm1nt and other herbs and sp1ces can be grown ,
successfu]]y under our c]1mat1c and so11 cond1t1ons

. e
‘ Th1s comp]ex 1nvest1gat10n involves the qua11ty, hort1cultura1,

o N

9gro]og1ca] econom1c and marketing aspecig@Sh This study reports the .
/
chem1ca1]y assessed qua11ty of essent1a1 0115 from some herbs and splces

grown in Alberta and the1r comparlson wlth s1m1]ar oils supp11ed by the

world market

(o}
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‘ "~ I1. REVIEW OF LITERATURE

A. Anise Seed 0i1 (PimpineT]a anisum L.)

" Anise seed and 011 are characterlzed by a very strong, 11corice-

- like. f]avor and odor, An1se 011, rather than the 11cor1ce root 1tse1f

l1s genera]]y used to. prov1de 11cor1ce flavoring. Its taste is sweet

and aromatic. An1se o1] is w1de]y used as a f]avor1ng material in
11quor1ce toothpaste baked goods, carbonated dr1nks confectlons and

a]coho]1c beverages. It is the bas1s of the French cord1a1 "anisette“

] the popular Turkish a]coho]1c beverage “rak1‘l and Bu]gar1an and Greek

"mast1ka“* An1se flavored aguard1ente (d1st1l]ed from sugar cane) 1sj
one of the most un1versa11y popu]ar a]coho]1c dr1nks throughout Latin

America.. Other products which have anise 011 or anetho]e as a flavoring

-1ngred1ent are canned foods, p1ck]es and space b]ends The flexible

concentrat1on ]eve] of an1se 0il makes it an 1dea] f]avor base. The FDA

"white 1ist" permits the use of anise 011 in a concentratlon up to 3500

ppm. Anise 01] is ut111zed in med1c1ne for its cann1natxve and expec- 7

totant propert1es ahd as.a mask1ng agent for flavoring bitter-tasting

- drugs. It has been reported that in f]avor1ng 100 b of the best grade

el

of dry anise seed is equ1va1ent to 3 b of 011 (“the sp1ce equ1va1ent“)
There are two botan1ca1]y d1fferent plants whose fruits y1e1d
essent1a] 0ils of s1m1]ar color, flavor and, hence, chemical composition.

Star anise oil is obtaJned from I]]1c1um verum - Hooker (fam1]y Magno]iaceae)”

and the other oil, wh1ch is true anise 011 and has finer and delicate

| flavor, is d1st11]ed from anise fruit Pimp1ne1]a anisum L. (family

'Umbelli%erae) Th1s true an1se is an annua] p]ant 1ndigenous to Levant’
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but it is widely growh in Europe North Afr1ca North Amer1ca Chlna and
Ch11e (Guenther 1950; Anonymous, 1970a) ;

When the seéd is near maturity, a]ternate rainy and dry per1ods
cause the seed to tﬁrn brown, thus greatly 1mpa1r1ng the quallty
(Guenther, 1950). Some agro]og1ca1 requarements for growing this p]ant
are given in Append1x A-1.

Accord1ng to G11deme1ster and Hoffman (1931) the 011 y1eld of .
an1se seed of various origin ranged from 1.5 to 6. 0% F1sher et al.
(1945) reported that the 011 y1e1d of connerc1a1 an1se seed from var16us.
or1g1ns varied from 1.9 to 3.1% w1th an average of 2 29%. It has been
claimed (Anonymous, 1970a) that anise seed y1e1ded from 1.5 to 3 5%
volatile 0il. It was observed by Chernukhin (1929) that 5% more oil

| could be dlSt]]]ed from ground seed than from whole seed

j | : The vo]at11e 011 conta1ns pr1mar1]y'anetho]e (80- 90 ) a]ong

with methy] chav1co] (an isomer of anetho]e) and p- nethoxyphenylacetone v
I.(anise ketone) (Guenther 1950). Using gas-liquid chromatography, "

E] Deed et al. (]962a) found that the chromatogram of anise 01] had four

peaks, two of wh1ch were 1dent1f1ed as “anethole (88 6]%) and anlsa]dehyde

(3. 01%) “In the study of the quallty of some ~umbelliferous essential
01] plants Tsvetkov (1970) found that the yields’ of 0it d1st1lled from
central, f1rst order and second order unbe]s were O 34 0.35 and 0.25%,
respgét1ve1y, and their respective percentage compos1t1ons were estra-
‘gole 8. 64, 7 51 and 7 7], anéfe ketone 0 88, 0.41 and 0.85; and\anethole
87.30, 89 .50 and 88. 40 From this, study he conc]uded that a high yleld
' of fine qua]1ty oil cou]d be obta1ned when the seeds in the central

A

umbels were fu]]y r1pe
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In characterization of essential o1ls by thin- layer chromato-‘_'
graph (TLC) using 10 to 15% ethy1 acetate’ in hexane as a solvent system
Re1tseman(]954) found'that anise oil produced flve spots with Rf values
of 0.02, 0.18, 0.28, 0.62 and 0.94. Zacsko-Szasz and Szasz (1985)
analyzed anise 0il by using-a mixture of benzene~ch]orof0rm (1'1) as a

solvent and reported the Rf values as follow: an151c acid 0.0 - 0 06

: methy] chav1co1 0.28, anise ketone 0. 33 an1sa]dehyde 0 44 and trans-

anethole 0.83. _
*f | The qua]1ty of anise oil depends ma1n1y on the amount of trans-
- anethole, the h1gher the amount of trans- anetho]e the more, de]1cate _

and sweet the odor and flavor of the oit (Guenther 1950)

B. Caraway Seed Oi1 (Carum‘Carvi?Li) >

There are two grades of caraway o11 on the market crude or |
'natural 0il which is. the direct d1st1llate and doub]e rect1f1ed or
red1st111ed caraway oil. The crude caraway oil has an- initial note of
a nauseat1ng almost am1ne 11ke type odor wh1ch may be due to either the
decompos1t1on of proteins 1n the seed germ or- the presence of some
g]yc051des or alka]o1ds This odor is not present in red1st11]ed cara-
':way’oil The ma1n use of caraway oil 1s in flavor;ng of food products
such as. meat ‘Sausages, tinned- goods bread, cheese, pickles, sauces and__
‘ season1ngs In addition, it is respons1b1e for the f]avor of the German
11queur kumme] Caraway seed 011 is also used 1n mouthwash, garg]e |
“preparat1ons toothpaste f]avors and chew1ng gums It'is often used fn
pharmaceut1ca] preparat1ons to overcome a bad odor and taste “and’ as an

: -aromatxc carm1nat1ve medic1ne It has been reported that for f]avoring,-

100 1b of the best grade of dry caraway seed can be rep]aced by 5 lb



" "“,of 0i1, ("spice equivalent")

02
‘.:ﬁ;g ’
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Caraway fruits are the fru1t of Carum carv1 L., a b1enn1a] plant
nat1ve to western ‘Asia and a 1arge port1on of northern andycentral
Europe.. It is also grown in the western. Un1ted States and North Africa.
Agroiogical data for grow1ng the plant are presented in Appendlx A-2

Besides the volatile oil wh1ch 1s the main const1tuent, caraway fruit
“contains fixed 01l (tr1g]ycer1des), ce]]u]ose pentosans ca1c1um
oxalate, min ral e]ements “and prote1n (about 20%) The vo]at1]e oil,
‘whlch g1ves the character1st1c aroma and taste of caraway, 15 a color-
less ]1qu1d wh1ch becomes yellowish, on ag1ng (Anonymous, ]970b Guenther,
1950) Guenther (1950) recorded that the essent1a] 0il of Dutch caraway
seed var1ed from 3 to 6% with an average of 4%, and the North African
.and Near East caraway seed 011 from 0.4 to 1.0%. Sunny;dry weather
durlng seed maturation reduced the 011 content but the 0il wa_. aigh

in carvone and low in terpene hydrocarbons The coo] damp* weather in- y
creased the yie]d of oil but reduced the amount of carvone and other.
'oxygenated terpenes. This d1fferenceﬂn1ght be due elther to photochemI--,_'

cal forces whlch transfonmed terpene hydrocarbons into oxygenated com—-

B podnds or to the}bossib111ty that during sunny, hot weather the more

7_volat1le constituents, part1cu1ar1y the terpene hydrocarbons evaporate
' resu]tlng in an increase of oxygenated gompounds
GlldemeISter and Hoffman (1931) reported that caraway seed 0il
contalned 50.0 to 60. 0% carvone. Fritzche Brothers Inc Laborator]es
(1950) recorded that genu1ne caraway seed o11s from Holland and Russia
}:contained 51 0 to 59.0% carvone and 0il from Oh1o 59. 7% Sandermann
‘(1938) found 7. 0% carvone and about 75.0% 11monene in caraway 011 of

f1owering plants The oil also contalned azulene and cad1nene which
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'-~;*was not present in caraway seed 0il but in the 011 from the leaves and

stalks. Sch1nme] & Co (1896) proved by 1arge scale d1st1]]at1on tests
.that the carvone content of caraway seed 0i1 depends upon the state of

, p]ant matur1ty;\be1ng h1ghest in 0115 distilled from fully-matured seed.
-.,I" the study of the carvone content of the deve]op1ng fru1ts of Anethum N
graveo]ens L. and Carum carvi L., Betts (1965) fqund that caraway fruits
conta1ned ]1tt1e or no carvone one week after po]]1nat1on, by three weeks
10 mg or more of carvone/]OO fPUItS, and subsequent weeks between 12 20
}ng carvone/]OO fru1ts in ]962 and 11-14 mg carvone/100 fru1ts in 1964.

- The max1mum y1e]d of carvone cou]d be obta1ned from the essentlal oil

of 4—week old fruit which a]so contalned a h1gher proport1on d? l1monene 1
than that of older fru1ts.1 This eSSent1a1 0il was sweeter, but ]ess
1ntense]y f1avored He concluded that low carvone content in caravay

oil did’ not ref1ect carvone def1c1ency in the fru1t The chaff resu]t-
int as a by- product in thresh1ng and w1nnow1ng of the seed g1ves an oil

- With a harsh, inferior odor and flavor (Guenther, 1950)

Caraway 0il conta1ns 53 to 63% (w/w) of DX carvone together with
D-limonene and small amounts of d1hydrocarvone carveo] dihydrocarveo],
Vaceta]dehyde furfura] d1acety1 D- d1hydrocarveo] L -dihydrocarveol ,
L-neod1hydrocarveol L- 1sod1hydrocarveo] L- 1sod1hydrocarveo] D peri]]y]
a]coho] and D- d1hydrop1ne1 (Guenther 1950) E] Deed et al. (1962a) used
: gas 11qu1d chromatography to analyze some essent1a] oils. The chromato-
gram.of caraway-01] showed two peaks, 11nnnene (45.58%) and carvdne
(56.898%). El-Deed et al. (1962b) msed TLC and column chromatography

to f1nd that caraway oil contaIned:carvone 11monene, u-phellandrene,

a-terpinene and c1tra] By us1ng TLC with 15% ethyl acetate in n- hexane

*d(+) or 1(-) (or D,L) designations represent the optical rotations and
do not essentially relateé to the absolute conf1gurat1on relative to
D(+) gryceraldehyde ‘ :

{



. - . 7.

!
L

‘ as a solvent: they obtained two spots for caraway oil corresponding to

carvone and limonene, In determ1n1ng the monoterpene hydrocarbon com—
position of 29 non-citrus essent1a1 oils Ikeda et a] (]962) found that |
the total monoterpene hydrocarbon content of caraway oil was 38 0% of |
which d l1monene const1tuted near 100%, with traces of a-pinene,
u-thuJone B-p1nene, sablnene A3-carene and . u—phellandrene. By using
gas 11qu1d chrbmatography to study Indian caraway, Atal and Sood (1966)
found that the 011 contalned carvone, 11monene B-p1nene and p-cymene.

Yin et al. (1970) stud1ed the effect of ac1d and temperature )

' treatments of caraway 0il on the changes of its 1nd1v1dua1 const1tuents
) The components ldentlfled were a-pinene, s-pInene myrcene,sﬂlmonene,

- terp1no]ene p cymene, trans-dlhydrocarvone c1s~d1hydroca one,

1-p-menthen-4-ol, c1s-8-p—menthen 1-o01, 8- p-menthen-2-o] (neo),
8—p-menthen 2-ol (1so) carvone, 8-p2;en en-2-o0l (neo 1so) trans-
carveol and c1$ cqrveol Two pr1nc1pa1 const1tuents carvone and
11monene underwent minor changes when subJected to harsh cond1tlons of A
pH and temperature and the trace components changed when the oil was
subJected to hlgh temperature or to buffer so]ut10ns of vary1ng pH

A good caraway oil contains 50 to 60% d—carvme 1t being the most

1mportant constituent and the prlnc1pa] carrier of the characterlst1c

odor (Anonymous 1970b; Guenther, 1950).

C. Dill Seed 011, (Pnethun gra\)eo]ens L.)

pin seed, either whole or ground, is used frequently as a conﬁ
diment. It IS ut1112ed as a flavor1ng in plck11ng cucumbers, and in

Scandinavia for flavorIng in bread,_potatoes and vegetab]es._ In France

L
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the seeds are used extens1ve]y to f1avor pastr1es and - saucrrx while in

o ”}Ind1a it is used as a cann1nat1ve and’ as an 1ngredlent of cukry. Chopped

" fd1]l ]eaves, fresh or dried, are used on soups, salads and such ‘seafood
as Iobster or crayf1sh *The 01l of dili herb is used for flavoring ahd
season1ng purposes in the food 1ndustry and nn the last ten years has

y,larger rep]aced the who]e herb. Nhen compared with the best grade of

‘ gry spice herb, 1t is found that 1/2 lb of o1] can replace 100 1b of
herb. '

Ane thum graveolens L grows w1]d in most parts of Europe, the

i

Middle East, the Med1terranean coast of Africa, Ind1a and the Far East.

" The types of vo]at1le 0115'obta1ned from Anethum g_aveo]ens L. are:

‘(1) 0il of dill herb or weed which 1s d1st111ed from. the herb a]ong with
the 1mmature frults, (2) o0il of d]]] seed obtalned from mature separated
fru1t ‘The two oils vary in compos1t10n and hence, in odor and f1avor
Dill is -grown 1n Eng]and ‘and Hungary for the. seed 01], 1n the U.S.A.
and Hungary for the ent1re herb 0il and 1n .Germany and Ho]]and for the ;
weed 01] (V1nnan1 and Datta 1970a Guenther 1950).

Dill is suscept1b]e to weath&r hazards Ha1], strong winds and '
dr1v1ng rain may 1nJure the flowerIng p]ants resultlng 1n no yield of

.011 (Guenther 1950) The agrological requ1rements for grow1ng the

-~

-

p]ant are summar1zed in Appendix A-3
- The 011 content of d1]1 seed varies from 2.1% in India to 5 62%
. in Russ1a and of d111 herb from 0. ]6% of fresh weight 1n Ind1a to 1 5%of
dry weight in Russia (Guenther 1950 Virmani and Datéa 1970a)..

The seed 0il has a high.d-carvone content which varies: according

 to the plant geographical origin, species, size and ripeness of fruit.
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The var1ation of carvone.content due to"geographical or1glns is shown
by Guenther (1950), ‘and V1rmaqﬁ/and_5atta (1970a). The'percent.(w/w)

~of carvone in d111 seed 011 was g Jannu and Kashmir 50.5 to 53. 0

Jammu 45.9 to 52. o Var1 khw ﬁ@*s' Katra sz 2, and Haldwani 41 83 to

5’;, A5,

56.6 (the foregoing were f&am‘indla) Bulgarian oil 39 Irish 37 8,

: Hungarian 40.0 to 60 0, Eng]1sh 48 t3{57 American 50.0 to 60.0,_and
Russian 53 6. “ o

. ;4
,The_varieta1 variation'is’shown by the composition of Indian
dill varieties. The var1at10n between the two varieties is nob/only, o
in the carvone content but a]so 1n the other components The' seed oil

of Anethum graveo]ens L. conta1ns d- 11monene (10%), B—phellandrene (6%),

a-terpinene (6%), d1hydrocarvone (]2%) carvone (34. 5%) “carveol (4%)
d1hydrocarveo] (3 5%) 1soeugeno] (2 3%) and dl]laplo]e (3%) (Bas]as “

'et a] 197]) The . compos1t1on of d111 seed 01] Anethum graveo]ens L.

© .

sub p sowa was ‘- p1nene (5.0%), d- 11monene (21. 4%) d phe]]andrene
(11, 4%), a-terpinene (3 6%), dlhydrocarvone (14 32), carvone (20 7%), '
caryophy]]ene (3.62), myr1st1c1n (1. 0%), eugeno] (3%), ap1o]e (5 7%)

' and d111ap1ole (8. 5%) (Bas]as and Gupta, 16?%) Shah et a] (]971) o 5/)

ana]yZed‘éye const1tuents of two Var1et1es of Indian d111,/%nethum sowa,

and’ ?Bund that the varlety Var1ya]1 sowa conta1ned 212 carvone 43%

;dih, ~ocarvone 66% tota] carbony] compounds 13“ d11]ap101e, and 20%
‘11monene wh11e the second var1ety,‘Ghoda sowa, conta1ned 35% carvone, & :

:;15% d1hydrocarvone¢/§g? total carbonyl compounds 12% dillapiole and Lo

“%f% limonene |
T The comp051t1on of d11] seed o11 var1es w?th the s1ze of . the

‘»fruit Grade A wh1ch 1nc1udes seeds wlth ‘an average size of a. 5 mm ln :
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‘ lengt_h.‘ and 7.25 xiihgj.n width, has a 2.51% ester content and a 56.08% -
ketone:content (caiculated as carvone)- for seeds of Grade B (3.60 -
4.50 nnllength 2. 30 - 2.50 mm in w1dth) 12. 13% esters and'4l 27z
vketones for the seeds of Grade C, which 1nc]ude seeds with an -average

. s1ze of 2.80 - 3. 60 mm in, ]ength 1 80 - 2 -30 mm in width, 26.52%
~esters and 42.63% ketones“ffbr seeds of Grade D (2 80 unllength 1.80
m w1dth) 26.85% esters and 41 14% ketones (Gulati et al. 1969);

The(icarvonecontent 1ncreases w1th r1peness of the fru1t The
{

o very young fru1t contalns ]7% carvone ]2% tertiary a]coho]s (expressed )

v d1]1 herb 0il is:

.ﬁas 11na]oo]) 2% pr1mary and secondary alcohols, 8% esters and 612 non-

reactlng compounds (probab]y mohoterpene hydrocarbons such as ]1monene),‘v

v while the Fﬂpe fru1t conta1ns 58% carvone, 7% pr1mary and secondary

fa]coho]s, 18% esters and ]7% non react1ng compounds (Luyendijk 1957)

In the study of the deve]opment of c;ryone in the fru1ts of d1]l and

:caraway Betts (]965) found that d1]1 fru1ts 1n1t1a]ly conta]ned 1 to 2

mg of carvone/]OO fru1ts Three weeks after po]]1nat1on the carvone

‘-‘content was 5to9 mg/]OO fru1ts in 1962 and 4 to 6 mg/]OO fru1ts 1n ’

1954 The max imum carvone content was obtalned from 4-week o]d fruit :’~

which also conta1ned a ' higher portlon of llmonene than the more developed

'f,fru1t "He conc]uded that the Tow carvone content of dill seed oil d\d
‘}not 1nd1cate the carvone def1c1ency in the seed _

- The compos1tlon of d111 herb oil also var1es accordlng to the

_geograph1ca1 or1gt This variation-of carvone ‘content accordIng to

. geograph1ca1 locat1on is demonstraéej by the resu]ts given by Guenther

(1950) and V1rman1 and Datta (1970a) - The’ percent (w/w) of carvone for

r&?

"‘t

ﬁ%dla 22. 0 to 39 39 Amerlca 12 0 to 40 0, Hungary
. 25.5. to 42 5 and RUSSIG 15
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S The compos1t1%n of dill herb oil also varles accordlng to crop ;
year. In the ana]yses of the quality of dill seed\and herb il from
Haldwan1 Gulat1 et a] (1969) recorded that the percentage content of -
11d11] herb oil was: for the crop year 1964 ester va]ue 17.74 and ketone

content 30. 49 (ca]cu]ated as carvone), for the crop year 1965, ester
“ va]ue 20. 09 for leaves and:umbel andt]Q 40 for whole p]ant and ketone-

content 19 93)for 1eaves and " umbe]s and 22.52 for the whole plant; for
the crop year ]966 ester value 23.03 and ketone content 31.0. :
' The proper t1me of harvest1ng is of great 1mportance because
the qua11ty of the 011 depends ma1n1y upon the state tf maturlty of
\ hegg)and seed The quality of d11] herb 0il depends on the amount of the
two main const1tuents, phe]]andrene and d-carvone the 1gher<the.amount,'-’i

of phe]]andrene the more pronounced the odOr and flavor of'the,fresh .

: hérb "The var1ab1]1ty of carvone content in herb 01] was due'to the~
amount and stage of r1peness of the seed in, the who]e herb (Guenther,

]950) The CDA Research Branch -at Morden Man1toba (1 972) reported th

compos1t1on of d111 herb oil at various stages of harvest1ng of the1r - |

a-plnene 35.7% a-phe]landrene 28 O% 11monene 6.0% ]1nalool and 26. 4%

1971 crop The d111 herb oil harvested on August 20 conta1ned 1 ]%

carvone that of August 25 0. 8% a—p1nene 28 4% a-phe]]andrene 31 8%

llmonene 4, 8% 11nalool and 32 3% carvone, and that of Septeﬁgkr 2] :
' 0 8% u-pInene 25. 8% a-phellandrene, 28 4% 11monene 4.8% 11nalool and

'38.2% carvone The~d1]1 herb 011 obta1ned from Plum Coulee, Man1toba

harvested on September 3 conta1ned 1. 2% u-plnene 35 7% a-phellandrene,!

37 1% ]1monene. 4. 7% Jﬂ‘ 01 and 18. O% carvone whlle the comp051t1on '

of, the 011 harvested on’ *=?tember 7 wa§ ] 3% a—plnene 37.6% a- phellandrene. i

. 33.2% llmonene 4. 7% 11na1001 and 19 9% carvone Guenther”(1950)_‘

—
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summar1zed the effect of the state of ripeness of the herb material ,on
the compos1t10n of dill herb. An 011 d1st1lled from partly seed1ng 'um
'partly flower1ng herb mater1al conta1ned 13. 0 to 15.6% carvone. An oil
d1st1lled from herb harvested Just after the flowerIng per1od conta1ned
-21 8% carvone. An 011 dlStl]]ed from green herb mater1al harvested at
the proper t1me of‘matur1ty and partly dried before d1st1llatlon con-.":
.ta1ned 34.6% carvone An oil d1st1lled\from.half-matured and half~dried "
’herb ‘contained 45.8%, carvone An oil d1st1lled from half—matured and
‘completely dr1ed herb,had 52 0 to 58 0% of carvone. ‘An 011 distilled f
~from dlll seed and chaff conta1ned 64.4% carvone. He recommended that

' the crop grown for the product1on of herb oil should be harvested when
the most matured seeds are turn1nd brown The herb character still
;;ex1sts when the carvone content - of the o1l lS less than 35. 0% and is -
f’most pronounced when . the 0il contains 20 0% or lésstof th1s ketone. '
| Drying can also affect the com::::;ﬁon of dlll herb oil

Rl

Prolonged drying of the herb in the fi ould cause a considerable ,
- loss of oil from the evaporation of the more volatile terpene consti-
tuents ~ Thus, the oil d1st1lled from dr1ed herb would have a h

carvone contelt wh1ch is not des1rable in herb o1ls such an oil

-

resembles seed 01

‘ 1950)>

Y
1n respect to odor, flavor and compositlon (Guenther,

~In the1r TLC study of the cootent and composition of some .
,umbell1ferous essential oils- at d1fferent stages of growth El- Hamidi
" and Ahmed (1966) found that dill 0il produced six spots at the earlier
~and f1ve spots at later stages of growth The results showed that - .
'carvone -and phellandrene were the major. constituents. Reitsema (1954) v'

used TLC with a solvent system of lO to l5% ethyl acetate in hexane and
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obtaIned’for dill oil seven spots w1th Rf va]ues of 0. 03 0.06, 0.11,
0. 18 Q 33, 0. 44 and 0 67.

e

D. Fennel Seed 01l (fe6n1cu1um vuTgare Mill.)

-

: A .
FenneT seeds are aromatic, with a warm sweet odor somewhat

SImllar to thﬁ§>of anise, and‘have a slightly burn1ng flavor. FenneT |
éoﬂ is used as a f]avor1ng agent in culinary preparat1ons bread pastry.
. confectlons meat, p1ck]es and non- aTcohoT1c beverages “The. sp1ce -
‘equivalent Of‘thlS oil 1s 5 Tb, 1 e., th1s amount 1s able to repTace

100 -1b of the best grade dr1ed fennel seed

of about a dozen varieties of fennel pTant Feon1cu1um vulgare

Ml]l. 1s the most 1mportant one. FeonlcuTum vu]gare MlTT 1s a herb

native to Europe and the Far East There are two main subspec1es of the

plant the bltter fenne] Feon1cu]um vuTgare'M1]T var vu]gare‘and the

>

| sweet or- Roman fennel, Feoniculum vu]gare Mill. var. jﬂiiEé- Bﬁtter.
fennel TS grown throughout Europe Asia and Amerlca Sweet fenn81 TS
cu]tlvated around the European Medlterranean coast (Guenther 1950).
/The agr01091ca] requ1rements for grow1ng th1s plant are sunmar1zed in - "
Appendlx A-4. I ;// e
FenneT, a pérennlal p]ant usuaTTy produces onTy a few seeds
durlng the, flrst year of growth but a fu]] crop in succeed1ng years
The seed should be harvested before it 1s fulJy r1pe when it is suffl-
a c1ently hard and green:sh -grey in coTor Thelo1l y1e]d of the best
| grade seed from eastern Europe is between 4.0 and 5. 0%, and the Towest
yie]d is 2 5% . The older seeds g1ve a Tower y1e1d (Guenther 1950)
' The 011 yield is found to be.d1fferent between the two var1et1es The~ _
‘sweet fennel seeds yield 1. 50 to 3 82% vol§t11e 011 while b1tter fenne] .

- seeds yield 2 92 to 5 76% oil (Kar]sen et al. ]969) The sweet fenne]
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¥ seeds from N1ger1a y1e]d 2.0 t 2.4% oil (05151ogu ]967) The seed
he

of Goty fennel, Feon1cu1um vu]gare M1]1 ‘sub. sp. vu]gare was repor ed ?

to yield 8.5% volatile oi'l'(Shah et al. 1970)
“ The compos1t1on of fennel oil varies: afcording to the geographi— f
cal o g1n By using the method of'?bngea]1ng po1nts Guehther (3950) | f
| found that the amount ofManethole ‘from fenne] oil from M1nnesota was
1 65.0%, and from Russ1a 61.0 to 62 5%. The anetho]e content of sweet |
fenne1~o11 from southe‘n France ranged from 83. 0 to 87. 0% The anethole

content of fenne] 011

om- N1ger1a ana]yzed by gas- 11qu1d chromatography
was 86% (051s1ogu; 1967). The CDA Research Branch in Morden, Manitoba |
(1972) reported the fo]]owlng compos1t1on of ]oca]]y grown fennel: - : f) d
o 3 4% a- pinene, 1.4% a-phellandrene 47.1% ]1monene, 3. 2% 11nalool 2.7%
'-an1sol 0. 9% carvone and 36. 2% gera o] i . ‘)
- The compos1t1on of fenne] sgfd 011\alsg&var1es accord1ng to the_
' p]ant var1et1es ~ This varietal d1fference is shown by the content of
'anethole the. on]y major and the most 1mportant const1tuent of. fennel
‘oil.’ Sweet fenne] oil conta1ns 75. Q to 87. Q% of. anetho]e wh11e bitter
fenne] 0il has 61 0 to 75. 0% of the compound Guenther 1950) Fenchone
was reported to be present in bitter fennel';é;d oil but not in sw:et .
seed 011 (Guenther 1950) Recently, 1& was found that both sweet and
_ b1tter fennel seed o1ls contaln fenchone (Betts, 1968 Kar1sen et al.
1969) . However, sweet fenne] seed 0il has a lower amount of fenchone
than b1tter seed o1] In sweet fennel oil the fenchone content is in )
the range of 1.3 to 1. ] parts and in b1tter fenne] seed oi] from 16. 3 -
to 31.6 parts re]at1ve to log&parts -of trans -anethole (Kar]sen et al. |
_'1960) The var1eta] difference is a]so observed in ‘the other consti-
tuents; _ Shah et a] (1970) reported that Ooty fennel seed oil contained
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'_estragole as the major constitgznt and no. anethole. The estragole con-
tent in sweet fenne] seed oil varies from 3.0 to 5. b and in bitten
seed 01l from 2.6 to 5.5 re]ative to ]00 parts of trans-anethole (Karlsen
“. et al., 1969). Both varieties contain seventeen monoterpene hydrocarbons
;»The percentage composition of mOnoterpene hydrocarbons in sweet and
. bitter fennel is as fo]]ow5' u-pinene 0.60 and 14 90, a-thuJone 0.05
”; ffand 0.06, fenchone 0 00 and 0.06, cam hene 0.05 and 0. 09 B pinene 0 ]2
o and 0. 65 A3 carene 0. 45 and 30, u—phEiTEhdrene 0.16 and 1 .25, myrcene
| 0 60.and 3.60, limonene 1. 40 and 8. 60 a-terpinene 0.20 and 0 30, .
phel]andrene 0. 55 and 1.75, an unknown 0.25 and 0. 50 y terpinene>2 20 |
and 1. 20 c1s-ocimene 2.50 and 0 00 terpine]ene 0 70 and 0.30, trans-
_ oc1mene 0.02 and 0. 15 and p- cymene 1 00 and 0.50, respectively.
The comp051tion of fenne] seed oil varies with the maturity of ‘
.the seed Betts (1968) studied the anetho]e and fenchone contents in.
- the developing fruits of bitter and sweet fenne] varieties over three
grow1ng seasons He observed that 1n both varieties anethole content
continued to. accumu]ate tc about 22 mg/]OO seeds. Fenchone was found

at all stages of deve]opment in both varieties and was increaSIng con-

bhi‘tinuously to about lOmg/lOO seed in the bitter variety and to about~2 mg/

100 seed in the sweet variety. In the study of the compOSItion of .
"brownish green and green fruits of sweet fennel Karlsen et g__ (1969)
found that estraoole content relative to that of anethole was- a]most

X o
constant, and that the fenchone content was much higher in green fru1t5:§ﬁr

’ "The fenchone content in brownish-green fruits ranged from 2 to 5 parts,

- and in green seed from 11 to 14 parts re]ative to 100 parts of trans- _
anethole. The difference in composwtioh as shown by TLC of bitter
fenne] seed oil distil]ed at different stages of deveﬂopment was
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reported by El1-Hamidi and Ahmed (]966)v The chromatograms showed five

-~ spots for the 0il obtained at the earller and ten spots at the later

stage of fru]t deve]opment.

The qua11ty of fennel seed 011 depends on two constituents.
' anetho]e and fenchone the higher the amount of anethole and the lower
the amount of fenchone the better the quallty of the oi] Bitter
,fenne1 seed 011 of good ua11ty shou]d contaln 50 0 to 60.0% of anetho]e.
Fenchone, wh1ch is preséit in h1gher amounts in b1tter fennel 011 causes
S a somewhat coarse and bltter taste Due to the hlgh amount of anethole
and 1ow amount or absence of fenchone sweet fennel seed 0il has a more

; de]1cate and sweet odor and flavor (Guenther. 1950)

E. Pegperm1nt 01 (Mentha piper1tanL.)

1. Uses and 0il1 Yield v
Pepperm1nt is certa1n1y one of the most popular flavors. 0il

of peppennInt is used in the food industry for flavoring'a wide range

s

.~ of consumer product such as: - R
non-alcoholic. beverages . 99 pomj
'alcoholjc'beveraggs%%/ o fx - 240 ppm
ice cream.;ices,etc. h, I d 11of§pm]
candu : ‘f | . o ~'_; 1,200 ppmv‘_ B

: ba‘k}ed'good.s‘ B o 300 ppln o
gelatins an ‘puddings | ' .75 200 ppm
~'vchewing:gumw . : ' d 8,300 ppm-
mats .. gpm
Cfcings | C 5-54 ppm

toppings o o . .. -650 ppm
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Pepperm1nt 011 1s a]so used in cosmetics, toothpaste, mouthwash
tobacco flavor1ng and for mask1ng ob3ect1onab]e taste and smell of

medicina]s

Mentha p[per1ta L. is a native of Med]terranean countrles

Peppermlnt grows w11d in damp p]Zees dn Europe and North Amer1ca from

_ Nova Scot1a to M1nnesota, and south to F]or1da and Tennessee., It is

extens1ve1y cu1t1vated in southern M1ch1gan northern Indiana, Oregon,‘

Washington and Ohio. The two commercially 1mportant var1et1es are the

black or Engi1sh m1nt M. p1per1ta L. var. ulgar1s wh1ch 1s,extens1ve1y

grown in the Mid-West of U.S.A:, and American mint, M. p1per1ta L. var,

| amer1cana wh1ch is as hardy as the f1rst var1ety but g1ves a ]ower

: yie]d of 011 The 1ess commerctgily important wh1te m1nt M. p1per1ta

L. var off1c1na11s, grown around M1tcham Surrey, England is a ]ess

" hardy p]ant However the 011 d1st1]1ed from thlS var1ety is con51dered

: the f1nest of a]] commercial peppermlnt o1]s (Guenther . 1952) ‘

" The 011 y1e]d depends a great dea] upon the cond1t1on of the ,j
f1e1ds, p]ant age, absence of d1seases, pests, weeds c11mate etc. ;In

. Amerlca the average yield ranges between 0 3 to 0 4% on the dry basis,

/‘but may be as h1gh as 1%. The h1ghest y1e]d 5 3% on the dry basrs,

'_was recorded in Russia (Guenther 1952; Vlrman1 and Datta ]970b) |
,El]ls_g_ . (1941) observed that in ﬁost cases the y1e1d of 011 1ncreases»
_as the herb approaches matur1ty, i. e. . fu]] bloom, after which the yield

decreases rap1d1y as the fo]iage beglns to fa]] Sardanovsky (]929)

reported ‘that the oil content of the 1eaves 1s hlghest dur1ng the 1nter-

"val between 1nflorescence and open1ng of the blossoms By studlng the -

| relationship of oil yie]d and free mefitho] content E]]]S and Gay]ord

. - E% | -2
| 1?§§;ﬂg?v
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(1944) observed that the oil content in. the plant\increased-up‘to a B
" certain po1nt at which the “free mentho] content reached a value of 45%.
However when the plant was not harvested at this po1nt the yield of
0il decreased, though the free menthol content stin 1ncreased |

It was observed that the dha11ty and yleld of the 0il are
inf]uenced by 1) exceptionally high 1um1n051ty, 2) the long growlng
season, 3) the ]ength of the day dur1ng the helght of the season from _;:_;
'16 to ]8 h Under these cond4t1ons the o11 y1e]ds for Yak1ma Va]]ey,
wash1ngton were in a range’ of 73 to 168 kg/ha* and the average annua]
| y1e1d was 84 kg/ha (V1rman1 and Datta 1970b). The agrolog1ca1 requ1re- _
’. ments for grow1ng thISrerb are 11sted in Append1x A-S
| SInce it is d1ff1cu]t to ‘achieve comp]ete remova] of the oil
.'from fresh mint herb by steam distillation, the more facile dlst1]la— ’
-tion of an 0il of s]1ght]y 1nfer10r‘qua11ty from cured herbs is w]dely
: pract1ced However drying fOr a long per1od of time in d1rect sunIIght
’causes a substantxa] loss of oil resu1t1ng from factors such as shatter-
1ng of leaves res1n1f1cat1on and poss1b1e evaporat1on of the 01]
(Guenther, 1952) Durlng the d1st1]1at1on, 40 to 45% of the oil is
.obtained within the f1rst 10 min after whlch the amount of oil be1ng

‘dlst1]1ed decreases as the d1st111at10n proceeds (E]11s et a]., 1941)

2; The Effect of‘Some Agro]oﬁﬁca] Treatments Upon
“the Yield ‘and Qual:ty of Peppenm1nt 0il

As early as 1926 Maku reported that nltrogen (N) 1mproves the
growth and 1ncreases the 011 y1e1d However, in comparison to N, potaSSIum-
l (K) .and phosphorus (P) were more effect1ve in 1ncreas1ng the oi] yield. 1
Accord1ng to Springer (1937), the 011 yield depends on the qua11ty of the |
‘;ﬁ__' 2.471 acres . | - o | ‘fffxs\\f\\%

-
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soil and fertilization. ;ﬁe observed that NP'fertilizerS’gave'thefhest /
result, HoWever,.the fertilizer treatments did not ﬁnfTuence the overall
chem1cal conpos1t1on of the 011 v Sch]emmer and Spr1nger (1939) fOund
that the highest y1e]d of herb is obtalned when e1ther a m1xture of super-

, phosphategand potash or superphosphate and ammon1um su]phate is used;
however there is no apprec1ab]e increase 1n oil content Accord1ng to -
Ellis. et al. (1941) fert1]1zer app]1cat1ons affected the maturity of
the plants but not the chemical properties of the 0il. Birkeli (1948)
observed that the black mlnt requ1red ]arger quantities of K and N and
]esser amounts of P.

