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Abstract

Concentration and composition of monoterpencids in plant
tissue affects a variety of environmental and ecological issues
such as plant defenses, plant classification, and phytotoxicity.
Developing the techniques for extracting and estimating the con-
centration and composition of monoterpenocids must be species-
specific because monoterpenoid storage location varies between
species. Ashe juniper (Juniperus ashei Buchholz) and redberry
Jjuniper (J. pinchotii Sudw) are 2 co-occurring species which dif-
fer in palatability and preference. The objective of this study was
to determine which of 2 common extraction techniques provided
the best estimate of the concentration and composition of
monoterpenoids in mature plant tissue. Two extraction tech-
niques were tested by soaking crushed juniper needles in hexane
solvent for 6, 12, 18 and 24 hours or by steam distilling samples
for 2, 4, 6, or 8 hours. The extracts were analyzed by using 2 dif-
ferent analytical columns in separate gas chromatographs. The
hexane solvent soak, regardless of time in the solvent, yielded a
lower total concentration and a decreased compositional diversi-
ty of monoterpenoids compared to the steam distillation tech-
nique. An 8-hour steam distillation yielded the greatest concen-
tration and composition of monoterpenoids. Both types of analyt-
ical columns resulted in similar estimates of monoterpenoid con-
centrations and composition.
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Plant phytochemicals play an important ecological role in plant
defenses (Bryant et al. 1991), plant classification (Adams and
Kistler 1991, Adams 1994), plant palatability (Bray et al.1991,
Riddle et al. 1996), phytotoxicity (Wilt et al. 1993, Tarayre et al.
1995) and perhaps in fire ecology (Philpot and Mutch 1968,
White 1994). One of the major groups of phytochemicals are
monoterpenoids but estimating the amount and composition of
monoterpenoids can be problematic (Muzika et al. 1990). The
problem lies in efficiently extracting monoterpenoids from leaf
tissue and in making repeatable estimates of the concentration
and composition of monoterpenoids.
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The simplest extraction technique is a solvent soaking where 2
to 10 g of fresh leaf material is placed in pentane or hexane (Wilt
et al. 1993, Gambliel and Cates 1995, Zou and Cates 1995) for as
little as 15 minutes (Kainulainen et al. 1992) or as long as 48
hours (Hall and Langenheim 1986) depending on the plant
species and sample preparation. Another extraction technigue fre-
quently reported in the literature is a steam distillation process
where fresh leaf material is steam-extracted into hexane or pen-
tane (Muzika et al. 1990, Riddle et al. 1996). The steam distilla-
tion process can last as little as 90 minutes (Hachey and Simard
1987) or as long as 8 hours (Muzika et al. 1990). A survey of the
literature shows that both extraction techniques are used in about
equal frequency across a wide array of species (Hachey and
Simard 1987, Gilmore 1977, Chang and Hanover 1991, Muzika
et al. 1989).

Accurate estimation of monoterpenoids depends on the use of a
gas chromatograph (GC). There are many different types of GC’s
and different analytical columns for detecting natural compounds.
Column length, internal bore, and film thickness affect the length
of time a compound is retained in the column, and can affect the
accurate detection of monoterpenoids.

The objectives of the current study were to determine: 1) which
extraction technique was most complete in terms of concentration
and composition of individual monoterpenoids in Ashe juniper
(Juniperus ashei Buchholz) and redberry juniper (J. pinchotii
Sudw) foliage; 2) how the length of time in the extraction process
affected the concentration and composition of monoterpenoids;
and 3) how the analytical process (2 different types of GC’s and
columns) affected the concentration and composition estimates of
monoterpenoids.

