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1.0 Executive Summary

° During the distillation of thirteen (13) batches of Western Juniper oil (Juniperus
Occidentalis) it was found that there was much to learn about the harvesting,
preparation and handling of the raw materials if yield is to be maximized.
Example: best yields were from materials harvested in the Fall, raising the
speculation of seasonal considerations in the tree’s ail content.

e  With properly prepared materials, and an efficient distillation system, expect oil
yield of 0.5% - 0.75% from a zero-pressure system. Though not explored in this
project, oil yield could average 1.0% - 1.5% in a 20-40 psi pressure system.
Yield from the bole materials would probably be especially enhanced with a
pressure system.

e  Optimum distillation time was deemed to be 3-4 hours, resulting in a yield of 80%
- 90% of the recoverable oil. ‘

e  Yield from properly dried materials could be greater than from fresh materials,
however fast-drying tends to result in reduced yield since some oil is lost along

with the moisture.

e The oil itself is a fine quality oil, rich in monoterpines and bornyl acetate, and with
an aroma distinctly similar to the aroma of the fresh tree materials. This is not
true of all tree and needle oils.

e  The estimated cost of recovered oil (from a zero-pressure system) was $360.00
per gallon for a commercial (volume) operation, and $925.00 per gallon in a
small, entrepreneurial operation.

There are three market sectors to be served, with substantial variance in the
prices between them:

a.) - Industrial: $7.50 per pound for wood oil in drum lots.



b.) Commercial:
- Large Commercial Segment; $25.00 per pound (drum lots) for leaf
oil for oil blenders and large third party manufacturers of
commercial products.

- Specialty Commercial Segment; $60.00 per pound for leaf oil for
specialty aroma therapy, naturopathic and specialty scent products,
including entrepreneurs doing retail products.

There is some market interest in the distillate “waters” which come off of the
process at a ratio of 300/1 to the oil. The waters may have large volume
applications for certain scent cosmetics (e.g., cologne), animal pesticides, and
insecticides. ‘The insecticidal/pesticidal qualities of the waters should be explored
in a dedicated research project.

There is no business opportunity for the selling of wood oil to the Industrial sector
(@ $7.50 per pound) in competition with Eastern Red Cedar oil (Juniperus
Virginiana).

Serving the Large Commercial segment (@ $25.00 per pound) would only be
economically viable at yields in excess of approximately 0.9%.

Serving the Specialty Commercial Segment is an attractive business opportunity,
with a break-even point of 0.5% yield at $60.00 per pound in small (2-10 kgs.)
quantities. At a product yield of 1.0%, business viability is assured down to
prices as low as $25.00 per pound (see Break-even Sensitivity Analysis).

There is a substantial business opportunity for entrepreneurs who wish to distill
Juniper oil for use in their own specialty retail products, such as hunter’s scent
mask, mood scent kits, seasonal scents, and other specialty scent products such
as soaps and candles. This is, perhaps, the most attractive near-term
opportunity even if they had to pay the $60.00 per pound for oil, if it were
available. The value-added aspects of blending, packaging and marketing
provide very high revenue leverage over the marketing of the raw oil.



Since Western Juniper oil is not currently available commercially, some
investment in market development would be necessary in order to introduce the
oil or its end products to the target customers.



2.0 Project Initiation, Objectives and Scope

In Septembef of 1994 the Confederated Tribes of Warm Springs presented to the Multi-
Region Strategies planning group a proposed research project to distill the essential oils
out of Western Juniper trees (species Juniperus Occidentalis) for purposes of
determining whether there were viable commercial business opportunities that could be
generated from this use of the Western Juniper biomass. This research project was
later incorporated into the an overall Western Juniper Commercialization Program,
involving a number of other projects seeking to find markets for Western Juniper lumber
and products, and was then submitted through the Oregon Economic Development
Department as a proposed economic development project.

The proposed Western Juniper Commercialization Program was submitted to Governor
Kitzhaber for review, and on April 18th, 1995 the Confederated Tribes of Warm Springs
was advised that funding for the Juniper commercialization program, including the
proposed oil recovery and marketing project, was approved by the Governor.

On August 29th, 1995 the Confederated Tribes of Warm Springs was advised by the
Klamath County Economic Development Association (KCEDA) that they were
empowered to authorize the commencement of spending for the oil recovery and
marketing project. However, because of the need to execute agreements between the
funding and contract administration agencies, and the agencies that would actually do
the projects, the agreement between the Confederated Tribes of Warm Springs and
KCEDA was not formally executed until April 1996. With the formal contract
agreements finalized it was then possible to move ahead with the execution of the
project. Copies of the relevant correspondence |n|t|at|ng this are included as Appendix
A in this report, for reference.

The objectives of this research were as follows:

1. Determine the economic and process viability of obtaining the essential oils from
Western Juniper trees, including the distillation and testing of oil yields from the
Juniper leaf, bole wood, and the dried berries. ‘

2. Determine the marketability and market value of the oil obtained from the
distillation process by sampling the commercial market for Juniper oils, or oils
similar to Juniper, in a variety of their most logical applications.
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3. Determine whether business opportunities exist on either a large-scale
commercial basis, or an entrepreneurial basis, for the distillation and marketing of
Juniper oil, either to the commercial oil markets or, potentially, to end user
markets. .

4, Identify specific product opportunities toward which the oil could be applied such
that entrepreneurs, or small businesses, could consider getting into the markets
for these products on a profitable basis.

This project was not intended to be a comprehensive analysis of the many combinations
of variables that would be involved in this test including the nature, sex, age, size, etc.
of the trees themselves; the nature of the land upon which the Juriper is growing; the
altitude and water availability; or the many other variables involved in the harvesting,
handling and preparation for use, as well as the many variables of the distillation
process itself. To this end it was envisioned that a reasonable test distillation facility
would be set up for use in distilling oil from Juniper materials that would be obtained,
handled and processed in a nonspecialized way such that most anyone who would want

to duplicate this process could readily do so.