T laboratory test%>1t was found that 1ncrea51ng N from 0. 15 to
1 20 g for each plant grown in quartz sand, 1ncreased the oil content
from 1 4 to 2. 6%. However ‘the 1ncrease of P resu]ted in a smaller in-
crease 1n 011 content and absolute y1e1d “while the add1t1on of K re-
sulted in a ]ower content of o11‘(Schratz and Wilmann, 1949). In field
p]ot experiments Khot1n (1950) observed that fert1]1zat1on of so1] with

{,sod1um<n1trate and ammon1um sulphate near]y doub]ed the 0il yield.. The
effect is more pronounced when fertlllzat1on is done in the- ear]y stages

.'MpHMQNMh N S o o .", B .

The Ntfert111zatlon results in. a marked 1ncrease in herb and
oil ylelds wh1]e P fert1llzat1on results in a sma]] 1ncrease in the vv oo
ylelds Both K and sulfur (S) produce negligible effect’ on’ the yields _
%?alrd 1957) AccordIng to Steigerwald: (]959), magnes1um (Mg) 1ncreases .
-the herb yield, though the oil content is not s1gn1f1cant]y affécted
Latypov (]960) observed that fert1]1zer treatments 1ncrease the. plant oil

(74 .
content from 60 to '85% and 1mprove the o1] quality. NH4 fent111zer is d'

. \V\‘

- more effective than nltrate fert111zer wh?le K2504 and {NH4)2504 are
more effective than NH4C] in 1ncreas1ng the‘o1] y1e1d

S

AN



_i fresh herb. In the f1rst harvest the yweld of essent1al 011 was 1n- 3

20.

In an extensive study on the effect of co

rcial fertilizers
on the oil yield of‘mint,‘Gr%en (1963)'f0und'that ttTizers in general
bring about an increase in yield. The type of r'11iz€r and the rate
-of app]1cat1on depended on the. type of so11 pre ed1ng crop and manage-
ment practlces Thus on h1gh]y organ1c muck so1ls, 335 to 560 kg/ha

- of N5, P20, KZO/fertlllzer was applied to- f1rst-year mint. In cool wet
seasons 30 to 55 kg of N/ha was applied as a swde dress to g1ve young

j p]ants a better start On° establlshed p]ant1ngs 280 to 550 kg/ha of
NS, P20, K20 fert1]12er or equ1va1ent was app]1ed before growth _On

| sandy ]oam soils, the equ1va]ent of 135 kg of N/ha was app11ed usua]ly
as ammonium su]phate or n1trate The use of K and P was JUStlfTed only

. u‘l‘
when so1] analy51s 1nd1cated a def1c1ency in one or both nutrients

.G
B

In the study of the effect of fert1]1zers on the y1e1d of herba !

_ _ .
and comp051t1on and yleld of 011 Skrubls (1964) observed thatkN at the

R s ""’ )

level of 14. 3 g/m2 had a 519n1f1cant effect on the y1e1d of fresh herﬂ
of the f1rst harvest’, wh1]e P at the Tevel of 20 g/m2 and K 17 3 g}m2

as well as the1r comb1nat1on, had no 51gn1f1cant effect on the y1eiﬂ of

5
creased by N and K and in the second harvest by N P, k and NP treatments

»However the composition of the 011 was not affected by these ferttla-‘“.i
Q ”: FRNCEEN
- zers. 0 Connor (1965) studied the effect of N, P and K a]one or 1n Eﬂ;’°
8, 2. '
comb1nat1on on the yield and the qua]1ty of the oil and found tha gf-' S

_ amounts of N 1ncreased ‘the yield of oil s1gn1f1cantly but reduced it;‘i
:menthol content, S1m1]ar1y, superphosphate decreasedathe mentho1 con- ”53”53
tent, wh{;e ;PK reduced the oil yield. | /' '.'3 '- S
. Under greenhouse cond1t1ons a treatment of ‘the seedllne with

p]ant hornnnes such as am1do-u-naphthy1 acetlc acid 1ncreased the :
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, - ' - | | : \‘

menthol and -0i1 contents in the leaves When the seedl1ng was soaked’: %
in the solution (lO‘4 to 10- 5¢) and then transplanted, the oil content -
in the leaves increased from 29 to 46%, and the menthol content from
4.5 ta 9.0%. In such treatments the higher oonoentrations of horfone
were more effectiue,(Maciejewska-Potapczykowa and Kamlnska 1956). By

sprinkling the plant with Na-a-naphthyl acetlc ac1d or its methyl amIde;v

" in concentrat1ons of 10'4 and 10’52 s1mllar 1ncreases in the amounts of°

~oil and menthol were obtained. The oijl y1eld 1ncreased by 28 to 54%,

and the menthol content by 4. 9% (Moycho et al., 1954). When the‘plant

- was sprayed g}th 0.00] or 0.0lzvsolutlon-of g1bberellin,'it greu sioni- '

. ficantly taller (Kirsyte, 1965). There was a substantlal increase of

“‘wleaf stem and flower welghts but the o1l content in the leaves dropped

| by 7- lO% GJerstad (1960) treated the plants five times over a period -

of three months with a fol]ar spray of aqueous gibberellic acid and ‘

found that the 01l content decreased by 52. 4% however the menthol con—"

o tent was the same as in the control.

3. Compositionrof.Peppermint'Oil

The comqps1t1on of o0ils dlst1lled in 0ntar1o and Un1ted States-—, :

_'Mld-Hest Oregon and ‘Yakima as well as Europe, South Africa and Argentina

- was stud1ed in deta1l by gas chromatograph1c analys1s Bes1des the

monoterpene hydrocarbon constltuents most of the menthone related con-

%;{st1tuents 1nclud1ng ‘the StEFGOlSOmETS were reported ’The results of

;these analysesﬁgg&,thelr comparisons are tabulated and presented in -
Appendlx D-1. . % | |

j&
NG

f# Regardless of the geographlcal ‘origin, the maJor constltuents

'VfOf the Ollare 1-menthol and l-menthone ‘The ster1o1somers of these con-

o

| _stltuents, neomenthol and 1somenthone, are always present Also, the

o
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l‘ acetic acid ester of menthol is a]ways present The other menthone
related constituents present in the 011 are menthofuran pu]egone and i';
piperitone. The on]y maJor monoterpene hydrocarbon constituent ’
present is limonene. The monoterpene hydrocarbons always present in | .
smaller amounts are a- and g8-pinene, whlle the presence of camphene is
dependent on the 011 br1g1n. Many of thetgiconstltuents mlght be used |
to assess the geograph1ca] or1g1n or the p]ant spec1es used in oil pro- L'ti
.ductlon Thus the ratios for menthone/1somenthone, 11monene/cineol
neomentho]/menthyl acetate, menthol/neomentho] etc. were found to be .
useful for 1dent1fy1ng the orIg1n of the 01] However these ratios

are typical for natura] 0115 and are dlfferent from 51m11ar ratios of re-'
dlstllled rect1f1ed dementhollsed deterpenlsed 01]s a]so found on the.
'_market e1ther as improved or as aduTterated 0115 (Smlthhand Lev1, 1961).

- Recent]y, Lawrence et ai. (1972) reported that 0il from Oregon
contaIned a tota] of 99 co t]tuents most of wh1ch were present on]y in
traces A detailed studyfof the monoterpene const1tuents present in
peppenn1nt 011 was a]so reported recently by Hefendeh] and Murray (1973).

A ‘total of twenty-five constituents were 1dent1f1ed with ]1monene the.
only major const1tuent ' v

The- 1nf1uence of stage of harvest1ng on the ‘composition of oi]
:vwas flrst observed on Amer1can peppennInt oils by Kleber (1914). He re- ~
-bported that the plant f1rst deve]ops]—menthone wh1ch in later stages seems
to be reduced into mentho] In a study of Russian peppermint 0il Rutovski
and Travin (1929) conf1nned that the menthol content 1ncreases whi]e |
':vmehthone content decreases w1th the plant maturlty as shoun in the ﬁ§f~

N . LY

' summary below S . o .‘,'_:
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o . : : o Menthol Menthone
Date Stage of Development  Ester? Free%. Totalz =~ %
Cduly 17419 Long before blooming  8.21 39.67. 47.88° "13.08 .
Rug 8 ’t, Hithout buds 7.25 f 44.85 5210 -
MM W ke 7.7 4607 seo8 6.38

Aug. 31-Sept3 Beginning of blooming 11.16 48.82 59.98  7.22
Sept 17-18 Full Bloom .~ .13.04. 46.33° 59.73  1.43

f.,Sept 26-0ct 3 End of blooming - 15.68 45.00 60.68 2.4.5

'The observation made by Sardanovsk11 (]929) also agrees w1th the above

'results He reported that the percentage of menthol in the oil 1ncreases -

g'w1th the growth of the plant and atta1ns a maximum near the end of b]oom-

g
7

In a study of the re]at1onsh1p of 011 yle]d and free mentho] con-
“ﬁ’t in the oi] ElTlis and Gay]ord (1944) found that the oil" yield of
the peppermint plant 1ncreases up to about 45% free mentho] “and, when '

the p]ant is a]]owed to stand the yield of oil decreases and the free

mentho1 content contlnues to 1ncrease " This 1ncrease seldom exceeds 60z,

though the tota] mentho] whlch 1nc1udes the free and ester1f1ed mentholu

~exc3§ds this percentage ‘The oil. which contains an apprec1able portlon

. of blossom oi] was found by Hatson and John (1955) to usua]Ty be rich

in menthofuran Slnce this terpene has a hay Tike odor and unp]easant
flavor they associated the poor qua11ty of the oil with the presence

vof a high amount of menthofuran In a study of the occurrence of mentho—_

- furan in oil, Lem]i (1957) found that menthofuran is. secreted in the

young leaves and buds of the plant, where metabo]1sm is most active.

& )
The oil disti]]ed from seven-day old p]ant possesses the hIghest content

of menthofuran The content decreases as. the p]ant deve10ps but in-

creases again from the time of flower ‘bud format1on and finally decreaseng



. after f]owering.t A three—yEar study on the maJpr constituents of BRI

Al

t']]ed comp]ete]y (E]]is et al., 194])

: Menthone is also a characteristic and valuable component of pepperldnt

¢
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peppermint oil 1h’re]atlon to*the maturity of the plant revea]ed that
the esterlfied andhfnee men;hol contents contlnue to lncrease with

i
iy

kmaturlty of the pl&ﬂQJ whlle the menthone content decreases even after

It was observed that the length of curing negligib]y affects

the. 0il composition (Watson and John 1955) The amounts of free and

festerified mentho] increase as distillation proceeds, while the menthone

content decreases. Therefpre, in order to’ obtain a good qua]ity oil.

Wi th high content of. free and esterified menthol the herb should be dis-\

)'
1

' F

The characteristic of peppermint oil flavor IS apparently due
to the combined effect of several constituents in the oil (Pintaure,

1971) A good qua]ity oil should be high i mentho] and menthy] acetate

(Guenther 1952, VIrmani and Datta, 1970b) ver, of the four |

stere01somers mentho] neomentho], isomentho] nd neOISomenthol only .

mentho] gives an agreeable odor of peppermint. The presence of a high -

amount of neomenthol, 1somentho] and neOISomenthol imparts a <uusty or -

"f]at" odor to the 011 (Hornsteln and Teranishi, 1967; Arct/pder, 1969)

“0il (Pintauro, ]97]) but dae to its bitter taste, exce551ve menthone ‘

é%&ﬂ'nt‘?s unde51rab]e (Guenther, ]952) The association of poor pepper-f

/\-\_ :

mint o/)\guality w1th high menthofuran content was first reported hy
Hatson and John (]955) The effect of menthofuran content on the f]avor‘1-'

»\of peppermint o0il can be detected significantly at 9.5%2 and higher e 2
\fCash etal., 1971). -~/

\
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F. Sage 011 (Salvia officinalis L.)

In the food 1ndu§try the bulk of sage 011 1§wused for the flav— 'j

oring of ‘baked goods, table sauces, canned and packed foods,\soups,

meats (espec1ally sausages), plckles candles, chewlng gum and f1nally,

for flavoring non-alcoholic beverages. The amount of sage oil which

.’can replace 100 b of ‘the best grade of drled herb lS reported to be:

2 1b. L I
The true Dalmatlon 'sage is a natlve of the Dalmat1on Islands
and the adaacent coast of the Adrlatlc sea. Of a wide range of vari-

eties of Salvia off1c1nalls L., the Dalmatlon\sa:> possesses the flnest'

and the most characterlst1c aroma Amer1can sage/grows well in a region

from central Georgia, south to lecon51n and throughout the eastern

: coastal states It lS now being grown ma1nly 1n the state of Hasﬁ;ngton

j(Guenther, l952) The agrologlcal 5equ1rements for grow1ng this herb

ca

are llsted in Appendlx ‘A- 6 ‘ ) o - L -
| Young plants~that have .not reached the flower1ng or seeding

stage conta1n a high amount of an oil with a. ane aroma The average

?herb 01l yield of Dalmat1on sage decreases from 2. 0% .at the beginnlng

. of the harvest to about 0. 7% at the end of the harvest and ‘the avera

yleld for the grow1ng season is 1. 4% In the Case of American sage

: the 01] y1eld is. reported to range between 0 6 and 1. 0% (Guentherﬂ#TQSZ)

7to 16. 0% alcohols calculated as borneol and 41. 6 to 61.2% ketones. .The

The comp031t1on of genu1ne Dalmat1on sage o1l was reported by

, Guenther (l952) The so- called "High Test 01l“, w1th high thUJone

content conta1ned l 6 to 4 0% esters calculated as bornyl acetate 6.9

ol

"Low Test O\l“ contained 2 2 to 4 9% esters, 11.6 to 15. O% alcohols and
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A22u0 to 39.7% ketones. RecentTy, Brleskorn and Wenger- (1960) reported

the composition of Dalmation- sage 611 as fO]]ONS' 3.3% u-plnene, 5.6%

\

-plnene 14.8% cineo] (Tlna]y] acetate) 51.0% thujone, 8.2% camphor, _(

1 6.6% borneo] and 1.7% borny] acetate The compositlon of Da]mation

'sage varies accordlng to stage of harvest1ng and the growing season
N;.(Guenther, 1952) The oil d1st1]1ed from who]e fdower1ng p]ants grounl

in summer conta1ned 32.0 to 35.0% c1neo] -about 30 0% sesqu1terpenes. _ _

‘9 0 to 14, 0% borneo] 5.0 to 10. 0% thuJone and camphor and 2.0% esters. T_ﬁ

The compos1tlon g% sage 0il d1sﬂh11ed from the whole non-flowerlng p]ant

‘D

.grown. in winter was; 13.0 to 20 OZ c1ne01 about 20.0% seSquiterpenes.
7.5 to ]2 0% borneo] 20.0 to 32. 0% thuaone and camphor, about 15. 0%
monoterpene hydrocarbons and 2.2 to 3.7% esters. | i
f The comp051t10n of sage oil obtalned fron other regions is also -
.T“reported Itallan sage 011 conta1ned 15 0% terpenes 31 5% ketones ‘
(a-thuaone and L- camphor) 15 0% c1neo] T] 2% free aTcoho]s (L-borneol
-and probab]y DL—borneoT) 2. 3% esters and 20. 0% sesqu1terpenes. Three |
: good qua]1ty sage o1ls from the state of Washington contained 3.3 to |
6.0% esters ca]culated as borny] acetate, 13. 0z alcoho]s caTcuTated as
borneo] and 35.4 to 46.7% ketones caTcu]ated as thuJone In the analySesd
~of essentlal o1Ts of some 1ab1aceous pTants from Egypt Karauya et al.
'.(]970) reported that sage 011 conta1ned 2. 472% a- pinene, 3. 708% sabinene,
- 7.879% g-pinene, 11. 433% camphene, 2.781% myrcene, 9. 88% Timonene, E
: 18. 54% e-pheT]andrene, 13 348% ocimene, 0. 309% p-cymene, 17 TIQZ»cineol
e-2 161% borneol, 0. 742% camphor, 0.730% lina]oo] 0.249% bornyl acetate
Fsand a trace of terpineo] The TLC of this .sage oiT using ethyl acetate.
'petroleum ether (40°-60°) 15:85 as the solvent revealed six spots. The

Rf values and 1dentit1es of these Spots were as fo]lous-' 0. 35-terpineol
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*'0.50—camphor, 0.47-1inalool, 0.71-1 »8-cineol, 0. 74—geranyl acetate and
0. 96-terpene hydrocarbons In the characterization of essential oils ’

| by TLC using 10 to 15% ethyl acetate in hexane.as solvents Reitsema -
(1954) found that sage 01l produced five spots with Rf values of 0. 22

0. 31, 0. 54, 0.63 and 0.94. Finally, the CDA: Research Branch Morden,
Hanitoba (19’2) reported that the oil from locally grown sage contained

© 5, 5% a—pinene, 2 6% a-phellandrene and 10. ”% anisol while that of broad
“leaf sage, also locally grown contained 4 5% a-pinene, l 8% a—phellandrene,
14.9% anisol 0.7% carvone and a trace of geraniol ' | . |
Thujone lS the most important constituent of sage 0il and is
‘largely reSpons1ble for its characteristlc odor and flavor A higher '

percentage of thujone 1nd1cates a good quality (Guenther 1952)
- .

. G. Thin-Layer Chromatography 2
‘In the analy51s of essential OI]S thin- layer chromatography (TLC)

.is widely used to screen ‘the minor and major constituents of these oils,

~and to identify these constituents with or without coupling to agc. ¢

_ Scott (l973) gave advantages of adsorption TLC over colum chromato-

graphy where the separation of a large amount of material is not impor-

~tant., The relatively easy spreading of adsorbent on glass plates replaces

the tedious packing of columns TLC is. 1mportant when the compounds ‘under

study are’ available in small amounts such as in the case of essential

oils. It is cheap, rapid and gives good resolution The separated con-’

» stituents can be. easily detected direct]y by v1$ible or uv light or can j

be readily visualised by detection reagents Furthermore. measurement

of Rf values is more convenient than measurement of retention volumes

B as in column chromatography. Hhen compared w1th the latter separation, -

< . A ’ iz
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the TLC technique has a number of advantages the most important of
which are versatility and sensitivity (Kirchner ]973)

. f) ) Based on a survey of 1 107 literature reports Scott (1973)
tabu]ated the frequency of the adSorbents used in TLC as fo]lows.v o :
silica gel G 53.8%, 5111ca ge] H 10 1% alumina 3.1%, cel]ulose 8.9%,
| kieselguhr 0. 6% po]yamide 2.4% and others 21. 1% In addition, he
"stated that 5111ca gel (5111ca, silicic acid and kiese]gel), un]ike
a]umina -does not catalyze chemica] a]teration of labile samples. 1He
also found that the range of samp]e concentration over which linear
_ 1sotherm separation (where Rf values are constant) can be performed
’for 5111ca ge] 1s 10 fold greater than for optimally prepared alumina
fand ]00—fo]d when compared to the highly activated chromatography
grade a]umina. | ' | |
Silica gel has a po]ar and slightly acidic surface; hence, it
'preferentially adsorbs po]ar and basic compounds It possesses a total 2
surface area ranging ‘rom 300 to 600 m2/g On the surface of si]ica
ge] there are three 51gnif1cant chemical spec1e5‘ —Si-OH (free
’ hydroxy]), —51-0-51- (51loxane) and -Si-OH...0H- Sl— (reactive hydroxyl)
‘vOf these, the 51]oxane is con51dered the ]east 1mportant in adsorption.
h For compounds w1th mu]tiple binding sites, the reactive hydroxyl is the
_vstrongest adsorbent s1te However, for compounds w1th a single func-
tional group, both free and reactive 1ydroxy]s are equiva]ent Reactive
hydroxy1s are located in- higher concentrations at smaller pores thus L
\bntributing less to the properties of typical wide poreuTLC si]ica ] o
(Scott 1973). |
Si]ica gel for TLC usually contains a binder, either starch or |

- calcium su1phate (gypsum) to enhance adherence of the stationary phase
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to the p]ate. Scott (1973) found that this binder does not exert exten-
sive 1nf]uence on the character of the adsorbent The impregnation of
silica ge] with ferric oxlde, mercuric acetate, thal]ous or silver ni-
trate has been reported. By USIHQ silver nitrate 1mpregna$ion of si]i-.
“ca gel Lawrence (]968a) was able to separate unsaturated térpenes
. according to the p051tlon and number of doubie bonds The separation ‘U.‘f'
was achieved due to the‘ability of the unsatﬁrated compounds to fonm

-complexes wlthgsilver IOHS.' He concluded that cyclic terpenes with

- slng]e“internally 1ocated double be:ds do not readily form comp]exes,‘
"that cyclic or acyc]ic terpenes with LWO non-terminal doub]e bonds do;;
not readily form c ]exes un]ess the double bonds are RUS cis conJuga-
‘tion, and that cyc]ic or acyclic terpenes with cxocycllc or terminal
:double bonds readily form n—complexes wilh Silver ions Recent]y. .
' us1ng a thal]ous nitrate impregnated adsorbent Baines -and Jones (]970)
estab]lshed that the stability of the ‘complex is increased in the _
_fo]]owing order~ b%cyclic terpenes with a 51ngle internal double bond
bicyclic terpenes with an exocyclic doub]e bond monocyclic terpenes |
with two non-terminal doub]e bonds, and monocyclic or acyclic terpenes f@
'with exocyclic or terminal doub]e bonds However due to its toxiCity,
‘thallous nitrate was not accepted wide]y as an 1mpregnating agent. o
, Impregnating with mercuric acetate brought about a s1mi1ar separation
: as silver nitrate,.although-compounds with two- internally ]ocated double 'ti‘;
‘bonds did not form stable complexes, even when the double bonds were cis ’t
) conJugateg (Lawrence. 197]) By using si]ver nitr‘terimpregnated silica 1
~vge] layers Stahl and Vo]lmann (1965) separated terpene alcoho]s with anp.
_equa] number of - carbon atoms on . the basis of doub1e bonds and found that

.

2 5% of 51]ver nitrate was the optimum content for the seﬁarations.
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Similarly, Ikan and Meir (l965) -were able to separate oxygenated ter-

penes such'as geraniol c1tronellol carvone, pulegone, c1tral and A
piperonal on silica gel layers impregnated with s:lver ions A compre-
a hensive rev1ew of the adsorbents applied in the analysis of essential

| 0ils and their constituents has been given by Stahl and Jork (l969)

| | The thlckness of - adsorbent is also of importance in TLC
analy51s Stahl (1969) has shown that plates with a very thin layer of
‘adsorbent developed more slowly. The rate of development 1mproves with
1ncrea51ng layer. thickness until 250 , beyond which no gain 1is observed ‘
1n development rate. A thicker layer was necessary where greater capa-
c1ty of the stationary phase was needed to isolate individual consti-
‘tuents for further 1dentification tests as in preparative TLC. (Stahl

}_l969 Bobbitt 1968) The thickness - of the layer within the range of

's:fO l5 to 2.0 mm does not affect significantly the Rf values and the ’

"eff1c1ency of separation Thin layers are best suited for diagnostic
Ivor qualitative analySIS and the maJority of such analyses hmnabeen
'f:carried out with layers of 0. 25 nnlthickness (Bobbitt l968) Hhen it
is stated that 250 u layers are used, it means ‘that the spreader gate f'
is set at 250 Y. The real thickness of the adsorbent is actually
thinner because of the: shrinkage which occurres as water evaporates

. during activation ~ The degree of shrinkage varies uith the initial
" water content in the adsorbent slurry, actual particle size, and the
type of adsorbent used (Scott 1973) "f‘ T S a

N Before TLC separation the plates are. activated usually at 105°- -
Scott (l973) stated that in a silica gel slurry there is capillary . ’>
. water as well as water associated with hyqroxyl groups. The water bound"

~ to hydroxyls must be removed during_the activation because,it tends to

B 4



resist the movement of less polar components during separation. Thus

~ the activation of the plates actually exposes ‘the reactive sites of the
adsorbent, allowing them to interact with the compounds to be analyzed.
He also established that optimal activation is achieved when the plate
is heated at 105° to 110° for 30 min. -Stahl (1969) claimed. that a very7
' active layer can be obtained uy h@ating silica gel platesfor 3 to 4 h

at 150°, However such a high activation appeared ‘to be necessary only‘
_ ywhen the substance is applied in a dry atmosphere and when anhydrous ?;
solvents are used On the other hand there is a. danger that the sub-

| stance might decompose on a highly active layer He also indicated that
without preVious drying of the plates at room tempe€§%%re, it takes »
'nearly 2 'h for .the plate to be activated in a oven at llO° sPredrying
at room temperature reduces the time.of activation As found by Scott

(1973) heating at l50° to 200° removes the c”pillary water, while at

- 200° to 400° the loss of additional water is due to the converSionjpf

.'i.hydroxyl groups to the Siloxane structure Heating above 200° convfidzi

the silica gel into an adsorbent with preferentiaP’adsorption character-
istics for’the presence of functional groups or unsaturation degree of
the compounds - analyze%} T | |

4

The solvent system used in TLC separation is able to contribute a

o further in the separation of terpene mixtures. A detai ed Tist of the

-solvent systems used for various essential Oils and terpe'es was given'_'

by Stahl and Jork (1969) ‘In addition, Lawrence (l968b) gave his list ..

- of the lTop Ten solvent systems in TLC of essential q: which included;
(85 15).

hexane, benzene ethyl acetate (90 lO), chloroform benzene (1: l), chloro-

. benzene benzene: ethyl acetate (95: 5), hexane: ethyl ace

: form, hexane:ethy1 acetate (85 15). benzene ethyl acetate (85 15), and



hexane:ethyl acetate (90:]0). The same author a]so;confirmed the earl-
der findings that systems which are a mixture of high'and Tow poiarity
solvents, such as hexane ethy] acetate (85:15), g]ve Iess diffuse spots
in the TLC separation of essent1a] 011 constltuents than Tow po]arity
solvents, either mixed or alone. |

Numerous spraying reagents have been used in detecting the
constituents. of essential oils. Among thoSe'widely-uSed are; su]phuric»
: actd and‘annmnium hydrogen sulphate for detection of all organic con-
v stituents' antimony tri—'and pentachlorides, phOSphOmo]ybdic acid o
van11]1n -sulphuric ac1d and p- d1methy]am1nobenzaldehyde -sulphuric acid
bas genera] terpene reagents d1phenylp1cry1 hydrazy] fluorescein-
‘_brom1ne, 1od1ne and potass1um permanganate for unsaturated terpenes;
and’ flna1]y, for essent1a1 oil phenol constituents, phloroglucinel- ,
su]phur1c ac1d Fo]1n—C1oca]teu reagent and ferric ch]orIde (Laurence,
1968b). Stahl and Jork (1969) claimed that terpenold substances are best
- v1$ua]1zed with the anlsaldehyde -sulphuric ac1d or antimony chloride re-

: agents or mo]ybdophosphor1c acid. They also c]assif1ed terpenoid com-

; pounds into various groups each with ltS own spray1ng reagent For |
v1suallzatlon of mono- and sesqu1terpene hydrocarbons su]phuric acid or
an]saldehyde -sulphuric ac1d reagent was used : Terpene oxides. and per-
oxides were v1sual1zed with anisa]dehyde su]phuric acid antimony tri-

“and pentach]orides and ac1d1c p- din\ethy]am1nobenza1dehyde reagents.,
‘"The detection of terpene esters and lactones was found by the above
authors to be achleved by mo]ybdo-phosphorlc acid anisaldehyde su]phuric
acid and antlmony tri- and pentachloride’ reagents. Furthermore, terpene

_.a]dehydes and ketones were visua1ized most often with an acidic 2,4-
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| dinitrophenylhydraZine’reagent, however, camphor detection appeared to
be more'sensitive using Dragendorff reagent The detection of mono-
and sesquiterpene a]cohols was. ach1eved w1th mo]ybdophosphor1c acid
reagent wh1ch appeared to be a sen51t1ve though non-specific. reagent.
For the same a]cohols other reagents such as an1saldehyde sulphur1c acid,
antimony tri- and pentach]or1des were a]so used. However the detection
with antsa]dehyde-su]phur1c acid reagent broved to be more sens1t1ve
-than that with antlmony ch]orides ‘ |

Kaiser (]969) regarded the coupling of TLC-GLC as a new analyti-
cal entlty thCh can supp]y super1or 1nformatwon on the ana]ysis The
- GLC-TLC coup]ing a]]ows a double and a»two—d1mens1ona] separation '
‘Janak (]963) observed that with this coup11ng rocedure 1t is poss1b1e

‘to Separate the compounds accord1ng to the number of carbon atoms with

- GLC and the type of functlonal groups w1th TL . Kaiser (1969) mentioned

'that thlS procedure al]ows a mult1p]e 1dent1’1cat1on as we]] as a quant1-
tative determ1nat1on of 1nd1vidua1 component . It is a most cr1tical

contro] procedure which reduces errors in qua11tat1ve resu]ts and checks ‘{

{

"'the quantitatlve va]ues‘ This coup11ng technique also yields further

"1nformatlon on the(gamp]e constltuents the chemical changes wh1ch may
occur during GLC or TLC ana]ys1s and the errors in the GLC quant1tat1ve,L/
'response. ‘He also observed that’discontlnuous coupllng of, TLC-GLC is

. time consuming, and may- be accompan1ed by the loss of components and thev

| loss of 1nformat1on concernlng the structure Neill et a] (]964) stated

that this technique is suff1cient1y accurate for b1o]oglcal ana]ytical

o problems with as little as 10~7 ] of substance
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H. Gas-Liquid Chromatography , N
1. Coluum

Most of the analyses_of essential oils are carried out by using
large diameter packed}columns. Lawrence (l97l).stated that these large
columns do not give adequate separations" Teranishi (1970) recommended'
»the use of capillary open. tubular, or small diameter packed colunns for
more efficient separations. Sometimes a large diameter preparative col-
um is used 1n conJunction w1th a capillary ‘column. ;»& o : o ;EF

Zubyk and Conner (1960) established that isomerizations are
caused by copper columns but not by glass and steel columns Similarly;
copper ‘can also catalyze the decompos1tion of many volatile oil constit-
uents (Humphrey, l970) The stainless teel and aluminum columns cause
extensive adsorption of polyols and vanillins while copper and glass col-‘
" umns do not exhibit thlS effect However, by coating the metal walls
with a thin film of a polar stationary phase the adsorption might be
“eliminated (Levins and Ottenstein 1967). 1In addition Ottenstein (l973)
-found that metal columns or. any metal in the chromatographic system can
cause tailing of Ppeaks. Ziegler and Guenther (l97l) compared the use of
'glass colunns with metal colunns in the analysis of . terpene hydrocarbons.
alcohols aldehydes ‘esters and sesqu1terpenes present in citrus fruit 4

essence and -established that the glass column is superior giving better

separation, high recovery of the alcohols and. esters negligible forma-r

furocoumarines._ Jennings (1972) stressed that hot
. the 1nJector port ‘but also;from the column itself can catalyze changes
d . _ B o mmmet
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that result in separatlons wh1ch are rmpre551ve but meanlngless because

the _compounds on the chromatogram bear lltt]e re]at1onsh1p, qualitative
"or quantltatlve, to compounds orlglnally present in the product. G]ass-
Tined inJectors and g]ass columns can overcome these problems. They

'a]so m1n1m1ze on co]umn reactions and permlt the observation of pack1ng
| defects dlscoloratlon of the ]1qu1d phase due to degradatlon, and void
- space that develops 1n the co]unn dur1ng use, al] of which can produce :

‘-confuslng or even erroneous results

Huyten et al. (1960) found that the hevght,equ1va1ent to theoret—

ical plate (HETP) of a large diameter coluun incre!
length of the column unt1] the 1nfluence of rad1a1'd1f'fuj on,bﬁcomes im-
portant resultlng 1n a constant plate helght 1ndependent of fu;ther
‘ co]umn lengthening. This constant value is reached after about 1 m for
lloose packIngs and a few. meters for dense pack1ngs. Short length colums
connected by narrow tublng glve some lmprovement G1dd1ngs (1964) showed
that the resolutlon of nelghborlng peaks 1ncreases w]th column 1ength -
However, the main ]1m1tatlon in colum ]ength increase is the pressure
drop in the system. Karger and. Cooke (]964a) a]so emphas12ed that there
‘IS an optImum length for a set of operatlng cond1t10ns For lnstance,

a shorter co]unn produces better reso]utloniwa shorter time at ]ower
temperature than a long colunn Since the shorter co]umn can be operated
at a lower temperature decompOSItlon may be avo1ded The capac1ty fac-
tor determ1nes the optimum length and further increase from this ]ength
v'causes a decrease in resolutlon A sma]l capac1ty factor results in

of decrease in resolutlo

shorter optimum co]unn and greater decrease in reso]ut1on The rate
g:;: found to be more severe for cap1]lary than

| 7packed columns because of a smal]er capac1tj/;act0r in the former. ° :‘



Jennings (l972) however, stated that a glass capillary column 65 m in
lengthow1th an 1nner diameter of 0.025 mm, shows an eff1c1ency of 8 - 50 _
x 104 theoretical plates and is able to give a separate peak for almbst
every component of a mlxture Verzele et al (1972) revieued the advan-i'
tages apd disadvantages of a capillary column, and found that the combif
\tnation of wider bore glass capillaries with a technique of on- column

%& o 1nJection 51mpl1f1ed the use of open tubular capillary columns.