Methods

The study was conducted using Ashe juniper (other common
names include mountain cedar, post cedar and blueberry juniper)
and redberry juniper populations from the Edwards Plateau
region of central Texas. Ashe juniper is a dioecious tree or shrub
ranging in size from 1 to 6 m at maturity, with a single main
stem, and a globular or irregular growth form. Ashe juniper usu-
ally grows on calcareous soils and rocky slopes of southern
Oklahoma, central Texas and northern Mexico. Redberry juniper
is also a dioecious species, has multiple main stems, and sprouts
readily from the base after disturbance. Redberry juniper grows
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mainly on gravelly, rocky soils of central Texas. Field samples
were collected at the Sonora Research Station in central Texas
(31°N, 100°W, elevation = 732 m).

Ten mature trees of each species were subjectively selected on
the Sonora Station in May 1993. Fifty g of leaf and small stem
tissue were collected from each tree, divided into 2 aliquots, and
placed into liquid nitrogen to halt physiological activity and pre-
vent volatilization of monoterpenoids. One aliquot was kept at
the Sonora Station for analysis and the other was transported to
the Uvalde Research and Extension Center for analysis. Samples
were stored in plastic botiles with airtight caps at —-80° C in an
ultracold freezer until analysis.

Two techniques were used to extract monoterpenoids from the
leaf samples at both laboratory locations. The first technique was
a simple hexane soak where 2 g of frozen leaf material was
ground in a mortar and pestle filled with liquid nitrogen and
placed in 10 ml of hexane at room temperature. The beaker was
covered with Parafilm to prevent evaporation of the hexane and
10 pl of tetradecane was added as an internal standard. Samples
were withdrawn from the soaking solution after 6, 12, 18, and 24
hours to test the effect of the length of time in the soaking
process. The second technique was a steam distillation with a
volatile oil distillation trap (VWR Scientific). Five g of frozen
leaf material was ground in liquid nitrogen, placed in a beaker
with 150 ml of distilled water, and steam distilled into S pl of
hexane. Samples were withdrawn after 2, 4, 6, and 8 hours. Five
ul of tetradecane was added as an internal standard. Although dif-
ferent weights of leaf samples were used in the 2 techniques (2 vs
5 g), the concentration of oils (mg g1 fresh weight) could be
directly compared.

Monoterpenoid composition and concentration were estimated
with 2 different gas chromatography (GC) systems. The Uvalde
location used an HP 5890 GC equipped with a 0.25 mm X 25 m
fused silica capillary column. Helium was used as the carrier gas.
The temperature program was 70° C for 2 minutes, a 1.5° C per
minute increase to 97° C, a 6° C per minute increase to 187° C
and then a 15°C per minute increase to 262°C. The injection port
temperature was 280° C and detector temperature was 240° C.
Data were output directly to a computer with data acguisition
software. The Sonora location used an HP5790A GC equipped
with a Megabore HP-5 crosslinked 5% phenylmethyl silicose col-
umn (30 m X .53 mm X 2.65 pm film thickness). The same tem-
perature program was used in both locations. Helium carrier gas
was maintained at a flow rate of 6.5 ml min-!. Injector port tem-
perature was 280° C and the detector temperature was 240° C.
Peak areas were measured with a HP3394 integrator. Terpenes
were identified in both laboratories by comparison to external
standards.

Data were expressed on a fresh weight basis to remain consis-
tent with published literature and were analyzed in 2 separate
steps. Average percent dry matter of the Ashe juniper samples
was 53% and of redberry juniper was 55%. The first analysis
used the total amount of monoterpenoids as the dependent vari-
able in a split-plot, repeated measures analysis of variance. Main
factors included tree (as replication), extraction technique, plant
species, and the extraction technique by plant species interaction.
The tree-by-extraction technique-by-plant species interaction was
used as the error term. Type of analytical column was analyzed in
the split-plot including all 2-way interactions with the main
effects. Length of the extraction process was the repeated factor.
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All tests were conducted using p < 0.05. The second analysis was
designed to evaluate the effects of the extraction techniques on
the concentration of individual monoterpenoids. The statistical
model was the same as the one used in the first analysis, but the
dependent variable was the concentration of each individual
monoterpenoid. A sphericity test was conducted for each analysis
to determine the most appropriate error matrix (von Edne 1993).
If Mauchley’s criterion was not significant, univariate tests were
used, otherwise multivariate test results were used (SAS 1988)

