Characterization of lavandin Abrialis,
Super, and Grosso by GC-MS

By Manfred J. Prager and Michael A. Miskiewicz, U.S. Customs Laboratory,

New York, NY

Lavender oil may be imported into the U.S. free of

duty, while lavandin oil is subject to duty and artificial
mixtures, which include adulterated oils, are assessed
a hig,her rate of duty.? It is necessary, thcrefore that
drl auawuuu i‘l‘lF‘hu’Jd be available lJv which these oils
may be identified correctly.

Comparative studies of these oils described in the
literature usually stress differences in some

phvsicochcmical constants and concentrations ol a few
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camphor and 1,8-cineole.*® 1t was believed that for
Customs purpeses a more detailed characterization
wus reguired, and concentration ranges were estab-
lished for components present to the extent of more
than 0.5% in Gla

these oils.” Glass capillary gas

chromatography was found to be a suitable meth()(l of

analysis, and mass spectrometry of the separated
components aided in their identification.

Buring the course of that work about twenty favan-
din oils were used, both reference samples obtained
from perfume companies and commercial samples
submitted to Customs om importation, All of these
samples were lubelled lavandin Abrialis. For the pdsl
few years, because of the decline of lavandin Abrialis,®
two other hybrids, Grosso and Super, have also been
submitted to this laboratory upon importation. Tt was
necessary to be sure that these newly reccived luvan-
din hybrids could alse be correctly classified and that
the gas chromatographic procedure” was adequate for
this purpose.

Steltencamp and Casazza analyzed ten samples of

lavandin Abrialis and five of lavandin Super and pre-
sented averages and ranges for five components, only
three of which, linalool, camphor and linalyl acctate,
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were present to the extent of 0.5% or more on the
average in these samples.” Martin and Zola also
analyzed these two hybrids and presented average
coneentration values for a large numl)(" of compo-
nents that accounted tor over 95% of the composiiion
of the samples.” Since no inforination was given con-
cerning the number of samples analyzed or the con-
centration ranges encountered for the components of
the oils, the data do not provide a sufficient basis for
evizing the oils of interest. Subsequently Zola
and I,e Vanda presented somewhat difterent data for
these oils and also analyzed three lavandin Grosso
samples." Again only average concentrations were
listed for the components of the three hybrids, but
H‘nP authors stated f}l at fl] ey can ])r—l r]l”l"!‘('!]f1 wed on

the basis on linalyl acetate, terpineol-4 and trans-
ocimene plus octanone-3 concentrations.  Recently
Bruns presented concentrations ranges and averages
for seven components of these three different lavan-
dins aud found that they could be distingnished on
the basis of 1,8-cineole, camphor and linalyl acetate
content.” Moutet showed that for lavandin Abrialis
and Grosso the concentration ranges diftered for
linaly] acetate, ocimene, and terpineol-4.%

Recently four samples labeled lavandin Abrialis
analyzed in this laboratory were lound to be adulter-
ated on the basis of a detailed GC analysis. Three of
the samples contained inordinately large amounts of
limonene and/or pinenes. Adulteration of these oils
could not have heen recognized il only linalool, linalyl
acetate, camphor and 1 8-cineole concentrations had
been determined. In addition, nine samnples labeled
lavender but judged to be mixtures generally con-
tained the expected amount ol linalool, but camphor

.
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and 1,8-cineole concentrations were intermediate be-
tween the observed ranges for lavender and lavandin
oils. Concentrations of some other components in-
cluding cis S-ocimene, borneol, and terpineol-4 plus
B-caryophyllene were much better indicators of
adulteration. Therefore, it seemed advisable that the
concentration ranges of all components present to the
extent of at least 0.5% in lavandin Super and Grosso
be determined to assure that these oils could be cor-
rectly identified.