LY

2. Solid Support l;‘

U51ng scanning electron microscopy Drew and Bens (l968) studied
* the solid supports used in GLC and found that their surface characteris-'

./5

tics are complex usually conSIStlng of porous granular particles with
a high surface asperlty Conner (l958) reported that the 1somerlzation‘
of a—pinene to camphene occurred on pink (P) but not white (W) solid
support. Pink support was found by Holmgren (l§58) to cause dehydration
of certain tertiary and o and B unsaturated primary alcohols. Scholz
and Brandt (l962) found that Chromosorb P absorbs rougﬁlyblo times more :
than Chromosorb W and the former has more H- bonding sites. Gillen and 1
'lscanlon (1972} showed that in the separation of menthol-menthone
stere01somers all columns studied with’ liquid phases supported on
Chromosorb P give 51gn1f1cantly improved column characteristics relative
o to those prepared on Chromosorb W. The other benefit of using Chromosorb ¢
| P is 1ncreased stability of the column. However, Ottenstein (l973) found
that on Chromosorb P, oxygenated compound and amines tail badly, while :
Jhydrocarbons perform well Chromosorb W is much less absorptive than
Chromosorb P.and is su1ted to handle oxygenated compounds and amines

” only after some additional treatment ‘but it is very friable and readily
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fragments. The differences in adsorpt1ve nature of the supports are due

to surface area. Chromosorb P has 6- 1/2 tlmes the surface area per unit
volume as’ Chromosorb W. In addition, their pH values d1ffer° Chromosorb

P has a va]ue of 6. 5 and Chromosorb W 8.5. The basic. s1te£ on Chromosorb

W can cause tailing of ac1d1c compounds such as aliphatic and aromatic

carboxy11c ac1ds and.phenols. Chromosorb P has ac1d1c s1tes which can
cause_the ta111ng of bas1c compounds such as amines F1]bert and Hair "
(1969) found that the comparat1ve increase in co]unn eff1c1ency is due

to the. h1gh_‘¢surface area of the sma]]er-pore supports. The. pore dia- -

Sy
meter ranges “from 0.1 to ]0 0y for P and from 2. 0 to 20.0 M, for
Chromosorb H A thinner ]1qu1d f1]m on the support with sma]]er pores:

resu]ts 1n an increase in column. performance ~ In addition the greater

_surface area of the sma]] pore support a]so enables. effect1ve d1str1bu- v

‘tion of the liquid phase at h1gh ]oad1ngs Desty (1958) suggested

that Chromosorb P is in genera] a super1or support a]though nearly

K equ1va1ent performance can be expected from Chromosorb W at sma]]er

part1c]e sizes
S p -

- The. so]1d support is not 1nert and can 1nteract w1th the 01] con-
st1tuents The support effects 1nc]ude ta1l1ngs and changes in retentlon

@
times of the peaks (Ottenstein,’ ]963 Scholz and Brandt 1962). In a few

v_cases 1somer1zat1on or dehydrat1on (0ttenste1n,1963) and 1nvers1on of

e]ut1on sequences (Scholz and Brandt ]962) have a]so been observed To
reduce significantly the doub]e bond 1somer1zat1on of the terpenes

Klouwen and’ Heide (1962) ‘suggested the use of acid washed grade support,

-Ottenstein (1963, 1973) ana]yzed the chem1ca1 comp051t1on of solid sup-

ports before ‘and after ac1d treatment and found that ac1d washed -

’Chromosorb ‘P and N have 1ower contents of a]umlnum, tron ca]cium and

.:v'_\(”‘-
a2
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- alkali metal oxides due to the removal of impurities from the support

surface. Similarly, Karger and Cooke (]964b) found‘that acid nashing‘
removes meta]‘groups.which‘may act as adsorption Sites.

The solid supports are partly deactivated by 11qu1d ‘phases
(Scho]z and Brandt, 1962; Ottenstein ]963 1973) The degree of deacti-
vation depends on the extent to which the functional group of the ]iquid
phase can form hydrogen bond with the silanol groups ?Ottenstein, 1963
1973). Liquid phases containing OH or primary amine groups are. very
effective, while those with carbony] or ether groups are less effective.

The particle size of the support affects the theoretical plate ;
. height of the column. As the size of the particle is reduced the col-
’unn effiéiencv'is increased. Thus an 80 to 100 mesh column exhibits
three times the eff1c1ency of a 30 to 35 mesh column (Nogare and Juvet,
) 1966) Karger and Cooke (1964b) suggested that the resolution deCreases '

_lw1th larger partic]es due to a capacity factor which decreases as the :

particle 512e increases. In addition Nogare and Juvet (1966) found that

. the pressure drop increases rough]y proportional to l/d2 ‘where d repre- :

sents the effective diameter of the particle.' Hence, a co]umn packed
with ‘support con51st1ng of :small partic]es is eff1c1ent when operated at

"e]evatedvpressure.
3. Liquid Phase
Many of the ]iquid phases have been used in analyses of essentia]
oils. The phases 3§ed 1nc1ude glycol derivatives esters, hydrocarbons
and silicons’ in decrea51ng order of preference, Of the g]yco] derivatives

Carbowax 20M is preferred.: Diacetate hexaisobutyrate (SAIB) among the«\\ -
ester class and’ Apiezon L among the hydrocarbon class of liquid phases //

N
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' arefmostly preferred. Of the silicone 1liquid phases, Silicone DC-550

is widely used. | - “ - v

Zubyk and Conner (1960) established that didecyl phthalate is a
' non-se]ectlve 11qu1d phase for the separation of terpene hydrocarbons
which w1]1 be eluted in the order of their boiling points. Carbowax
4000 shows some se]ect1ve netent10n for unsaturated compounds with. con-
jugated double bonds Furthermore they found that other 11qu1d phases

| such as mineral oil, tr1to]y1 phosphate Apiezon J and N, ethy] tetra-
hydroad1ebate d1hydroab1ety1 alcohol and an alky: pheno] ethy]ene oxide
adduct had no s1gn1f1cant advantages over those two 11qu1d phases
However, some samp]es of d1decy1 phtha]ate were found to possess sufti
cient ac1d1ty to isomer.ze a- and B-pinene. Von Rud]off (1960) reported -

thatrpolar pack1ngs-such as ethy]ene g]yco],polyesters of succ1n1c and

. Phthalic ac1ds glve a separat1on of monoterpene hydrocarbons comparab]e‘

‘g?'to that of Carbowax 4000 and po]yethy]ene glycol ad1pate These liquid

phases also eff1c1ent]y separated ‘the oxygenated terpenes because they .
are stab]e at temperature above 130°. In add1t1on, squalene produced
good reso]ut1on of monoterpene hydrocarbons and was found to be stable
above 130°. Nonpolar and s]19ht1y po]ar 11qu1d phases such as silicon .
oil, d1decy] phtha]ate po]y (d1methy1 siloxane) and Ap1ezons are other -
phases used to separate monoterpene hydrocarbons As 1nd1cated by °
.Burchf1eld and Storrs (1962) these separat1ons are based on d1fferences

“in the. boillng points of these cowpounds

Oxygenated terpenes espec1a11y those of the monoterpenowd class,
were successfu]ly separated on_polar stat1onary phases which are stable
.between 130° and ]60° Among these phases are the polyesters of adipate
}land po]yethylene g]yco] and of sutcinate and ethy]ene g]yco] (Von Rudloff
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1960 Burchfleld and Storrs l962) " The syccinate polyester of dietzy
lene glucol and adlpate polyester part1ally crossl1nked with pentae éf

thrltol also produced good separat1on of oxygenated terpenes (Bernhard f

*:and Marr 1960) Oxygenated monoterpenes wgre also well separateé by

the liquid phase of SAIB whlch was stable up to- 200° (Smith et({

o

_such as l]nalool, nerol and geranxol (CartonIand L1bert:ljﬁ -b- Popjak'

“and Cornforth 1960) However, Datta and Susi (l962) uére able to elute

oxygenated monoterpenes in the order of the1r b01l1ng points with the
A nonpolar phase, ,Dow: Corn]ng 710, but not on- a polar phase cons1sting of
'polyethylene glycol ad1pate S1m1]arly, Von Rudloff (1960) had shoun
that a~- and B-eudesmol are only part1ally separated on polyethylene ély-
" col adlpate and ethylene glycol succ1nate but not on s1licone oil used

_"as a nonpolar phase. The menthol 1somers are also uell ~separated on

} SIllcone 011, and thh d1-n decylphthalate as a polar phase separation "

'has been ach1eved for three of these isomers (Petrowitz et al.. l960)
Similarly, at a column temperature of. 160°, three menthol stereoisomers
have been separated on Carbowax 4000 (Tagak1 and M1tsui 1960). Among

- several l1qu1d phases evaluated Carbowax 4000 on Chromosorb P gave the

" best overall separatlon for menthol-menthone stere01somers (Gillen and-

Scanlon, 1972) Contrary to this, alcohol-amxne phases such as Teed
"'and Quadrol showed a tendency of coalesc1ng and broadening

‘ 1nd1cat1ng an on- column react1on which, as found by Van Swaay (1969),

1nvolves mostly enollzation Generally, polar liquid phases give better :

separatlons of al1phat1c and cyclic monoterpene alcohols. These liquid

R
( 2
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phases also glve ‘good separations of aldehydes and ketones Further-la
;more, as found by Cartoni and Liberti (1960), linalyl:and geranyl acetates
can also be separated by these phases _ '
B Breckler and Betts (1970) studied the relatlve retention time

changes of some- essential oil’ constituents with temperature u51ng three |
stationary phases Silicone 01l (SE-30), a nonpolar phase d1ethylene gly-
‘col succ1nate—polymer (DEGS),a slightly polar electron -donor phase, and
Carbouax 20M a more polar electron -accep'tor l1qu1d phase. For most of

the slightly polar substances such as citral or anethole, the retention
,times relative to linalool are%g;eatest on DEGS showing that their pola-
rlty lS best matched by the DEGS polarity Most of the terpen01d alcohols
had the greatest retention tlmes on Carbowax 20M, while the relative re-
tention times of - terpen01d carbonyls and substituted aromatic compounds
. were greater on DEGS than on Carbowax 20M. From the data on relative B
‘lretention times it was also concluded that the nonpolar column SE‘30 is
‘best suited for terpene hydrocarbons and l 8—c1neol Finally, the
.authors concluded that according to the polarity match princ1ple, terpene
‘hydrocarbon and ester containing 01ls should be chromatographed on non-
‘polar columns terpene alcohol containing 01ls on polar columns an%\01ls'-
":with terpene carbonyls or aromatics on slightly polar ester columns
However, as. the essential oils are mostly complex mixtures ~one type of
gcolumn is unlikely to: produce the best overall separation of all the com-'
| ;1ponents Because of the above finding, Humphrey (l970) suggested the
use of nonpolar columns for nonpolar oils and vice versa. . Thus, Apiezon '
| L and methyl- or phenyl silicone oils uere suitable for pepper, ginger

,and celery oils ‘but were less su1table for 01ls containing large quanti-'f

,ties of oxygenated constituents, particularly alcohols due to excessive

:
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tailing on pure Apiezon L. The tailing cou]d be eiiminated by adding
‘a sma]] quantity of free fatty acids: to the Apiezon L without affecting 2
either the order of e]ution or the retention time. However, free fatty
acids have a de]‘ erious effect on a]dehyde constituents at temperatures a
above 150° Among the po]ar columns, Carbowax 20M, which has intermedi- |

ate po]arity, gave good separatlon for all essential oils. In addition,

flt was found to be therma]]y stab]e up to 250°, not prone to ester inter-*’r

change reactions and constant in performance. When Carbowax ZON is used

at 250° the least vo]atile oil constituént‘W11] readily be e]uted

4, Liquld Phase Loading "."“ A
. The amount of 11quid phase- ]oading also can affect the retention |
time, and separation effic1ency of the column.: Martin (1961) observed
that the elution order from co]umns contalnlng po]ar liquid phases varies
with the ratio of liquld phase to solid support, with the surface area

of the support and, to a Tesser extent w1th temperature At lower

11qu1d?16541ngs ,{he operation can be carried out at a lower temperature
without 1051ng.the sep\nating power of the column (Frederick et al

| 1962) However Sawyer and éarr (1962) observed that in many cases a
low loaded siliconized ‘Chromosorb W column is more eff1c1ent than a

g 5111conized Chromosorb P column. Frederick et al. (]962) were, able to
prepare columns of high«éfficiency w1th a lightly 1oaded ]iquid phase

on glass beads and Chromosorb P.. They also fbund that, under the con-

| ditions studied the eff1c1ency of a Chromosorb W co]umn deteriorates _ﬁ’i_-
as the amount of liquid phase decreases o C o '-JJ ’
Scho]z and Brandt (]962) observed that the retention volume’ in-y37

-.'creases a]most linearly With the amount of llquid phase for all solutes



except alcohols. Ottensteln (1963) and. Humphrey (1970) found that there

is no such linear relat1onsh1p between the amount of 11qu1d loading and o

retention. vo]ume The increase in retentlon becomes less as the loading :
increases. On the other hand, the adsorpt1ve effect of ' solld support
depends on the amount of liquid phase. ° As the amount of the phase is f
decreased the adsorption effect becomes more not1ceab1e. Th1s effect 1s

) greater w1th Chromosorb P than Chromosorb H whe relatively. nonpo]ar'-

B _‘llquld phases are used (Ottens=ein, 1963). Thus Chromosorb P, wh1ch

has a smaller pore dlameter range (0.1 to ]0 0u) and a larger surface
'Jarea has a more effectlve d1str1butlon at hlgh loadlngs (Fl]bert and
,Ha1r, 1969) It was also obse*wed that h1gh ]oad!ngs glve good separa-
tion eff1c1ency and ;n lncrease in co]umn overal] capac1ty As the .
,amount of loading 1ncreased up to 15% the ta111ng of the peaks was

reduced Further 1ncrease of loadlng had detrImenta] effect on ' column

-jperformance (Ottensteln ]973)

4

¥3--

Column Conditions - ’
Gerrard et al. (1960) and Ke]ler et al. (1962) have shown that o
heat1ng at a hlgh temperature for ‘a pro]onged pertod tends to degrade

the stat1onary phase and to 1ncrease the phase volat1]1ty As a result

: - .there is a change in the performance of the co]umn Chen and acke

.'ﬁ

'.(1964) observed that hlgh temperature causes a loss in polarr'y“of the
‘column. and that thlS loss is more pronounced for po]ar than no po]ar
' stationary phases Aplezon L, a re]at1ve]y nonpolar stat10nary phase,

_'deve10ps a s]1ght polarity due to a certaln degree of ox1dat1on dur1ng |

A

its use (Humphrey, 1970) On the other hand no deternoratlon of per-

\..L'

formance of Carbowax 400 was found when the column was used for weeks at

-
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25° above the recommended‘temperature of 125° (Gi]ien and Scanlon, 1972).

Generally, chem1ca1 and phys1ca1 changes of the liquid phases are most

~marked at the inlet end of the column (KeyAer et al., 1962). This is due
to the h1gh temperature of the injection port and to the 1nJection of -
"lmpur1t1es and other reactwe substances ipto the colurm As stated by
" the same authors, chem1ca1 changes in the 11qu1d phase can be- caused by
.1mpur1t1es of the " oarrler gas, partIcuqarly oxygen, non-volatile impuri-:

ties in the partltloning ]1qu1d such as the H* ion, catalytic reaction

w1th the support cata]yt1c reactIOn\hnth degradat10n products arising ,

'_’from ‘the ]1qu1d phase, and by a further- condensat10n of the po]ymeric

11qu1d phase. .
"_ Mart1n (196] 1963) observed that as the amount of liquid phase

changes, the éﬁutwon order from a column mlght also change. This was

_ascr1bed to the adsorptlon of the const1tuents both on the 11qu1d phase

and so]ld supbort The effect was more pronounced when the liquid phase

" was h1gh1y po]ar, surface area of the support ‘Was h1gh and when liquid

s

.phSSe load1ng and the temperature were low. |

" 6. Sanple Size L

.4‘

- Scho]z and Brandt (]962) showed that samp]e size affects the re-,

:.‘,'tentlon vo]ume but "has ]1tt]e or no effect when elther Chromosorb W

‘coated with . a ]1qu1d phase or Chromosorb P coated with Carbowax 400 are
| used. In add1t1on ]arge samp]e size was found to broaden 1nd1v1dual
r f .v
:. peaks and 1ncrease retent1on time (Nogare and Juvet, 1966) The sample»

51ze to be 1nJected a]so depends on the size of the co]umn. VandenHeuve]

and Kuron (1969) have shown that there is no difference in column _per-
¢

"-5‘formance between narrow (I D. 4 nnﬂ and wlde columns (1.0. n nnd when l

Rt
Ik ) ﬁ;
Coy
Lo
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'small quant1t1es of samp]e are ana]yzed Hlth larger quant1t1es the
performance of the wide columns is super1or Increase in sample size
caused a conSIderab]e decrease in the observed theoret1ca1 plate va]ue.
'Hlth a 100 ung 1nJect10n the smaller columns were over]oaded as shown by
' dlstorted peak geometry Th1s over]oadlng was a]so observed in wider
- colunns when a -500 ug samp]e was used. 4
- Recently, Harris (1923) also demonstrated that even w1th thorough .
contro] of the column cond1t1ons, the retention t1mes vary with large
,samp]e size. The max1mum sample\361ume recommended var1ed w1th d1fferent}
compounds and it genera]]y 1ncreased w1th the components with hlgher re- |
- tention times. The samp]e s1ze a]so depended on the 2n1t1a1 but noton ‘
the programmed tenperature Thus, a larger samp]e size cou]d be InJected_'
h when the dinitial temperature was low. - However, when a ]arger ‘sample lS
used and the inlet temperature of the co]umn is low, the hlgher hydro-
carbons are retalned so strong]y at the inlet that broaden1ng of peaks
.can occur, A]so, w1th the ]arge samp]e the maJor components tend to _h;
jlnfluence the movement of the minor comgonents near to them. ' ‘Those )
; const1tuents that are more strongly reta1ned than the maJor component
aren more affected than those that are less strongly retained | This

resu]ts inﬁa.chromatogram w1th peaks tend1ng to group together more

closely invthe reg1on of a maJor component hence, the resolutlon of

_these peaks wi]] be poorer
7. Injection Temperature

InJection temperature is important because 1t should be hlgh
; enough to evaporate the essentia] 01] constltuents lnnedlate]y fo]]owlng

. the. sample injection and not high enough to cause therma] dECOMPOSItlon ﬁ
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of the constituents. Day and Miller (]962) found that an injection tem-
perature of 205° caused decompos1t10n of a-terplneoT and Tlnaloo] but
‘no decomp051t1on was observed at 100°. However, other studies shoued
that anectlon temperatures of 216° and 27S° (Datta and Susi, ]962- H
M]tzner 1964) do not cause decompOSItlon of a-terpIneol Therefore,
.the decompos1t10n of oil const1tuents can be attrlbuted to overheating
aof the anectlon port end of the co]umn to 1na€curate tempevjture re- .
cordlng, to an abnorma] hot spot in the anector -and, f1nal]y, to a
%~poss1b1e accumu]atlon of acidic compounds in the 1nJector port (Hitzner.- ‘
.1964) ‘In agreement w1th the Tatter ‘Day and Mlller (1964) establlshed .
that the decomp051t1on of a-terp1neo] could have been due to the organic

"acids present in the flavor concentrate In add1t1on aségound by -

g Dﬂ *’}) 2 9)\ 1 3’ 4
_M1tzner (]964), compounds such as organ1c ch]qr1dé§ and*-, gated
._‘ .uﬂ?' ) ,._—‘!,,_b.‘: . KR r( 2.’ . i
tertlary esters are therma]]y unstable. Mo e A "

ERRRE DA
- ‘-‘.’;, . X

8. Temperature Progrmmning A

The esSent1a] o1Ts conta1n many const1tuents with a wide range

| of b0111ng points; in pepperm1nt 0il the boiling p01nt of % pinene s

'v 157° and of p1per1tone 233°,,1n anise oil the bo1]1ng pointuofﬁeagenol
s 253° Thus in the ana]ys1s of these essential oils*it is necessary
a'to separate the constltuents under temperature programmlng Hhen the
boiling po1nt of ‘the oil constltuent is lower than the temperature of
'lsothermal chromatography, the constituent is e]uted quickly with a _
narrow peak thCh can not be measured prec15e1y and there is also a ser- '
10us Toss of reso]utlon - On the other hand the. component with a boiling
. point hlgher than column temperature is eluted after a ]onger time ‘with -

a broad- and Tow peak which can be measured with low precision and with a -

. ,.z-
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~
poor detection'Timit “In temperature programmlng the Tower b011ing

‘ point components will emerge earlier as if the column .is operated atb
re]atively low 1sothermal temper ure and'higher boiling components

-will”be bunched up by the increasing temperature and will emerge with
sharper peaks As a result an extreme]y w1de b0111ng range of compo-

‘nents can be separated in Tess time with sharper and more uniform shaped

" peaks.

Harrls and Habgood (1966) suggested that temperature programming
is advantageous when the bOiling point . range of the constituents is 50°,
and that the usefu]ness of such programming increases as the boiling
range is greater.» Further, by comparing the prec151on of peak area mea-

.surement in isothermal and temperature programming chromatography, they
found that the precision varies WTth retention time in 1sothermaT but
is constant 'in temperature programming chromatography.

The 1n1t1a] temperature should be based on the vapor pressureﬁ@%

-of the most volatile components .in the samp]e For 3 packed column .the
initial temperature may not be much be]ow the b0111ng p01nt of the most
voTatiTe component (Harris and Habgood, 1966) In. genera], the starting
temperature is between 50° and 75° (Humphrey, 1970) The terminal tem- ‘

‘perature in a packed co]umn should be approx1mate]y equal to the b0111ng
p01nt of the least volatile component but other factors, such as tempera- .

- ture stabllity of the stationary liquid. phase of the components themse]ves, ?

may determine this upper. Timit (Harrls and Habgood 1966).

The heating rate should be inverse]y pr0portional to the total

4 2.

number of constituents (Harris and Habgood 1966) From their chart of
frequency of heating rate used in Programmed Temperature Gas, Chromatgggg
graphy up to the end of 1963 it was concluded that the rate T° to 3°lmin,
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3° to 5°/min and 5° to Eﬁ/imln -were most frequent]y used The average
value was a rate of 3. 5°/m1n and rates of more than 10°/min were rare]y
applied. For anaTySIS of essent1a1 o1Ts Humphrey (]970) reported that
the ch01ce of program rate should be governed by the type of resoTution

‘required and that it lies between T° and 5°/min

9. Coupling of Gas“quu1d Chromatography AMass , ‘\

Spectrometer for Qua]ltatlve Ana]ysis
¥

Perry (]967) stated that GLC - Mass Spectrometer anaTySIS pnovides

more spec1f1c structural 1nformat1on about organ1c molecu]es than any

‘\

other 51ngTe technlque'and g1ves exceTTent mass spectra with onTy micro-’
gram quant1t1es of pure substance As’ Tbran1sh1 (1971) pointed
.out, the pr1nc1pal advantage of the GLC - Mass Spectrometer techn1que is
its convenience. There is, no Toss or contam1nat1on of sample as usually
~happens w1th the trapp1ng of emerg1ng peaks The component separated by_ s

i GLC enters lnto the Mass Spectrometer ion source compartment at its maxi-

e o .

mum pur1ty. Many spectra can be obtained from 1nd1vidua1 _peaks as they

emerge from the coTumm The 1nformat1on obtalned-' om spectra scanned

at the - beglnn1ng, m1dd]e and end of the peak he]psylnéihe detﬂ%tio and
e ;

1dent1f1cat10n of mcomp]ete'ly resolved cmlponents k :
~ One problem wh1ch arises from thTS %Lchnique ig the presence}ofh‘;
coTumn bleed in trapped gas chromatographic fractions (Perry, 1967 3o
Teranlshl et al. “1971) "The Tonger the trapplng tlme the greater wiTl
be the contamlnatlon of the samp]e by the ]1quid phase The htghér the
temperature in the temperature programmed GLC, the greater wiTT be the
bTeedlng of the co]umn Therefore ‘the same authors suggested the use 06‘

less voTatlle 5111cones to reduce this bleeding.
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10. Identification of the Components

A comprehensive review of methods for 1dent1f1cat10n of compon-
ents. separated by 6LC is given by Perry (1967). Peak ldentlflcation
.can be done pure]y~by gas chromatography u51ng retentlon time, predlction
of retentlon time and by a multi-column system The peak 1dent1f1cat10n
~can also be carried out by chemical modifications of the sample such as
;In a suuractlve method peak shifting techniques, catalytic conversion,
‘pyrolySIS and other chemical methods, e.g., cou]ometr1c reactlons or the

: appearance of a precipitate~or color; The: 1dent1t1es of the peaks can

be further e]uc1dated by aux111ary qualitative detectors such as used in

ultraviolet spectrometry, infrared spectrometry and mass spectrometry.

Arakelyan and Sakodynskll (]97]) reviewed the methods of peak identifi-
catlon using only gas chromatography. They emphaSIZed that the comparl-
son of retention times obtalned with one column- under siml]ar cond1t10ns

vonly allows the 1dent1f1cat10n of a]ready known substances.

N
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III. MATERIALS AND METHODS

v P
v

~ Herbs and 0ils

o

The essential oil samp]es dlstllled at the Alberta Horticultural

‘Research Centre, Brooks, were anlse seed 011--]971 and 1972 crops, cara-

way seed 011-—1971 crop, dill seed oil (two common «dill samp]es and one

v Dan1sh din sample)--]97ﬂ crop, fenne] ‘seed 01]--197] and 1972 crops, '

peppermint oil (bTack or, Eng]1sh mlnt)--1970 crop (harvested .at five
stages of growth- bud stage, beglnn1ng of b]oomIng, 75% bloomlng, full |
b]oom1ng and end of bToomlng), and sage 011--1971 and 1972 crops. Two
samp]es were obta1ned from Beaverlodge ATberta. The quality of Alberta

~oils was compared w1th that of some wor]d market 0115 namely anise seed

.. caraway seed, standard and pr1me d1]] herb and sage 0115 from Kalsec Int.,

- Kalamazoo, M]ch1gan fennel oil from Fr1tzsche New York, and Hich1gan '

: peppenmlnt oil from Hotchkiss, Lyons New York.

The data for Brooks on harvest1ng, samp]e,ggeparat1on distilla-

. tion and yleld of ‘the 1970 peppermint herb trial are glven in Table l

herbs and splEés ]97] trials in Table 2, and herbs and spices 1972 trials
in Tab]e 3. The weather data for 1971 are given in Table 4 and for 1972

in Table 5. The data on so1] ana]yses are 91ven in Table 6.
. ‘ _ G

Chemicals'

Anise acetone ( >9§ 0%), anisic a]dehyde (ex anethole,- >98 0%
%? 1.571- T 573) borneo] (m.p. 200°-204°) borny] acetate (crystal
laevo’ >98 0%, n%? 1.461- T 464), D-camphor (DAB VII, >96. 0% m.p. l70°),

'-D-carvone (pure from caraway oil, >95. 0%, n20 1.496-1.500, [a]20 +58 to

+60), 1,8-cineol (eucalyptol, 597.5%, n2° 1.455-1. 460), eugenol (ex
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Clove oil, n20 1.540-1. 542) . Timonene (pure, n20 1.471-1. ana, [a]2° +96

to +104), linalool (>99 0% n%? 1.460-1. 465), llna]yl acetate (>98 0x,
%? 1.448-1.454), «- p1nene (n 1. 462 1 470) and B—pInene (n20 1.472-
1. 480, [a]20 -14 to -21) were supplled by Haarmann & Reimer. Gmbh |

| aHo]zm1nden W. Germany 4- A]]yJan1sol (estrago]e, >98.0%, n%? 1. 5193),‘ '
trans- anetho]e purum, usp (n20 1. 5614 m.p. 21°-23° ),4' anisyl a]cohol ‘

‘(m p.. 23° 25 5°, n20 1. 54420) p- aniSIC ac1d (zone reflned >99 9%, m. p.
183 05°) L- borneol (m. p 208°, [a]20 -35. 3), camphene ( 80 0% m.p. 44°-
48°), p- cresol (99.0%, m. p. 32°-34°), p-cymene (99.0%, m.p. 73°‘) %?
1.4897), dipentene (tech., n%? 1. 4739) farnesol (595.02, n20 1.4889),

a_vmenthol (99.0%, m.p. 28°-30°), Lementhol (m.p. 43°-45° [ ]20 -50),

| menthond 010 1.4510), myrcene (tech., n20 ] 4715), and van11]1n (99. 01

- m.pl 814-83°) were obta1ned/%rom A]drlch Chem Co. Inc., M1lwaukee,

_‘5 .

] Hisconsin o S

._.'(-

C(-)- Fenchone (pract 95 0%), (+)- fenchone (purum >98 0% n%?

‘fvl .463, [a]546 +75+3), (-)~1imonene (98, 0% [u]546 -135 5) 3 octanol
(purum 97%, n?'0 1. 424), u-phellandrene (tech., 50.0% a—phellandrene,

:12 15% B-phe]]andrene 15-20% P- cymo]) (+)- pulegone (purum 96. OZ [a]

' +29 1) and a-, B thUJone (tech ) were from Fluka AG., Buchs, Sw1tzériird.
Apiol (95- 99%), iso- borneo] (95 99%), B- caryophy]]ene (tech =90, 0%)

(viso -borny1 acetate (95 99%) d1hydrocarveo] (95-99%), glhydrocarvey]
‘"acetate (95 99%) 1somenthone (95- 99%) DL-menthone (95 99%), menthy]

. acetate (95- 99%), a-phe]]andrene (95- 99%), p1per1tone (95 99%) and

:‘u terp1neol (95 99%) were obta1ned from K & K Labs.-Inc. P]alnview,

New York Menthofuran (b p. 86°-87°/15 mm), and 2' 7'—d1ch]orofluores—

~cein (>98 0%) were from Eastman Org Chem: Rochester, New York Van11]in

(refined - U S.P. ) wasg obtained from Merck (Merck AG. Darmstadt Germany)
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Colunn'packing; TSZ EGS (ethy]ene glycol succinate'poTymer)'on‘Chrono-' |
sorb P, AW, 100/120 mesh, was from Chromatographic Specialties, “
Brocgville, Ontario.~ Kieselgel N,fthhout_binder, was obtained'froﬁ "
Macherey Nagel & Col, Diiren 'H Germany. | | |

Isomenthol and ne01somenthoT were ‘synthesized by us from isomen-
R thone, carveol from carvone, and neomentho] from menthone, u51ng aluminun
blsopropoxlde and applylng the Meerweln - Ponndorf; Verley reduction
_ procedure Neomenthy] acetate, neOISomenthyT ac:taigfand terpinyl acetate
were aTso prepared by us, by refTux1ng neomenthol neoisomenthol and "
terpineol respectively in xyTene with glac1a1 acet1c acid, acetic anhy-

, dr1de and fused sod1um acetate

§yntheses of Neomentho] Neo1somentho] and

; Carveo] by Meerwe1n - Ponndorf - Verley Reaction

A:solution'of 20 g aTuminum-isopropoxide in.TOOImT‘dry isopropyl
alcohol was pTaced«in a 250 mT‘round bot tomed flask‘.then 15 ml'of'the
ketone (menthone, lsomenthone or carvone) was added and the flask was
fitted wlth a modlfled Hahn (a1r-type) condenser The mixture was heated
to a d1st11]ate drop rate of 5 to 10 drops/m1n Nhen two successive

om

- tests, about 10 an apart gave no precip1tat{on with 2, 4 dinltrophenyl-gﬂf
chydraZIne reagent w1th1n 30 seconds, the run was stopped The buTE\of '3
the 1sopropy1 aTcohoT was removed under reduced pressure.v The residue

was coo]ed in ice, and cold leute HC1 (35 m1 HC1:175 mT HZO) was added
slowly, shak1ng the fTask content The aTcohoT obtained was extracted
'w1th benzene, the extract was then washed with a further portion of the

cold acid, then with water, and f1na1]y dried over anhydrous NazSO4. The

_vbuTk of the benzene was dlStT]]Ed:<(§¢ and the alcoho] was collected

R % :
" ‘ i . .
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Syntheses of Neomenthyl- Neoisomenthyl- .

. Equi nt

and T(?pinyl-acetates
Lo\

~

:1. A solut1on of 5 g of the aTcohoT and 100 ml of xyTene was placed
ln a 250 m] round bottomed flask; 40 g acetlc anhydrIde and 3 g of fused

Sy
) anhydrous sodium acetate were added and the mlxture was refluxed for

_ about 6 h. A:;er coo]ing, 50 ml of distilled water was added and the .

mlxture was additionally heated for 30 min. The water layer was removed _

,and the xylene-acetate mixture was washed once with 50 ‘ml of. hot dIS—
’ ,tiTTed water, and then dr1ed over anhydrous sod1um squhate The solu-
| tlon was fthered and the xyTene was d1st11]ed off. The res1due (the

' acetate) was. coTTected

Thln Tayer chromatography equ1pment used was from Shandon ~ *

':4Scientif1c Co., Ltd., London U.K. Infrared spectra were recorded by
’f‘u51n9° 1) a mode] 2] spectrophotometer The Perkin- Elmer Corp ,,Norwalk
"FConnectlcut and 2) an I -RY 20 Infrared spectrophotometer Beckman ‘
| _Instrument Inc., CaTifornia The KBr pellets were made w1th RIIK equip- ..
‘i,i‘ment Research IndustrlaT Instrument Co London U K. The centr1fuge

ijﬂrwas a modeI SS 8] Superspeed Ang]e Centr1fuge Ivan Sorva]] Co s Inc.,

;7<§as chromatography equwpment used was: 1) a mode]

iz.2500 Bendlx Instruments D1v > Ronceverte, W.va., and 2) a Ser]es ]400

i;fvarian Aerograph Halnut Creek Ca11forn1ap The Var1an Aerograph Series

”,IQ,ET400 was coup]ed with an MS 12 mass spectrometer produced by Associated
"jE]ectrlcaT Industry, Manchestér U K. The preparative plates were v1ewed_'
Lh“with a short~wave uTtra-vioIet m1neraIIight' modeT SL 2537 UTtra-VIOTet ,

'"fffProduct lnc ) South Passadina, CaTifornia
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Methods

‘A. Thin-Layer Chromatography

A slurry of 25 g of MN-Kieselgel N (w1thout b1nder) and 60 ml
of water was spread on five 20 X 20 cm plates at a thlckness of 300 u.
The plates were dr1ed at room temperature for 1 h, and then activated
at llOf.for l-l/2 h. After cooling to room temperature in a dessicator

- the plates were ready for use.
Qualltat1ve Th1n—Layer Chromatography

The essentlal oil and its assoc1ated standards were spotted
_l—l/2 cm from the bottom of the plates The essential o1l and standards
in liquid form were spotted neat whlle solld standards were dissolved
at high concentratlon in ethyl acetate. The plates were developed for
about 40 min w1th a solvent system of benzene ethyl acetate (95:5 v/v) )“
| Spots were visualized by spray1ng w1th a solutlon of l% vanll)dn
in concentrated sulphurlc acid and then heating at '105° for 10 min. lhe 3'
Rf values and the colors of the spots from essential oils were’ used to
determlne the identity of the components | "P “ ;0
G o - nooF

2. Preparative Th;n-Layer Chromatography
' /

!