3.0 Project Implementation Schedule (1996)

Date

April 30

May 10

May 17

May 20

June 6

June 7, 11

June 19, 20

Activity

Contract between KCEDA and the
Confederated Tribes finalized.

Project management and technical/
marketing support agreements finalized.
Equipment site and support agreement
with Warm Springs Forest Products
Industries (WSFPI) plant finalized.

Space at WSFPI plant cleared for
distillation unit. Distillation unit placed at
WSFPI. :

Authorized Juniper cutting area toured,
trees cored, selected and marked.
Arrangements made with Tribal Natural
Resources Branch for harvesting,
bagging and hauling crew (for fee).

First harvesting: two trees harvested.
Bagged leaf material, and bole wood,
brought to distillation site.

First distillations: two batches of
bagged Ieaf materials.

Second harvesting of two trees. Cook
two batches of bagged leaf materials.



July 1

July through November

July 1

July 30

August through October

November 1

November 15

December 1.

December 17

December 24

Chip and cook first batches of bagged
bole wood.

Continue harvesting and cooking as
needed to refine process and obtain oils
needed for marketing samples.

Begin commercial marketing activity.
Gas chromatography results of leaf oil,
boil oil and distillation waters received
from Flora Research.

Continue commercial marketing efforts.

Do extra cookings to obtain additional oil
for samples..

Prepare sample hunters scent spray
bottles to sample retail application
market

Expand retail test marketing of sample
spray bottles for general/ seasonal
aromatic uses.

Final report draft completed.

Final report completed and distributed.



4.0 Distillation Equipment: Installation and Use

The distillation system was obtained under contract from the Essential Oil Co., Lake
Oswego, Oregon, which also was retained under contract to provide technical distillation
assistance and product marketing services to the commercial essential oils

marketplace. An agreement was made with Warm Springs Forest Products Industries
(WSFPI) to site the still in a little used portion of their lumber processing plant at Warm
Springs, Oregon. The site was accessible by vehicles and heavy equipment, and was
generally out of the way of their normal business operations.

The distillation system itself consisted of a retort for holding the raw materials and was
capable of handling 250 to 300 pounds of materials when fully charged. The steam
outlet from the retort was via an insulated pipe which carried the steam to a condenser
and separator which would take the output of the retort, condense the steam into water,
and then separate the condensate into oil and the distillate runoff "waters" (which were
the secondary byproduct of the process).

Distillation in the retort was accomplished by piping steam to the retort from the plant
steam system which supplied steam at approximately 350° and between 125 and 150
pounds per square inch. The condenser required the piping-in of cooling water in order
to facilitate the condensing of the steam output from the retort. The separator for
separating the oil from the distillate waters obtained the condensate by gravity feed from
the condenser. Once in the separator, oil floating on the condensed liquid could be
tapped off separate from the distillate waters. The distillate waters were then allowed to
feed via a gravity connection to a 20 gallon catch drum which caught the runoff waters
from the distillation in progress.

The distillate catch drum was connected via a transfer pump to a 400 gallon holding
tank (provided by WSFPI) such that the distillate waters from the catch drum could be
pressure-pumped periadically from the catch drum to the holding tank. The plant then
provided disposal services for the run-off waters by emptying the holding tank as
needed.

Much of the in-kind costs associated with the project were related to the costs involved
in the installation of the equipment and providing the steam, water, supplemental
lighting, holding tank and disposal services needed to facilitate operations.
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When used for distillation operations the raw materials to be distilled were bagged in
burlap bags weighing approximately 15 to 25 pounds each, depending upon the nature
of the material being distilled. This was necessary in order to facilitate removal of the
distilled materials from the retort after distillation, since the retort needed to be loaded

and emptied through the top via the tilting back of a hinged lid.

The system operated essentially as a zero pressure system with ambient atmospheric
pressure in the retort and condenser. However, there was considerable expertise
needed in the management of the volume of steam being applied to the retort during the
distillation process, and the amount of cooling water flow to the condenser, in order to
balance the throughput of the system such that the condenser was able to effectively
condense the quantity of steam coming out of the retort such that there would be no

loss of oil through vaporization.

Though the test system was substantial, and was very effective for purposes of this
project, it nevertheless was a manually operated system that, when operating, required
constant attention and fine tuning by a knowledgeable operator. The Essential Oil
Company provided the expertise and the training needed for those involved to
effectively run the system and, as time went on, those involved did become more expert

in managing the process.

The following pages contain photographs which show the distillation system in place at
WSFPI in Warm Springs.



CHIPPING & BAGGING OPERATION

RETORT (OPEN LID) & CONDENSER
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-RETORT (FOREGROUND)
-HOLDING TANK (BACKGROUND)
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5.0  Juniper Selection, Harvesting and Processing

Location - The Juniper harvest site, as approved by the Tribes’ Range and Agriculture
Committee, was situated approximately 2 %2 miles S. - S.E. of the Warm Springs
community on a terrace, and at an elevation of approximately 2,500 feet, between the
Tenino Creek and Seekseequa Creek drainages. The map at the end of this section
marks the location of the Juniper harvest area in relation to the town of Warm Springs

on the reservation. :

Soil - The soil in the harvest area consisted primarily of Type | Lavey-Drybed-Madras
bounded by Type Il Simas-Ruckles-Antoken, which at this location is a very dry, sandy
silt and stony loam. The colored map attached to this section is a general soil map for
the Warm Springs Reservation, and an associated soil type legend. The location of the
Juniper harvest area is marked for reference.

Tree Density and Ages - In the Juniper harvest area the density of trees appeared in
general to be approximately 12-20 trees per acre with some substantial variance (more
or less) depending on the specific location. Sections which seemed to have mostly
larger mature trees also seemed to have fewer younger trees around them. The bulk of
the geographic area and space was taken up by relatively mature trees, the average of
which appeared to be between 50 and 150 years old. During the course of the study
the trees that we took down out of that area all fell within that age range. Mature trees
were chosen with the assumption that they would provide the best oil yield. Most of the
trees harvested and used for purposes of this study were between 75 and 125 years
old. The mature trees typically seemed to vary between 20 and 40 feet high, with a
substantial variance in the diameter of the foliage canopy, as well as substantial
variance in the density of leaf or foliage on the tree. Most trees in.the harvest area _
appeared to be in reasonably good health. During the course of this study none of the
trees that were cut down or core-sampled were materially diseased. They all had very
solid boles without any material decay in the interior of the bole.