Results

Comparison of Extraction Techniques

Steam distillation yielded a greater concentration of total
monoterpenoids than a simple hexane soak (F = 1474, df = 1,12).
Mean concentration of monoterpenoids in Ashe juniper was
11.41 mg g! of fresh foliage (SE = 1.16) when extracted via
steam distillation but only 5.90 mg g-! (SE = 1.07) when extract-
ed with a hexane soak. A similar pattern in concentrations was
detected in redberry juniper where 10.05 mg g-! of fresh foliage
(SE = 0.53) were extracted via steam distillation, but only 4.81
mg g1 (SE = 0.80) via solvent extraction. There were no other
significant effects between the 2 species or the GC columns in
total monoterpenoid concentration.

Eighteen different monoterpenes were identified in these 2
species of juniper (Table 1). Fifteen were affected by the extraction
technique with the steam distillation technique yielding the greater
diversity of monoterpenoids. The concentrations of only 3
monoterpenoids (0—pinene, B-pinene and linalool) were similar
between the extraction techniques. These monoterpenoids were
minor components, with concentrations typically < 0.1 mg g'! fresh
needle weight. The most abundant monoterpenes were camphor,
limonene, and sabinene. These 3 compounds accounted for 64 and
53% of the total concentration of monoterpenoids extracted by
steam distillation in Ashe and redberry juniper, respectively. These
same 3 monoterpenoids accounted for 98 and 79% of the total con-
centrations extracted by the hexane soak in Ashe and redberry
juniper, respectively, suggesting that many of the minor monoter-
penoids were not being extracted by the hexane solvent soak.

Effect of Time

The amount of time the sample remained in the extraction
process significantly affected the total concentration of monoter-
penoids detected (F = 29.7, df = 3,39). The interaction between
the length of time in the extraction process and the extraction
technique was also highly significant (F = 10.9, df = 3,39). Only
slight increases in the total concentration of monoterpenoids were
detected with longer soaking times in the hexane treatment, but
concentrations increased rapidly with time in the steam distilla-
tion technique (Fig. 1). The concentrations of individual monoter-
penoids (a-pinene, bornyl acetate, camphene, y-terpinene,
limonene, myrcene, sabinene, terpineol, terpine-4-ol, and tricyc-
lene) increased only slightly with time in the solvent extraction,
but increased greatly with time in the steam distillation process
(data not shown). The pattern of these individual monoterpenoids
was similar to the pattern of total monoterpenoid concentration
shown in Figure 1. The B-pinene and camphor were the only
monoterpenoids which did not increase with time in either extrac-
tion technique. The concentrations of these compounds were only
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Table 1. Mean (SE) monoterpeneid concentration (mg g'l fresh weight) and composition (%) in Ashe and redberry juniper after an 8 hour distillation

and a 24 hour solvent extraction.

Ashe Juniper Redberry Juniper
Distillation Solvent Soak Distillation Solvent Soak