A SImllar procedure as descr1bed above was followed but 1n this o
preparative TLC, a strip of neat essent1al oil was spread on the plate u.;;
After visualization, the bands of the components were traced on trans- N
: parent paper for future localization of theybands In add1t10n sev:Eal\\\;

plates were sprayed with 0 5% of 2,7- d1chlorofluoresce1n in ethyl acetate
| saturated with water The bands were viewed under uv light Not all the
' bands could be seen under such l1ght but wfth the help of the tracing

-4
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~;'made earlier, all the‘bands could be allocated. The bands were then
scraped from the p]ate and the components from® the adsorbent were ex-

) tracted by VIgorous shak1ng in ethyl acetate The mjxture was then
centrifuged at 7 000 x g for 10 m1n and the supernatant oh\alned was
decanted/end concenfrated in.a stream of pure N (purity 99. 8%). Two _
or three preparatlve p]ates were necessary to obtain suff1c1ent quantlty
of the cemponents for further ana]y51s The 1dent1ty of the conponents

- was establlshed by c01nJect10n into a GLC with 0.1 .1 of the original

samp]e of essentIal 011

"/B‘ Gas—L1qu1d Chromatqgraphy

1. Quant1tat1ve Gas-L1qu1d Chromatography . -

‘A volume of 1 4l of the essentla] OII\Sas 1nJected into a GLC
8
fitted with two 6 ft x 1/8" 1.D. g]ass %o};ums packed n;ﬁ 15% of EGS

. ‘ , -.\(L /
pp]ymer on:Chromosorb P, AH,_withtpartic]g ize of lggumesh. “The

7'operat1ng condltlons for peppermlnt 011 weq%?' injection temperature.
- LN

'},220° detector temperature 240° Ng carriéﬁ? wifflow rate 30 m]/min,
co1umn,temperature programmed from‘60° toyll_b
scale sensitivity 2 x 70-8 and chart speed éh; . The operat1ng con-
ditions for anise,'caraway, dill, fennel and sa e-6ils were as above ex;
cept that.the N2 gas fiow rate was 60 m]/min column temperature'pro—
grammed from 50° to ]95° at 4°/m1n and <chart speed 60 cm/h For anlse

‘ and sage o1ls it was necessary to hold the ma ximum ‘temperature for 15 ,
to 30 mln to get the final peak ~Quantitation of the individual peaks was

done by trlangu]atlon technique w1th an accuracy equal or better than 0. 5%.>
2. Qua]1tat1ve Gas-L1qu1d Chromatography e

Each standard.compound was dissolved in ethyl acetate and co-
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injected with 0.1 1.7 ¢, the essentialvoi] on the 'fresh' and 'aged*'
co umns. The fresh ¢ ,umns were those which were freshly prepared uhile

the aged columns we those which had been used for quite some time.

C. Infrared Spec -al Analysis -

R spectra of the essential oils and reference compounds in
quuid form were recorded neat between two- NaCl p]ates. The operating
conditlons of the P-E model 21 were: resolution 927 response 2, gain 6,
speed 4, auto suppression 0, filter auto, and scale 5000 to 650 cm-1.
The spectra for solid compounds were obtained from the Beckman 20 instru-
ment using KBr pe]]ets, containing about 10% of the component. The
operating conditions were: Scan speed 240 cm ]/min perlod 2 gain 5,

balance o, and sca]e 4000 to 600 cm‘]

‘D. Mass Spectral Analys15'

A vo]ume ot;o 3 ul of the essential oil was 1nJected ‘into a | 4
Varian 1400 GLC fitted with a coiled stainless steel columhvﬁ\ft x 3/16"
I. D., packed w1th 15% EGS po]ymer on. Chromosorb P, AW, 100/120 mesh.
This GLC was coupled with an MS 12 mass spectrometer Themgfo?¢peaks
| were scanned. The GLC operatlng conditions were: He carrier\gas\fld//f—r’
‘rate 70 m]/min chart speed 1 cm/min and <odumn temperature progranmnd

. from 50° to 195° at 4°/m1n Mass spectrometer operating conditions were:

magnetic c011 2, Ws (width of the source slit) 0. 004"; Wc (width of

‘ coilection) 0. 004", magnetic range 5 decrease speed 10 band width
1000 Hz, chart speed 6"/sec trap current 100 vA and multiplier 310.
:The liquid standards were run under similar conditions while solid -

standards were. run by direct probe with electron voltage of 70 ad

source temperature é; 115°.
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IV4’ RESULTS AND DISCUSSION
Y i

A. Thin-Layer Chromatography - General Observations

The overa}ﬂpTLC separation of the’ essential 011 components
based on the Gﬂnctlonal groups 1is illustrated in Fig. 1. Most of the
spots of esseﬁt1a] 0il components with hydroxy] (OH) groups were found
between Rf values of 0.12 and 0. 29; carbonyl (CO) groups between Rf
values of 0.29 and 0.47; acetate (OCOCH3) group between Rf values of |
0.47 and 0. 59 ether (COC) groups between Rf values of 0.59 and 0.66;
and hydrocarbons between Rf va]ues of 0.66 and 0. 73 The Rf va]ues
: ,between 0. OO and 0.12 were most probably the reglon of the components
‘having carbOXyl (COOH) or po]yhydroxy] ‘groups. - For 1nstance ‘the Rf
. va]ue of p- an151c acid was 0 02 ,

- Q:%» With the solvent system and adsorbent used ln th1s study, the

.adsérptlon aff1n1ty of the funct1ona1 groups lncreased in the fo]]ow1ng
sequences, CH3, COC OCOCH3, Co, OH and COOH This is in accordance

‘.WIth the resu]ts obtalned by. Brockmann and Volpers (]949) and Stahl (1969).

The. sequence of the TLC separat1on depends on the po]arlty of the func-

' t1gpa] groups.  The difference in Rf va]ues of constltuents haing the
same functlona] group\1s due to the dlfference in the conf1guratlon the
presence and the nbmber of doub]e bonds. Among the 0il constltuents hav1ng
OH groups, borneo] was found to be more polar than 11na]ool _Borneol

d£\1s a secondary a]coho] whereas linalool is a tert1ary alcohol In addi-

1 tion, the OH group in 11naloo1 is adjacent to a methy] group wh1ch

1mparts a ster1c h]ndrance to the polarlty of the OH group

D
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Fig. 1. Relationship of Rf

_ Adsorbent layer:

Solvent system: benzene-ethy}acetate,? 95

Spot detection::

spraying.1% vanillin in
and heating in oven- gt 105° for 10 min.

" . Volume of pure oil applied: -1 1.

e 66.
. Rfvawe .
T |constituent- - )
'SOLVENT | functional group .
- FRONT = o
'73-‘——,7- : R - '_.;.;.:-...4__-,--“;-
66 | hydrocarbon | olimonene U-m rc%ep;cymene" )
s X | T T Ementhotaign T Sy T e
-59|-coc- | --'-‘.'--ta:r.»é.a.rzet.bde1??.%!9.99!%---
T o . " Gisobornyl’ o
-t | -COCH linalyl, menthyl o
.47 3 : Koboroyl T
: e T . ----,--Ha;‘v o Q}\l_nenthonej :
R _ cafzg €fenchone “Jthujone
° >CO £ - carvone ‘
S -7 |pulegone 2 F
. .29 ‘ piperiton’e__ I
L T -'°""’;-'iina°lb.6l - _ o '
o —OH . : '%menthol ‘ % 3-octanol
Ca2) e bomedt i
L ~COOH' o S
CSTART 0010 @p-anisicacid_ _

Values and Functional Groups of Essential
0il Constituents: @ = . : . '

300 1 of MN-Kieselgel N

‘(Macherey Na_gel & Co)

:5 v/v.
conc. sulfuric acid
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“Borneol °. o o Linalool
e

! ' o
Of the ketone const1tuents, p1per1tone was- found to be more

o

. polar than fer chone Piperitone has a carbonyl group and a double bond

conJugated WIth CO whereas fenchone has only CO group Further, the co |

P

[ . ' . ) : »

0

Piperitone | - Fenchone

&

N

group 1n fenchone s located between a methy] and & gem-d1methy1
qroup which causes a ster1c h1ndrance to the po]ar1ty of CO.

Among the acetate const1tuents bornyl acetate was found to be
‘more po1ar than 1soborny1 acetate The d1fference between the two

constituents is in the pos1tlon of the 0C0CH3 gro ;

b
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>

' :has'an axial 0COCH3 grsup'whereas isbbornyl acetate has an eduatorial

AT - 4 BN

-Bornyl acetate

IsobornyTjacetate

dCOCH3 group ' The sterlc hlndrance of the methyl and gem dlmethyl
groups on the po]ar1ty of 0C0CH3 group IS greater in 1soborny1 acetate -

than in borny] acetate.

o

Of the ether const1tuents, trans-anetho]e was found to be more

po]ar than mbnthofuran Trans anetho]e is'a benzene der1vat1ve with a

<

Menthofuran -

>

" trans-Anéthole ”
. ’ - . : T

_ methoxy group (OCH3) and ‘a doub]e bond whereas menthofuran is an ether
with two doub1e bonds. Of 1nterest 1s 1 8 c1ned] which 1s a]so an ether
. S : . X N . B af .

IO . [
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but its Spot was found among the constltuents with OH groups It seemed

that 1 8-c1neo] behaved as an a]coho] dur1ng the TLC deve]opment

1,84c1neol

However there was no structura] change of 1; 8- c1ne01 in TLC development

’ as was proved by preparat1v£ TLC. Thus, there is a poss#gvllty of inter-

actlon between 1,8-cineol and silicic ac1d dur1ng the deve]opment but

without structura] change of 1,8- cineol.

_fonly tho doub]e bonds ¥

w oo

. Among the hydrocarbon groups p-cymene broved to be more polar

than e1monene because it has three double bonds whereas limonene has -

v‘

'Limonene

(AR
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B. Thin-Layer Chromatography - Individua] Oils
1. Anise Seed 01l

-The thln layer chromatogram of anlse 011 and some of its asso-.

"c1ated ﬁure compounds is ITTustrated in F1g 2. The shadlng indicates :
~ the 1ntens1ty of the spots. Th1rteen spots were obtaIned in the thin-
"layer chr§nitograms(of anise oil from Brooks and Michigan. The differ-

~ ence between chromatograms of anlse oil- from these two orrans was

.Shown" by the - size and conr 1nten51ty of these spots épots 13, 10 9

and 6 of anlse oil from Brooks were more lntense in coTor and larger in
s1ze than. those from Michigan. The oppos1te was true for spots 1, 4, 5v
‘and 7 There were two maJor spots, numbers 12 and 13, for oil from -

Brooks but on]y one, number 12 for M1chlgan 011 The spots of anise.

0il were tentat1ve1y 1dent1f1ed by runn1ng a chromatqgram of anlse oil
' and 1ts assoc1ated _standards and comparing the Rf vaJues and colors

_The Rf values and tentat1ve identities of the spots of the chromatogram

of amse Pil are g1ven in Table 7.

a ) 1 —r

The resu]ts of the preparat1ve&th1n Tayer chromatography of anise

~ 0il from Brooks--]971 crop, are g1ven 1n Table 8. The preparat1ve ‘TLC

;.showed that the 1dent1tzes of spots T 2,3 and 7 could not‘be confirmed

[

because these const1tuents were elther Jpresent. 1n small amounts or ab-r

. sorbed too strong]y by the sn]1cic ad1d to‘be ‘extracted by ethyT acetate

Spot 4 conta1ned two m1nor const1tuents, peaks 16. and 17 ‘ The presence

‘ of anisyl acetone in spot 4 cou]d not ‘be conf1rmed because the GLC run

" was not Tong enough to detect lt Spots 5 and 6 were mlnor, the former

contained borneol and the latter T1nalool Spot 8 contalned three con-’ . -

,‘stltuents carvone, p an1sa1dehyde and a constituent. wh1ch is not

."
i
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ANISE OIL
limonene ‘
: tra Y
ANETHOLE -
w O
: ESTRAB’OLE
eugenol i '

i(:l::asyl o avs“
tone
T , ~03

., O
8 i . : .
¥ anise aldehyde

82 _ an nisic acid

.ijg. 2.

S

Associated Pure’ Compounds.

Solvent system: benzene-ethylacetate, 95:5 v/v.
Spot detection:’ spraying 1%
and heating in oven at 105° for 10 min.

. Vo]umg of pure 0il applled Tul, '{;b ' 'f

' Thiﬁ—[ayer Chromatogram of Anise Seed 011 and Some of ltS

o Adsorbent layer 300 of MN- KIeselgel N (Macherey Nage] & Co)

vaniilin in conc. su]fur1c acid
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o TABLE7

~ , . L T
THIN-LAYER CHROMATOGRAPHY DATA OF ANISE SEED. OILS

Spot Number: = - - Rf Value* - - Tentatlve Identlty of the Spot

3 - . A

ad

Q;OZ R ) _.,pfanis;ic;'ac_id :

2 ©0.05- -
/\..f__3 ' | 0‘.12._""" | L f )
& 4 . oad amsyl acetone | /
5 018 . borneol e l o
| 6 o2 ~linalool © - °
o T om ‘-‘ o
. : ‘ “ , 032 |
.9 % o3 _,
o, ) . » _ )
A0 T o0.40 . "eugégo] and camphor e
' 11 i 0.47 T thu,]one .
12 - 0.6] o R trans-anetho'le and estragole
13 _ : 10.72' R terpene hydrocarbons 'limonene,'. y
o g - myréene, g- caryophy]]ene and
\ - prcymene — |
*An averagév”of‘fat) least ten sepa’ra'tiqris
3 5 - §
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TABLE 8 .
_ 8
PREPARATIVE THIN-LAYER CHROMATOGRAPHY DATA OF ANISE
- SEED OIL FROM BROOKS - 1971 ~ ,
Spot Number A_ . o Constituent*
1 R
-3 Cowo -
4 | ] two_miﬁor éonstituents, 16 and 17
5 borneol
6 ~Tinalool
7 S
8v e , - ' carVoné, p;anisaldehyde and é canstituent"
_ : - 1in p-anisic acid - '
SRS I . . fenchone
]0‘. o .. - camphor and eugenol
n '; ' A ‘.: o - constituent 63, thujone, constituént 57
. .. and 58 and p-cresol .
12 N frahslahétho1e, estragole, anisyT: e
: - alcohol, constituents 54, 34(cis-anethole)
,and 50 .. Lo e
i E el o o o
1300 . ";terpene hydrocarbons: limonene,,.v "
Lo > and g-caryophyllene, p-cymene and 11

" -other minor and 20 trace_conétituentsﬁ,
R SR )

e
&

L \;4
*The numb s refer to the peak numbers assigned -on the gas-liqu
chromatogram of the same oil sample - = e

R

o

ar . o
‘9-_‘)1: .
R
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separated from p anisic acid by GLC.  Fenchone was present‘in‘spot 9.
_Spot 10 contalned camphor and eugeno] There were f1ve const1tuents in
spot 11. The maJor constituent was peak 63. The other const1tuents were
. thujone, peaks 57 and 58, and p-cresol. 'ThUJone was found more towards
':thexupper'part of the spot ~Spot 12 contained: trans anethole, estragole,“o
anlsyT alcohol, constituents 54 34 (c15 anetho]e) and 50, <w1th trans-
_ anethole and -estragole be1ng the major constltuents of the spot. B
Const1tuent 34 (c1s-anetho]e) was found more in the upper part of the ﬁﬁb
spot w1th constltuent 54 more 1n the lower part. Spot 13 contaIned the s
terpene hydrocarbons T1monene, and R- caryophv]]ene p- cymene 11 minor
and 20 trace consg:tuents Constltuent 34 (cis- anethole) was in the
Tower part of the spot whereas const1tuents 26 9 and 40 were more in
the upper part of the spot. The spot for constltuent 34 (c1s anetho]e)

‘ was Tocated between %%ots 12 and 13 B

2. -CaraWay Seed 0il1 = _
The tth Tayer\?hromatogram of caraway seed oil and some. of its

pure compounds s 111ustrated in FIg 3. The chromatograms of caraway d .

o1l from Brooks and M1ch1gan each showed 7 spots of which spots 4 and 7

were the major . ones - The. d1fference in the chromatograms of the two :

caraway 01Ts was in. the co]or~1ntens1ty and the 51ze of the spots. :The,i.

. color of spots 1,2, 3 and 4 for M1ch1gan 011 was mone lntense and the

- s1ze greater: than the correspondlng spots for Brooks oil. However, spot

7 was Targer and more’ 1ntense in coTor for the Brooks oi] The tentative

1dent1f1cat1on of the spots was establlshed 1n the usual manner by

runn1ng a chromatogram of the. 011 and its assoc1ated standard components ¢

\hd comparlng thelr Rf vaTues and coTors. The ﬁf va]ues and tentative

-

<]
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4 ‘Q,

@ -
/ R CARAWAY Ol L

| § LIMONENE

PHELLANDPEVE

. . . ,
0 L

.’Fig.]3 Th1n Layer Chromatogram of Caraway Seed 011 and Some of ltS 2
. S Assoc1ated ‘Pure- Compounds o

lAdsorbent layer 300 . of- MN- K1eselge1 N (Macherey Nage] & Co)‘
Solvent ‘system: -benzene: -ethylacetaté, 95:5 v/v.- -

- Spot detection: spraying 1%-vanillin in conc sulfur1c ac1d
“and heat1ng ‘in oven at 105° for ]0 min. L :

'“_VOIUme of pure 011 app]1ed 1 pl :



o 37, 4 and 29. Constltuent 44 was located towards the lower part of

76.
idehtities of the spots for caraway oil'are‘given‘in Tab]e‘Q
The reSu]ts of the preparative th1n layer chromatography of
caraway oil from Brooks——197l crop are shown 1n Tab]e 10. The prepara- .
. tive TLC showed that spot 1 conta1ned’two minor const1tuents 34 and 41
while spot 2 conta1ned flve minor const1tuents 35, 37 38 40 and 4]

Thus, the dlfference in the 1dent1t1es of spot 1 and 2 was due to con-

st1tuents 37, 38 and 40, Spot 3 conta1ned only linalool. Spot 4 was

'i . TABLES SRR
THIN LAYER CHROMATOGRAPHY DATA OF CARAWAY SEED OILS
¢
Spot Number Rf Value* -~ - Tentative Identity
L 0 £ ’ |
2 ’ ' 0 ]6 ' ’1\ & -v ’
3 0. 23 . Tinalool
4 0 34 ;hf‘ : ;,panyone ’
5 o1 o
B 6 ' )[ 0 49 _ : /?thuJone :”", . .f- .
7 :\_s'fikif 0 70 . terpene hydpocarbon% ]dmonene, -
o o ‘a-pinene, éamphene, p-cymene, °
-e-caryophyllene, etc.
t’ki v |
. A S, . R S ] . .
*An average of at least ten separatlons .

P

"a & . ) o ﬁi\b‘lg PN
‘comprlsed of carvone, the maJor constltuent and three minor, const1tuents.

EN

'spot 4 whereas constltuent 29 was found towards the upper part There-ﬂ"
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TABLE ]0

PREPARATIVE THIN- LAYER CHROMATOGRAPHY DATA OF CARAHAY
’ SEED OIL FROM BROOKS - 1971 CROP-

‘Spot Number "~ Constitients*

.| | fwo minor constituents, 35 and 4]

2 f1ve mlnor constltuents 35, 37, 38, 40 and 41

3 llnalool

4 | ﬂ',~carvone and three minor constifuents,”29, 37 and
B 44 :

e
5 two minor constituents 43 and 38
-6 ' ‘ " a- and B-thuJone fenchone, camphor and four
' - other minor constituents, 43 37, 32 and 25
7 : 'terpene hydrocarbons- 1imonene, myrcene, u-p1nene,

B-pinene, a-phellandrene, B- caryophy]]ene and
Camphene and trace constituents, 30, 27, 11, 12,
14, 15, 16, 17, 47, 51 and 49 (trans anethule,
minor const1tuent was found between spot} 6 and
7

¢

*The numbers refer to peak numbers ass1gned on the gas-liquid fjrvu-‘j;i
chromatogram of the same 011 sample ' T A

were two mlnor constltuents 43 and 38, in. spot 5 Spot‘G contalned a-

: and 8- thuJone, fenchone, camphor and four. mlnor constItuents, 43 37 32
and 25. Spot 7 was comprised of terpene hydrocarbons which included |
llmonene myrcene, a-pinene, B-plnene, -phel]andrene 8- caryophy]lene
and camphene and minor constltuents 36 27 11, 12, 14, 15, 16, ]7¢
”-'47 51 and 49 Trans-anethole, a m1nor gnnspltuent}‘nas;found between =

spots 6 and 7
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3. Dill 01l

The thin-layer chromatogram of‘di]] oil and some of tts associ-'
’ated pure compounds is given in Fig. 4. The chromatograms of dill Oi]S\
from Brooks .and Michigan each showed a total of 8 spots. Dl]] prime and
standard o1ls from M}chlgan and. Danlsh dill oil from Brooks showed three
maJor spots, numbers 9, 5 and 4, while the other two dill oils from
Brooks showed only two major spots numbers 9 and 5. The size of spot 4
was sma]]er for dill: standard oil from M1chlgan -and dill oil, ]972 crop,
“fFrom Brooks The size of spot 9 was blgger for both Mlchlgan oils.
The Rf values and- the tentat1ve identities of the spots of the ‘thin-
layer chromatogram of dill oil are given in Table ]]

The results of the preparatlve thin- layer chromatography of dill
 seed oil from Brooh;1971 crop are shown in Table 12 The preparatlve
TLC of di1n. seed 011 from Brooks ‘did not bring about the 1dent1f1cation
of the constltuents in spot ] This was because the const1tuents either
were present in traces or adsorbed too firmly to the s1]1cic ac1d to. be T
extracted by ethy] acetate.r Spot 2 contained four m1nor const{tuents,"

28;\30 33 and 34, and spot 3 was compr1sed of two minor const1tuents,

- 38 and 23 Const1tuent 30, one of the maJor const1tuents of the din

o oil, was present 1n spot 4. Carvone the maJor constltuent and con-
st1tuent ZZ\and two mlnor const1tuents, 36 and 42, were found in spot 5.
Five minor const1tuents, 17, 18 19, 24 and IS were present 1in spot 6.
Spot .7 contalned one major const1tuent 26 and four minor ones, 18 24,
14 and 16. Jrans- anetho]e and const1tuent 32 were found in spot 8.

Constltuent 32 was located in the lower part of the spot Spot 9 con-

“ta1ned the terpene hydrocarbons limonene, a—phellandrene myrcene,
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rd
DILLOIL |
lJMONENE ‘ - -
OO0
L. | PHELLANDRENE
g 1!"3 o . |
VVZ;T PR S
g | CARVONE
'CINEOL 4 kR
Bnd, Y 2
(1

Associated Pure Compounds.

o

Thin-Layer>Chromatogram of DiN Oflyand'Some'of'ffs'

Adsorbent Tayer: 300 u of M¥sKieselgel N (Macherey Nagel & Co)

So]veng_system:’benzene-ethy@§Cetate, 95:5 v/v.

Spot dgtection:

- &
—"."V

‘ spraying '1%-vanillin in conc.
and heating in oven at 105° for 10 min..
Volume of .pure oii applied: 1 ul.

LI

sulfuric aciq ‘



TABLE 1

~ THINZLAYER CHROMATOGRAPHY DATA OF DILL OILS =

Spot Number ' * Rf value* , Tentative}?déntity

0.1
013 S -

St

0.17 LR P
0.23 o linalool and 1,8-cineol
.0.35 /'.»ﬁé:i'.garvdne | |
voa3 e |
0.45. N
s v0;56' - - thujone

. W0 (o] ~ =)} (S 2 I ) w n

0.70-. -~ terpene hydrocarbons: 1imo-
: nene, phellandrene, a-pinene,and
.myrcene and p-cymene o

' _*An»éverage of at Teast tenvgepafatibnét

ity o CONEL R 4
g A?-:jS“-"M&E AR
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N

'TABLE 12

PREPARATIVE THIN LAYER CHROMATOGRAPHY DATA OF DILL OIL

_FROM BROOKS - ]971 CROP

‘qut Number

Constituent*L
1 e
2 Jfour m1nor const1tuents, 28, 30, 33'and 34
3  two minor constltuents, 38 and 23 -
4 one major constltuent 20 B
.5 carvone, const1tuent 27 and two minoraconstituénts,
_ 36 and 42 . ‘ o
.6, | -f1ve m1nor constituents, 17 18 19,-24:and 157.
7 one major constltuent 26, and four minor oneé,‘
4 18, 24 14 and 16 : S -
8 trans anetho]e and constituent 32 ﬁ
n 9._

terpene;hydrocarbons 11monene, a- phel]andrene,

- myrcene, ‘a-pinene and -g-pimene, p-cymene: and

constituents 4, 10, 11, 12, 22, 34, 15, 42, 40,
37 and 14 © ' o S

O

*The numbers refer to peak numbers assigned on a Qas-]iqdid;n
chromatogram for the. same oil sample : o &
L

<




TR 'f‘ o tﬁ-.. A mn' .s': o *_‘ 8.
C ﬁbtpih Pd e-pinene, and p cymene and constituents 9, TO 11, ]2 22,

- 34, 5 42 40 37 and 14

L]

“;4.- Fenne] Seed Oi]

%

The thin Tayer chrom'togram of fenneT seed oil and some of its

[N

. associated pure compounds s ~xT]ustrated in. Fig. 5: The thin-Tayer chro:

w

N matbgrams of, fenneT 01Ts from B ookﬁ and Fritzsche, New York showed TO .

5
. and Tl spots respectively, of which spots 10.-and 11 were the maJor

ones szpot Thwas present on]y 1n “the chromatogram of ’
Fritzsche " The difference between the chromatograms “of fennel oiTs .
» from Brooks and Fritzsche aTso was 1n the size and 1ntén ity of the
;‘ spots The chromatogram of fenne] 011 from the Brooks 1971 crop showed
fi that spots-11, 9 and 6 were Targer and more 1ntense in coTor,'however, ”
spot 10 was smaTTer than that of the Fritzsche and the Brooks 1972 crop
Spots 8 2 3 and’S were Targer and the coTor more 1ntense for the |
xfennel 011 from’ Frltzsche thanﬁfor Brooks 0ils? Spots 8 and 7 became .(f:»
more distinct after charring the pTate or TeaViné the p]ate at room }ﬁ
temﬁerature for«a few days The Rf va]ues aﬁH tentative identities of
+ . the spots of the tthCTayer chromatogram of fenneT 011, ahe shown in’
B ”'TabTe»13 R R _”” oS K L “
The resu]t of the preparative thin-]ayer chromatography of
fenneT 0il from Bro ks 1971 crop are given in Tabie 14 The constituents
_in spot 3 could not be identified as. they either were present 1n traces
vlor adsorbed too firmTy to the SiTic1c acid' ihere was no spot 1 in the
chromatogram of ?bﬂnel 0il from Brooks A minor constituent 32 was . -
present in spot 2. Spot 4 contained a minor constituent which was not \

separated from carvone peak by gas- Tiquid chromatography There_were-i1»»

R
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o "-FENNEL,OIL

| E;L | s .
trans ' . \ B
ANETHOLE "‘“ ,
ESTRAGOLE .
1 THUJONE -
T ' FENCHONE
g o CARVONE
. 1:: \ /
Fig. 5. Thin-Layer Chromatogram of Fennel Seed 011 and Some of its

Associated Pure Compounds. )

‘Adsorbent layer: 300 y of MN- K1eselge] N (Macherey Nagel & Co)
Solvent system: benzene—ethy]acetate 95:5 v/v.

Spot detection: spraying 1% vapillin in conc. sulfuric acid
and heating in oven-at 105° for 10 min

~Vo]ume of pure 01] applied: 1 u]



TABLE 13

~
t

THIN LAYER CHROMATOGRAPHY DATA OF FENNEL SEED OILS

f ’

,\

&

Spot Number Rf.value*A - Tent§tive Idehtiﬁgﬁ
. . )
1 - 0.05 p-anigic acid
2 0.1
3 0.13
4 0.17
5 ’0;20 ‘
‘75. 0.25 ;v‘, carvone o i
7 _0.32f’ /' o fencho;e; o . 2
8 ‘0.40 o cambhor |
9 0.48  thujone
10 ~0.59 R v.transfanethd1e éhd estrago
e ‘O;70 _ ’ .térpéﬁe hydrotarbons:iimo?

nene, myrcéne, a-pinene,
a-phellandrene, etc.

*An averagé of at least ten Sepafations
? o :
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TABLE ]4

PREPARATIVE THIN-LAYER CHROMATOGRAPHY DATA OF FENNEL
- SEED OIL FROM BROOKS - 1971 CROP

Spot Nunber

Constituent*

IS

2TWN

.mf

10, !

11

b

- from carvone peak by GLC -

L)
[

a minor constituent, 32

a minor constltuent whlch was. m& separ

two minor const1tuents, 1 8—c1neo] and 17

carvone and two*mlnor const1tuents 34 and

'van1sa1dehyde

' camphor and two mlnor constituents 730 and 36

fenchone and three mlnor constltuents 28 34 ;

and 4] .

thujone and four minor const1tuents. 40 34,
‘47 and 48

‘ans-anethole, estragole and three other con-
stituents, 45, (c1s-anethole), 60 and 65

terpene hydrocarbons. 11monene, myrcene,
a-phellandrene and a-p1nene,fp cymene and

qinor constituents 17, 16,> 42 (not estragole),“ ;

- 43 .50, 20, 48 47, 58 35 and 37

*The numbers correspond to. peak numbers assigned on a\gas liquid
chromatogram for the same oil sample -

. -

e

<
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twovm1nor constltuents, 1,8- c1neo] and peak 17, present in spot 5. Car-
vone was the major constituent present in spot 6. The,other two minor
constituents.present werevanisa]dehyde and peak 34. Spot 7 was com-
-prtsed of fenchone and three minor c0nstituents,‘28 34 andv41 ‘_Camphor?
and two iirtrior constituents, 30 and 36, were present in spot 8. Spot 9
conta1ned thuaone as a maJor component and four m1nor constltuents 40‘ﬁv
'34 47 and 48 Trans anetho]e estrago]e and three other const1tuents. - .
45 (c1s anetho]e) 60 and 65 were found in spot 10 . Of the five con-
stituents in spot 10, trans- anethole was the major one | Spot 1M was -
compr1sed of terpene hydrocarbons 11monene myrcene, a-phe]]andrene and
a—p1nene p- cymene and other minor constltuents, ]7 16, 42 (not estra-
gole), 43, 56, 20, 48 47, 58, 35 and 37.
.5.7 Peppermlnt Oil - , | o R - \ ‘: ’
: ' _ 1
The thin- layer chromatogram of. peppermlnt oil and some of 1ts
assoc1ated pure compounds is 111ustrated in Flg 6 The chromatograms
of the oils from Brooks and Hotchk1ss showed 11 spots of which spets 11
-9, 8 and 2 were the maJor ones. There was no d1st1nct dlfference in
'the size and co]or 1ntensity of the spots found on- the chromatograms of .
the two oils Spots 7 and 8 became more d15t1nct after charr1ng the
sprayed p]ate or leaVing the‘platelat room temperature for a fewvdays
:The Rf va]ues and tentat1ve 1dent1t1es of the spots for peppermint oi]
are shown 1in Table 15 :.; v | o R A |
| " The resu]ts of the preparatlve th1n layer chromatography of o x\
' Mlch1gan pepperm1nt oil from Hotchk1ss are g1ven in Tab]e 16. The‘pref ;
,parative.TLC of this peppermlnt oi] showed that spot 1 conta1ned'three
'minor constituents 24 50 and 51. Mentho] was the maJor const1tuent

v :in Spot 2 which/;n addition conta1ned 3-octano], 1somenthol and two
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MENTHOFURAN _ o k
' 10 | :
O o mentn AU | ' .

" PEPPERMINT OIL -

Fig; 6.

'ACETATE o ,
0.9 |
: OM?NT“ONE‘_;J{?E 8 ~ putecone |
ISOMENTHONE o O 4 O .
O CINEOL pipeRriTONE
MENTHOL " " SR
1
!

-

Thin-Layer Chromatogram of Pepperm1nt 0il and Some of its
Associated Pure Compounds.

Adsorbent layer* 300 » of MN- K1eselge1 N (Macherey Nagel & Co)
-Solvent system: benzene—ethylacetate, 95:5 v/v. -

Spot detection: spraying 1% vanillin in conc. su]furic acid

/Bnd heating in oven at 105° for 10 min.

Volume of pure oil app]ted 1 ul.

N
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TABLE ]5 o o n:,‘; i
THIN LAYER CHROMATOGRAPHY DATA OF PEPPERMINT OILS

.,':’.si-,_ v

, 4 ' PR o R :yéﬁﬁ
Spot Number Rf Values* . " Tentative Identity “
- v : Lot

i)

Y

’
Lo . ¢l

0.13

e coe
B . Tm

ot

-2 i 0.20 v ménfh9]~ W | % e
N 0 1 0.26 '{é, o ' piperitoné: ‘%-a .
4 - 0.29 . o neomenthol .
5 j 0.33 - -, 1.8-cineol |
6 035 .  pulegone B
| 7 0.38 - L isomenthone ' '
8 0.46 }‘, | | v  menthone |
9 0:53w"£: | v%'f ;éhtﬁ§ﬁ}acetate
10 ’¥’ L f» 0.57‘C g%f;fjfi?iv‘gfnthofuran
N 072 'terpene hydrocarbons:
, e 11monene myrcene, etc.