Jree Selection - The trees that were chosen for use in this test were clearly the more
mature trees, with robust foliage, and preferably of a deeper or darker green color.
Some were chosen that were heavily laden with green berries, and some were chosen
that were devoid of berries. Given the level of expertise on site we could not effectively
determine the sex of the trees. Upon researching into it further it is our understanding
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that the sex is difficult to determine at any point in time sirce the tree changes sex
periodically as it goes through its berry- producing and non-berry-producing cycle. Most
of the trees that were harvested were cored i order to determine their health through
the bole into the heart wood, and all samplings showed healthy trees. More specifics on
the characteristics of the first six trees harvested for use is as follows:

DATA # #2 #3 #4 #5 #6
® Age (yrs.) 65 135 100 160 100 100
e Height (ft.) 40 ft. 35 ft. 25 ft. 30 ft. 25 ft. 30 ft.
e Diameter @ Base (in.) : 24" 30" 24" 28" 20" 20"
e Est. Percent Heart Wood (%) 50 60 50-60 50-60 40-50 40-50
e Berries ‘ Sparse 'Sparse Sparse Sparse Heavy Heavy

Harvesting - Harvesting of the tree and its related materials was done by a crew
provided by the Natural Resources Branch of The Confederated Tribes. The Natural
Resources Branch, for a variety of reasons, including fire danger, insists that work done
on the Reservation be done by folks who are authorized, and who have the proper
training, safety equipment, and administration. For this reason the project chose to
contract with the Natural Resources Branch for the materials harvesting and hauling
activities.

The harvesting operation was fairly standard in that the tree was cut down and de-
limbed, after which the ends of the branches containing leaf were nipped off and then
gathered up into tightly packed burlap bags. Though the process was somewhat labor
intensive, this was necessary because of the need for bagged materials for use in the
distillation retort so that the waste materials could be readily removed from the retort
after distillation. The bole was cut up into manageable logs, and the bagged leaf and
the logs were brought back and deposited under cover near the still site at the WSFPI
plant. Typically it would take a three man crew essentially a full work day to get to the
site, find the tree to be harvested, cut it down, bag 30-35 bags of limbs, cut up the bole,
and then transport it all back to the plant at Warm Springs.

14



When it was necessary to distill bole wood the logs were split at the distillation site. A
rented chipper was brought to the site and the chipping and bagging of the bole was
done on site immediately prior to their use in the distillation process. This was
necessary because of the tendency of the Juniper to dry very rapidly in the dry Warm
Springs climate, particularly during the summer, thereby losing a good deal of its oil and
decreasing the yield of the process. In general, it was found that the quicker the Juniper
materials were used after harvesting the better the yield, because of this drying and loss
factor. More information on this and its effect on the yields is given in the next section
on Qil Distillation Process and Results, Section 6.0.

. Waste Disposal - In keeping with the tribe's Integrated Resource Management Plan for
the Reservation, the waste materials from the distillation process were then taken back
to the site from which the trees were being harvested, and were distributed across the
landscape as ground cover. In this way the spirit of the plan, which calls for the leaving
of the branches and boughs at the site of tree harvesting in order to facilitate nutrient

- restoration into the soils, was accomplished.

15
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6.0 Distillation Process and Results

Materials Preparation - All the materials to be distilled were placed into sealed buriap
bags. The leaf materials were bagged on site at the harvesting area to facilitate their
easy transport back to the still site. Bole wood needed for distillation was brought back
to the still site in 15" logs where it was chipped and bagged immediately prior to
distillation to prevent evaporation losses. As mentioned previously, the bagging was
necessary to facilitate the loading of the retort, but most particularly to facilitate the
emptying of the retort after the distillation process since the retort was a top-loading
device with no facility for removing waste materials out the bottom after the distillation
was completed.

After some negative experience, distillation was scheduled either the afternoon of ine
same day of the harvesting, or the following day, in order to minimize oil loss through
evaporation. Information given later in this section will show some of the effects of the
loss of oil on yield because of evaporation in the hot and dry summer climate at Warm
Springs. When not able to immediately utilize the distillation materials, they were
brought inside and kept under cover (out of the sun) until it was time for them to be
used. If the materials were left over night they would be wet down with cooling water, or
covered with extra burlap bags (also wet), to facilitate evaporative cooling minimizing
the oil loss. After the distillation process was completed the bags were removed from
the retort with the aid of a long fisherman's gaff because of the high temperature of the
materials after distillation. The rate of drying of the materials in the summer climate at
Warm Springs was absolutely astounding. We did not make accurate measurements of
what ithe weight loss would be for both the leaf and the logs on a daily or weekly basis,
but the weight change of the materials was easily noticeable, and attendant oil loss was

reflected in the yields.

This raises the issue of whether or not the materials could be dried in a more controlled
environment that would allow water to evaporate from the materials while still
maintaining the oil content, in order to give a higher yield for a given weight of materials.
We were not able to pursue this within the scope of this project but it would be worth
investigating by anyone who might consider getting into the Juniper oil distillation
business in the future.

19



2

Still Preparation - Prior to starting the distillation process it was necessary to purge the
steam and water lines in order to insure that clear steam and clean water to the system.
This was typically the first step in preparing for a distillation run. Next, the materials in
the burlap bags were loaded into the retort and packed in as tightly as possible in order
to provide maximum biomass in the retort for the distillation run. When loading the
retort with bagged leaf materials in their natural state, the retort would typically hold
between 200 and 225 pounds of the material, depending upon the degree of care taken
in loading the burlap bags, and in packing the materials tightly in the retort. The same
consideration was true when bagging the chipped bole wood, however the velocity of
the chip flow out of the chipper would usually insure a fairly tight packing of materials in
the burlap bags. Therefore a charge of bole wood in the retort would typically weigh
225 to 275 pounds, on average about 25 or 30 pounds more than if the retort were

charged with |leaf material.