Experimental

The experimental procedure was identical to that
previously used.” The work was performed with a
Perkin-Elmer Model 3920 gas chromatograph
equipped with a flame ionization detector and split-
ting injector providing a split ratio of 30:1. A 33 meter
by 0.5 mm i.d. Scott glass capillary column containing
Carbowax 20M stationary phase was operated for 4
minutes at an initial temperature of 60°C and was
then programmed at 2°C/min to 200°C where it was
held for 32 minutes to complete an experiment, The
injector was maintained at 225°C and the detector at
250°C. Flow rates used were 19 ml/min for the helium
carrier gas {(as specified by the column manufacturer)
and the flame of the detector was maintained with 40
ml/min hydrogen and 550 ml/min air. Quantitative
determination of the eluted components was achieved
with a Hewlett-Packard Model 3352B Laboratory
Data System.

Most major components could be identified by
mass spectrometry with a Hitachi-Perkin-Elmer
Model RMU-6L, single focus low resolution instru-
ment, which was coupled to the gas chromatograph
with a jet separator. The operating parameters for the
spectrometer were: ionization voltage 70 eV, source
temperature 200°C, interface 250°C, target current
50 ua and accelerating voltage 3200 V.

To characterize the three hybrids, reference sam-
ples obtained from perfume companies were used as
well as samples from importations submitted for Cus-

toms examination. To aid in the mass spectromet

spectrometric
identification of the separated components, samples
of these compounds were obtained from various per
fume companies and laboratory supply houses and
their spectra were recorded. Published compilations
of spectral data were also used. '*'3

For each oil and reference compound 0.2 ul sample
was injected directly into the gas chromatograph. Re-
tention times of the eluted peaks were measured rela-
tive to that of linalool=1. Peak areas were recorded
for components present to the extent of 0. 1% or more.

Results and discussion

Lavandin Abrialis, Super, and Grosso were found to
contain the same major components. The general fea-
tures of the chromatograms were, therefore, the same
and a typical chromatogram for a lavandin Abrialis oil
is shown in figure 1. About fifteen compounds which
were present in one or more of these hybrids to the
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3 Figure 1. Chromatogram of lavandin Abrialis. (The peak numbers correspond to those of Table 1.)
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extent of at least 0.7%. The concentrations of these
components fell into fairly narrow ranges, which were
often characteristic of the hybrid. There were about a

dozen additional components at concentrations of

0.1-0.6% common to these oils. Because of the sam-

ple to sample concentration variation only a few of

these minor compeonents were useful for oil identifica-
tion. Table 1 shows concentration ranges for each hy-
brid and averages for the important components. These
compounds account for 97% on the average of the
composition of these oils. These data were obtained
with twenty-six samples of lavandin Ab
Super and nine of Grosso. Only ten component con-
centrations have been excluded, because these fell
outside the ranges shown by more than 30%. In addi-

Table 1. ;) Concentrations of Important Components of Lavandin 0ils

lis, ten of

tion to all these data, only one sample exhibited one
additional peak corresponding to a concentration
greater than 1.0%. Peak identification is provided in
Table 1 for those components that could be analyzed
by mass spectrometry.

The chromatographic separation of terpinecl-4 and
B-carvophyllene was accomplished in only about two
thirds of the samples analyzed. Since the terpineol-4,
but not the B-caryophyllene concentrations appeared
to be useful for characterizing the hybrids, in Table 1
are given terpineol-4 data for those samptes for which
it was obtained, as well as combined terpineol-4 plus
B-caryophyllene results for all samples. For only 40%
of the samples were o-terpincol and borneol sepa-
rated. Since both of these compounds appeared to be

.