érif%n w&§§fouhd in spot 3. The

re neomentho] ] 8-cined], neoisomen-

someqﬁﬂbne. Spot 8 was comprised

spot Menthyl acetate,”tbz maJar con%tjtuen;, and two T m1nor constituents,
el i Bty

,u
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TABL_.E 16 -

PREPARATIVE THIN LAYER’ CHROMATOGRAPHY ATA OF MICHIGAN .
\ PEPPERMINT OIL FROM HOTCHKIS: L o :

SBQt Number © - °  Constituent* \\”’
. i . , Y
1 - three minor constituents 24, 50 and 51
2 ~ menthol, 3-octanol, isomenthol and two minor
’ : : const1tuents, 35 and 25
3 o .'plperltone _
4 - ~ neomenthol, 1,8-cineol, neoisomenthol and
o linalool ' ‘ '

1,8-cineol and'neoisonenthol

- pulegone |
'isomenthone :
_menthone and conStituent 411

menthyl acetate and two other m1nor consti-
tuents, 23 and 35

menthofuran and one«other constituent 5
Y ‘L-
' terpene hydrocarbons B-caryophyllene, myrcene,
limonene, a-pinene, g- pinene and camphene,
p-cymene and seven minor const1tuents, 48, 46,
- 45, 32, 13 14 and 16

/

[‘*The numbers correspond to, peak numbers assigned on gas-liquid - -
fﬁ chromatogram for the same 011 sample .
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23 and‘§§, were founc 1 pou 9. .Sput 10 contained menthofuran and a
constituent whic ~vas -~ .cparat d fro peak 11 by GLC,, . The terpene
hydrocarbon- - .. ycohy1lene, wy,~-2ne, 1° monene, a-pinene, g-pinene and

" camphene were prese  * in spot . along v ith p- cymene and seven other
, constituents, 48, 46. 5. 37, .2 14 and 1§. ' .
The tnin-lay- - chrei cograr eF menthone related constituents to-
gether with their Pf values and con iigurations is il]ustrated in Fig 7
With the solvent system used the Rf values were: for menthol 0.20,
neomentho] 0.29, 1somenthone 0.38, menthone 0.46, menthyl acetate 0.55,
and menthOfuran 0.67. The Rf values of isomenthoi, neoisomenthogiand
eOmenthyl acetate could not be exactTy determinedubut their positions x
the chromatogram_Were found by preparative TLC. - Menthoi was not well
separated from isomenthol, nor was’neOmenthol from.neoisomenthol or’
~ menthyl acetate’from nedmenthyilacetate -However, preparative TLC showed
that isomenthoi migrated s]ower than mentho], and neomenthy] acetate
" slower than menthy] acetaee, whiie neOISomentho] trave]]ed faster than
" neomenthol Petrowitz (1960) used four solvent systems to study the
separation of menthol stereoisomers and obtained the resu]ts given in
Table 17. | |
The separation<of the, menthone-related constituents depends 05~
°polarity differences due to variation of'functiona] groups, stereoChemis-
‘try and soTvent system Petrowitz (1960) found that the mo]ecu]es with
equatoriai hydroxy] groups “as in mentho] and isomenthol, showed a hagher"
~adsorption affinity with benzene | However, the effect of benzene on

meth yl groups whether in equatorial or axial pOS‘lt'lonS, was ]ess 51gni-

‘ficant; withvchloroform as the.solvent system neotsomenthol migrated
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Fig. 7. Thm Layer Chr ram of Menthone Re]ated Constltuents.

Adsorbent Qay‘
Solvent systef§
 Spot detect19
and heating i o enat 105° for 10 min,
Volumé¢ of pure oi} app]ied T ul .

N |

~ethylacetate, 95:5 v/v.

1 of MN- K1ese‘lge1 N (Macherey Nagel & Co)

-aymg 12 vanillin in conc. su]furic acid

e

&



- - co, OCOCH3 and COC, 1n decraaSIng\:;eer of pdﬂar1ty Hence, \hthols 3

J - 92}
T
| TABLE 17
& \THIN LAYER CHROMATOGRAPHY DATA OF THE MENTHOL STEREOISOMERS
v‘Cémpound\ - e e o Rf Value
- Chloroform - n-héxane:ethy] Benzene:  Benzene:
" acetate methanol methanol .
il (90:10) “« (75:25) -(95: 5)
~ Menthol 032 " 0.7 0.67 - 0.36
 Isomenthol 0.29 . b4 0.62 0.3
Neoglenthol ~ ~ 0.40° 0.64 073 051
Neoisomenthol ~ ~ 0.36 068 . 0.76 . 0.55
o T . S
oA ( L \ —.d .; ‘ . o /_,,\\ .
slower than neoment\bi but the oppos1te was true w1th the other three / L
so]vent systems A i ! ,;'u.j - \x
v “fa .
{
Y 3 Ihe funct1ona1 groups menthone related const1tuents are: OH !

are the;nost polar 'and meffthofuran. is the least polar. Thé d1ffer-

p _
'ence ‘between 1somentho] and menthol is the posrtIon of the methyl group,

i

whlch is equatoryél in menthol and axial in 1somentho] Nith‘the methy]

-

~ . (j/”’ o I
' Menthbfuran B - _7Mehtholgw/"~“ c_ - Isomenthol = - -

/.

!
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- group in the equatorial pos1t10n there is greater stemc hmdrance with
the OH group.and, hence the po]amty of menthol is slightly reduced
when compared with that of 1somem7ho] However for’n mentho1 and

-neoisomenthol which appear to be less polar. than mentho] and 1somenthol

their po]ar1t1es m1ght be disputed, sincé these compounds might be -

present in conﬁgcrmatwna] equilibrium illustrated for neoisomenthol.*.

| S < % o Ngmsomentho] , _
\(y ,(“ ™ ~ ) L ‘ ,[
g \Q: conformatlon 1 is less po],ar than conformatwn 3 hence the O\Jraﬂ

!
aratwn é\haractemstm for neo1somenth01 w111 depend on the pOS'It'ion

3.

“of equ111br1um, wh1?h shou]d bqun favor ,0f a npre stable conformatwn

) ' Neomenthol o ‘ Nemsomentho] : Menthone ot .
| I%omenthone is more po] ar .than menthone because-its me;,h,y] f‘t p

group is in the axial pos1twon whereas the ¥

0COCH3 -

I"solnenthone_ "™ Menthy) acetate - Neomenthyl acet‘atg
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e .- h . ‘ - . '-._; ‘. . . ?

.methyT group inlmenthone is 1n the equator1a1 p051t10)ir Of the two,
acetates menthyT acetate is more poTan than neoméhthy] acetate because
‘the former has jts OCOCH3 in the equatoraaT pos1t1on whi'le the Tatter
»has its 0C0CH3 1n the axlaT pos1tlon/ : f R | T *: g

o N T : / -
. 6. Sage 011 ' S ER R R _—
. . /6.0 . ‘,. A ' e . , Pl

>

A thin- Tayer chxomatogram of sage oil and some of 1ts assoc1ated i
 pure compounds is 1TTustrated in F1g 8. The chromatograms of sage oil
from Brooks and‘ M1ch1gan each showed 9 spots of wh1ch seven spot‘s ﬁ?rekr

‘ maJor The minor spots were spots~i and 2 Spots 3 and 5 of the Brooks

011';é(g Tess \ntense 1hj;oio:~andssma11er in 51ze reTat1ve to the -
Mlchlgan 011 but ‘the oppos1te Q%s true for spots 4 6 ‘and 9 -Spots 6. ’w;
and . 7 becamé more distinct after charr1ng the pTate or Teadhng the pTate .'

at room temperature for a few days The Rf vaTues and tentat1ve identi-

‘ties of the spots of the th1n~layer chromatbgram of sage il are sh _ !

/

had

in Table 18, . ) , _ ‘ ,
‘ /’The reSuTts of the preparat1ve th1n- er~chromatography of sage

ot} frem the Brooks 1971 crop are glven in Tab]e 9. From the preparative ™
- chromatogram. | the const1tuents present in spot 1 cou]d not be. 1dent1ﬁ1ed
Spot 2 conta1ned borneo] and two minor const1tuents wh1Te spot'3 con— S
ta1ned borneo] and eTeven m1noqdcohst1.uents These two. spots coqu be b
| T, d1fferent1ated by thelr m1nor const1tuents The const1tuents in spot 4 '
were ]lﬂ&]OO] and three other const1tuents, one of wh1ch decomposed at, ;i)ﬁ
about ]50° Spot 6 conta1ned,camphor and eight minor. constituents, one '

of which decomposed at zbout 185° - Spot 7 was comprlgbd of a- and B- R
thuaone and three m1nor const1tuents ”‘Bornyl acetate and three mmorS :_:
lcons;;tuents were found 1n iEOt 8. The constltuents in spot 9 were the :,'f

>
o ~ e, o
e g .
v . .
- - <o

S S S
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' ' * CARYOPHYLLEN]
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“ ~ BORNYL -
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S CiNeo, - ()4 ' -
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Fig. 8. Thin-Layer Chromatogram of Sage 011 and Some of its - . s
. - Associated- Compounds. - S ol

Adsorbent layer: 300 ﬁ‘of‘MN—Kieselgel.N>(Macherey Nagel & Co) -
Solvent system: benzene-ethylacetate, 95:5 vive o
- Spot detection: spraying 1% vanillin in conc. sulfuric acid .
~and heating in oven at 105° for 10 n, S

- Volume of pure oil applied:-]'u].ijuﬁ~ |

&



terpene hydrocarbons: humulene, Iimonene,

rd

9.

myrt;\en'e, a-pinene, g-pinene, -

- a-thujene and camphene, as well as 'p-cymer‘l_e ‘and "thirteen minor

-constituents; ‘- s
| " " TABLE 18 .
R - THIN-LAYER CHROMATOGRAPHY DATA OF SAGE OILS <z
v ’ : . > v . . *
Spot N p o 'r, 7 Rf Value* Teniéti've /(ént.ity’
R 0.07 ’ \5\ < |
R ' , 2@
R S 0.12 . el
e ‘,éé 3 ./ 0as ‘L-borneol
a0 5/76 0.2 Tinalool

b5 0.27 1,8-cineol.

6 0.34 - camphor .
| o ' ~ .
SRR & 0.44 - * thujone

8 0.51 . _  bornyl acetate
9 - f 0.70 terpene hydrocarbons:
- Vimonene shumulene, Camphene,’
R myrcen?j%hellandrene, etcy

*An .average of at least ten separations.

—/‘

g 4’;‘_‘,"’&.

Lt
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TABLE 19° o
” > '

PREPARATIVE THEN' LAYER CHROMATOGRAPHY DATA. OF

SAGE OIL FROM BROOKS - 1971 CROP  ~ ,;, !

Spot Number

g

Constituent . AN

N o0 o oe W N
2

oo

~

Y
K v

borneol and two minor constituents

bo neol, /4nd eleven minor constituents

' v ot
: }ﬁna]oo] and three other const;‘itue;n(t::.\J

1,8- cineo]

camphor and e1ght minor constituents

a- and g-thujone and three minor con-

st1tuents ‘

g borny] acetnte and three minor:constituent

terpene hydrocarbons: hunulene, 1imonene,

myrcene, a-pinene, g-pine camphene and
a-thujene, and p- cymene a:z\t?irteen minor

: constituents :

A
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C.. Infrared “' ‘ ,-\\;
1. Anise Séed 011
Thefinfrafed spectrum of anise seed 0il from the Brooks 1971
crop is'illqstrated in Fig.lg. The spectra 6f(ani$e seed o1l froﬁ Brooks
' 1972 crop and'Michigan are giVen in Appendix B-1. The spectrum of anise
s 0il was dom1nated by the spectra of trans- anethole, the major const\tuent,
and other benzene der1vat1ve constituents. The bands in th1s spectrum
could be assoc1ated with those typxcal of trans- anetho]e cis- anethole,-_
_eugeno] Pp- an1sa1dehyde, 11monene p-cymene, thymo], anlsyl alcoho]
estragole camphor 11naloo] and safrole

A

2. Ca":way Seed;011
| g k

The 1nfraredk§pectrum of caraway seedﬂsfl from Brooks—-]97l crop
s lllustrated in Fig. 10. The spectrum of caraway Q1l.from M\Chlgan
s g1ven'1n Append1x B- 2 The spectpa‘pf two mejor cpmponentsﬂiﬁ =
caraway 011, carvone -and 11monene dom]nﬁ?%d the spectrum of the oil. 1.
 The bands in this spectrum could be assoc1ated w1th those bands typ1ca1/

of 11monene carvone p- cymene 1,8-cineol, g-p1nene, g-pinene, -

B—phellandrene, myrcene, transsanetho]e, camphor; estrago]e, fenchone
and acetates. | | : o
3. bifvoin } | | | o

.The’infrafedjspectrum f Dantsh dill seed'oiT from Brooks-#lgglv"'
crop is illustrated in'Fig 11. The spectra of common d11] see 011

‘from Brooks--]97l cnop and d111 standard and pr1me from M1ch1g are
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g1ven in Append1x B 3. The spectra of two major con§t1tuents 1n din
oil, 1imonene and carvone, dom1nated the spectrum of the oil. The‘

&

' bands'ln this Spectrum cou]d be a°soc1ated with those typica]‘of
Pl
11monene -carvone, p Cymene, 1,8- c1neo], a-pwnene, s—phel]andrene,,

~

trans- anetho]e camphor myrcene, fenchone, y-terp1nene and acetates
4. Fennel Seed 011

The infrared spectrq5 of fennei}seed 0il from Brooks--1971 crop
-~ is shpnn in_Fig.‘lzd The spectra‘of fennel oils from Brooks-;1972 crop
and Frdtzscne ane'given in Appendix B-4. The spectrum of fennel oil was
dom1nated by the spectra of its major const1tuents, trans- anetho]e,
11monene and fenchone The bands in th1s spectrum could be assoc1ated
with those typlcal of trans- anethole, 11monene fenchone camphor,
p- cynene p- an1sa1dehyde, a- p1nene thuJone estrago]e camph ne

'B-p1nene 11na]oo], g- phe]]andrene and fenchy1 alcohol
5. Pepperm1nt 011

“The 1nfrared spectrum of leafipeppermint'oil, stage I; from‘

_ Brooks--1970 crop is shown 1n“F\g The spectra of the leaf "v

peppermlnt oils for stages II I I, IV and v, and the stem pepperm1nt
0115 for stages I, I1T and forom Brooks. and peppermint o11,from»
Mlch1gan ‘are given fh Append1x B-5. ~¥§§.spectra}of two major con- _f

‘st1tuents of peppenn1nt 011 mentho] and menthone, dOmfnated the,
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. : » ) i .
spectrum of the o0il. 'The bands in this_spectrum cou]d§5e ~ciated'

i

‘(‘

“with those typ1ca] of menthol, nenthone pu]egone menthyl acetate cam-
phene, menthofUran 8- -pinene, g- phel]andrene myrcene p-cymene, canphor,

1,8-c1neol, p1per1to] 11monene, 1sopu1ego], and a-pinene.
6. sage JUNS
) The unfrared spectrum of sage oil from Brooks—-]97] crop is
1]]ustrated 1n F]g 14, The spectrum .of sage oil from Michigan is given
in Append1x B-6. The spectrum of sage oi] was dominated‘by the spectra
of its maJor const1tuents camphor thuJone 1 8-c1neo] and caryophy]]ene
4 .

The bands in th1s spectrum could be assoc1ated with those typlcal of

- camphor, thuJone 1,8- c1neo] 11na1001 ]1naly] acetate, a-terp1neo]

borny] acetate camphene, g-pinene, B—caryophyl]ene borneol, y-terp1nene, g

; p cymene, ao- p1nene g-phellandrene and gerany] acetate

D. Gas-L1qu1d Chromatography

1. The Separatlon of Ind1v1dual 0il Const1tuents
a. Genera] 0bservat10ns

The separatlon of . compounds,by a GLC co]unn depends ‘on lnterac—
_'tlons occurrlng between substances in the gas ]1qu1d and stat10nary '
phases These 1nteract1ons are d1rect]y dependent on the nature of these
substances (Haken, 1973). Wehrli and Kovats (1959) suggested that in a
nonpo]ar 11qu1d phase the no]ecu]es are. only affected by d1sperston '
- forces, but in a po]ar ]1qu1d phase there are two add1k10na1 factors,

’namely, forces due- to polar groups and to chemlcal bonds (hydrogen bond
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and complex formatlon) Thus, the .elution sequence of compounds during

| a GLC separatuon depends on the pd]arIty of the ]1qu1d phase The non- .
po]ar Tiquid phases such as didecyl phtha]ate (Zubﬁk and Conner 1960), s

Ap1ezon L and s111cong‘o11 (Klouwen and Heide, 1962) are nonse]ective.

The eTut1on order of essent1a1 oil const1tuents on these nonpo]ar Tiquid :

uv

| phases foTTows the b0111pg p01nts of these components.” However the

eTut1on order on Carbowax 4000 a polar quu1d phase, 1s d1fferent be-

‘ cause Carbowax 4000 shows some se]ect1ve retent1on for unsaturated com- -

pounds with conJugated double bonds (Zubyk and Conner, 1960) The e]u-
t1on sequence of the essent1a1 oil constltuents on nonpolar (Silicone.

D. C ‘550) and po]ar (Carbowax 20M) 11qu1d phases is g1ven in Table 26,“

2 In this study, ethylene gTycoT succ1nate (EGS), a polar liquid phase, .

Cwas used’. It was shown by Lu1sett1 and Yunes (]971) that EGS 1s more'

.

:poTar than Carbowax 20M o "uus-;

The eTut1on sequence of a funct1ona1 group c]ass depends on: the\

'nature of the poﬂar T1qu1d phase In genera] the elution sequence on

‘the EGS coTumn was COC, CO, 0C0CH3 and OH. Bier¥ ét'a1 (1972) reported
(

that with d1ethyTene glycol succ1nate (DEGS), the order of eTution was -

'.COC c¢-c, 0C0CH3, CO and OH, wh1]e the eTut1on sequence on cyanopropyl-
0

"menthyl pheny]—methy] 5111cone (ov- 225) Wwas. COC OCOCH3, C-C, OH and CO
0
In an earT1er report Martin (1961 1963) observed that the elu-

-‘t1on order of the constituents changed w1th the amount of liquid phasef,:

In our study, it was found that" the elut1on sequence differed on the

fresh and on the aged columns. /Thésamount of Tiqu1d phase 1n the aged

coTumn was expected to be less than that of ‘the fresh co]umn because of -

coTumn b]eedlngcw%éhe change in the elution order of the constituents

Q—'\
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| . .f."» . . Lo . ,'“’?',\ 'A' - ) | . | ]08. .
S -y : —~ .. TABLE.20 . . ' : e

. THE ELYTION SEQUENCE OF ESSENTIAL OIL. CONSTITUENTS
-/ ONNONPOLAR AND -POLAR LIQUID, PHASES |

I8

Nonpolar Tquid;Phésé« . o " Polar Liquid Phaée ‘ E _
Silicong D.D. 550* - = ~ Carbowax 20M** S
LS i Y /- LT . : ' . | . ) : ° t - N

Elution Sgquence Boilzhg)beht‘l fE]ution Sequence E éoiiihg Point = . o
| R £ AR ey

(°C)

a-pinene . T 457 thuseme 152 - |
camphene . I58.9 ~ a-pinene "7 "v.'157”_“;  :
~-B-pinene .. qeag camphene " o 158-9
~ Myrcene ° o 167 -~ B-pinene o ]64-§
'Ag-éqrene'(dj SRR I sabinene | : 163-5 ; )
" .limonene - -~ i‘ 7o .t myrcene J52;‘167 “ "
. y-terpinene. - 183 v ;a-terpinene R Vi
~.p-cymene . LLa77-9 - . limonene =~ Y4
linalool ™~ "(f, 198 ' i,&—tinédi 7R
a-terpineo]’ - ""219 o -fBépheI]andrené -
linalyl acetate . 220 - cis-ocimene . o
D-carvone . = - \;230 | o P¥cymeﬂ?fv“ -
e o R ‘terpineglene - '  »
_ menthone -
~ menthofuran i;;.
L o ) ’ isomenthone y -
T - menthyl acetate: _
o - : . néomentholv o fZJZ_.
| .néoisomenthyl-acetate
~ .- menthol : . 216
bu\n.pulégcnév; o 224
pipéfitone o - 233
oo o ' .
Data havébbeén compiledsfy mseparations done by:
*Cartoni and Liberti s L, R . .
**Lawrence g&{g];'(1972);kf. S R o
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happened on]y among “the oxygenated monoterpenes and sesquiterpenes Fors

1nstance B—caryophyl]ene was eluted. before mentho] when peppermint "l

was chromatographed on the. fresh co]umn however, it appeared after

-mentho] when the 011 was chromatographed on the aged column These

changes in separat1on of the constituents on the fresh and the aged
coTunns have been. used to advantage throughout thls study.,h

| The separat1on of. sage oil constltuents on therresh column was .
necessary to separate myrcene from ]1monene and part]y separate a- and

—thuJone However, the overaTT separat1on of sage o1T'constituents v

' was better on the aged coTumn In another examp]e the separation of

peppermlnt 011 constituents on the aged co]umn was needed for the reso-,
Tution'of 1 8-c1neol from peak 13, and menthofuran from peak 29, an

unldentlfled a}coho]. However, the overa]l separation of peppermint

,01] const1tuents was better on the freSh coTumn ‘Thus, two' EGS’COQUmns

‘mation about the qualltatlve and quantJt

-t1a1 oils- we analyzed.’

vof d1fferent condltlons were used in ord:;)to obta1n more accurate iifor-

ve compos1tlon of the ess: -

The essentlal 0il constituents can ‘be c1a551f1ed into

ing to thelr GLC separatlon character1s+1's Group one is

comprlsed of mongterpene hydrocarbons  p- cymene, a benzene related con-
st1tuent and T 8-c1neo] an interna] ether. The second group 1ncludes 1

the oxygenated monoterpenes wh1ch can be . d1vided further into' 1) men- .

<

" thone re]ated constltuents,aand 2) other oxygenated monoterpenes. Group

three is made up of 'sesquiterpene hydrocarbons and group four. is: the ben-'b'

f«zene re]ated constltuents. o e 'v v N

' ‘.b.;,Monoterpene Hydrocarbons,'p—Cymene and T.B-CineoT

R ¥
!
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/Jhe elution Sequence of the constituents“identified in this
group was as follows: a—thUJene (b.p. ]52°), a-pinene (b.p.. ]57°),
camphene (b.p. 158°-199°), B-plnene (b p. ]64° ]66°), a-phellandrene
'_ (b p- ]75°) myrcene (b.p. 167°)‘ 11monene (b.p. 177°), 1 ,8- cineo]
(b.p. 175°), and. p cymene (b P. 177°-179°)." The elution sequence ofli
this group doﬁgrnot str1ct1y fol]ow the boiling p01nts of these con- "
 stituents and- is similar to that of Carbowax ZOM The separation ofr
hthe group is based on the po]arlty of the const1tuents As Wehrli and
Kovats (1959) p01nted out the retentlon time of these. canpounds reflects
”;the sum of the increments contributed mainly by the length of carbon,
vskeleton the degree 6f chain branch1ng, and the nature and number of
_the funct1onal groups. present These 1ncrements are alsp attr1buted to =~
5 ;//;he\gature and posit1on along the carbon ske]eton of the funct1ona1 :

groups and other structurgl'features

‘ a;Thujene' o L “-Pi"e"e .
a-Thujene was eluted ear11er than -p1nene -Thujene has'an'
endocyc11c double bond as in a-plnene The po]ar1ty of the doub]e bond
fhin a-thujene is greatly‘reduced by the ster1th1ndrance 1mparted by its
E _equatorial methyl group. . g-Pinene is more po]ar than a-p1neneﬁbecause
\it has an exocycl1c doub]e bond This is in accordance w1th the. f1nd1ng
.lmade by Zubyk and Conner (1960), and K]ouwen and Heide (1962) that con--

' stituents with an exocyc]ic doub]e bond arg more polar than those with
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an endocyclic double bond. ~ In addition, the polarity of the double bond

T

‘ _in a-pInene is reduced by stgr1c hindrance from the gem-dimethyl ‘ oup

and the cyc]obutane ring (Luisetti and Yunes, 1971) as we]] as from|the

methy] group. Thus a-plnene emerged earlle(\:han B-p1nene in the: GLC

<°? separation. Camphene, llke g-pinepe, has an xocyc11C"oub1e bond, but"

/ : . . .0

3 - ) ‘ o

i

Camphene ' . 8-Pinene

B BT ‘;/.

its poTarity is less than that of<§—pinene because its double bond tl
hindered by the adJacent gem-dlmethyl group Zubyk and Conner (1960)
have found that b1cyc11c monoterpene hydrocarbons with the second ring
formed at the 1, 4 pos1t1ons of the 51x membered ring, as in camphene.

- are retained for a 1onger perlod than those with the‘r}ng formed at the

~‘2,4 pos1taons, as in plnene. However, in-o;3>stud¥ we found_thagh

B#bihehe_eme;gedvafter camphene. R

d F $

-Phe]]andrene is less” po]ar than limonene because 1ts two dou-

b]e bonds are endocyc]1c, whereas in 11monene, one of the: doub]e bonds

&

"1s endocyc]1c and the other is exocycljc.. Consgquent]y, in our separa-1'

’ tions, a-phellandrene was eluted before .1imonene. Myrcene is an

o a11phat1c monoterpene hydrdfarbon hav1ng three double\bonds. It was

. el uted after a-phellandrene but before limonene Thisiis 1n agreement B

7

&

L

P
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a- Phe]]andrene R ' Limonene . Myrcene '

w1th the f1nd1ngs of Lu1sett1 and Yo es (1971) who establlshed that the

po]arlty is greater for a ring. than for a doub]e bond. ] ,8-Cineol is anv

- internal ether ‘whose’ po]arlty is great]y reduced because of sterlc ‘hin-

‘Adrance caused by the rlng and methy! groups The  polarity of 1 8»c1neo]

is comparab]e to ‘that of the monoterpene hydrocarbons (Breck]er and

Betts, 1970) Thus, ],8-c1neo] was eluted after ]1monene. ~p-Cymene is

‘more polar than limonene because it has a benzene ring.

1,8-Cineol "~ p-Cymene

c. 6xygenatediMonoterpeneS' - ~
A, Menthone Related Cbnstituents | | ﬁ
T
The separatlon of menthone and mentho] stereo;somers was best

in the fresh]y prepared EGS column. On the aged EGS co]umn neomenthol
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and neoisomentho] were eluted together as.one peak. , The resu1ts were
in accordance w1th the finding that the separat1on of ‘isomers could be
better achieved on the more po]ar ]1qu1d phases (Cartoni and L1bert1
1960; B1er] et al., 1972). Gl]]en and Scan]on (1972) found that the
' 11m1t1ng factor for the separatlon of menthone and menthol stere01sumers
is the reso]ut1on of neoisomenthol either f*om neomenthol ‘or menthol.
The reso]ut1on of ne01somenth01 depends on the ]1qu1d phase se]ectivity,'
on 2- hydroxypropy] octaKis sucrose (Hyprose SP- 80) neomentho] was poorly
‘}reso1ved from neomenthginand on Carbowaxes it tended to e]ute with |
mentho] The e]ut1on order of menthone re]ated constituents. on the EGS
co]umn was found by us to be: menthofuran (b p 196°), menthone (b.p.
204°), 1somenth£ge (b p. 208°), neomenthol (b.p. 2]2°), neo1somenthol

V(b p. 214.6°), ménthyl acetate (b. p. 227°), menthol (b.p. 216°), iso-

| - mentho] (b.p. 2]8°),vpu1egone (b.p. 2249), and piperitone (b.p. 233?;

This elution Sequence is different from that on Carbowax 20M and sucrose
'dlacetate hexa1sobutyrate (SAIB) In the case of SAIB menthy1 acetate
‘comes out after’ me\thol (Smith and Lev1, 1961). The sequence -of elu{;on
v.of menthone related constltuents on a Carbowax 20M column, as in Table

20, was: menthone menthofuran, 1somenth0ne, menthy] acetate neomenthol

4ne01somenthy] acetate mentho] pulegone and piperltone.

| Among thetmenthone re]ated constltuents menthofuran is the I%gst
vpo]ar It has a furan rlng structure wrth an interna] ether and two dou-
Abte bonds. Menthofuran is more p‘gar than 1 8-c1neol (a]so an 1nternal |
'ether) because in add1t1on to a COC group lt has two double bonds: and,

' furthermore the polarity of the COC group is not greatly hindered by the

r1ng structure as it is in1 8-c1neo] The next two constituents which

Y
:

C»



.{

*e-equatorial; a-axial:

/

v na.
o
. . . Faldie
. | ek o
" , 0 - Y _ .
/CM WA AR
"~ Menthofuran - Menthone. s Isomenthone

appeared afterrmenthofuran were menthone and isomenthone. Isomenthone
is mdre,poTar'than'menthoné'due to the méthy]‘grOUp béing in the a&ial'
position in isomenthone and in the equatorial position in menthone (see

a]éo.Iab]éxél). The methy]l group'in'the equdtoria]vposition1imparts

TABLE 21
CONFIGURATION OF MENTHONE AND MENTHOL STEREOISOMERS

Compound' . .' - S V'CdnfiQUfatidﬁ*
. ~ - _ , _ |

| Me iPr | " OH
Menthone: I * gi' | e ‘-'-;‘v
Isdmenthone  »f,  :' oa . o e o i‘.~,v S
Menthol . - : e . -’% e b }'; e
Néomentho]“‘ : ; e . /. e o a
‘Neoisomentho] | ;.: - ' an R : ..' e>  - : o 'ai;
somenthol -~ .2 er S e
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a greatertsteric hindrance on the polarity of the CO group than that
attached in the axial position Neomenthol and neoisomenthol are more
polar than menthone and 1somenthone due to the presence of an OH group.«'

Thus, neomentho] and neo1somentho] came out after‘vsonenthone Of the -

s
<

R o ' >

Neomenthol ' Neoisomenthol

two alcoho] eonitituents, neoisomentholes.more-pofar than neomentho]
‘due to the methyl group being'in the axial position‘in-neoisomenthol'
‘and in the equatorla] pos1tlon in neomentho] ConSequentlyg/the;cis‘
1somer, neomentho] -was retained by»the,column for a shorter period“'
~ of time than trans isoner neoisomenthol However, as it 1s stated

,ear]1er due to conformatlon equ1]1br1a the po]ar1t1es of these alco- -

"hols m1ght be d1$puted | " | H
Mentho] and 1somentho] are more polar than neomenthol and neo-
‘ lsomentho] because of the p051t1on of their OH group The 1sopropy1

-group, wh1ch is in equatorlal pOS]thﬂ 1n all menthol stereo1somers.;

[t“1mparts a greater ster1c hlndrance to the po]ar1ty of an ax1a] OH group,

as in neomenthol and neo1sonenthol than to an equator1al OH group. as
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OH

on

ﬁ ‘ 'ISdmenthOI - - . 'bMenthO]

in menthol and isomehtho]. Of the two constltuents, mentho] is less
po]ar than 1somentho] because it has an equator1a] methyl group.

Menthy] acetate was eluted before menthol. This was due to the polarity

0COCH3

| Menthy1 atetafe L S .,

of menthyl acetate being less than that‘of mentho]'because of the ester-
ified QH group.b The‘1ast:two constituents, ‘whieh emergedfaftefuisomén-
theT Qere pu]edene and pipefitone These two constltuents are more
polar than menthone and menthol stereo1somers because of their CO group
-and double bond. The double bond is endocyc11c in p1per1tone and exo-

cycllc in pufegone However, p1per1tone is more po]ar.than pu]egone

0

“Pulegone | “fa% ~ Piperitone -

& c . O'f})}'\b
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because the'po]arityiof thefdouble bond in pulegone s hindered by
methyl groups. - : : . g

1. Other_OxygenatedbMonoterpenes

The overall separation of these oxygenated monoterpenex was best
ach1eved using the aged EGS column However, the use of the fresh EGS
‘co]umn was necessary to separate 1somers such as a- and B- thUJone This
is in agreement w1th the f1nd1ng that the separatton of 1somers 13 best
.on the more po]ar 1iquid phases (Carton1 and L1bert1, 1960; Bierl et a]
]972) The separat1on on the fresh column  showed that camphor and 11na- ;

1001 were e]uted as one peak. The elution sequence of these: oxxgenated

‘monoterpenes on the aged co]umn was fenchone (b. p 193 ), a~thu30ne

(b p 201°), g-thujone, camphor (b. p. 208°) 11na]ool (b.p. ]98°) borny1
acetate (b.p. 208°), d1hydrocarvy1 acetate (b. LB 272 ) borneol (b p

.Atg

208°); a-terpineol (b-p. 219°) and carvone'(b. 2 230°). ‘This e‘“t‘i""f‘%‘?» '

seQUence is slightly d1fferent from that on a Carbowax ZQM co]umn bThe5{7L§a*

’e]ut1on order of these oxygenated monoterpenes on Carbowax 20M was ll'd'f;kf

-fenchone and a-thUJOne as one peak B-thujone, 11na1001 and camphor as :

3 L

one peak, linalyl acetate, borny] acetate, borneo] and a-terp1neo]£;d'§$f”’
oL / ) . . S 'P,"' .:".

v(Lawrence et al. 1971) D _1 g ;__ ‘ ‘,I,_,"gc?

tion, the number of r1ngs and other atoms or groups that can cause g{f“

B '!’*~"

ster1c h1ndrance to the peTarﬂzed zones. The retent1on of the 1nd1vidual
components in the column is also determ1ned by their molecular weight

The steric h1ndrance caused by the adJacent gem-d1methyl group on the
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mers. Consequent]y, fenchone was eluted earller than-us and B—thUJone.'afﬁ?:

Of the two stereoisomers, B-thujone is more polar than a-thujone because

Fenchone .

¢
<

6f.the position of the methy] grodp which is axial in 8- thujdne and
'edUatorial in d—thujone' The methy] group in the equator1a1 p051tion is
‘ c]oser to the co group than the methy] group in the ax1a1 p051tion.

Hence the steric hindrance 1mparted by the methy] group in the equator-
ia1 p051t10n on the polarlty of the CO group is greater than that causedv.

by the methy] group in the ax1a] p051tion.
_ 4 :

/“‘(’L \

sAThujohe‘ -
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The component wh1ch emerged after g-thujone was camphor. The

po]arlty of the CO group is much less hindered by the gem-dlmethyl group
in camphor than by the methy] group 1n thuaone. ThIS is because the
methyl group in the thujone stere01somers IS closer to the CO group. -
L1naloo] a tertlary alcohol, was e]uted»after camphor The polarity
of the OH group ln linalool is great]y hlndered by the methyl and vinyl
groups. However, the po]ar1ty of llnaloo is still greater than camphor

because.of the two doub]e bonds. Bornyl acetate appeared after lina]ool.