Prior to loading the retort we found it desirable to preheat the system, particularly the
retort, in order to minimize cooking times once the materials were in place. The retort
was uninsulated and therefore was subject to considerable heat loss, depending on the
ambient air temperature, and wind velocity, on that particular day. To minimize heat
loss in the system the retort transfer pipe was insulated, and that seemed to give a
more consistent cooking process.

Once fully loaded with the retort lid down and securely fastened, and all other system
components properly connected, the steam and cooling water were slowly applied and
increased in flow. The optimum point that was being searched for in this process is the
point at which there was enough steam passing through the system to heat the
materials as rapidly as possible, without spilling out as steam from the condenser bleed-
off tube. When that happened it was necessary to either cut back a little bit on the
steam or to increase the cooling water flow to the condenser, and this balancing
process was the one that it took some experience to master.

During the cooking process, a certain amount of condensate from the steam
accumulated in the bottom of the retort. There is a valved tap-off to allow this water to
run off. The amount of water in the retort was managed to see whether maintaining
some water in the bottom would keep the retort at a more even temperature and
therefore increase the rate of oil production. However, it was found that it did not seem
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to make a material difference in yield whether the water was allowed to accumulate in
the bottom of the retort or whether it was allowed to just run.

In the system that was used for test purposes on this project the key system limitation
was the size of the condenser. Only a fraction of the steam available (perhaps a 25 psi
flow) was utilized before we over-drove the condenser and allowed the live steam to
escape from the condenser relief tube, thereby causing a loss in oil yield since the
escaping steam would carry its attendant oil along with it. There was plenty of cooling
water with which to cool a larger condenser. Therefore, with a larger condenser, one
could apply more steam to the retort thereby potentially increasing the rate of ail
production and certainly the oil yield for any given period of time.

Typically, once experience was gained with this particular system as to how to bring the
retort up to cooking temperature of 210° F., oil production began between 30 minutes
and one hour after applying steam, depending upon the type and weight of the materials
packed into the retort.

On some of the distillation runs the oil production was measured relative to the cooking
time and the results of these measurements are given in the yield tables, foliowing.

Oil Take Off - As the system approached cooking temperature (210° F.) steam from the
retort would begin to pass through to the condenser and be condensed into a liquid -
distillate containing both oil and associated waters. This liquid distillate was gravity-fed
into a separator which allowed the oil to rise to the top of a separate section of the
container, at which point there was a valved take-off outlet from which the oil could be
drained off. The run-off waters from the bottom of the separator were then allowed to
gravity-drain into the 20-gallon catch drum, from which the waters were periodically
pumped into the 400 gallon holding tank. It is important to note that those run off waters
were produced at the rate of approximately 300 to 350 gallons of run-off waters for each
gallon of oil produced. This is important because in further work on the project, and
further market research, it was determined that the waters may have some useful
applications, and may have a substantial market value.

Yield Results - Following is a table which shows the oil yield from the various batches
of materials that were distilled showing the type and weight of materials, the distillation
time, the oil yield and any other pertinent information relative to the distillation of that
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particular batch such as the time between harvesting of the materials and the cooking of
the materials. Copies of the Distillation Record for each batch distilled are included in

Appendix “B”.

Juniper Leaf

e Batch #
® Batch Weight (Lbs.)
e Cook Time (hrs.)

e Qil Yield (grams)
e Percent Yield (by weight)
@ Days Since Harvesting

® Berry Amount

Juniper Bole Wood

® Batch #

e Batch Weight (Ibs.)
® Cook Time (hrs.)

e QOil Yield (grams)

® Percent Yield (%)

o Notes

Distillation Table

#1 #2
222# 216#
3.0 1.0
325656 g. 44 .4 g.
0.32% 0.045%
1 5
Sparse Sparse

Distillation Table

#5
257#
4.25

202.6 g.
0.174%

Chipped: 4
days prior

#3 #4 #7
204# 178# 252#
2.5 2.5 2.0
167.2 g. 197.1g. 287.7g.
0.170% 0.244%  0.250%
1 1 1
Heavy Sparse Sparse.

Immature
#8 #83
224# 222%
25 3.0
65.8 g. 175.5 g.
0.065% 0.174%
Chipped: 4 Chipped: 1
days prior day prior

Though a measure of oil yield as a function of time was not rigorously pursued, a few
batches were measured to determine oil yield during the cooking process. The results

are given in the following table.
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Distillation Table
Timed Yield Data: Grams of Qil

Batch # First Second Third Fourth Total
Hour Hour Hour Hour Grams
#5 (Bole) 123.0¢g. 36.5g. 35.14. 8.0g. 202.6g
#7 (Leaf) 211.5g. 76.4 g. -- - 287.7 g.
#8 (Bole) N/A 135.0 g. 40.5 g. -- 175.5 g.

This data, along with information and observations obtained during the distillation of all
batches, generally confirmed the earlier test distillation work done by Kurth and Ross of
Oregon State University,, as follows:

° Two-thirds of the recoverable cil will be obtained during the first two hours of
cooking.

e A cooking time of 3-4 hours will yield 80% - 90% of the recoverable oil.

® Cooking longer than 4 hours will only increase oil yield a few percent per hour,
and is not economically viable.

For clarity, it should be noted that “cooking time” is measured from when liquid distillate
first begins to pass through the condenser, and does not include the time required to
heat the retort and distillation materials to cooking temperature. Distillations performed
on this particular system usually resulted in a first pass-through of distillate out of the
condenser when the retort temperature reached 195° - 200° F. This usually occurred
30 min. - 60 min. after steam was applied to the retort, and varied mostly with the
amount of pre-heating done to the system before the cooking process was begun.