Monoterpenoid Concentration Concentration Concentration Concentration

mggh) (%) mgg™h (%) (mgg'h (%) mgg’h) (%)
a-pinene 0.300(0.041) 2.63 0.80(0.028) 11.01 0.270(0.031) 2.66 0.088(0.029) 1.83
Borneol 0.071(0.024) 0.62 0.0 0 0.104(0.035) 1.03 0.084(0.030) 1.75
Bornyl acetate 0.776(0.199) 6.80 0.082(0.036) 1.13 0.818(0.223) 8.07 0.279(0.104) 5.8
B-pinene 0.0 0 0.0 0 0.003(0.002) 0.03 0.0 0
Camphene 0.188(0.047) 1.65 0.0 0 0.188(0.048) 1.85 0.103(0.036) 2.14
Camphor 3.116(0.875) 27.31 3.207(1.149) 44.22 2.713(0.679) 27.76 2.250(0.603) 46.79
Carvone 0.152(0.056) 1.33 0.077(0.037) 1.06 0.014(0.006) 1.03 0.0 0
Citronellol 0.356(0.05) 3.12 0.083(0.048) 1.14 0.255(0.049) 2.52 0.117(0.052) 243
Cymene 0.210(0.053) 1.84 0.0 0 0.189(0.048) 1.86 0.0 0
Fenchyl alcohol 0.023(0.015) 0.20 0.0 0 0.235(0.115) 232 0.0 0
Y-terpinene 0.459(0.109) 4.02 0.036(0.015) 0.50 0.432(0.098) 4.26 0.052(0.021) 1.08
Limonene 1.293(0.160) 11.33 0.547(0.126) 753 1.202(0.108) 11.86 0.451(0.158) 9.36
Linalool 0.079(0.025) 0.69 0.095(0.095) 1.31 0.097(0.034) 0.96 0.097(0.044) 2.02
Myrcene 0.447(0.053) 3.92 0.064(0.022) 0.88 0.496(0.089) 4.89 0.088(0.031) 1.83
Sabinene 2.884(1.029) 25.27 1.588(0.553) 2143 1.863(0.623) 18.38 1.080(0.392) 22.46
Terpineol 0.125(0.033) 1.10 0.0 0 0.112(0.033) 1.10 0.0 0
Terpin-4-ol 0.787(0.275) 6.90 0.0 0 0.840 (0.278) 8.29 0.0 0
Tricyclene 0.145(0.032) 1.27 0.72(0.054) 991 0.217(0.030) 2.14 0.120(0.042) 2.5

affected by the plant species, with Ashe juniper having greater
concentration of camphor and redberry juniper having a slightly
greater concentration of B-pinene (Table 1).

Discussion

Total monoterpenoid concentration of Ashe and redberry
juniper was similar to concentrations in other coniferous trees.
Monoterpenoid concentrations range from as little as 0.24 mg g!
fresh weight in the needles of grand fir (Muzika et al. 1989) to as
much as 11.37 mg g-! fresh weight in Douglas fir (Pseudotsuga
menziesii) (Zou and Cates 1994). Concentrations within single
leaf pinyon (Pinus monophylla), a species which often grows in
association with junipers, range from 4.95 to 6.16 mg g! fresh
weight in different seasons of the year (Wilt et al.1991). Direct
comparison with the literature reporting the presence of monoter-
penoids in Juniperus species is difficult because typically only
the composition of oils rather than the absolute amounts have
been reported (Adams 1975, 1977, 1994). In the only other pub-
lished report of monoterpenoid concentrations in these juniper
species, Riddle et al.(1996) reported a range of 6.85 to 10.96 pg g-!
fresh needle weight. Obviously, our values are much greater than
these previously reported values for Ashe and redberry juniper (by
a factor of 1000) although we were working with the same popula-
tion of trees. Data were recalculated in Riddle’s study and should
have been reported as mg g! which would be comparable to the
range of values reported for this study (Riddle, pers. comm.).