‘ Camphor - Linalcol o Bornyl acetate

Borny1 acetate had a higher retentlon time than llnalool due to the

po]arlty of the 0C0CH3 group and ;ts mo]ecu]ar we1ght (llna]ool 155

.'_ "bornyl acetate, 196). The polarity of the ax1a] 0C0CH3 group is not

hindered great]y by the adJacent methyl and gem—d1methyl groups. The o
‘.f component that appeared after bornyl acetate was dihydrocarvyl acetate..,"
‘A longer retentlon of dlhydrocarvyl acetate than bornyl acetate is

: _exp1a1ned by the polar1ty of the 0C0CH3 group, and the presence of a |
double bond.

: ) . B
o

B A

2
o



’ In all GLC runs borneol was reta1ned Ionger than d1hydrocarvy1

’acetate This is exp]alned by the po]arIty of the borneo] ‘OH group,

which is less hlndered by .the methy] and gem-dimethyl groups. u-Terpineol,

Dihydrocarvyl acetate Borneol

v;g,‘gra tertiary- a]cohol -was eluted after borneol, Besides.the‘OH group,
f'a terplneo] has an endocyc]1c doub]e bond. A]though both a-terp1neol
. and 11naloo] are tert1ary a]coho]s the former is more polar than the

B )

" latter because lt has a cyc]ohexane ring. As Lulsett1 and Yunes (197])

vl

estabIIShed the po]arlty is greater for rlngs than for doub]e bonds
because the r1ngs involve the who]e molecu]e while the double bonds «
1%201ve on1y~a part of ‘the mo]ecu]e Though the po]arlty of ‘the OH
group 15 great]y hlndered by the two methyl grogps:{the retent1on of

_ -terpIneo] is still ]onger than that of borneol because of 1ts doub]e
bond. F1na]]y, carvone was e]uted after u—terp1neol The polarlty of
'carvone is attr1buted to the CO group and to-the ‘two double bonds.
Further, the endocycllc double bond is conJugatede1th the CO group
However, “the polarity of the endocycllc double - bond and the CO group is’

'slightly hindered by the adJacent methyl group.



. were 8-caryophy11ene (b.p. 256°) and humh]ene (u -caryophyllene). These

sesqu1terpene hydrocarbons were eluted in: the same region as the . .

- three doub]e bonds wh11e 8- caryophy]]ene has on]y two. The exocyc]ic'

R I

-Terphne91 o f . Carvone

d. 'Sesquiterpene‘Hydrocarhons

The two sesqu1terpene hydrocarbons 1dent1f1ed in this study

)

and humu]ene after borneo] -The h1gh retent1on tlmes of the sesqui-

vterpene hydrocarbons were mfﬁn’y due to their hlgh mo]ecu] weight,

which is 204 for both sesqu1terpenes ‘and-also to their doub ,bonds.

Durlng GLL separatlons B~ caryophyT]ene had a 1ower retention ‘ime_than

'humu]ene Humy1ene is more polar than s-caryophy]]ene because it has

{-Humdlene ‘ -
(G'Caryophyllene)v

r

z.oxygenated monoterpenes g B Caryophy]]ene appeared after borny] acetate

.-

e

e
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doub]e bond of g- caryophy]]ene is sh1e]ded by the cyc\bbutane methylene
group while the non-methy]ated double bond in humulene is shielded by

/7
(. .

AN e, Benzepe Re}fted Components
TN o

\\

,the gem-dtmethy]kgrqup (Lu15ett1 and Yunes, ]97]) L

’,’/." The separatlon of the benzene re]ated constltuents in essentia1

oils was achleved equa]]y we]] on both fresh and aged co]umns In
'general thls group of compounds is: more po]ar than the oxygenated mono—.
vterpenes due to 1ts ba51c structure of_a benzene r1ng and to the presence
‘of a methoxy group However, out of these const1tuents, estragole cis-
banethole and trans—anetho]e were e]uted among~the oxygenated monoterpenes;

H]th the EGS column, the e]ut1on sequence of\:h:>benzene derlvatlve con-
‘st1tuents was estrago]e (b. P- 216°L -cis-anethole, trans- anetho]e (b. p
.'236°),: an1sic .acid (b.p. 275 280°) p- an1sa1dehyde (b. . 248°);’anisy1
. a]cohol (b. p 259°), eugeno] (b.p. fs253°) and anisyl acetone

| _ o In add1t1on to the ba51c structure, estrago]e, cis- anetho]e and
:trans—anethole eack~have a doub]e bond HoWever estragole was found
~to be less polar than the anetho]e isomers because it has an 1so]ated
‘{éé doub]e bond whereas the anetho]e 1somers have thelr doub]e bond conJuga-

| ted w1th the benzene rlng. Of the two . anetho]e Isomers, c15 anethole

had a lower retention t1me than trans-anetho]e_because the methy group,

% - A : SR _c=c\’ﬁH3 '#L\

CHa-CH=CHz oy

o 1-0Cﬂ3
Estragole

cis-Anetho]e_“ trans-Anethole
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~in the .cis-position in anethole imparts a greater steric hindrance to:

the polarity of the benzene ring: than the same grOup in the trans-
.p051tlon. p-Anlsaldehyde was eluted earlier than anisyl alcohe because""
" the former has, bESIdES the bas1c structure, a CHO group whereas the

latter has an OH group On the other hand, eugeno] was retained for a

longer per1od of t1me than anlsyl alcohol, because, in addit1on to the 2

.Cﬂzoﬂ .

06"3_

OCH3  ocHy 0 CHp-ci= cuz
vb-An1531¢€h¥dé  Anisyl alcohol Eugeno]

. ba51c structure, it has an OH and a doub]e bond Anisyl'acetone uas _

“reta1ned for the ]ongest perlod of tlme among th1s group of compounds.f\"

CoH CHz-CHz—.CO-CH3

T

- P-Anisic acid Anisyl acetone

/15
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. Besides the bas1c structure, anisyl acetone hasfa CO group which s
less polar' than an OH group However, the factor whlch further contri-

vbutes to its retent1on in the column is its mo]ecular weight (anisy]

;‘htacetone, 178;¢eugenol 164). Finally, p-anisic acid appeared between

'trans-anetho]e and p-anisaldehyde, even though, besides the . basic structure. '
1t contains a COGH group.' which is known to be more po]ar thah the,
~ CHO and OH groups. This fact 1nd1cates that the EGS co]umn is less

__se]ect1ve to the COOH group
: 2; Ind1vidua] Essential Oiis
. a. An1se Seed Oil

The GLC of anise seed 01] from Brooks--1971 “crop, F1g 15, shows :
" the separatlon of the components ‘on ‘the aged column. The peaks 1dent1- _
'f1ed in the chromatogram of ‘this 011 were-iu-p1nene (1), a-pheliandrene
(a), myrcene (5) Timonene (6), fenchone (1a), cé;phor 18), ]1naloo]
f(ZO), -caryophy]]ene (28), estrago]e (29), d1hydrocarvy1 acetate (33)
";cis-anethole (34), carvone (35), trans—anethole (38), p-an151c acid (44),
“anisyl alcohol (46), eugeno] (51) and anisyl acetone (64, The major
‘peak was 38 (trans-anetho]e) and the med ium peaks were 6 (11monene), 29
v(estrago‘e) and peaks 32 37 and 63. Myrcene (5) and Timonene  (6) were
not resolved nor g- caryophy]lene (28) and estrago]e (29) ‘Peak 7 was
slightly separated from 11monene (6). Peaks 32, 33 (d1hydrocarvy] ace-
- tate), 34 (cis—anethole) 35 (carvone) 36, 37 and 38 (trans-anetho]e) |
were bunched c]osely together. The separatlon of the const1tuents of :
anise oi] from Mlchigan on the aged colum 1is i]lustrated 1n Fig. 16.
In thls 0il ‘the med1um peaks were peak numbers 6 (11monene) and 44 (p-. .
anisic acid) Peaks 63 and 64 were not found in Mich1gan oil. ﬂThe_
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peaks separated on‘the aged co]umn were sharper in shape than those.
separated on the fresh column. ‘ ‘ »

The chromatogram of anlse oil from Brooks-—197l crop (p1g. 17)
shows the separat10n of the const1tuents on: the fresh co]umn The se-
quence of elution of the components was ‘different from that of the aged‘
co]umn Myrcene (5) was separated from 1imonene (6), and g- caryophyl]ene
(28) from estrago]e (29) However, estrago]e (29) and dlhydrocarvyl
'acetate (33) were e]uted as one peak and were not well separated. from
peak 37. Peak 7 ‘was eluted together with' peak 6 (]imonene) Cis-
'.anetho]e (34), carvone (35), peak 36 and trans-anetho]e (38) were wéll
'separated on this co]umn It took a longer time to run the complete

chromatogran on the fresh column than on the aged column.

~

- b, Caraway SeediOi]

| The 6LC separat1on of caraway seed 011 from Brooks--197] cr0p
'on the aged column is given in Fig. 18 and the separat1on on the fresh
.column in Fig. 19. The peaks 1dent1f1ed in- the chromatograms of caraway,
oils were: a-pinene (2), g-pinene (5), a- phe]landrene (9), myrcene (10),
11monene (11), a~thuJone (23), B- thuaone (24), camphor (26)1 linalool
‘ (28), B- caryophyllene (36), carvone (42) and trans-anetho]e (44) There
were two maJor peaks, peak numbers n (limonene) and 42 (carvone) and
.one medium peak 10 (mwrcene) Peak 10 (myrcene)»uas separated from
peak 11 (]1monene) on’the fresh column Peak 43 was partia]ly separated
from peak 42 (carvone) on the aged co]umn. Peak 9 (a—phel]andrene) was
wel] reso]ved from peak n (llmonene) on the aged column. B-Caryophyliene B

‘ (36) was well separated from peak 37 on the fresh column.

«
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i

Fig. 18. Gas-Liquid Chromatogram of Caraway Seed 0i1 on the
- “Fresh Colum (Brooks--1971 Crop). ‘

Gas Chromatograph: Bendix M 2500 with flame ionization
detectors. ' . : ‘ —
Column: U-shaped glass 6'x1/8"1.D. packed with 15% EGS on
Chromosorb P, AW, 100/120 mesh. = B
Temperature: . Programmed 50-195°C at 4°C/min. ‘
‘Carrier Gas: N2 60 .ml/min; Chart Speed: 60 cn/hr;
Sample Volume Injected: 1 ul. ' -

Peaks identified: (2)a-pinene, (5)8-pinene, (9)a-phellandrene, : .
(10) myrcene, (11) limonene, (23)a-thujone, (24)8-thujone, o
(26) camphor, (28) linalool,. (36)8-caryophyliene, (42) carvone,
(44) trans-anethole. L -
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C. 'Diil 011

_The chromatogram of Danish di]]_seed 0il from Brboks—-]Q?i;crop
(Fig. 20) shows the separation of the Constituents on the fresh column.
The chromatogram of the constituents of dill prime oil from Michigan on
the aged éaTnmn is 1]1ustrated in Fig. 21 The peaks 1dentified in the
A chromadggrams of dil 01]s were: a-pinene (1), camphene (2), 8- pinene
(3), a-phellandrene (6), myrcene (7), limonene (8), p-cymene (]2). v
garvone (31) and trans-anetho]e (35) The chromatograms of Danish and
common di]] seed 0115 from Brooks, showed three maJor peaks, 6 (a- - éﬁ?ﬁ
-phe]]andrene) 8 (11monene), and 31 (carvone), whi]e that of dill prime

and standard from Michigan revea]ed five maJor peaks: 6 (u phe]]andrene),

8 (limonene) 9, 20 and 3 (carvone) The med1ium peaks shown on the

- GLC of Danish and common dill seed 0il were: 10 (1,8- c1neo]) 20 and 27

while the medium peaks revealed on GLC of?dil] prime and standard oil
nere"l (aépinene) 12 (p-cymene)' and 27. As usua] myrcene'(7) was:

separated from limonene (8) on the fresh colum.
d. Fennel Seed Qil,

The GLC separation on the fresh co]umn of the constituents of
. fennel seed 011 from Brooks--]971 crop, is given in Fig. 22. The fresh
column GLC separation of the constituents of commerc1al fennel seed oil

/

from Fritzsche is 11]ustrated in Fig, 23. The peaks identified in the

chromatogra @f this 0il were: a-pinene (4), camphene (7), B pinene (8).
a-phella rene (11), myrcene (12), limonene (13), 1 8 cineo] (1a), p-

cymene (18),. fenchone (27), a-thUJone (29), camphor (31), borneol (1),
Ul
~ estragole (42), cis-anethole (45), carvone (46), trans- anetho]e (49).

»p anisic-acid (58) anisyl a]coho] (59) and eugeno] (62)

)
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Gas-Liquid Chromatogram of Danish Dill Seed 0il on the
Fresh Column (Brooks--1971 Crop). :

Gas Chromatograph: Bendix M»2500 equipped with flame
ionization detectors. = _ : S
Column: U-shaped glass 6'x1/8"1.D. packed with 15% EGS on

- 'Chromosorb P, AW, 100/120 mesh,

Temperature: Programmed 50-195°C at‘4°C/min;
Carrier Gas: N2 60 ml/min; Ghart Speed: 60 cm/hr;
Sample Volume Injected: 1 1. . .

Peaks identifféa: (1)a-pinene, (2) camphene, (3)g-pinene,

(6)a-phellandrefe, (7) myrcene, (8) limonene, (9) 1,8-cineol, .

{12) p‘cymene,_(3]) carvone, (35) trans-anethole.
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7

Y L o
Fig. 22. Gas-Liquid Chromatogram of Fennel Seed 0il on the -
- Fresh Column (Brooks--1971 Crop). = - _ .
Gas Chromatograph: Bendix M 2500 equipped with flame
ionization detectors. _ e S
Column: U-shaped glass 6'x1/8"I.D. packed with 15% EGS on
Chromosorb P, AW, 100/120 mesh. IR ' .
. Temperature: Programmed'50-195°c at 4°C/min. , . -
-~ Carrier Gas: N2 60 ml/min; Chart Speed: - 60 cm/hr;
‘Sample Volume Injected: 1 ,1. ' -

- Peaks identified: (4)qa- inene, (7) camphene, (8)g-pinene,
(11)a-phellandrene,. (12 myrcene, (13) limonene, (14) 1,8-
cineol, (18) p-cymene, (27) fenchone, (29)a-thujone, (31}
camphor, (41) borneol, (42) -estragole, (45) cis-anethole,
(46) carvone, (49)4trans-anethole,-(58) p-anisic acid, .
(59) anisyl alcohol, (62) eugenol. ' L E
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. cond1t10ns were temperature programmed from 60° to 150° at 1° An1n and

136.

chrunatograms of fennel seed oil from Brooks--197] and 1972 crops showed
_three major peaks, llmonene (13) fenchone (27) and transjgnetho]e (49)
while that of fennel oil from Frltzsche reveaJed two major peaks, limo-
nene (13) and trans- anethole (49) The med1umﬂpeaks shown on the GLC of
_fenne] seed oil from Brooks--]97] and-]972 Crops were: u-pinene (4), g
myrcene (12), 17, camphor (3]) and estrago]e (42) whlle the medium peaks
-identified in the chromatogram of fennel seed oil from Fritzsche were:
vfenchone (27), camphor (31), borneol (41), estragole (42) and p-anisic

acid (58). The separatlon of myrcene (12) and Tdinonene (]3) in fennel.

seed oil was achleved on the fresh column but not on the aged column.

e.. Peppermint 0il ’ \ o '
‘ : \ v 3
The GLC separatlon of peppennlnt oil from Michigan, Flg 24, shows

: the separat1on of the constltuents on the fresh column. _The separation

N2 flow rate, 30 m]/m1n. The GLC separatlon ofthe constltuents of
peppermint 011 from. Brooks--]970 crop under changed §eparat1on cond1t1ons
on the fresh column is lllustrated in Fig. 25, and on the aged co]umn in:
.F1g 26. The separat1on cond1:}6ns of these two chromatograms were: S
'temperature programmed from 50% to 195° at. 4°/m1n and N2 f]ow rate 60 m1/
vmin; The peaks 1dent1fied in the peppenh1nt 011 chromatograms were: %
a-plnene (1) camphene (2), B—p1nene (4), a- phe]]andrene (8), myrtene (9),
- limonene (]0) 1,8-c ineol . (12), p- cymene (]6) '3- octano] (24), mentho-,,

| ifuran (28), menthone (31), lsomenthone (34), ]1nalool (36),_neomentho]
'(37), —caryophyllene (38), menthyl acetate (39), neoisamenthol (40),
menthol (42), isomentho] (43), pu]egone (4/, and pmper1tone (54) The -

- GLC separation of the constltuents of peppennint 0115 from Brooks.



Gas—quuId Chromatogram of PeppermInt 0il on the
Fresh Column (Michigan).

© Gas Chromatograph Bendix M 2500 equlpped w1th flame

ionization detectors.

Temﬁerature, Programmed 60-150°C at 1°C/min.'
Carrier Gas: N2 30 ml/min; Chart Speed: - 20 cm/hr;
Sample Volume Injected: 1 ul.

Peaks identified: (l)u-plnene, (2) camphene, (4)8 inene,

- (8)a-phellandrene, (9) myrcene, (10) limonene, (12) 1,8-
~ cineol, (16) p-cymene, (24) 3-octanol, (28) menthofuran,

(31) menthone, (34) isomenthone, (36) linalool, (37) neo-
menthol, (38)g-caryophyllene, (39) menthyl acetate, (40)

_ 'neolsomenthol, (42) menthol, (43) isomenthol, (47) pulegone;
~ (54) plperltone. : ‘ ‘

;‘Column U-shaped glass 6'x1/8"I.D. packed with 15% EGS on, '
- Chromosorb P, AW, 100/120 mesh.
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Fig . 25,

vGas-Liquid Chromatogram of Peppermint 0il on the‘FreSh
Column (Brooks--1970 Crop). _
Temperature: Programmed 50-195°C at 4°C/min.
Carrier 'Gas: N2 60 ml/min; Chart Speed: 60 cm/hr;
Sample Volume Injected: 1wl - ‘ o

Peaks identified: (1)a-pinene, (2) camphene,'(d)s- inene,
(8)a-phellandrene, (9) myrcene, (10) limonene, (12) 1,8-

- ".cineol, (16) p-cymene, (24) 3-octangl, (28) menthofuran,
- -(31) menthone, (34) isomenthone, (36) linalool, (37) neo-

‘menthol, (38)g-caryophyllene, (39

) menthyl acetate," (40)

- neoisomenthol, (42) menthol, (43) isomenthol, (47) pulegone,

(54) piperitone.

£
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R - S .
-Gas-Liquid Chromatogram of Peppermint 0il on the
Aged Column: (Brogks--1970 Cropg. o
Temperature:_-Progrannmd-50-195°c at 4°C/min,
Carrier Gas: Ny 60 ml/min; Chart Speed: . 60 cm/hr;
Sample Volume Injected: Twle o o o
" .. Peaks identified: (l)q~pinehe;,(2),tamphEne; (4)s-pinene,
. ~ " (8)a-phellandrene, (9) myrcene, (10) limonene, (12) 1,8-

‘ - cineol, (16) p-cymene, (24) 3-octanol, (28) menthofuran,
(31) menthone, (34) isomenthone, (36) linalool, (37) neo-
menthol, .(38)g-caryophyllene, (39) menthyl acetate, (40). *
neoisomenthol, (42{Tmenthb];‘(43)‘iSOmenthol, (47) pulegone,

~ (54) piperitone. R o T
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Beaver]odge and Michigan showed two maJor peaks, menthone (3]) -and
menthol (42). Seven- medlum peaks found on GLC of the Brooks and
Michigan 0ils were: 1limonene (10) l ,8-cineol’ (12), menthofuran (28).

" isomenthone (34), neomentho] (37) B-caryophyl]ene (38) and menthyl e
acetate (39). Menthofuran was not a med1um peak in. Beaver]odge o1]s. .
| The chromatogram of peppennlnt 01] const1tuents under cond1t10ns .
given in Flg 24 showed that myrcene (9) was reso]ved from llmonene
(10) ‘Peak 12 (1 8-c1neo]) was e]uted together with peak ]3 peak 28
(menthofuran) with 29 (an a- coho]), peak 39 (menthy] acetate) w1th 40
(ne01somentho]). and peak 47 (“u]egone) with 48, The GLCoseparation -
’, of peppermlnt oil constituents as presented in. F1g 25 'Was sllghtly _
different from that of Fig. 24. In th1s separat1on peaks 28 (mentho-
furan) and 31 (menthone) were not we]] resolved peak 38 (B-caryophyllene)
was eluted after menthy] acetate and ne01somenthol and, in add1tlon, the o
peaks were not reso]ved Peak 47 (pu]egone) was well separated from ‘o
‘peak 48 The chromatogram of pepperm1nt oil oh the aged column (see
F o. 26) showed that peak 12 (1 8-c1neo]) was part]y reso]ved from peak
13. In add1t1on menthofuran (28) was separ:ted from peak 29 (an alco- ﬁf;l
ho]), neomentho] (37) and ne01somenthol (40) were e]uted together as »
one peak; peak 38 e ‘aryophyl]ene) came out after. peak a2 (menthol) and
both peaks were not reso]ved pu]egone (47) appeared after e-caryophyllene

(38) and peak 48 was e]uted together w1th p1per1tone (54) &
f. Sagéon o R
A fresh column GLC separat1on of the const1tuents of sage oil

4from Ka]amazoo, Michigan, is glven in. F1g, 27, and that of sage 011 from -

g

: Brooks--197l crop in Fig. 28. The chronatogram on the aged co]umn of
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“<

‘Gas-Liquid Chromatogram.of Sage 0il on the

Fresh.Column (Michigan). o |
Gas Chromatograph: Bendix M 2500 equipped with flame

jonization detectors.

. Column: U-shaped glass :6'x1/8"1.D. packed with 15% EGS on
. Chromosorb P, AW, 100/120 mesh. o S
.~ Temperature: Programmed 50-195°C at 4°C/min.
- CarrierGas: Nz 60 ml/min; Chart Speed: 60 cm/hr;

'Samplg;Séze_Injected:’ q ul..

~ Peaks identified: (1)a-thujene, (3)a-pinene, (5) camphene,.

~ {a-caryophyllene).

“(6)g-pinene, (8)a-phellandrene, (10) myrcene, (11) limonene,

(13) 1,8-cineol, (17) p-cymene, (19) .fenchone, (21)a-thujone,
(22)8-thujone, (23) camphor, (25) linalool, (27) bornyl

vy 5 A .

‘.agetate, (28)B-Caryophy]lene? (29)‘borneo],‘(33) humulene
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sage 01] from Brooks--1972 crop is given in F1g 29. The peaks identié

fied in the sage oil chromatograms were: -—thugehe (1), a~p1nene (3),
'camphene (5) g-pinene (6), a—phe]]andrene (8), myrcene. (10), limonene'
(11), 1,8-cineol (]3),_ p-cymene (]7) fenchone (19), a-thujone (21),
g-thujone (22}, camphor (23) llna]ool (25), borny] acetate (27),
g-caryophyllene (28) borneo] (29) and humu e (a-caryophy]]ene) (33) |
The GLC separat1on of - the constltuents of sage 01}\£rdﬁ/g;ook§&-l97l .
crop showed five major peaks: 21 Gu—thUJone) 22 (g- thUJone)(\23 “(cam-
phor) 28 (B—caryophyllene) and 33 (humu]ene) while for the 1972 crop.
there were only four maJor peaks 21 (a—thuJone) 23 (camphor) 29
(s—caryophyllene) and 33 (humulene). ‘The GLC separat1on of the con-
stituents of sage oil frqm Michigan revealed four maJor peaks 5 (cam-

.;»; SRde e oy T

phene) %g‘(l 8-c1neelﬂ 2 (u-thUané),ahd 23 anwphor)f ‘The medium |
E peaks for the chromatogram'nf sage»o1l from Brooks-«]97f iiﬂ% were.
3 (a-pinene), 5 (camphene) 6 (e—p1nene) 10 (myrcene)A )IE?Jimonene),
h‘13 a »8-cineol), 27 (bornyl acetate) and 29 (borneo]) wh1]e for the
1972 crop the ‘medium peaks were: 3 (a-p1nene), 5 (camphene) 6 (B pinene).,
n (myrcene) 10 (Timonene), 13 (1,8- clneo]) 22 (B-thuJone),“ZJ (bornyl
acetate) 29 (borneol) and 54 The 6LC separation. of thevcdﬁsﬁbtuents
of sage oil from M1chlgan gave seven medium peaks? 3 (a-pInene). 1
. (11monene) 22 (B—thuJone) 27 (bo?nyl acetate), 28 (s-canyophyllene). :h
: .29 (borneol) and 33 (humulene). | o

| The chromatogram of sage oil on the fresh column (see Fig 27)
shoued that peak 10 (myrcene) was separated from peak n (limonene)
However, peaks 21 (a-thuJone) and 22 (B-thuJone) were not reso]ved nor -
1uere 23 (camphor) and 25 (llnaloo]) 27 (bornyl acetate) and 28 (8-_

caryophy]]ene) or 29 (borneol) and 33 (humulene) The GLC separation

PO
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of sage oil on the, fres} column’ (see F1g 28) revealed that peak LI
(a-thujene) was separated from peak 2 and peak 3 (a-pinene) from peak
4. Peak 9 was partly separated from peak 10, ‘as was. peak 13 from 14,

and peak 21 (a-thujone) from 22 (B-thujone). However, peak 9 (myrcene)

was eluted almost as cne peakiwith peak 11 (limonene). Camphor (23)

and linalool (25) were»e]uted as ‘one peak, as were borny1 acetate and
B—caryophyl]ene (28), and borneo] (29) and humu]ene (33) The chroma-
togram of sage 01] in F1g 29'shows that peak l (a thUJene) was eluted

together with peak 2, peak 3 (u—pInene) with 4 peak 10 with 11, and

‘peak- 21 (a- thuJone) with 22 (Bethugone) Peak 13 (1,8-cineol) was

: 1dent1f1ed const1tuentsaee]at1ge to trans anethol dﬁhe nangia?

partly separated from peak 14 and peak 28 (B-caryophyl]ene) from 29

‘(borneol) Camphor (23) was separated from Tinalool (25), as was bornyl

acetate (27) fromf&caryophy]]ene (28) and borneol (29)from humu]ene (33)Q

53; Compos1t1on of Essential 0ils
a{- Anise Sged Oill

r‘

" The percentage compos1t10n of an1se seed 0115 from Brooks--1971"

and 1972 crops and Kalamazoo, Mlchlgan and the.‘ ,”nt1on t1mes of the

\ a9
1mportant constituent in anISe 011 are sgpwn 1n Ta%le 22. The ¢

.

the 1972 crop and flfteen for Michigan, with the correspond1ng percen-v

‘ftages.of these’ const1tuents be1ng 74,7] 84 56 andv90 48, The number

.of un1dent1f1ed constltuents for Brooks-—197] and 1972 crops %ﬁd

'M1ch1gan were twenty,three .eleven and nineteen, respect1ve]y, with
o

correspondlng percentages of 25.29, 15 50 and 9.72. The number of trace

const1tuents was f1fteen for Brooks--1971 crop, ten for the 1972 crop,

'of 1dent1f1ed constrtuents wa§<§1xteen for Brooks-—187J crop, twe]xe‘for ‘?'":
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| , TABLE 22
" THE COMPOSITION IN PERCENT OF ANISE SEED OIL

B

—

World Market 0il
(Kalsec Int.,

Retention

~Time (trans-  Brooks, Alta. Crop .

Constituent ~ Anethole=1.00)* 1971 1972  Kalamazoo, Mich)
. trans-anethole, - 1.00 57.42 75.21 72.23
- cis-Anethole 0.91 -1.80- ~ 1.06 . - 2.46

Anisyl alcohol 1.23 0.24 0.45 0.92

Anisyl acetone 2.13 0.34 0.87

p-Anisic acid - 1.20 0.16 0.36 4.32

Camphor ' 0.69 0.28 0.15. 0.20

Carvone . 0.93 2.15 0.35 . 2.05

g-Caryophyllene '0.84 . 1.22 . 0.84 0.23

Dihydrocarvyl-acetate 0.91 1.43 . 0.88 0.41

Estragole 0.84 4.51  4.03 " 1.04

Eugenol 1.33 0.12 - 0.18 .0.60

Fenchone 0.58 . 0.00 0.00 0.50
~ Limonene 0.34 . 3.96 0.00 4.90

Linalool 0.71 0.35 0.18 0.18

Myrcene v 0.33 - 0.24 0.00 o

a-Phellandrene 0.3 0.37 0.00 0.35

a-Pinene / 0.19 0.12 .0.00 v 0.09.

" TOTAL: '

Number of Identified ‘
Constituents ; 16 12 - 15
Corresponding % 74.7 84.56 90.48
Number of Constituents o .
Unidentified 23 1 19

- Corresponding % 25.29 . 15.50. 9.72
Number of Constituents |

~ Present in Traces 15 10 7
Monoterpene hydrocarbons .24 0.30 6.39
Monoterpene alcohols 0.35 - 0.18 0.18
‘Monoterpene ketones 2.43 0.50 2.75
Sesquiterpene hydrocarbons 1.22 0.84 0.23

4.59 81.57

Benzene related constituents 6

'82.16

*GLC separation data as on Fig.15

N



‘const1tuents The most 1mportant and on]y maJor 0il constituent is

number of unidentified minor cons1tuents was twenty-three for Brooks

011 and nine for Michigan oil and their correspond1ng percentages were

and seven for Michigan. - ‘ ‘}.‘////////

A
v :

In anise seed 0il the percentages of monoterpene hydrocarbons
were 6.24 for Brooks—-]97] crop, 0. 30 for the 1972 crop and 6. 39 for

Michigan. Only a small amount of monoterpene a]coho]s was. found in

‘anise oil: 0.35% for Brooks--]97] crop, 0.18% for the 1972 crop and 0.18%

for Michigan. The h1ghest amount of monoterpene ketones was in Mlchlgan g.‘.
oil (2. .75%), followed by Brooks--1971 oil (2. 43%) and the ]972 oil (0.50%).
The sesqulterpene hydrocarbons were present only in small amounts in an-

ise oil: 1.22% for the Brooks--]97] crop, 0. 84z for the 1972 crop and

0.23% forx"

e Michigan 011 In contrast to the sma]l amount of these.

terpene constItuents anlse 011 contalned a high amount of benzene related

‘trans-anethole wh1ch amounted to 57.42% in Brooks--1971 crop, 75.21%

in the 1972 crop and 72.23% in Mlchlgan oil.

" b. Caraway Seed 011 5 %@%_ |

‘ The percentage comp051t1on of the caraway seed oi]s from Brooks--
]971 crop aﬁa Ka]amazoo, M]Chlgan and retent1on times of the: identlfled
constltuents re]at1ve to carvone, the most 1mportant constatuent in
caraway oil, are shown in Tab]e 23 The number of identified constltu-
ents was e]even for Brooks oil and elght for Mich19an oi] and the cor-

respondlng percentages of these constltuénts were 93,92 and 92, 47 The

6 11 and 7. 45 There were thlrteen trace const1tuents for Brooks oil

-and twe]ve fog MlCh]gan oil.
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o " TABLE 23 |
s ~ THE COMPOSITION IN PERCENT OF CARAWAY SEED OIL
o I World Market 0il
T Retention Time Brooks, Alta. Michigan. X
;. Constituent (Carvone=1.00)* ~ Crop (kalsec Int., Kalamazoo)
¢ ?' VR - : . ' ' i}
i trans-Anethole  1.05 .. 0.61 y 0.82
~ Camphor = 0.72 . 0.09 . - f 0.0
BACaryophyIIene‘ 0.88 1.17 ~1.67
Carvone - = . 1,00 38.79 45,62
‘Limonene - 0.37 48.77 > 43.17
Linalool - . 0.77: - 0.21 © 0.0
Myrcene . 0.32 2.40 0.77
a-Phellandrene - 0.33 . 0.28 0.08
'aFPinéne L -.-0.19 0.36 0.13
g-Pinene - 0.26 0.31 0 0.10
“a-Thujone 0.69 0.82 K 0.0
g-Thujone - 0.70 - 0.18 L 0.11
‘ i3 . ‘@ .
Total: = = =
Number of Identified - T : o
Constituents - T2 ) 9
Cr - sponding % .. 93,99 S 9.47
~ Nuiber of Minor Constituents ' '
~ Unidentified ) B 7
Correspasding %7: S em 7.45
Number'of;Congtituents » : o g
Present .in’Traces 13 : ' 12
MOtherpeneﬁﬁyd?OCarbons 5407 : - 45,51
Monoterpene »7 hols . 021 . - 0.00
Monoterpene - s ("carvone") 39.88 . - 45.73
- Sesguyiterpen rocarbons - 1,17 1.67

BenZene relate .onstituents  0.61 = . | - 0.82

0

*GLC separation data as on Fig. 19
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Irn caraway 011 the amount of monoterpene'hydrocarbons was higher

were no monoterpene alcohols identified in oil from Michigan, however

there was 0.21% in 0il from Brooks. The percentage of monoterpene ke-

tones was higher in Micnigan'carawaj 0il (45.73%) than in Brooks oil

(39.88%). The oil from Brooks had a smaller amount of sesquiterpene

‘hydrocarbons (1. ]7%)‘than that froﬁ Michigan {1.67%). Un1ike anise

oil, caraway 011 had only a smal] amount of benzene re]ated constitu-

ents- 0. 61% for Brooks and 0 82% for Mlchlgan.

The two major and 1mportant const1tuents of caraway seed oil

are carvone and Timonene; the1r respective percentages were 38 79 and

48.77 for Brooks 011 and 45. 62 and 43.17 for M1ch1gan 011

Dl]l 011 L o v 1

1

| The percentage compos1t10n of dill seed 01ls from Brooks--1971
crop and dill herb o1]s from Ka]amazoo, M1ch1gan and the retention t1mes
of the 1dent1f1ed constityents relative to carvone, one of the major
and 1mportant const1tuents of dill oil; are g1ven in Table 24 The .
three oils analyzed from Brooks were d1]1 sanp]e A, d1l] sample B and
Dan1sh dill, and the two o0ils from M1chlgan were: dill standard and din

prime. There were ten 1dent1f1ed const1tuents fog}dill oils from Brooks

- and- nine for d111 oils from M]Ch]gan The percentages of these identi-

f1ed'const1tuents were 94 29 9 for samp1e A, 94.26°for sample B, 90.14 for

»Danlsh dill, 89.27 for d1]1 standard and 87.82 for d111 prime The

number of unidentified constltuents was fourteen for di]] samp]e A, twelve '

. for dill samp]e B, iifteen for Danlsh d111, 51xteen for dil standard

.and_fourteen for dill prime and.the correspondlng percentages of these
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constltuents were 5.66, 5.77, 9 93 ]0 74 and 12, 18 D]]] sample A
had twe]ve trace cod}tltuents dill sample B nine, Dan1sh dill e1ght

'dll] standard thirteen, and dl]] prime thirteen. . S

The d1]] oil contaIned a h1gh percentage of monoterpene hydro-
carbons 44.62 in dill samp]e A 48.46 in dill sample B, 47.66 in
Dan1sh d1]1 58,399 in dill standard and 51.74 in dill prime. The

~amounts of mon;terpene 1 oho]s in the dill o0ils were:0. 68% dill sample

A, 0 68% dill samp]e B, 3. 42% Dan1sh d1l] 5. 86% dill standard, and

6.87% d111 pr1me The only’ monoterpene ketone 1dent1f1ed in dill oil

was carvone' The amounts of benzene related const1tuents in d111 0115

were: ] 06% in dill samp]e A, 0 67% in dill samp]e B 1. 20% in Danish

1'}»d111 1.192 in dill standard and 1. 35% in d11] prime.