Subsequent to the test distillations done in June, July and August, additional batches
were distilled in both October and November to provide additional oil and waters at the
request of potential customers. It was interesting to note that the oil yield from these
batches (leaf; done from trees that had a minimum of immature berries) was
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substantially greater than from the batches distilled in late spring and early summer.
Following is a Distillation Table which shows the distillation results of these later

batches.

Distillation Table

Batch # #9 #10 #11 #12 #13
Material Leaf Leaf Leaf Leaf Wood
Batch Weight (Ibs.) 265# 276# 189% 166# 181#
Cook Time (hrs.) 4.0 4.0 3.0 2.5 3.25
Oil Yield (grams) 550 g. 550 g. 322 g. 261 g. 354 g.
Percent Yield (by weight) 0.46%  0.44%  0.375%  0.346%  0.42%

Though this data is scientifically inconclusive, it has resulted in speculation that thefe is
a significant seasonal variation in the oil content of the leaf. Minimum oil when the tree
is in the peak of its growth season; maximum oil as the tree approaches dormancy. If
true, this act could have a significant impact on the economics of a potential oil-based
business, and is an area fur further research. Another possible explanation is that, in
the hot, dry summer weather of Central Oregon, the oil evaporates out of the leaf
material faster than the tree can replace it.

It is also important to note one change from the original goals of the project: no
meaningful work was done on the distillation of dried Juniper berries. This task was

eliminated because of the following factors:

- Our experience showed that, at Warm Springs, the Juniper loses much of its oil
as it dries.

- Green berries, though heavy, contain little oil.

- Few dried berries were visible on he ground or on the trees throughout the period
of this project. Our speculation was that they are simply consumed by the local
birds and animals.
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In a climate different from Warm Springs the dry berries may be more recoverable.

However, in the interest of achieving the primary objectives of this project, a judgement
was made that the dried berries were not a viable, attractive business resource.

The following Yield vs. Distillation Time chart maps the results of all distillation batches.
Note that the highest yields were from the first batch (done in June), and from the last
five batches done in October and November. The anomaly of the yield from the first
batch (1L) can not readily be explained. Later experience led us to believe that the
extraordinarily low yield from leaf batch two (2L) was due to oil loss from drying since
the batch was not cooked until about a week after it was harvested, though it was kept
under cover during that time. Interestingly, Kurth & Ross;, also had some unexplained

low yields in their work.
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Oil Yield: Percent Wt. Of Dry Materials

Yield vs. Distillation Time
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Comparison with Previous Work - The report published by Kurth and Ross, Oregon
State College, No. C-3, dated 9154 (included in the Bibliography as Exhibit 1) provided
the most useable benchmark information with which to compare the resutls obtained in
this project. Key comparative observations are as follows:

a.) Though they had a wide range of yields over 30 test distillations (0.24% - 1.82%)
their yields were, on average, substantially higher than those of this project (six
batches with yield between 0.30% and 0.45%).

b.)  Their higher yields were produced in a pressure apparatus (20 psi - 60 psi). This
project’s test still was a zero-pressure system.

c.) They were using “dry” materials, though no specific information is given in the
report on their drying process. During the test proejct it was found that air-drying
in the Warm Springs climate (June - Sept.) Materially reduced yield.

d.) They obtained higher yield from materials that were processed to give a smaller
particle size than was used in this project.

e.) Their batch sizes, typically 20# - 40# (dry weight) per distillation batch, were
much smaller than the average 200# - 225# batches (wet weight) distilled during
the project. This raises the issue of wehther larger batches need to be distilled
under a different presusre/temprature/time profile in order to maximize yield,
because of the nature of the materials.

Chemical Analyses - Following are example pages from a gas chromatography
analysis report on Juniper leaf oil from batch number WS1JL. The analysis was done
by Flora Research of San Juan Capistrano, California, a firm that specializes in gas
chromatography analysis of essential oils. Included with the data are graphs that show
the relative magnitude of the different chemicals contained in the oil.

Complete copies of all gas chromatography analyses reports are included in Appendix
“C” for reference, and includes an analysis of the distillate “waters”.

Some of the relevant conclusions from an analysis of the chemical content of the oil are:
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It is a colorless or pale greenish-yellowish liquid with a characteristic fresh-
basalmic odor and bitter burning taste. Like all Essential oils it must be stored in
a cool place, in airtight containers and protected from light.

The oil has more than 70 isolated components. It contains the terpene, pinene,
sabinene, limonene (a terpene hydrocarbon) and terpinen-4-ol. The last
constituent is said to cause the diuretic action which is mainly loss of water not
sodium ions. It does not irritate the tissues in contrast to other terpenes. Juniper
also contains borneol, geraniol, and other sesquiterpenes, phenols and esters.
The monoterpenes are the main components and account for the antiseptic and

antiviral action.

The distillate waters have a high content of boryl acetate and caryophyllene.

The oil is somewhat unique in that its aroma is very similar to the aroma of the,
living tree.

In the oil that was produced from leaf that was heavily laden with berries, there
was elevated sabinene levels (batch number WS3JLB).

The Juniper oil is non-toxic at low dose and non-sensitizing, but irritation may
occur on sensitive skin. '

The oil can be ingested in moderate doses orally, however, it is not to be used
during pregnancy or breast feeding. Juniper is a stimulating diuretic and is not
prescribed whenever there is kidney inflamation or irritation. Use for a maximum
of four weeks at any one time. Resume administration if indicated after four
weeks without use, Prolonged or excessive use can result in renal damage.
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FLORA RESEARCH

CERTIFICATE OF ANALYSIS

Date: 03-July-1996
Client:Essential Oil Co,

Sample L D, ; Juniperus occidentalis
Daescription:
The sample was received in a glass § ml. vial It was lahalled with a label
identilying it a8 Juniper leaf ws 1 jl.
Appearance;
Physical appearance ig a claar 0il with characteristic emell of juniper/pine
oil,

Method of analysia:
High Resolution Capillary Gas Chromatography using dual channel analysis,

Regults of analysis:

The analysis ravesls an oil rich in monoterpines and bornyl acotate. The oil ig
unique in its chemistry and offers aroma chamicals gimilar to both pive ¢l and junipar.