Pear®  fiel. Ret,  _ twrtalls Super Grosso Tdentity
1 Time rv. ange . Range v, Range .
! i
f 1 0.2 0.8 0.5-1.% 0.1, 0,2-0,5 0.4 0,5-0,7 o —pinene
2 0,26 0,4 Ou4=-0.7 oL C.C=0.4, C.2 0,704 camphene
2 0,29 a,é G, 31,0 G.2 0,000 .t Quh=0.45 J—pinene
4 0,38 Gok G, 4=0, & 0.5 0,220,45 0.5 Quly0.7 mrrcene
5 ST 1.G Col-1,7 0.9 0.7-1.1 0.8 0,0-1,1 limonene
& Sakie 7oA 5.2=9.4 3.6 2,702 B.2 La3=5.9 1,8-cinecle
7 [ 1.5 0,9-2.3 1.3 1.1-1.7 0.9 0.7-1.0 cis ]l—ocimene
& CuLB 2.7 Lel=L.7 1.6 O.6-0.2 O.L 0, 20,7 trans }‘%—Gemenc
9 0.5 0.7 0,004 0.4 0507 0. 0,104 Teymene
1
10 0,70 Q.4 0,207 [4 Ou2=0.5 0.4 0.2-0.1,
11 0478 Quly G20, 0.6 Q, 50,8 0,7 O, 0=,
1 0.82 [ 0. 00,7 0.0 0.0-0,6 a2 G, 00,5
13 0,97 8.7 7.9-9.7 5.6 EaG—ba T .9 6,276 canphor
' 14 0.97 0,7 0,001 a2 0,00, 0.1 0.0=0.1
15 1.00 3L 20-26 1l Kl e linaleol
14 1.0y an 19-33 i LO=LT s =" linalyl aceciate
17 1.07 G.8 Co-l.6 G 0,00, 0.9 L6015 !
1 1.09" 1.2 Oul-1.8 0.6 Quh-1.8 1.7 2.7-2,9 terpineol -4
1% 1.09-1.11 aa 2ol LG 1.7-2.7 1.9 Laoo=5.0 terpinecl-4 plus '
/ ’ ‘ J—earyophyliene
20 1,12 1.6 1,000 1.5 14108 2.0 RSN o) loavanduwlyl acetate
jeal 0,7 0,0-1,72 a,7 Q01,0 0.8 G.2=-1.5 lavandulol
an 2,3 e Tk KR P 2.0 1.G-4.1 < -terpineol rlus
e - vorneol
s 1,79 (o] 0,000 by 0,008 1.1 0.7-Led !
24 1.3, 0.2 0,0-0.3 G 00, ), (O Q,7-0.7

Meak rurbers are the same as in Fipure 1

1T;at,:l for M samples of lovandin Atrdalis, /) of lavandin Duper and # of lavandin Grasso
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present insimilar amounts i all types of Tavandins,
only the st of the concentrations of these compo-
nents is shown in Table 1. For those sanples for which
a separation was achieved, a-terpineol contributed
less than 209 to the area under the peaks of the two
components.

There were abont a dozen distingnishing features
which aided in the identification of the hvbrids. Iden-
tification of a particular sample is most reliable if it is
based on all of these components, rather than only
one or a few ol them. Lavandin Super samples con-
tuined much less of the three carly eluting hy
a-pinenc, camphene, and B-pincue. than
Grosso and Abrialis: 0.6% conpared to 1.4 and 1.7%
respectively on the average, No lavandin Super sam-

IP()]L‘\,

ple contained as much ol these components as any ol

the other lavandin saniples analvzed. Lavandin Super
samples were also found to contain less 1.8-cineole
than wany of the other samples. On average, they con-
tained 3.6% compared to 3.29% for Grosso and 7.4%
tor Abrialis. Only two ol the twenty-six Abrialis siam-
ples contained Tess than 6%, while no other hyvhrids
contained that much.

Lavindin Grosso samples has less cis B-ocimene
and also trims B-ocimene than the other hvbrids,
while Abrialis sumples contained the most of these
components. Only two of the twenty-six samples con-
tuined less than 2% trans B-ocimene, while only one
of the Super and none of the Grosso samples had that
much.

Lavandin Super sumples contained more p-cyvinene
than any of the others. On average, this hybrid

— i T

13
th RRT=0.78

sited more of the component with

than any of the other oils. Only three Ahrialis samples
contained as much as any of the Super samples of the

latter component. On the other hand, Tavandin Super
contained less camphor on the average than any of the
other hvbrids. All Super sumples had a lower cam-
phor content than any Abrialis sample. Only one
Super sample contained more than 6.0% camphor,
while all other hybrids analyzed contained more than
that.