The optimum technique for extracting monoterpenoids has
been shown to be species-specific (Muzika et al. 1990). In a com-
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parison of 5 extraction techniques (8 hour distillation with 2 g
foliage, 8 hour distillation with 10 g foliage, solvent extraction,
rapid steam distillation, and liquid CO, extraction), Muzika et al.
(1990) found that 8 hour distillation with 10 g of foliage yielded
the most monoterpenoids with the least coefficient of variation
from both blue spruce and grand fir needles. Solvent extraction
using hexane yielded a similar amount of monoterpenoids as the
distillation technique for blue spruce, but significantly less total
terpenes for the grand fir. Solvent extractions have been used on
many other species such as Douglas fir (Zou and Cates 1995), fir
hybrids (Koedam et al. 1980) and single leaf pinyon pine (Pinus
monophylla) (Wilt et al. 1991). We found that hexane solvent
extraction always resulted in a lower estimate of total monoter-
penoid concentrations and in a decreased diversity of the types of
monoterpenoids regardless of the species of Juniperus. In our
study, a 6-hour solvent soak, which was well within the range of
published extraction times, resulted in the identification of only 3
monoterpenoids (camphor, limonene and sabinene). Increasing
the soaking period to 24 hours increased the number of different
monoterpenoids detected, but the total concentration was still sig-
nificantly lower than from an 8 hour distillation (Table 1, Fig. 1).
The differential solubilities of monoterpenoids may partially
explain the observed results. Oxygen containing monoterpenoids,
such as in a ketone like camphor, have solubilities of 10 to 100
times greater than other hydrocarbon monoterpenoids, such as
cymene, myrcene, and y-terpinene (Weidenhamer et al. 1993).
There have been several problems reported with using both
steam distillation and solvent extraction to extract monoter-
penoids from plants (Koedam 1987). First, some compounds may
deteriorate from one form to another during the distillation
process (e.g., sabinene may deteriorate into terpin-4-ol, a-ter-
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Fig. 1. Total monoterpenoid concentration (mg g'1 fresh weight) of Ashe and redberry juniper during an 8 hour distillation and a 24 hour sol-

vent extraction period. Vertical bars represent +SE, n=10 for each point.

pinene, g-terpinene, and terpinolene). Terpin-4-ol and g-terpinene
were detected in this study so it is possible that their presence is
an artifact of the distillation process rather than representing their
true occurrence in the plant. It is interesting to note, however, that
the amount of sabinene increased in the steam distilled samples
rather than decreasing due to breakdown (Table 1). Another
reported problem is the crystallization of some compounds within
the distillation condenser (Koedam 1987). Camphor and borneol
are both susceptible to crystallization but we did not find a signif-
icant decrease in the concentration of either of these monoter-
penoids from the solvent soak to the steam distillation extraction
techniques. The third problem is that solvent soaking may result
in chemical reactions with non- volatile compounds such as fatty
oils, waxy materials, and flavinoids (Koedam 1987). These com-
pounds are then included in the extracted sample and consequent-
ly more noise is evident in the chromatogram making peak identi-
fication much more difficult. We selected hexane as the solvent
because it is less likely to extract these non-volatile compounds
than other common solvents (acetone, ether, etc.).

There seem to be as many different gas chromatography meth-
ods as there are reports on monoterpenoid concentrations.
Authors have used GC’s with columns of fused silica (Gambliel
and Cates 1995), 50% carbowax- 50% methyl silicone (Muzika et
al. 1989, Chang and Hanover 1991), wide bore, methyl-silicone
coating (Wilt et al. 1993), as well as many others (Hall and
Langenheim 1986, Kainulainen et al. 1992, Nerg et al. 1994).
Each of the manuscripts cited above used a unique temperature
program, injector port temperature and detector port temperature
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for their particular column. We found no significant differences
in monoterpenoid composition or concentration between the 2
different types of GC columns tested. Although the column used
in Sonora was 5 m longer and almost twice the diameter (.53 vs
.25 mm) as the column used in Uvalde, the capillary columns
yielded similar estimates of monoterpenoid concentrations.

Conclusion

In summary, an 8 hour steam distillation of juniper resulted in
the greatest concentration and compositional diversity of
monoterpenoids. Increasing distillation time from 2 to 8 hours
greatly increased the total concentration of monoterpenoids. A
solvent soak in hexane yielded significantly lower total concen-
trations of monoterpenoids and failed to extract some monoter-
penoids present in trace amounts. The estimation of monoter-
penoid concentration in Juniperus leaves was highly dependent
on the technique used to extract the oils from the leaves, but was
not affected by the analytical technique.
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