I hereby certify that I am an authorized represeniative of Flara Reseurch sl that to
the best of my knowledge the following information is true and accrmate.

Signature:

Tile: chromatographer Date:

3,07

{U—-c, ASI—~— e < L(/L

STCTARNE N\
P 923021

31921 Camino Capistrano 485 *San Juan Capistrano, CA 928756+ 714.496,8242
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Print Date: Wed Jul 03 09:43:43 1996 Page 1 of 2

Title :

Run File : C:\STAR\MODULE16\JUNIPOOl ,RUN
fethod File : c:\star\juniperm.mth

Sampre ID ! warnm springs.eo

Injection Date:; 1-JUL-96 12:23 PM Calculation Date: 3-JUL-96 S8:43 AM

Cperator : Flora Research jk Detectcr Type: ADCB (10 Volts)
Workstation: FLORA Bus Address : 16

IrsgZrument : Varian Star #1 Sample Rate ! 20.00 Hp
Channel : B = wax Run Time : 60,001 min

thebewakk st Star Chromatography Workstation #****x*x Vergion 4.5 **kkkwkddxrtcwy

Run Mcde ¢ Analysis
Pa2ak Measurement: Peak Ares
Calculation lype: Percent

Ret. Time Width
feak Peak Result Time Offset Area Sep. 1/2 Status
No. Name () (min) (min) {(counts) Code (sec) Codes
1 a-pinene 7.7650 3.482 -0,058 2036757 ‘A% 1.9 R
2 camphene 1.2072 3.919 0.039 316635 vV 1.8
3 B-pinene 0.4082 4.432 ~-0.,002 107069 vV 2.2
4 sabinoena 9.7478 4,609 0.007 2556824 vy 2.4
5 myrceno 1.8181 5.160 0.002 476896 (2% 2.3
6 a-Phellandre 1.8693 5.302 0.059 490317 Vv 2.3
7 a-terpinene 3.0625 5.579 0.039 803261 Vv 2.5
8 limonene 4.7498 5.981 -0.060 1245860 \AY) 2.9 R
9 B-phellandre 4.3870 6.205 0.018 1150714 LAY 2.8
10 1,8 cineol 0.0072 6.292 0,029 1889 TS 0.0
11 g-terpinene 4.7289 7.068 0.048 1240386 Vv 3.5
12 p-cymene 13.5315 7.733 0.098 3549282 vV 4,6
'3 linalool 0.4093 18.8961 -0.,0C8 107361 \A% 4.6
4 Bornyl aceta 16.3720 20.604 0.117 4294347 vV 10.7
ih B~caxry/T-4-o0 7.5964 21.685 -0.118 1992517 vV 6.8 R
i6 borneol 3.1887 26.387 ~0,404 836385 \A% 6.5 R
17 citronellcl 0.0561 29,791 -0.192 14705 TF 0.0
Totals: 80.9050 -0.386 21221225
Status Codes:
R - Reference peak
Total Unidentified Counts : 5008638 counts
Delecteaed Peaks: 279 Relected Peaks: 44 Identified Peaks: 17
Maltliplier: 1 Divisor: 1

Baseline Offset: -3 microvVolts

Noise (used): 290 microVolts - monitored before this run

g,}\)
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Print Date: Wed JulM03 09:44:40 1996 Page 2 of 2

-4

Manual injection
«evision Log:

1-JUL-96 1:23 PM: Caleculated results from channel B using method:
*C:\STAR\JUNIPERM.MTH'

2-JUL-96 10:07 AM: Calculated results from channel B using method:
"c:\star\juniperm,mth"’

2-JUL~-96 10:08 AM: Calculated results from channel B using method:

'¢i\star\Jjuniperm.mth"'

2-JUL-96 10:09 AM: Calculated results from channel B using method:
'¢i\star\juniperm.mth'

3- JUL 96 9;22 AM: Calculated results from channel E using method:!

c:\star\juniperm.mth'
3—JUL 96 9:22 BM: Calculated results from ¢hannel B using method:

"¢i\slar\ juniperm.mth?
3-JUL-96 9:43 AM: Ccalatlated results from channel R using method:

‘ci\star\juniperm.mth’

Orlginal Notes:

Warm Springs Juniper Project Sample WS 1 JL Juniper leaf
distilled June 6, 1996,

Appended Notes:

kAN K *h I AEAAEAKN KA KA AN AN IANFHAAARAATAAIAARNAATANKTKEEKAKRAKKAKRKRE R R A K KAk kkKh Kok gk okd ddokkkd &k
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Title

Run File
Method File
Sample ID

.
-

1 C:\STAR\MODULE16\JUNIPQGOLl.RUN
¢ c:\star\juniperm.mth

warm springs.eo

Injection Date:

Operator e
Workstation:
Instrument

Channel H

LA AR E A RS SN

Chart Speed
Start Time

-pinone
samphens
Sepinond

myreend
9t pdnne
fimonend

g piene

proymens

Hinaloal

Bornyl acoln

B-earyT-4-0

1-JUL~96 12:23 PM

13}

Calculation Date: 3

Flora Research jk Detector Type: ADCEH
FLORA Bus Address : 16
Varian star #1 ‘Sample Rate ¢ 20.00
B = wax Run Time :

~JUL-89¢ 2:43 AM

(10 Volts)

Hz

60.001 min

Star Chromatography Workstation ***¥**¥% Vergion 4.5 #**khdkdkdaknhax
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1
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Summary: Observations and Conclusions

Project experience with the harvesting, preparation and distillation of Western Juniper
materials has resulted in the following broad conclusions, with a high degree of
confidence:

e All mature, reasonably healthy trees are candidates for use in an oil extraction
process.