The most abundant component of all Tavandin
Super and Grosso samples was linalvl acetate, while
all but two of the twenty-six lavandin Abrialis samples
tested cmnhuncd more linalool than linalvl acetate. All
ANTTReN

v iizieae] e 1
14

super samples containied more linalyvl acetate
than any of the other samples, The Lwandin Abrialis
oils contained the least of this component on average,
and in all but two samples less was found than in any
lavandin Grosso sample.

Lavandin Super samples showed the lowest
amounts of the component with BRRT=1.07. Thev
contained less than all nvandin Grosso, and less than
all but forer Abrialis samples.

Adequate  separation  of terpineol-4  and
B-carvophyllene was achieved for twenty Abrialis,
four Super and cight Grosso samples. It was observed
that the Grosso samples contained more terpimeol-4
than any of the others. This hybrid also contained
more lavandulyl acetate than the other oils on aver
age. Al Grosso samples contained more kavandulyl
acetate than any Super and all but two Abrialis sam-
ples investigated. Finally, the component with
RRT=1.29 also was present in larger amonnts in
lavimdin Grosso than in the other oils. None of the
Mn'iulis‘ and (m]\' two of the Super s‘dmpl(‘s‘ contained
as much of this (‘(')I'I'lp()lm(l s any of the Grosso sam-
l‘]l{‘.‘ .

Tables 2, 3, and 4 list the pereent concentrations of
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components present to the extent of at least 0.7% on
the average in one of the hybrids for all samples tested
of favandin Super and Grosso und representative
sumples (fourteen of twenty-six) of luvandin Abrialis,
These peaks account for 90.8-96.4% average 93.6%, of
the composition of the twenty-six lavandin Abrialis
oils analyzed. The concentration data for these san-
ples, all from France, are very similar 1o those for the
lavandin Abrialis samples previously analyzed.” For
components present to the extent of at least 19, the
average concentrations repm'tpd in T‘ll)lt‘ 1 are well
0% of those previously examined, except for
the combined peak obtained for mte:])meul and bor-
neol. Two of the samples are suspected of being adult-
crated. Sample | cuntamed an inordinately large
amount of ]unom‘n(' 2.5%. In lorty-three other
lf_‘s t} =] }ug‘ iest limor ene Coni-
49

-all the
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samples was 1.1%. This sainple also contained unusu-
ally large amounts of the component with RRT=1.29.
Sumple 6 of Table 2 contained excessive quantities of
¢is B-ocimene and a-terpineol plus borneol, The cis
B-ocimene content of 3.5% is 2% times the average
amount found in other samples and about 50% greater
than the largest concentration observed.

Nine of the ten lavandin Super samples originated
in France. The data given in Table 3 account for 91.2-
97.3%, average 94.3%. of the sample composition.
Sample 6 was imported from Argentina and showed
no distinguishing features. The most unusual sample
was number 8§ which contained relatively large quan-
tities of a-and B-pinene, 0.9% and 0.6% respectively,
compared to average concentrations 0.4% and 0.2%
for this hybrid.