There are three important const1tuents 1n dill oil, namely car-
vone ]1monene and a-phellandrene The carvone content was 48.46%.in
‘ samp]e A,v44.92; 1n samp]e B, 43.26% in Danish dill, 30.39% in dill
| Standard and‘29 46% in dill prime' The amount of 1imonene was 38 27%
in sample A, 40 82% 1n samp]e B 33.11% in Danish dll] 37 62%:1n d11] )
standard and 26 04% - ln dlll pripe.’ DIl 01] conta1ned a h1gher percen-.
tage of a—phellandrene than ;ther essent1a1 oils analyzed 4 30 for
samp]e A, 4.96 for sample B 9.66 for Danish d111 18.03 for di]]i o
fstandard and 22.50 for dill prlme. |

Py
R

¢ o v ey
d. .Fennel Seed 011 T 2 o -

~

The percentage comp051tlon of fennel oils from Brooks—-1971 and
1972 crops and from Frltzsche, and the retention tlmes of the ldenti—
_,fied?tonstltuents relatlve to trans—anethole the most 1mportant and

: ,a maJor const1tuentof fennel oil, are shown in Table 25 The number of

&
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R TABLE 25 ‘,
| THE COMPOSITION IN PERCENT Of 'FENNEL SEED OIL
} "  “Retention " 7 Worud
el 7 Time (trans- Brooks, Alta. Crep ~ Market 0i1 J
.. Constituent . ‘Anethole=1.00)* = 1971 1972 (Fritzsche,N.Y.)."
L0 Eisthnethole 0.93° 0.43  0.58 0.43
;':.. " .Xrans-Anethole C1.00F 0 39.19 68.90 57.15 ¥
,w-., - Anisyl alcohol 1.21; . o 0.0 - 0.0 0.71
s - °..p=Anisic acid . - 1.18 0.14 - 0.0, 3.79
" Borneol = . b8 0.12 0.0 - 2.42
-~ " Camphene’ . - 7,025 -0.33 0.0 - .0.24
" .Camphor " 9.68 3.55 0.60 4.31
.,. {Larvone 10.94 0.79 0.0 0.0."
.o 05 ¥,8-Cineol. 070,38 1.12 0.69 - 0.0,

...~ p-Cymene o 0.43 - 0.34 - 0.32 0.0 -
Estragole 0.85 4.08 6.09 - 4.18
Eugeng] 1.29° 0.18 0.0 Sy 0000
Fenchone 0.63 - 16.12 10.83 L0431
Limonene 0.36 19.78 8.29 18.96

.. Mygcene - 0.35 2.05 0.81 0.0
. a~Phellandrene . 0.33 0.43 0.18 0.0
" a-Pinene- ‘ .. '0.20 2.28 . 0.54 0.0
¢ B+Pinéne -0.27 - 0.45 - 0.25 0.0
7, a=-Thujone 0.65 - 1.08 . 0.15 0.1V
I 6"(, ,,\ ‘ ; }
T8y ) :
o e T_ot'ai:- Pry
- Number of Identified Y/ : o ’ .
A Constituents ' » - 18 13 a1
@- - Corresponding ‘% 92.46  98.23 ~ 96.61
- Number of Minor Constituents ' o ' :
Unidentified. < .20 5 9
Corresponding % | S 7.57 W77 3.33
Number of Constituents p
Present ‘in Traces -1 n 5
Monoterpene hydrocarbons 30.45. 12.04 19.68
Monoterpene alcohols - 0.12  0.00 2.42
%—_ Monoterpene ketones 20.81 . 11.58 4.31
Benzene related constituents 44.36°  75.89 66.26

" '*GLC separatién datajas‘on»Fig‘ZZ'
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fdentified constitUents was eighteen for Brooks—-]97]vorop, thirteen for
- the 1972 crop and eleven for Fritzsche oil, and the correspond1ng per-
centages were 92. 46 98.23 and 96. 61 The number of un1dent1f1ed mlnor
constltuents was twenty for Brooks--]972 crop, flve for the 1972 crop
~ and nine for. Fritzsche with correspondlng percentages of 7.57, 1.77 and
3 33 Both fenne] o1ls from Brooks contalned n trace constltuents, |
‘thTe fenne] 0il fr Frltzsche had on]y five trace constituents. ’

Fennel oil from Brooks-—197l crop had ‘the h]ghest amount of mono-
‘ terpene hydrocarbons (30 45%) followed by fennel 011 from Frltzsche
(19 .68%) and 0il from Brooks-—1972 crop (12.04%). The onTy monoterpene
'aTcohoT 1dent1f1ed in thTS 011 was borneo] whlch amounted to/ahTéz in
011 frOm Brooks--]972 crop -and 2.42% in o]] from Fr1tzsche. The hlghest
‘am0unt of monoterpene ketones was in fenne] 0il--1971 crop (20.81%),
' foTTowed by 0i1--1972 crop (11.58%) and commerc1al oil from Fritzsche:
(4. 31%) Fenne] 0il contained a high amount of benzene re]ated constI-
'tuents 44, 36% 1n fenne] oil 1971 75 89% in fennel 0il 1972 and 66.26%
“in fennel oil, Fr1tzsche | B v - %ﬁﬁgg

L The - 1mportant const1tuents of fenne] seé§&011 are trans-anetho]e
andffenchone The1r correspondlng percentages were 39.19 and 16.12 for
Brooks--]97l crop, 68. 90 and 10.83 for 1972 crop, and 57. 15 and 4 3] :
for fennel 011 from Fr1tzsche N.Y. The other maJor const1tuent in
’fennel oil is limonene wh1ch amounted to 19 78% in Brooks—-197] crop,

8.29% in the 1972 crop and ]8 96% 1n the 0il marketed by Fr1tzsche
Peppermint 011

v The percentage comp051t1on of the leaf peppermlnt oils from

B>Roks--]970 crop, - Beaverlodge--]973 crop and MlChIgan (Hotchklss Lyons, |

’:S\\ss_fs//f/—ﬁfjf\fT”’;fT\s\__»f |
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. - N : ' R
N.Y.) ‘is ~given in Table 26. ‘The peppermint oil samples from Brooks

aﬂwere obtained at five stages of growth: stage I (bud stage- harvested
.fAugust 1), stage II (beginning of blooming- harvested August 8), stage
1M (75% b]oom1ng-harvested August 22), stage IV (fu]] bloom-harvested
'IAugust 29) and stage V (end of bIoomlng harvested September 12). The
peppermint 01Is from BeaverIodge were des1gnated sample A and sample B.
The tabIe also {%cludes the retention tlmes of the identified consti-
tuents re]atlye to menthol, which 1is the major and the most 1mportant
constituent of peppermint ofl. |

o The number of identified cOnstituentsgwas sixteen in the -
Beaver]odge peppermint'oils'and twenty-one in the-other oils. The
percentage of identified constltuents was: for Brooks, 93. 64 in stage
I, 92.89 1n stage II 93 61 in stage III 91.82 in stage IV and 93.05
in stage V for BeaverIodge 99, 08 in samp]e A and 96 02 in samp]e B;
'and‘92 34 for M1ch1gan 011 The unidentified minor. const1tuents were:
fourteen for stage I, th1rteen for stage I, twenty -one for stage III
thlrteen for stage IV, fifteen for stage V, four for sample A nine for
: samp]e B and thirteen for M1chIgan oil, and their respectjve percentages ’
were: 7. 60 7.91, 7.05, 7. 91 6.71, 2.14, 8. 40 and 7. 67. The number
of the trace constltuents was twenty ln stage 16 twenty—one in stage II
thlrteen in stage I1I, twenty—one in. stage Iv, e1ghteen in stage V,
twe]ve in samp]e A, elght 1n sampIe Bﬁgnﬂ;mJgeteen in M1chigan oil.
‘ PeppermInt 011 had a Iow aﬁo;ntéof monoterpene hydrocarbons.
8.76% in stage I 7.60% .in- stage 11, 7.02% in stage III 7 77% in stage
IV, 8.07% in stage V, 0.15% in sample A, 0.0% in sample B and 6.79% in

| Michigan;oil.‘,Of the six essentia]'oils ana]yaed; peppernint'oil con-
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tained the highest amount of monoterpene aTcohols. The amounts of

the monoterpene aTcohols were: 42 24% in stage I, 46.52% in stage II,

~in stage III, 52.10% in stage IV, 54.14% in stage vV, 60. 26% in
,samp]e A, 62 42% in sample B and 53. 10% in Michigan 0il. The amounts
of monoterpene ketones were 37.95% in stage I, 34.77% ‘in stage II, 31.48%
| 1n stage I11, 27. 84% in stage IV, 25.77% in stage V, 31. 54% in sample A,
24, 79% in samp]e B and 24.15 in Michigan 0il. The only sesquiterpene.
. hydrocarbon found‘ln peppermint oil was é—caryophy]]ene which amounted
to 3.00% in stage 1, 1.80% in stage I1, 1.65% in stage III, 1.77% in
stage‘IV 1.67% in stage v, 0 76% ln samp]e A 0.00% in\sanple B and
2.26% in Michigan oil. '
The two maJor and important constituents o peppenmint oil are.
menthol and menthone In Brooks peppermlnt leaf OE]S menthoT .content
lncreased from 32 62% at the bud stage to 44.18% at the end of f]ower1ng,

The: amounts of mentho] 1n Beaverlodge oils A and B and M1ch1gan oil

were: 53 83% 58.94% and 42 76% respect1vely The nenthone content in

o 'Brooks peppermlnt Teaf 0il decreased from 32 62% at the bud stage to

’ ‘t'JZI 24% at the end of f]owerIng The amounts of menthone in Beaver]odge.,

L jtively.; '

~oils A and B and Mlch1gan 0il were: 26.24%, 1] 85% and 19.35%, respec-

The ester1f1ed menthoT‘L thyl acetate and menthofuran are

?ﬁtwo add1t1ona1 1mportant constttuents in pepperm1nt 011 The amounts ‘

e R

*g;of menthy] acetate and menthofuran were, respectively, 2. 07% and 1. 52%

'{in stage 1, 2.39% and 1 07% 1n stage II, 2.69% and 0. 90% in stage III

' 2 79% and 1. 73% in stage IVQand 2.83% and 2. 89% in stage V, ] 03% and ‘
'-0 54% in sample A, 1.29% and 0 49% in sample B and 5. 56% and 2.00% in

| ‘fAMichigan;oi] There was only a smaTl amount of benzene related consti-
’ ' A' S ,»:O - '
'
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tuents present)an peppermint oil: 0.47% in stage I, 0.45% in/stage II,'
0.50% in stage ITI, 0.38% in stage IV, 0.33% in stage V, 0/99% in
sampIe A, 0. 00% in sample B and 0.38% in Mlchlgan oil.

The percentage comp051t1on of the pepperm1nt st¢gm oils from

Brooks is given in Table 27. The samples were obtaln from three

~ stages of growth: stage I (bud stage-harvest August Y), stage III (75%

b]oomlng harvested August 22) and stage V (end of ooming-September 12).

The number of identified constituents was twenty-gne for both stage I‘

';and stage II1 and n1neteen for stage V; and thel respect1ve percentages ‘

were: 93 46, 92.67 and 94.44, Thevun]dent1f1 minor const1tuents were:

th1rteen for stage I, twenty-one ‘for stage IIJ and eleven for stage V,

with corresponding percentages of 6.71, 7.24/and 5.55, respect1ve1y

Stage I contained 6. 17% monoterpene hydroc bons, stage III 5.36% and
stage V 6. 40% The peppermlnt stem 0il had a higher amount of monoter-
pene aIcoho]s than the ]eaf o1] 48. 64% n stage I 44 32% in stage III
and 69 67% in stage. V On the other ha d, the amount of monoterpene
ketones was Tower in the stem oil than/in the leaf 011 27. 77% in. .
stage 1, 32.67% in stage IIT and 13. oxz in stage V. The amounts of*/
sesqu1terpene hydrocarbons were§42 Sd% in stage I, 5.33% in stage III
and 2. . 16% - 1n stage V. The mentho]‘qéntent in stem 01] was 41 80% .in
stage I, 39 90% in stage III and 62/95% in stage V.. Tﬁe amounts of

25% in stage III and 9 66% in stage

V. The percentage of menthyl acetate was hlgher in the stem than the leaf'

2.63% in stage I, 3 03% 1n stage III and 3, 3]% in stage<§ The mentho-,

furan content.was 2.04% in stage I 1. 28% iq stage III and 0 60% 1n

stage V The amount of benzene re]ated constltuents in stem oil Was"

0. 32% in stage I 0.50% in stage ITI and 0 58% in stage V.
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" TABLE 27 _
THE COMPOSITION IN PERCENT OF PEPPERMINT STEM OIL ™.
, S
. o ' Brooks, Alta. % K\_
- Constituents LT I R § § | A
S
Camphene 0.27 0.15 0.26
g-Caryophyllene 2.59 .n 1.18
1,8-Cineol - 5.63 5.33 2.16
p-Cymene _ 0.32 0.50 0.58
Isomenthol ‘ s 1.94 - 0.81 1.20
Isomenthone 2.99 3.7 1.71 -
Limonene 0.98 1.27 0.64
Linaldol - 0.74 10.31 0.50
Menthofuran - 1.28 . 0.60
Menthol 39.90 "63.95
.- Menthone _ 27.25 9.66
Menthyl acetat 3.03 3.31
Myrcene o 0.22 0.78
" Neoisomenthol 0.43 . . ——_ 1.25
Neomenthol R 2.87 \ 17
3-Octanol oy 1.10 ™~ 0.857
a-Phellandrene ‘ ‘ e 0.17 AN 97 7
“a-Pinene 037 - \_0.37
. B-Pinene 0.61 0.46 —
* Piperitone 1.2 0.96
Pulegone 0.49 0.68
Total: _
Number of Identified o ,
Constituents - » 21 : - 21
Corresponding % 92.67 94.44
Number of Minor Constituents .
Unidentified , ‘ ‘ 13 21 ’ n
- Corresponding 4 . 6. 7.24 > - 5,85
Monoterpene hydrocarbons . 6.17 : 5.36 o 6.40 » ~
Monoterpene alcohols -~ =~ ~48.64 - 44,32 69.67
Monoterpene ketones - - 21.m - 32.67 13.01
Sesquiterpene hydrocarbons - 2,59, - +5.33 _ 2.16
Esterified "Menthol" _ - 2.63 , 3.03 3.31
Menthofuran . j 2.04 - l.28 " - 0.60

Benzene related coﬁstituents, o 0:32 C 0:50 . 0:58
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f. Sage 0i:
The percent:..e comp051t1on of sage oils from Brooks—-]971 and
1972 crops and fr- Kalamazoo, Michigan and the retention tImes of the
1dent1f1ed cons _uents reTative to‘camphor, which is one of the major
tonstitut w sage oil, are shown in'TahTe 28r The numberrof iden- -

t. .VLuﬂStitdentS in these three sage oils was 20 ‘and the percentages %
) of ttese identified const1tuents were 86.48 for Brooks--197l crop, 82.96 :
t,for the 1972 crop and 94.20 for Michigan sage oil. The number of uniden-

tified minor constltuents and the corresponding percentage were twenty-
seven and 13.15% for 1971 sage; twenty-eight and 15.83% for 1972 sage;
~and fifteen and 6.36% for M1ch1gan sage oil. There were 13 trace con-
stituents in both Brooks sage oils.but no trace constituents in M1chigan
oil. | _ |

Sage 011--1971 crop contained 21.77% monoterpene hydrocarbons,
sage 011--1972 crop 15.02% and M1ch1gan sage oil 20 23% “The amount
of monoterpene alcohols was 8.95% in sage 011--1971 crop, 9.67% in sagé“~f
0i1--1972 crop and 15.23% in M1ch1gan oil. The percentage of monoter-
- pene ketones was 37. 51in sage 011--1971 crop, 34 08% in.sage 0i1--1972 /
Tcrop and 49.50 in Michigan sage ‘0il. The amount of monoterpene este
was 2.70% in sage oiT--197T'crop, 3.69% in sage oi]--]972 crop and 2.97%
in Michigan sage oTT Of the six essent1a1 01Ts analyzed sage oiT con-
tained the highest amount of sesqu1terpene hydrocarbons 20:79% in sage
011——1971 crop, 25. 78% in sage 0il--1972 crop, and TO 03% in Michigan
oil. Like peppermlnt caraway and dill 0115, -sage. oi] contalned -small
-;amounts of benzene related const1tuents 0 16% in sage 011-—1971 crop,

0 12% in sage 011--1972 crop and 0.16% in Michigan oil.
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I TABLE 28 .
5 s

_ L '
THE COMPOSITION IN PERCENT‘OF SAGE OIL

P ' ' World Market 0il
S ;gﬁﬂ Retention Time Brooks, Alta. Crop (Kalsec Int.,
~ Constituent 4 - (Camphor=1.00)* 1971 1972 . Kalamazoo, Mich.)
B - ].'4 ' .
Borneol 1.20 1.57 - 2.41 _ 4.29
Bornyl acetate - 1.13 2.33 3.19 2.63
Camphene - 0.29 - 3.77 3.79 1.24
Camphor 1.00 8.34 -10.31 25.60
g-Caryophyllene 1.17 7.67 9.34 4.55
Cineol (1,8) 0.50 5.69 3.43 10.00 -
p-Cymene 0.59 0.16 0.12 0.16
-Estragole 1.29 0.34 0.43" 0.43
Fenchone 0.79 0.1 0.07 0.23
Humulene 1.27 13.12 16.44 . 5.48
Limonene ™ 0.47 2.99 -1.25 2.53
Linalool 1.05 0.68 - 1.15 0.54
Myrcene 0.47 1.58, 1.07 N
a-Phellandrene -0.44 0.19 0.Nn - 0.13
0.26 - 4.56 3.57 3.41
0.34 - 3.68-. 2.05 1.36
0.23 0.60 0.53 0.84
0.89 21.53 20.47 19.95
g-Thujone 0.92 7.53 3.23 3.72
* - E‘
- Total: o S -
Number of Identified ' _ , : '
— Constituents - . 9 19 19
” Corresponding % . 86.48  82.96 94.2y
" Number of Minor Constituents / B T
~ Unidentified . o -/ 27 28 15
- Corresponding § _ 13.57 17.23 - G.AG
Number of Constituents : . '“>_//
. Present in Traces SR ‘ 13 13 0
oy Monoterpene hydrocarbons 21,77 15.02 20.23
., Monoterpene alcohols . 8,95 9.67 15.23
- Monoterpene ketones 37.51 34,08 49.50
Mongterpene e$ters . - 2.33 3.19 2.63
" Sesquiterpene hydrocarbons - © 20.79 25.78 - 10.03

Benzene Felated constituents - 0.16 0.12 - 0.16

*6LC; separation data as on Fig. 29
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The most 1mportant constltuent in sage 011 is thujone (a- and
9
g-), wh1ch amounted to 29. 06% in sage oil from Brooks--197] crop, 23. 70%

from the 1972 crop 01] and 23. 67% from M1chlgan oiT 3 "

- E. BIOChemlcaT Changes in Comp051t10n Dur1ng the B

Growth Perlod of Peppermlnt Herb

Ve

The percentages of the four most 1mportant const1tuent of
;pepperm1nt 0il from Brooks 1n re]atlon to the stages of growth together
with the blochemlcal re]at10nsh1ps of the maJor monoterpenes in mint

‘pTant .as outlined by HaTTer (1970), are shown in Flg 30 The four ;
‘const1tuents pTotted in this flgure are mentho] menthone, menthyl ace-
tate and menthofuran Mentho] and menthone are plotted from data for.
both Teaf and stem 01Ts whereas data on menthy] acetate and menthofur-
an are only from the Teaf oils. The amount of menthoI both in the
stem and the leaf, 1ncreases as the plant grows “In the Ieaf the
amount of menthone decreases stead11y as the p]ant matures but in the . .
stem in increases sllghtTy at stage II1 (75% bToomIng) and decreases
drastlcaTTy at the end of fTower1ng..tMenthyT acetate content of the _
leaf 1ncreases stead1]y as the plant matures This coinc1des With the!

ﬂ;ncrease of menthol 1n.the Teaf These data are in agreement with the
b1ochem1ca1 reTat1onsh1p between menthone, menthoT and menthyT acetate L
as proposed by waTTer (1970) As ‘the pTant grows menthone is. reduced ;

“to menthoT wh1ch is then ester1f1ed slowly to menthyl acetate ~In the:
case of menthofuran, its content decreases up to stage III (75% bloom—

"1ng) and then increases as the pIant produces more floﬂers.

The percentage compos1t10n of neOmenthoT, 1somenthone, piperi-

5 ‘tone and puTegone in the stem and the Teaf of pepperm1nt plant from
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-

' ':NBrooksﬂin re]ation'to the stages'of‘growth together with biochemical
reTatlonshlps of the major monoterpenes 1n mint p]ant accordlng to
NaTTer (1970), are given in Fig. 31. The neomentho] content of the

. stem- decreases w1th p]ant maturIty, however, in the ‘leaf 1t decreases
s]1ght]y up to the stage II and then 1ncreases with the plant growth
The isomenthone content of the stem increases up to stage I1I and then
_decreases as. the p]ant matures In the leaf, the 1somenthone content
decfeases up to stage 11 (beg1nn1ng of bTooming), *ncreases to stage ,
“I11 (75% bToom1ng) and ‘then decreases aga1n until the end of f]owering.

' The amount of . p1per1tone in both the stem and Teaf increases sTightly
with plant growth The pu]egone content of the leaf 1ncreases up to
stage III (75% bToom1n93 and then decreases as the pTant matures,

thTe the opp051te is true in the stem where 1t decreases up to stage :

" III and then increases unt11 .the end of fTowering

F. S1gn1f1cant const1tuent Rat10$ for ngpermInt 0il

- o The's1gn1f1cant constltuent rat1os for pepperm1nt 011 (accord-
-’ ing to Sm1th and Lev1, 196]) from Brooks, Beaverlodge and M1chigan are"
| *g1ven in TabTe 29 The ratlo of monoterpene hydrocarbons p]us 1 8- N

c1neoT to the tota] amount of const1tuents TS des1gnated as ratio A

The vaTue of rat1o A 1n the ]eaf peppermlnt 011 from“Brooks ranged from

0. 109 at the beglnnlng of bToomlng to 0. 121 at full b]oom ‘The stem .
. pepperm1nt 011 had comparative]y Tower va]ues of rat1o A which decreased
3 from 0 102 at the bud stage to 0. 066 at the end of bToom1ng The*value
" of rat1o A for Beaver]odge samp]es A and B and M1ch1gan oils was

o

\ 0 040 0. 43 and 0. 09] respect1ve1y
o

L
=)
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TABLE 29 | |
~ SIGNIFICANT CONSTITUENT RATIOS FOR PEPPERMINT 0ILS

167.

e g Percentage Ratio :
o Terpenes* - . . .
° T ATl ‘ ~_Menthone Limonene
Samp]e;fﬁs A Constituents Isomenthone »8-Cineo
BROOKS, ALTA. - - *
Leaf e o , (\» | |
Bud Stage S 0.116 9.35 S 0.32
Beginning of . L _
"Blooming : 0.109 977 0.31
Blooming. 75% - - 0.116 .. 1,70 0.27
Full Bloom . .- .~ - 0.121 8.02 0.30
End of Blooming - 0.115 | ‘ 7.59 0.40
Stem L o :

Bud Stage 0.102 . - 7.67 0.17
Blooming 75% ;0,090 ' 7.27 0.23
End of Blooming - 0.066 : _\£5.65 0.21.

_ BEAVERLODGE, ALTA. o T
~ Sample A . .0.040 0 7.93 0.04
-Sample B . - . 0.043 o 2.69 0.00
'MICHIGAN ' 0.091 © 5.81 - 0.37 .
..(Hotchkiss, Lyons, E.Y.) - . ' o
a0
o B Ty
@ ‘ N
. , R 1
N .
c;m ‘ M
\\
R . v[ ' : 7



o | ﬂ'Significant Constituént Ratios
Table 29, Page 2 (continued) For Peppermint 0ils

Perténtage Ratio | ' '
a . B G

D. : . . .
R ' ) ' "Menthone
: ) . - . P . . Re‘atEd
Menthofuran . . "Menthol . Constituents" .
‘Menthone —  Neomenthol Related- .- "Menthol
Related Menthyl . = Constituents+" = . Related
Constituents+" ’ Acetate’ ‘ ”Neomenthotp' Constituents"
0040 169 noer. . o9 V-
0.018 - 124 Wsy o g8
0.029 , 1.26 14,09 ~ 0.64
0.063 ‘ 1.23 14.08 . .0.57
0.107 _ 1.16 - 15.65 - . . 0.52
e A : Yo
- 0.074 - 1.48 12.95 - 0.55
0.040 - - . 095 ' - 16.39 - 0.69
- 0.050. ; 0.84 26.09 - 0.17.
0.02, - 7.90° 7 Tqosr 0.49
1 0.02 S 2,24 20.45 . 0.26
0.081 - 0.75 12.99 . 0.45

*"Terpenes": ‘principal constituents emerging prior to and includin
1,8-cineol (a-pinene, camphene, g-pinene, Timonene and 1,8-cineol

t"Menthone related constituents": menthofuran, menthone and isomenthone

+"Menthol related constituents”: neomenthol, menthol, menthyl acetate,
tsomenthol -and neoisomenthol CETe PEREE T :

./,‘

<

o

.
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. The rat1o of menthone to 1somenthone is dESIQHated as ratio B
The ]eaf peppermint oil, with “relatively higher va]ues of rat1o B than
the stem o0il, had values rang1ng from 7. 53 at the end of bloomlng to
9.77 at the beginning of bToomlng. The rat1o B vaTues for the stem
fpepperm1nt oil decreased from 7.67 at the bud stage to 5.65: at the end
| of bToomlng The values of ratio é&for Beaverlodge samp]es A and B,
and for Mlchlgan 011 were 7.93, 2. 69 and 5. 81 respect1ve1y.
~The ratlo of ]1monehe to 1 8-c1neo] is de519nated as ratlo C.
// In the Teaf 011 the C ratlo va]ues were between 0.27 at 75% blooming
| ‘and 0.40 at the end of bToomlng, while the stem 011 va]ues _were Tower
- than those of the ]eaf 011 and ranged between 0.17 at the bud stage
. to 0. 23 at 75% b]oomlng The rat10 C for Mlch1gan 0il was 0.37. The
oils from Beaver]odge had Tow va]ues of ratio C; 0 04 f sampTe\Aland
N

zero for samp]e B. %” ;‘§ B o
_ The rat1o of menthofuran to “menthone re]ated co stituents” ;
wah1ch 1nc§§§b menthofuran ‘menthone and isomenthone, 1svges1gnated as
.ratlo D. .The vaTue of ratio D in the leaf oil—increased from 0. 0]8 at
the beglnn1ng of bToom1ng to 0.107 at the end of bloomlng, while in the
- stem- 011 the va]ues randﬁd from 0.040 at 75% blooming to 0. 074 at'the
R bud-stage. The D:ratio values for Mlchrgan oil and for both oil samp]es
from Beaver]odge \Fre 0. 08] and 0 02 respect1vely.
The ratlo of neomenthol to menthyl acetate 1s de51gnated ratio
E. -In the leaf 01] th]S vaTue decreased from T 69 at ‘the bud stage to
1. 16 at the end of bToomﬂng, while in the stem 011 it decreased from 1. 48
at the bud stage to 0, 84 at the end of b]oom1ng;. The Mich1gan oil had
;the Towest E rat1o vaTue at 0 75, wh11e the Beaverlodge 01]S*had the v g»

dh1ghest E ratio vaTues, 7. 90 in sample A and 2, 24 in sampie B.

. -
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The ratio of "mentho] re]ated const1tuents" to neomenthol is
' de519nated as ratio F, The "mentho] re]ated constﬁguents" inc]ude men- ;~
thol, menthy1l acetate neomentho], isomenthol and neo1somentho]ﬁ;,The F
‘ratio va]ue k1n the leaf oil ranged from 11.07 at the bud stage to
15. 65 at the’ end of b]oomlng, while in the stem o1l it Jincreased from
12.95 at the bud stage to 26.09 at the end of b]oom1ng~ The M1ch19an ‘
oil F va]ue of 12.99 was - re]at1ve]y 1ow when compared to those of |
Brooks oils. The va]ues of ratio F for/@eaverlodge samp]es A and B were -
’ /

: ]0 57 and 20. 45, respectlvely /

The ratio of "menthone re]atéd constituents" to "menthol re]ated

- const1tuents" is des1gnated as ratlo G. ,'Its value in the leaf 0il de-

creased from 0. 97 at the bud stage to 0. 52 at the end of blooming,
whlle Jn stem oil the va]ues ranged from 0. 17 at the end of ' b]oom1ng to
0 69 at 75% bloomlng The G va]ue of 0*45 for M1ch1gan 0il was lower
than that of Brooks oils.. The G values for Beaver]odge o1]s were 0. 49
for saﬁb]e A ana 0.26 for samp]e B. N

By plottlng certain s1gn1f{?ant rat1os, it 1s p0551b1e to d}s-l_
t1ngu1sh peppermInt o1]s by thelr geograph1ca] origin (Smith and Lev1,l
o 196]) "The p]ot -of rat1o F (menth01 re]ated const1tuents/neomentho])
agannst rat1o G (menthone re]ated const1tuents/mentho] re]ated con-

Stltuents) for pe_'_ i1 is ﬂlustrated in Fig. 32. The geogra- T

phlca] reglons sho~” \7-Yak1ma pregon and* M1chlgan, Eng]and

@_

LN
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"j?G. The Qua11ty of Essent1a1 0115 o

172,

- e

‘f peppermlnt and to revea] the aduTteratlon pattern and the 0il due to

PO

X the add1t10n of menthoT or 011 of Mentha arven51s L. ~'v5w“5'a

The d1str1but10n p]ot of rat1o D (menthofuran/menthone reTated

_ constltuents) aga1ns‘@rat1o E (neomentho]/menthyl acetate)for peppermlnt

'-},1011 is shown in Flg 33 Th1s pTot can aTso be used to d1fferent1ate o

the o1Ts by geograph1cal OFTngS and to show the pattern of adu]teration

WTth 01l Mentha arven51s L The geograph1ca1 reg1ons shown are U S T

' Yaklma Oregon and Mlch1gan,AItaTy based on: data obtalned by Sm1th and'f,ﬁ

Levi. (1961) and Brooks ATta s w1th data for Brooks and Yak1ma for both';f
earTy and Tate harvestst T o | |

The dlstrlbut1on p]ot of ratlo C (]1monene/T 8 c1neo]) aga1nst

: ratlo D (menthofuran/menthone reTated const1tuents) IS 1T]ustrated 1n

Fig. 34. The p]ot is used to dlst1ngu1sh the ant 0115 e1ther from M,

"’:plperlta L. or from M arvenSIS L ThTS pTot conf1rmed that m1nt 0115 S
Lﬁ»from Brooks and Beaver]odge are from M p1per1ta L Lk ;

S

T 1. Anise Seed 01] ""” ?:T:4fr:j-'tﬁ . g[f;}' e
The quaTIty of anISe 011 depends ma1n1y on the amount of trans_

anetho]e (Guenther 1950 Anonymous 1970a). Arctander (1969) stated

~ that trans anethoTe rs the compound wh1ch 1mparts a "very sweet herba-

ceous warm odour and a sweet taste" to the 011 The amount of th1s ’

s

'compound 1n essent1a1 01Ts of anlse seed has been reported to be high

and to range between 80 and 90“ (Guenther, 1950) The Egyptlan an1se

) 011 was reported by El,Deeb et al (1962&) to conta1n 88 61% anethole.
v Tsvetkov (1970) in a study of Bulgarlan an1se seed 011 observed that ‘

‘the anethole content of the centra] flrst order and second order um-
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bels was 87.30%, 89.50% and 88.40%, respectively; and cdntluded that a
“high quality anise oil could be obtained when the fruits in central
umbels. were ripe In th]s study it was found that the trans-anethole
' content of anise 011 from Brooks-—]971 crop and 1972 crop, and from
Michigan was 57. 4z, 75.2% and 72 2%, respectlvely Hence,  anise oils
from Brooks and Mlchlgan were of ]ower qua]1ty than those reported in
the: 11terature of 1nterest is the fact that the quality of anise
oils for the 1971 Crop was lower and for the 1972 crop ‘higher than that
of dnise oil from Mlch1gan. ‘

ms—anethole is conSIdered 15 times more toxic than trans-anethole
and 1ts consumptlon can be hazardous (Anonymous, 1970a) The amounts of
c15-anethole in an1se 011 from Brooks-—197] and 1972 crops and Michigan
were 1.8%, 1. ]% and 2. 5% respect1ve]y In respect. to its low cis- anethoie
content anise oil from Brooks, espec1a]1y the ]972 crop, is superior to
M1chlgan oil. _)/“’ |
. ‘Methy1 chav1col (estrago]e), an lsomer of anethole, has a
"sweet herbaceous anise-fennel type odor, much more herbaceous than ,
“anethole ‘but not’ the sweet” flavor of anetho]e" (Arctander, 1969)
| Tsvetkov (1970) reported that the estrago]e content of the centra]
first order and second order umbe]s was 8.64%, 7 51% and 7 71% respec-
t1ve1y An thlS study it was found that anise oil from.Brooks contained
ca h1gher amount of estrago]e (4.5% in the 1971 crop, 4.0% in the ]972
‘ crop) than the Michigan o0il (1.0%).. Hence,;this component adds~tp the
qua]1ty of Brooks oil. j )

. Anlsy] acetone has an "1ntense1y sweet flora] and slight]y

fruity, cherry -preserve-like odor of good tenac1ty“ (Arctander, 1969)

- -
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The results obtained in this study showed that Michigan anise 011 d1d

not contaln anisyl acetone while anise 6il1 from Brooks-—1972 crop had a
hlgher amount of anisyl acetone (0.9) than the 1971 crop (0 3).