° 'Materials pre'parati'on (chipping, chopping, etc.) Is best accomplished at the
harvest site.

® The finer the materials are prepared, the quicker oil can be recovered from them
in the distillation process. Recommend that bole wood be chipped and leaf
materials chopped in a commercial process.

® However, Western Juniper dries quickly and loses significant oil in the process.
Recommend that the materials be distilled as soon as possible after harvesting,
preferably within 1-2 days in order to obtain maximum yield. Unused materials
should be kept in a cool, damp environment to inhibit evaporation of the oil.

° Oil yield by weight from fresh leaf materials will typically be 50% greater than -
from fresh whole bole materials.

® Trees heavily laden with immature berries will yield significantly less oil from the
leaf materials, as compared to |leaf from trees which are sparsely berried.

e  Maximum economic distillation time is 3-4 hours, depending on the power of
steam/retort/condenser equation. Properly tuned, a distillation system should
yield 80 oil recovery in three hours.

® From an economic standpoint, distillation of leaf materials seems best because
of the higher oil yield; because the materials take less pre-processing; and
because the market value is higher.
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When distilling fresh leaf materials from mature trees; in a properly operated
zero-pressure system, expect a minimum oil yield of 16 fluid ounces of raw oil
from 250 pounds of leaf materials (minimum 128 ounces -- one gallon -- per ton
of leaf materials), giving a yield of 0.4%.

Run-off distillate “waters” should be captured and held for sale. The distillation
process produced 300-350 gallons of waters for each gallon of oil produced.
There should be a market for these waters.

With finely chipped or chopped materials, it is possible to pack them too tightly
into the retort, thereby resulting in poor steam infiltration away from the steam

source.

The optimum distillation system needs to have matched components for
maximum thruput, meaning that the retort, condenser, separator, and steam and
water supplies need to be matched in capacity in order to facilitate the maximum
yield of oil out of the materials with minimum cooking time.

Overall, there was much more to be learned about the materials and distillation
process than was originally envisioned, and the yields were much lower than
expected. Therefore, twice the amount of distillations were required than was
originally anticipated. '

Referencing the aforementioned results obtained by Kurth and Ross, three areas
- of process improvement may be important to providing greater product yield,
which is the ultimate key to an oil-based economic business activity:

a.) Useofa presSurized distillation system (20 psi - 40 péi) may significantly
increase oil yield.

b.)  Proper materials drying, such that il is not lost in the process, may
increase yield.

c.) Reducing the materials to smaller particle size with chopping, hammer-
milling, etc., may increase yield.
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7.0  Production Cost Analysis

As mentioned previously, the distillation unit used for this test project was only capable
of handling approximately 250 pounds of materials at a time. Though a distiilation
system of this size may be adequate for an entrepreneur or small business that is
seeking to serve consumer markets with specialty oil products, a larger system, capable
of handling a ton (2,000 pounds) of distillation material at a time, would be essential if oil
were being produced for the commercial (bulk) oils market.

Based on the experience of this project, and making logical extrapolations for supplying
a distillation system of commercial size, the following assumptions are relevant:

] One mature Western Juniper tree will yield 500 pounds of leaf materials and
approximately 1,000 pounds of whole bole wood.

e  Oil yield from the leaf material and bole wood will be 16 fluid ounces (one pound)
from each 250 pounds of material, or one gallon (8 pounds) per ton of material
(0.40% vyield).

e (il yield from whole bold wood (chipped) would be 10-12 fluid ounces per 250
pounds of material, or 80 fluid ounces (56 pounds) per ton of material. We would

? expect that distilling the wood in a pressure system would result in an oil yield’

[ equivalent to leaf material.

e  Materials for distillation to be prepared (chipped, chopped, etc.) at the harvest
site and transported to the still ready for use. Leaf chopped. Bole wood chipped.

e Regardless of the size of the distillation unit, two batches could be processed
each day (4 hours per batch), including loading, unloading and cooking time.

e  The distillation unit can be handled by one operator.

e A two-man crew can harvest and prepare 6 mature trees per day, with the proper
equipment on site, for a commercial operation. This assumes a moveable retort
(on wheels) can be brought to the site and loaded there. Assume that the small

still (retort) is not moveable.
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]

e A two-man crew can harvest and prepare 4 Juniper trees for use in small-still
operations.

. Labor cost is $120 per man day ($15 per labor hour).

e  Amortized distillation unit costs are based on a small-still cost of $5,000, and a
commercial still cost of $20,000.

®  Cost of operating supplies and fuel would be the same regardless of still size, for
any unit weight of material processed.

e  The market price of wood oil is $7.50 per pound ($60.00 per gallon) bulk.
e  The market price of leaf oil is $60.00 per pound ($480.00 per gallon) bulk.

Based on these assumptions, following is a comparative cost model which estimates
the cost of processing 2,000 pounds of chopped leaf materials.
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Cost Analysis
2000 Pounds Juniper Leaf Distillation

250# 2000#
Capacity Capacity
Materials Weight 2000# 2000#
Man-Days Needed to Harvest 2 11/3
Cost of Trees ' -0- -0-
Retort Batches Needed 8 1
COSTS:
Harvesting Costs
- Labor $240.00 $160.00
- Amortized Equipment and Transportation 75.00 50.00
Distillation Costs
- Labor 480.00 60.00
- Amortized Still Cost 80.00 40.00
- Operating Supplies and Fuel 50.00 50.00
Total Product Cost $925.00 $360.00
Yield and Commercial Value:
Wood Qil Leaf Oil
Oil Yield - One (1) gallon (8 pounds);
Commercial value $ 60.00 $480.00
Water Yield - 300 gallons;
Commercial value @ $1.00 per gallon 300.00 300.00
Potential Commercial Product Value $360.00 $780.00

The obvious points of interest in this analysis are that:

a.) Small scale operations are not economically viable in providing product to the
commercial (bulk wholesale) market.
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b.) Even on a large-scale commercial basis, economic viability is dependent upon
developing the market for the distillate waters.

c.) The distillate waters from the wood distillations will probably have substantially
more commercial value per unit of oil obtained than the oil itself, once the market
for the waters is developed.