All Liwandin Grosso samples came

Percent coucentrations for thv components listed in

I‘_....“ |
TN P ranee,

} Takle %, i Composition of Lavandin Super Oils ‘
lielative Retention Time
Sample Sum
‘ a.7e Q.40 C.L2 ULS LR 0,97 1000 1.04 1.07 0 1.0% 1,13 1.1 1,0 1.2h 1.y 1
I
‘ 1 0.5 1.1 2.7 1.1 LG 6,0 ., il 6.0 1 1.4 6.7 2.5 0.7 97,2
z a4y 6.9 3.7 1.2 1.9 07 294 [ L L0 1.5 a.8 23 G4 95.9 l
‘ 2 U 0.8 L) 1.2 1.9 G2 3¢, 43,5 0 0.4 1.2 1.8 0.2 T2 0,0 L2 1
| i 5.2 0.7 2.7 1.7 1.2 4.9 26,9 L6.7 0.0 1.8 1.7 1.2 2.2 0.8 92,7
5 0.3 G.7 A, 1.1 1.0 5.3 314 AhT 0.0 2.3 1.5 1.0 2.2 C.5 Q5.4 i
\ & (33 0.7 1.0 1.5 1.6 S9e5 22, L1600 Ouh 2.1 1.1 1.2 2.t a6 L9 \
7 Q.4 1.1 el 0.C 0.8 .G 1.9 LO.3 0 0.4 G 1.4 (S 2.6 o0 91,0
‘ & 0.9 0.8 L2 1,2 1.4 5 32,6 40,0 0,0 1.0 1.% 1.f 0,0 7.1 .8 9.9 |
! 2 0.5 L.u 3.7 1.1 1.9 5.6 32, L0.2 0.y 0.5 L O O I ¢ 7
10 0.2 .9 40 1,3 2.2 5.3 31.2 4000 0.2 0.4 1.5 1.5 .9 2.3 C.5 92.
. o ]
. |
Table 4. 75 Composition of Lavandin Grosso Oils
Sample Relative Hetention Time um
0,22 0,40 0.42  G,45 048 0,93 1,00 1.04 1,07 1.09 1,11 1.12 1,23 Ll.20 1,29
1 a.7 G.7 L. 0.9 0.3 6.3 20,5 26,2 0.9 [ 2,2 .y 28 0.7 92.9
2 0.5 1.4 ) 1.G 0.7 7.6 31,0 31.86 1.2 1.5 2.7 A 1.4 2.9 1.C a7.9
z .7 1.1 L.7 a,7 0.3 7.0 28.0 37.2 1.5 2.2 1.8 2.5 0.2 1.9 1.4 gz.8
i 0.t 0.6 5.9 0.9 0.4 6.8 29.9 261 SN P A 7 B T T A 93,3 i
i 0.2 0.8 5.0 C.e 0,2 7.1 31,6 [ Ak 1.5 2.5 Q.2 2.6 1.2 03¢
6 0.5 [N 5.6 (L8 0.5 7.0 21.30 244l 3.9 1,% 2.8 0,2 2.9 1.3 3.1
| 7 3.6 0.7 5.7 0.9 0.6 6.9 0.2 Hia 0.7 2.0 1.9 ENN 1.4 2.5 0.7 G2.G \
8 0.6 0.6 5.5 0.9 0.2 69 29,050 33.9 0.6 LB 1.6 3.0 1.y 3.1 ol 1.2
5 o 0.6 LT 0.8 Q3 6.8 2. 37.2 0.7 2.7 1.5 2.8 0.6 40 6.0 61,1 ‘
I . - . i
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Table 4 represent 91.2-93.9%, average 92 8%, of the
composition of the nine samples studied. Sample 2
differed somewhat from the others in that it contained
somewhat more limonene, 1.6%, than all except one
of the other lavandin oils analyzed. This sample also
contained 2.1% of a component with RRT=1.41,
while all other samples contained less than 1% of that
compound,

Detailed quantitative GC analysis has previously
served well in distinguishing between lavandin Ab-
rialis and lavender oils.” Lavender oils contain larger
amounts ol linalyl acetate, terpineol-4 plus
B-carvophyllene, cis B-ocimene, and the unidentified
component with RRT=0.70. Lavandin Abrialis con-
tains more 1,5-cineole and camphor.

Since lavandin Super and Grosso contain more
linalyl acetate than Abrialis the former hybrids will be
more difficult to distinguish from lavender oil on the
hasis of this component. On the other hand, Lvandin
Super and Grosso can be distinguished more casily
from lavender oil on the basis of ¢is B-ocimene and
the component with RRI=0.70. On the basis of
terpineol-4 plus B-caryophvllene it will not be possi-
ble to distinguish between lavender oil and Lavandin
Grosso, but it will be easier to distinguish between
lavender and lavandin Super. Camphor and
1,8-cineole concentrations will still aid in the identifi-
cation of these oils, Trans B-ocimene concentrations
should lacilitate identitication of lavandin Grosso and
the component with RRT=1.07 in the identification of
lavandin Super. Therefore, each of these oils should
be readily identifiable on the hasis of this quantitative
GC-MS procedure,
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