“When all these constltuents are taken 1nto cons1derat10n it is
obv10us that anise oil from Brooks——]972 crop was of higher qua]1ty
than the oils from M1ch1gan and Brooks—-]97] crop. The d1fference in'(
composition was s1gn1f1cant espec1a1]y in the amount of trans- anetho]e
The dlfference in qua]1ty of the oils from Brooks was due to the fact
that the'oi] obtained from the 1971 crop was -distilled from the who]e '
plant whereas the oil obtamed from the 9 crop was distilled on]y

s
from the seed. '

. The yleld of anlse seed 0il from Brooks was reported on]y for

" the ]9715cr 5 as 1.05%. Accordlng to Gildermeister and Hoffmann (]93]),

the yle}d 0 ~thse seed 0il of various origins ranged from 1. 5 to 6. O%

Fisher etr‘ﬁ.{(1945) reported that the yield of commerc;al anise seed

011 from varlous or1g1ns var1ed from 1 9 to 3.1% with an average of

',
gy

He “‘%.Q@%%»,Therefore the yield of Brooks anlse seed oil ‘has to be consi-

‘dered as ]ow
2. Caraway Seed 0i1 ™,

The most 1mporta@t constltuent and the main carrier of the
characterlstlc odor of caraway 011 IS D- carvone (Anonymous, 1970b
Guenther, 1950) Itlus.a"warm henﬁaceous breadl1ke, sp1cy and sllght]y ,

floral odor and a warm, sweet splcy-herbaceous, breadl1ke taste"

(Arctander ]969) A good quallty %%raway 01] shou]d contaln 50 to 60%

‘Carvone (Guenther 1950; Anonymous,]970b) Caraway 0il from Egypt con- .

talned 56 9% carvone (El—deeb et a] ]9623) from Holland and- Ru551§

!
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51. 0 to 59.0%,.and from Ohio 59.7% (Frrtzche Brothers Inc. Labs., 1950). ;
Caraway oil from Brooks——197] crop. contalﬁed only 38.8% casvone, while
the oil from Mlchlgan contained ﬁ/,ﬁ% The results showed that the
qua]1ty of caraway oil from Broo\s is Jower than that from M1chigan and
other countries. However, a low carvone content in caraway oil does
not 1nd1cate inherent carvone def1c1ency in the fruit (Betts, ]965)

; Other factors such as the weather (Guenther 1950) and the state of
maturlty of the p]ant (Sandermann, 1938) and seed (Sch1mme1 & Co., ]896)‘
also determlne ‘the amount of carvone in the 0il. The. -carvone content
is h1ghest in fully matured seed (Schimmel & Co s 1896) Sunny dry

weather durlng seed maturatlon causes an 1ncrease in carvone content O’
whereas cool damp weather reduces the amount of carvone and other
Loxygenated compounds ~The caraway plant from Brooks--197l crop in’ gen-
eral exper1enced a cool grow1ng season from May to mid- Ju]y _The wea- j
ther was hot and ‘sunny from m1d Ju]y to the be91nn1ng of September. o

tThe caraway 011 from Brooks--1971 crOp was d1st1]1ed from the harvest R
which had on]y about 50% of mature seedsx “Thus, the amount’ of carvone o
in caraway 01] from Brooks can be 1ncreased by harvesting the plant
'when a]] the seeds are matqre ’ |
§§(' : The other 1mportant const1tuent of caraway 011 is- 11monene
It has a "fresh "1ight and sweet c1trusy odor with a strong resemblance

to orange pee] 011 but with _poor tenac1ty Its taste 1s sweet refresh-

H1ng, citrus- 11ke orange- 11ke and mild." (Arctander 1969) . The amount

_of llmonene in caraway 011 depends 1nd1rectly on the content of carvone
land other oxygenated components E]«Deeb et a] (]962a) obtained 45.6%
'11monene, Ikeda et al. (1962) 38. 0% and Sandermann (193&7_75 0% from ‘

-flowerlng caraway p]ants. In thlS study 1t was found that the oi] from .

o
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Loil is consrdered to be a better qua]xty 011 than diTT standard oi]

178.

Brooks had a hlgher Tlmonene content (48 8%))than that from Mich1gan

- (43. 2%)

The yield of caraway seed 011 from Brooks was recorded only for .

1971 crop as 2.65%. This yield was Tower than that of Dutch caraway

seed oil wh1ch varled from 3 to 6% Nlth an average of 4%, however, it

s hlgher than the range of 0.4 to 2% reported for North Africa and

Near East oils (Guenther 1950)

3. pinl 0i1 . - S

v g

There are two types of dITT oil, d111 herb and d111 seed oil.

- The quallty of :dill herb 011 depends on the amount of a- phe]]andréhe

and carvone (Guenther 1950) and possibly on the amount of limonene, the

maJor constltuent a-PheTTandrene has a "p]easant freshly c1trusy '

. and peppery woody odour w1th a d1screte1y m1nty note but poor tenac1ty n e
'(Arctander 1969) The hlgher the amount of this const1tuent the better
T”the quallty of the 0il and the more the odor and-smell of the 011 re-

sembles that of the ﬁ{esh herb The fresh herb character can be detec- |

ted 1f the amount of carvone is less. than 35% The o1Ts conta1n1ng 20%

or less carvone have the finest and most pronounced herb character

(Guenther 1950) In th1s study it was found that both M1ch1gan o1]s,
dill pr1me and standard were herb o1ls because they had a Tower carvone
content’and a hlgher content of a—pheliandrene Di]] standard 01T con-_

tained 30 4%»carvone and d1]1 prlme 0il had 29. 5% The 11monene and

' —phe]landrene contents were 37. 6%‘and 18. 0%, respect1ve¥§ for dill

standard 011 and 26 0% and 22.5% for dlll prlme 011 ~Thus dill prime

»
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The.'

~?§d111 seed 011 contalned a h1gh amount of carvone and hence, has an

£

odor and flavor s1m1lar to thatlof

. Paway 011 The resuTts showed

Y

ﬂ i L4

o \
. Cas pheTTandrene The amount of carvone ‘was 48 5% in comﬁo din samp]e

_ ; ‘N, 44, 9% in, common d111 samp]e B and 43 2% in Danish dl
Y
i content of dill seed 0115 from Indla was 41 8 to 62.2%, BuTgar1a 39 0%,

.

Ireland 37 8%. (V1rman1 and Datta, 1970a) Amer1ca 50.0 to 60 0%,

. The carvone

Hungary 40.0 to 68.@% RUSSTa 53 6% and Eng]and 48.0 to 57.0 (Guehther,

-~

1950) Thus the quaTIty of leT seed oil from Brooks-¢1971 crop was

~

- comparab]e to that of gil" from other parts of the’ woer The carvone -
content of dill herb 011 depends on the state of/rﬁpeness of the herb
_mateﬁ%a] (Guenther 1950 Luyend11k 1957), the more mature the pTant

”“the higher the amount of. carvone Thé din seed oil from Brooks ‘was h
;d1stiTTed from the harvest w1th SOZ’matured seeds The amount of car-
vone in the d1TT seey oil from Brooks can be 1ncreased by d1st1TTing the

. seeds when they are lly mature.. 1”f T? .i;<»f~ L'~ .

The amount of a-pheTTandrene in- Dan1sh d]]] 0il was tw1ce as
much as that of the common leT oils. S]nge aﬁphe]landrene can br1ng .
out the fresh herb tharacter Danish dill oil was better 1n thTS respect

4 - The T1monene content of the oil was h1ghest in common d111 sampTe B

G

foTTowed by common' d1TT sample A and Danish diTT

K3 . ‘o
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The 011 y1e1ds of Dan1sh dill séed anq ommon dilly seed from

{
Broogl 1971 crop were 1. 18% and 1. 82% respect1ve1y. These ylers
(e Brooks were lower than those from other countries which ranged A
from 2,12 in India to 5.62% in Russia. ’

_4. Fennel Seed Qi1 ° . ,. T o
) o bt
\/

The quallty of fennel seed- 011 varies w1th dlfferent var1et1ejr

‘sweet fenne] seed 0il is of h1ghest quallty because it conta1ns no or 33
Tow _amount of fenchone and the<h1ghest amount of anethoTe, b1tter fennel
: seed 0il is of Tower quality 011 since it contaIns a high amount of
fenchone and a slightly lower amount of anetho]e, wild bitter fennel is

'i of lowest guality because it contains a very low amount of anethole o
(Guenther 1950). The results of this study revealed that the fennel = .
pTant from Brooks is actuaTTy b]tter fenneT The qua]lty of bitter {éi
fenne] seed 0il depends on the amounts. of trans anetho]e and fenchone.

* Trans- anetho]e has a'Very sweet herbaceous warm odor and a sweet taste.
(Arctander, 1969) The higher the amount of trans- anetho]e, the better '
the qua]1ty of the oil. A good qua11ty of b1tter fenne] seed 011 con-

K//talns 50.0 to 60. 0% of .trans- anethoTe (Guenther, 1950). The anethole
content of bitter fennel seed 011 (by congeallng po1nt) from Austin,
M1nnesota is 65. Oi\and from the U.S.S.R. 61.0 to 62 5% In this study
it was found that the trans- anethoTe content of the bitter fennel oil
from Brooks--]97T crop was 39. 2% Brooks--]972 crop, 68.9%; and the T

- §§' commercial oil from Fr1tzsche 57 2%. T:e amount of trans-anethole from ‘;

Brooks—-1972 crop ‘was h1gher than that of oils from Austin _the: U S.S.R.

v, and Fr1tzsche Thus the qua11ty of bitter fenne] seed 0il from the

Brooks-—1971 crop was poorer and from the 1972 crop was better than that v

N N
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" of Fritzsche. | ’ , K

Another factor which determines the quality. of bitter fenne:
’,seed 011 is the amount of fenchone. D- fenchone has an'ﬁntensely b1tter,
camphor—llke odor and flavor and is’ respons1b1e for somewhat ‘coarse
bitter, taste“ (Guenther 1950) .+ Arctander (]969) descr1bed the odor
of fenchone as “warm-camphoraceous, powerfuT' d1ffus1ve, and bas1ca11y
sweet and lts taste as warm, somewhat burning and b1tter" The Tower
the amount of fenchone; the better the quality of b1tter fenne] oil.
The amount of fenchone,whlch varies 1n oils obta1ned from d1fferent :
hybrids of bitter fenneT seed ranged from 16.3 to 31. 6 parts reTat1ve
to TOO parts of trans- anethoTe (Kar™ =n et al. ,1969). The resu]ts of
thls study showed that b1tter fennel seed o0il from the Brooks--]97/;crop
had the highest amount of fenchone (16.1%), foTTowed by the 1972 crop . |
(10. 8%), and Fr1tzsche (4.32). Karlsen et aT (1969) ‘observed that the
'green fruIts of fenne] contatn reTat1veTy more fenchone. than brownish ‘
‘ .ones. There was no 1nformatlon g1ven on. the state(of maturity of either 7
of the crops of fennel séed harvested at Brooks.

-~

The difference in quaTIty between the fenne] o1Ts from Brooks—-

1971 and ]972 crops was due to the fact-that the volatile oil from th
1971 crop was distilled from .the whole plant whereas voTat1Te oil from |
- the11972 crop was distilled onTy-from the seeds Thus, a good quality : :
of fenneT 011 from’ Brooks is obta1nable by d1st1111ng the mature seeds

The yie]d of fenne] seed 011 from-the Brooks--1971 crop was
1'44% Accordlng ‘to Guenther (1950), the 011 y1er of the bett,grade
" of fennel seed of eastern Europe was between 2.5 and 5.0%. The 0il é

yield of sweet and b1tter fenneT seeds var1ed between 1.50 and 3.82% v



- high- amount Neomentho] is one of the 1ntermed1ate const't
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and 2.92 and.S.Zﬁ%, respective]y (KarTsen'et al. BPGQ) N1ger1an sweet®

fenne] seed was reported to y1e1d 2 0 to 2.4% 0il (0515109u. 1967).

Thus, the y1e]d of fenne] seed. o011 from Brooks was. lower than that of
{

'the other regions.

;5. Peppermint 011

The character1st1c pepperm1nt oil f]avor is apparently due to

the comb1ned effect of several constituents in the 0il (P1ntauro, 1971)

"There are four stereo1somers of menthol 1n pepperm1nt oil: mentho], neo-iﬂ

'menthol, 150mentho] and. neo1somentho] Of the four . stereo1sumers only

menthol (the main const1tuent of the pepperm1nt oY]) is present in.a

ts of

peppermlnt 01] Neo1somentho] and. 1somentho] are only present;wn sma]l

/\

ﬁamounts Arctander (]969) descrlbed the odor of L- mentho] as "refresh--

ing, 11ght drffus1ve,s~eﬂﬂy pungent w1th resemb]ance to the ma1n odor of g

p9pperm1nt, coo]1ng mouthfee], and taste that 15 refresh1ng, sweet and

L rem1n1scent of part of pepperm1nt p1cture“ It has a cool1ng effect upon

i

mucous membranes D neomentho] has a refreshlng menthol type odor but -

/

~is not as sweet as menthol. It has a taste s1m11ar to that of menthol

L]

’f at a very Jow concentrat1on but at a h1gher concentrat1on the cooling .
effect 1s less than that of L-menthol. It carries with it a musty or _
| f]at odor that tends to detract from the peppermint:. aroma rather than
lifting it. Of the four stereoisomers, L-mentho] 1s_responsible for the
-agreeable’ odor of peppermtnt while neomenthdl,'isomenthol and neoiso-

"hmentho] exh1b1t 1ncreas1ng1y musty odors (Hornstein and Teranishi 1967)

Our study has shown that the menthol content of the 1éaf and stem oils

lncreased w1th plant matur1ty This agreed with previou5\11terature

- o
Yo
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data. Menthol content of the ]eaf pepperminv~oil from Brooks increased"

from 32.3% at the bud stage to 44. 2% at the end of bloom1ng The men-
_thol content of 0il from Michigan was 42 8% from Beaver]odge

' sample A 53, 8% ‘and sample B 58, 9% The peppermfnt ofl disti]]ed

from the stem had a re]at1ve1y high menthol content; 39 9% at 75% b]oom- )

ing and 63.9% at the end of b]oom1ng The qua11ty of pepperm1nt 0il
~depends ma1n1y on the amount of mentho] the h1gher the menthol content
the better the quadity (V1rman1 and Datta, ]970b Guenther, ]952)
.Hence "the qua]1ty of the oil from Brooks increased w1th the maturity
of the plant. The mentho] content in peppermint oils from Beaver]odge
. was higher than that from Brooks and M1ch1gan The. mentho] content of
.pepperm1nt 0il from Brooks was higher than that of . M1chlgan 0il ~when .

the oil was d1st1]1ed from the later harvests

i

The amount of neomenthol in peppermlnt leaf 011 from Brooks e

ranged from 3. 0% at the beglnn1ng*of blooming to 3 5% at the bud stage
and was lower than that from M1ch1gan (4 2%). For Beavertodge pepper-
_ m1nt oils, samp]e A had a higher neomenthol content (5.8%) than samp]e

‘B (3 1%) The neomenthol content of the stem 011 from Brooks decreased

from 3.9% at the bud stage to 2.8% at.the end of b]oomlng An .excessive’

amount of neomenthol lowers the qua]ity of the oil. The effect of neo-

mentho] on the aroma and f]avor could be detected s1gn1f1cant1y at a ,
leve] of 7.5% (Cash et al., 1971). |

' Menthyl acetate is another 1mportant constituent whlch affects.
the quality of the ofl. . L- menthyl acetate has a "mild, sweet, s]ightly

fruity herbaceous m1nty odor and a quite: refresh1ng and de]icately

P ety
=TS N

vﬁIUral, coo] mouthfee1, sweet taste with only a trace of mintness Its .

LA “

e

e
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overaTT flavor is much m1Tder than L—menthol but more de]icate and »
floral" (Arctander 1969). The higher the amount of menthyl acetate! TR
“the better the quallty of -the 011 (Vlrmanl and Datta, 1970b).. The re-

-suTts of our study showed that the amount of menthyT acetate in leaf

o pepperm1nt 0115 from Brooks 1ncreased with the maturlty of the pTant"

2. 1% at the bud stage to 2.8% at the end of bloom1ng The oil from the |
- stem conta1ned a higher amount of ‘menthyl acetate, rang1ng from 2.6%

at the bud stage to 3.3% at the end of bToom1ng. The Beaver]odge bepper-
mint oils contained a very ]ow amount of menthyl acetate: 0. 7% in sample

YR,

A and 1.4% in samp]e B The 01l from M1ch1gan conta1ned the highest
_amount of menthyl acetate (5. 6%). o

Menthone 1s aTso a character1st1c and va]uabTe component of
Mpepperm1nt 011 (P1ntauro, 1971). Menthone has a “m1nty, refreshing and
d1ffus1ve odor of ‘moderate tenac1ty and sllghtly woody- ddggundertone

and a refreshlngly cooT but aTso unpleasant]y bitter taste in dilutions -
vof 10 to 50'ppmJ‘ Isomenthone has a powerful, re?¥e5h1ng, c]ean-minty

odor of moderate tenac1ty and SOmewhat coo]1ng mouthfee] and refreshing,
m1nty but d1st1nct]y b1tter taste" (Arctander, 1969). Due to its bitter
”-taste an excessive amount of menthone .is undesirable. (Guenther, 1952)

An. excess1ve amount of 1somenthone which has a bitter taste, is a]so
undes1rabTe Thls study has shown that the amounts of menthone and iso-f
menthone in the Teaf oils from Brooks decreased with p]ant maturation
This~ agreed with previous f1nd1ngs The lowest _amount of menthone was
found in. Beaver]odge pepperm1nt o11 sampTe B (11.9%). The amount of men-
thone in Michigan 011 (19. 3%) was lower than that in Brooks oiTs Thev,-
menthone content of the Teaf peppermint oils from Brooks decreased from

32.6%.at the bud stage to 21.2% at the end of bTooming In the stemv '
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peppermlnt o1]s menthone content ranged from 27 2% at Z%% b]ooming to %k':

9.7% at the end of b]oom The hlghest amount of*1$omenthone was fouﬁd;\ﬂ*o

'"1n Beaver]odge sample B (4 4%). Mlchlgan 011 and Beaver]odge oi] % ‘I;i

samp]e B conta1ned the same amount of 1somenthone. In Brooks pepper- ;;ﬁ

"f;"‘ N :

mint Teaf 0115, the 1somenthone content decreased from 3,5% at the bud “‘:3;;
‘ “stage to 2. 8% at the end of b]oomlng In stem 0119 the amount of ® :
1somenthone ranged from 3.7% at 75% b]oomlng to 1. 7% at the epd of
b]oomlng PR S , “fv s . |
| The quallty of the peppermiht oil from Brooks 1mpro;ed as the
fp]ants matured die to the 1ncrease1n the amounts of menthol and menthyll

acetate and the decrease in the amour S of‘menthone and 1somenthone.

‘i,;However .there were two negatlve factors, name]y the Tow 01] yle]d and

- the menthofuran content which - offset this trend The percentage y1e1d o

24,

of oil 1ncreases until the p]ant reaches the fu]ltbloomlng stage and
then decreases rap1d1y as the follage beglns t0<§a]1 (Guenther, 1952).

\ Natson and John (1955) were the f1rst to report the assoc1at1on

tarry and unp]easanfa
. f" .A

pungent qnd sharp od“




\
. 186. =
1actone Theﬁfffect of menthofuran on the flavor of peppermint oil can

. be detected significantly at 1eve]s of 9 5% or- higher (Cash et al.

B 1971) The amount of this compound was firs

soc1ated with the num—

ber of blossoms at harvest time (Watson and John, ]955) Later, Lem1i
(1957) estabiished that menthofuran is a s bstance secreted in the
young parts of the'plant, where metabolism isrmost‘active. Thus, men-
thofuran cbntent is highest in the young_platsiandldecreases as the -
| plant grows, but.increases again from the time of flower bud‘fonmation~
_and finaiiv; decreases after(blooming. In.this study it has been shown'
- that the menthofuran content in the peppermint leaf Oils from Brooks de-
‘ creased from 1.5% at the bud” stage to 0. 9% at 75% blooming and then™
'increased to:2.9% ‘at the end of blooming. Michigan peppenmint oil con-
tained 2 0% of menthofﬁran\ while that from Beaver]odge contained a
"iH%Very low amount: 0.5% in samp]e A and 0.3% in samp]e B. The amount of
“1ﬁ:menthofuran in peppermint stem 0i1 from Brooks decreased from 2. 0% at

1

the bud stage to 0.6% at the end of b]ooming

v

‘The peppermint stem 0il is of better quality than the leaf oi]

sowle

L 23 because nt contains comparatively higher amounts of menthol and menthyl

o acetate'and 1ower amounts of menthone, isomenthone, menthofuqangand
'L.neomenthol However, the stem usually yields low amounts of oil o
\ (Guenther, 1952) hence, its contribution to the quality of the pepper- .
B mint 011 can not be Significant ‘

ffu5f§ga’:“\ Michigan peppermint 0il is conSidered as one of the finest qua]-/
ity peppermint ;;is avai]ab]e on. the market. The results of this study v;
showed that the quality of Brooks peppermint oil at the late harvest was
?{ ?, comparabie to that of Michigan oil.- The most significant difference

\

:1, between Oils from Michigan and Brooks at the late harvest stage was the .
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amount'of ment /1 ac:t o gud nﬂomenthol. The']ow amount of neomenthol
in Brooks PerET ittt oil is . 4=sirabia characterlst1c of a good qual1ty
oil while the . nenthyl acc ate contant in Brooks 0il is an‘undesirable
Characteristic; . . g

| The qualic f per .o ar c.1 from Beaverlodge sample B was

better than tnat of sample A becr.se samp]e B oil conta1ned Tower amounts
of menthone and ‘neomenthol .nd h1gher amounts of mentho] and menthy] |
acetate The quality of Beaverlodge sample F oil was qu1te comparab]e

to that of M1ch1gan 011 However Beaverlodge 011s contained a ‘very

!

]ow amount of menthyl acetate, in fact, ]ower than that of Brooks oil -
Accord1ng to the blocnemlcal relat1onsh1ps ‘of menthone re]ated('
constituents given by Waller (1970) free mentho] is ester1f1ed to men-
. thyl acetate The Tow amount of menthyl acetate in A]berta oils cou]d
be due to the coo]er cllmate of A]perta the shorter perlod of sunshlne
. and the shorter frbst free perlod in the groW\ng season of on]y four to
. f1ve months in Brooks Beaver]odge which is in ‘Northern A]berta has
B a comparat1ve1y cooler c]lmate a lesser amount of stinshine and a shor-
ter frost free per1od 1n the grow1ng season than Brooks. Hence the
~amount of menthy] acetate in the pepperm1nt 0il is lower than that f;om
Brooks. t St | |
| The menthofuran content of peppermint 011 from A} berta pepper-
mint oils was ]ow when compared with other o1ls -Loomis (1967) has o
t»shown that h1gh night temperatures and more profuse bloom1ng cause a
high menthofuran content Slnce the nlght temperatures in A]berta are
narmally low the amount of menthofuran in Alberta peppermlnt 011 is

- also low Slmilar]y, due to the lower night temperatures at Beaverlodge,
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‘. the amount of menthofuranlis even 1ower than’that of Brooks. .
. The yle]d of pepperm1nt herb 011 from Brooks 1n€¢eased from

0. 20% at the bud stage to 0.22% at the beg1nn1ng of b]oom1ng and then
' decreased to 018% at the end/o? b]oomlng The\011 y1e1d from Brooks
'peppermlnt herb was lgwer than that of American and European pepper-‘ %?
mint herbs. Accord1ng to Mikhalov (1929), the oit content in the '
1eaves is a direct functlon of the mean tempe&atdxe of the growing
season. | The mean temperatures of the grow1ng season at Brooks were
59.6° for 1971 and 60.2° for ]972 The mean temperature of the growing
season at Beaver]odge was expected to be lower Thus due to the Tow ;
mean temperature of the growing season the y1e1d of peppermint herb oi;\

in Alberta is expected to be lower than yields in the U.S. and Europe. .

6. Sage Oil

El

Guenther (1952) descrlbed the odor and f]avor ‘of genuine '
Dalmation sage 01] as being strongly aromatic and somewhat spicy
ThUJone is the most 1mportant const;tuent of sage o1l and is 1arge]y
responSIble for 1ts character1st1c odor and flavor,. thus a high percen-
tage of thtjone 1nd1cates a good qua]ity As stated~by Arctander (1969),

thUJone has a- "powerfu] trat1ng, warm- herbaceous, and m1nty camphor-

- aeous odor of modePategd r tenaqity and a warm-herbaceous bitter

taste in cbncentratiqh«l ‘
# il "8 .
taste at h1gh§? concentrat1ons"" In the literature the amount of. thujone

han 10 ppm and a pungent- b1tter herbaceous

1s}usua11y‘reported as part of the ketone content_which a]so includes
other ketwpes such as camphor and fenchone. The amount of thujone in

Dalmation sage was reported to be 51.0% (Br1ckorn and Wenger, 1960).

B3 ) N - * ’ -
= . i . '
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In this study the amounts of both a- and g- thuJone were reported Of

bhe. three oils ana]yzed, sage 011 from Brooks-—1971 crop contalned the
hlghest amount of thUJone\Qz-thUJone 21, 53% B- thUJone 7.53%). The‘%
thUJone content of sage oil from Brooks--1972 crop and M1ch1gan was

: about th% same: q- thuaone 20 5% and B- thUJone 3.2% (Brooks--1972 crop)

l-.:x

‘and a-thuaone 19.9% and g-thujone 3. 7% (M1ch1gan 011) Thus, ‘the sage
, J 5
- 0il from Brooks--]971 crop was . of better quality than that from Brooks--

- ]972 crop and M1ch1gan However the quality of the%@ three sage o1ls h

was lower than that of the or1glna1 Da]matlon sage.
A

i ‘;“
The other maJor const1tuent of sage oiT is’ humu]ene (a-

‘ caryophyl]ene) wh1ch amounted to¢]3 1% in Brooks--1971- ‘crop oil, 16 4% -

. ~in the ]972 crop and 5 48% 1n Mlchvgan 011 The amounts of s-caryophyllene

“'were 7:7% in éage otlﬂfrom Brooksk—1971 crop, 9 3% ;; thé 1972 crop and (v.
4.6% in sage 011 from M1ch1gan Both u- and B~ caryophy]]ene have a R A
' woody splcy, dry and tenacious tor and a dry woody, somewhat b1tter

:;~tJ§te" (Arctander 1969) The«ﬁizsence of humu]ene and B-caryophy]]ene

: hN o
“1n such a h1gh percenxage esbeCIa]]y in sage$o11s from Brooks, defi-

fnltely eﬂhances the odor and f]avor of tpe sage o11 v =

¥

.E.fM1ch1gan 011 (25 6%) The amounts

Camphor Ls~also a maJor con tituent in sage 011, espec1a11y in
;f camphor in Sage o1ls from Brooks

\Vi;fwere re]atlvely low 8 3% ln the 197] .crop. and 10. 3%, in the 1972 crop

EJfﬂCamphor has a "warm m1nty a]most etherea] d1ffus1Ve odor of ]ow tenacity

Ef'and a s]1ght1y b1tter, warm taste“ (Arctander, 1969) Camphor, in such

,';'a h1gh percentage espec1a]1y 1n Mrch192n/§5ge 011 def1n1te1y 1nf]uences ,ﬁ"g

<0

'the qua11ty of the oil A Rt

(

l 8 eineol has a "freSh diffus1ve, camphgraceous ~cool odor/of

- tpoor tenac1ty and a sweet fresh coo] camphoraceous taste" (Arctander, f“, ?ﬁh
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1969) The amount of 1 8-c1neo] was 5. 7% 1in sage oil fr Brooks-—]97]

crop, 3.4%. 1n the 1972 crop; and Tp 0% in Michigan sag 011 1 8-cineoT,'"\\

‘espec1a11y the hlgh content in M1chlgan 011, adds to -the qamphoraceous-
\ .
odor and taste of sage 0il. Thus MlCth n: sage 011 had a more camphora-

. ceous’ odor and ipste than sage o1ls fr ' Brooks "' S RS

As/shown’Earller there 1s a d1fference in the composition and 25 e

7athe quaTlty of sage o1Ts from Brooks between the 1971 crop and the 1972J

) crop The sage oi] from 1971 was of bettenfqua]1ty than. that from theY

. 7’ 4
\\\alzllable from Brooks about the stage Jf pTant matur1ty at thé han‘est
fi.

_crop. year 1972 The oil for the 1971 crop was obtaIned from d1sti1]ing -
*
the whole, dflé? plant harvested at 70%. b]oomIng ngre is no data

o

time for the crop year ]972 Heather data showed that the number of -
‘hours of sunshlne and the numbqt of frost free days were. greater for ’
the 1971 grow1ng season.‘han for the 1972 growfng seis“n\WLth the\reverse
be1ng true w1th respeﬁf&to the amount of ralnfa]] If the stage of the s
p]ant at ‘the harvest t1me for the 1971 and 1972 crops was ‘the same, the _,

better qua11ty 011 from the 1971 crop could be dUQ.to the Tonger périod

of sunsh1ne .and the greater number of frost free days. . ;A. hi‘;&

_AN
The y1e1d of sage ol from Brooks for~the 197 crop was reported
as 0. 25% There was no data on the il yle]d for the 1972 crop This féf

y1e]d of oil ‘was ‘very much ]ower thar that reported gy Guenther (1952)0

: ;for DaTmatlon sage (0.7 to 2. 0%) and for Amerlcan sage (0.6 to 1. 0%)

»Thelf"Td>of oil coqu be 1ncreased byuharvest1n9~at an ear]ier stage of

maturity.

s
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S I .
CONPOSITION OF PEPPERNMINT OILS
< 3 . . Component T .
Seweple, Rene . Tso-  heo- - Hen-

. Mrowesance & Otrer Information Pt- Con- =Pt- Limo- Cine- tho- Hen- men. sen-  Men- thyl PNle-  Piger-

Clven by Sepplier nene  phene  nene nene ole furan thone thone thol thol acetate qone ftore Othevs

0.5 Sidwest ’ ' .

Ratwral o ... 1.0 30 ) 1.9 299 a8 3.4 33 4.2 0.3 1] ns
Myturel 08" ... 0.9 3.4 .1 1.7 302 5.3 3.5 %3 a5 o8 o9 | 84
Rataral 0.8 {0.2) 0.9 3.6 87 [ 7% B Y 5.9 3.8 3.0 5.1 0.8 0.3 ..
RiGuest-Oregon llﬂ.l(’tly . : . .
rectifies 0.3 eea - 0.8 27 13 2.6 2.8 8 iy ag s’ 18 K] .7
Ridwest-Oregon hlc«l.huvﬂg . i R )
™Mt - 0.y Lew 0. Q.7 1.9 LS B (X ] 4.2 5.0 914 [ X} L | 2. o4
ws. . K . ) . .

. Ilu’.i . os . 09 - &) 8.3 3.2 19.% 4.5 4.1 a0 $.1 2.3 1.7 1.2
Batwral 0.7 een 1.0 3.6 8.0 3. 3.8 4.0 3.6 418 4.4 21 2.) 1.8
Ratural Jeffersen district 0.6 {o2) 1.6 3.2 1.5 2.6 2.3 3.2 4.2 4.2 4.5 8 21 1.1

0.5 Vakim ¢ : - - . .
Sunrystde satural 0.8 {0.2) 1.0 L3 B N ) 8.8 162 s 3.6 0.2 6.y 1.9 0.y ' os
Kremewick matural plaats gromm . . .

in Sunnyzide ares 0.3 {0 1.1 32 7.8 2.1 17.1 4 3.3 422 7.4 2.2 1.0 1.8
Yakica.ratiral.early harvest 0.¢ (0.2 1.7 3.5 1.8 €2 1.,y 30 2.8 462 - 52 2.6 1.8 L2

T Vaktea.watural late barvest 0.7 e 1.6 3.7 6.4 .98 3.9 2.2 3. a7 I.é Q.9 1.1 0.9
Rectified US| ' 0.7 {0.5) 1.2 az 8.0 €2 15.7 32 3.6 a5y 8.% 1.3 c.2 L3
l‘minxmm from P-] . N . . .

Sy vacam fn:thnauu 0.1 J 0.2 13 28 6! K. b K 4.2 S1.9 10.9 2.5 1.2 1.2

Italish i : - )
Italo-Ritchem, rectiffed 0.7 (0.2) 0.9 4.2 8.0 6.3 2.0 3.6 1.5 40.2 s} 3. 1.7 3.2
lhlo-ﬂltc&nm"ud 0.7 {0.5) 1.0 4.6 1.7 .8 16.8 5.1 3.9 35.2 6. 4.6 2.9 3.0
Rectifted .8 e 1.6 4.2 1.9 6.8 17.6 1.9 3.9 4. S.€ 3.9 1.9 . 2.0
Itale-Mtctam distilled 1.0 . LR | €8 4 €4 183 1.3 3.2 B2 (%} .8 2.1 . 2.9
lu!mwhu.xum s.p., . . N

. 3. {0.3) 1.0 62 99 5.5 156 5.6 1.6 3% .6 2.7 239 2.2

" Terpemeless 0.6 (0.0) 0.2 2.3 LS . 1.0 4.5 3.7 4%.4 5.7 4.3 1.3 nz
!uh-mu:l-,ﬂstllld.v s.p., - 07 0.2) ‘18 3.y 18 6.1 1s.8 4.0 . 315 a0 s.3 1.5 2.7 1.
bzl’-hl.lhu"“ 0.7 ae- 1.0 6.8 8.8 1.7 203 3.3 4.1 4y 4.¢ 1.3 7 2.0
. A L 0.7 e 1.0 4.0 9.4 1. - 2%.0 33 4.1 a6 18 0.8 “1.8 2.0

T DSt USSP bp. 0.6 (0.3} 0.7 €1 '8 18 16y 1., 4.5 ar¢ 6.9 1.3 1.4 1.2
Ritcham distilled - ’ 0.5 ... 02 3.9 6.1 .5.8 159 3.8 4.9 s 9.6 1.9 1.9 0.6

. 0.5 {0.¢) 1.2 5.5 1.1 5.3 15.6 5.8 $.3 197 8.5 2.2 2.0 1.0

. Mitchem A13t111ed,155Y; dry & X i o :

. Senny 3eXI0M 08 (0.2) Vo 4.0 2.4 4.5 182 a3 3.6 36 A 2.7 4 0.8

Sulgarian . ' ‘ X
D::;n-n-mw.utwul 0.7 . 1.6 1.8 18 62 169 3.1 38 4 7.2 2.7 1.9 1.1

’ I-lwul:hu.ncuﬂn 0.2 .- 1.0 2.7 5.2 8.0 .y 3.3 4.3 4 [ X3 2.8 ] 2. 1.8

Senth African ' ’

Rateral Mtitchan- ’ . . . .
oroduced 1957 ol o.e ... 0.7 S8 74 ae 90 s.1 3.4 3. [ ] 2.1 2.y e
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