The key determinant in this economic equation is, of course, the relatively low yield
(0.40% - 0.45% under optimum conditions) of oil from the Western Juniper leaf
materials in a zero-pressure system as was used for this project.

The economic profile for the distillation of wood oil would be even more unfavorable
since:

a.) The bole wood would require additional processing (splitting and chipping).

b.)  Qil yield from bole wood would only average 0.75 times that of the leaf (6.0
pounds of oil per ton of material).

c.) The current market price for equivalent competitive wood oil (Eastern Red Cedar-
Juniperus Virginiana) has a current commercial market price of only $7.50 per
pound ($60.00 per galion).

d.) Oilyield from the wood may be greater if the heartwood were boxed out of the
log and used in the processes, however this would also add cost to materials
preparation.
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Process Yield vs. Product Value

Product Value Product Value
(w/o waters) (with waters)
Oil Yield Oil Yield

(Percent) _{(Lbs.) Leaf Wood Leaf Wood
0.35% 7.0# $420 $52 $720 $352
0.4% 8.0# $480 $60 $780 $360
0.5% 10.0# $600 $75 $900 3375
0.6% 12.0# $720 $90 $1,020 $390
0.7% 14.0# $840 $105 $1,140 $405
0.8% 16.0# $960 $120 $1,260 $420
0.9% 18.0# $1,080 $135 $1,380 $435
1.0% 20.0# $1,200 $150 $1,500 $450
1.25% 25.0# $1,500 $187 $1,800 $487
1.50% 30.0# $1,800 $225 $2,100 $525

Economic Leverage Points - Looking at the cost analysis for the distillation of fresh
(wet) leaf materials, following are factors which could materially change the cost (and
therefore profitability) profile of the oil recovery process:

a.) Yield would likely be improved by the use of a pressurized distillation unit, as was
the experience noted in the work of Kurth and Ross at OSU, referencing item (1)
in the enclosed bibliography.

Yield could possibly also be improved by drying the materials according to a
proper drying schedule that would not cause attendant oil loss in the process.
Additionally, preparing the materials into smaller particles by chopping, hammer-
milling, etc., could result in an improved yield as is also noted in Kurth and Ross’

work.
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b.)

.

The effects of oil yield improvement on the product-value of the procéés are
startling, as given in the following table:

On a commercial basis the business break-even point for leaf oil (w/o waters) is
at a yield of 0.45% - 0.50%, as shown in Section 9.0, Business Opportunity
Conclusions. Therefore, even small changes in yield could radically change the
business attractiveness of this opportunity. If yield on the order of 1.0% - 1.5%
could be achieved, as experienced by Kurth and Ross with a pressurized system,
business viability would be certain, even with substantial swings in market price.

Labor costs for harvesting and hauling could be somewhat reduced with a more
efficient harvesting and materials preparation system, however labor efficiencies
wouldn't have nearly the effect on business profitability as would the
improvement of product yield.

All other cost elements have only a relatively minor effect on the potential
economic viability of the process.
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8.0 Market Test Results

The methodology for doing the market test on the Juniper oil included the determining of
target market applications, the development of a market segmentation scheme, the
development of a list of potential customers in the market, market sampling, an analysis
of similar and “cornpetitive” products that are on the market today, and the distillation of
market feedback to determine market interest and potential pricing of the Juniper oil in
the target market segments.

The Essential Qil Company of Lake Oswego, Oregon, was contracted in this project to
provide the test distillation still, technical distillation services, and test marketing
services. The Essential Oil Company is in the business of providing many different
types of essential oils to brokers, blenders and manufacturers throughout the world.
Hence they have the product and market knowledge necessary to do a reasonable
market test of the Juniper oil for purposes of determining its market value and potential
as the basis of a business enterprise.

Target Applications

A list of the best possible target applications for the oils of Juniperus Occidentalis is as
follows. This list was the basis for developing a target customer list of firms that provide
either raw oil or blended oils to companies that produce the end products in these
application areas, or in some cases are the companies that in themselves produce the
end products and take them to either the wholesale or retail markets.

Aromatherapy
-Mood scent kits
- Room fresheners
Scent masks
Insect repellants
Soaps and candles
Cosmetics, fragrances, lotions and cremes
Naturopathic (possible application: antibacterial/antiviral applications)
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Market Sampling

Small samples of essential oils, and in some cases the distillate waters, distilled during
the course of the Juniper oil project were sent to prospective buyers of such materials
for appraisal. In some cases, results of the gas chromatography testing were also
disclosed. Feedback from the potential customers on the applicability of the oils or
waters to their products and markets was solicited.

After analyzing the potential markets it was determined that, for purposes of this market
test the potential target markets broke down into the following major secotrs:

® Industrial Sector: firms that supply essential oils and related blending chemicals,

including artificial scents, to product manufacturers in bulk form, typically 400
pound (45 gallon) drums. Since these firms supply a great number of
manufacturers that use essential oils in their products, our particular interest here
was in testing whether any of them would know of a market requirement for

which the Juniper oil or waters might have a unique fit. These firms are typically
large distillers of essential oils, and/or are brokers and wholesale distributors of
oils produced internationally or by other speciality chemical firms.

° Commercial Sector; The commercial sector breaks down into two distinctly

different kinds of customers:

1)

2.)

Large Commercial Segment. The companies in this segment are not

necessarily always distillers but are principally volume oil brokers and
distributors for oil in drum lots to oil blenders and large third party
manufacturers of commercial products. Most of the commercial products
produced by their customers ultimately end up at the retail distribution
level for consumers. '

Specialty Commercial Segment. These firms are distributors and
sometimes blenders of a wide variety of essential oils, often on a regional
basis. Their customers generally purchase in relatively small (2 kg. to 10
kg.) lots, and they are generally producing specialty products in aroma-
therapy, naturopathic medicine, and specialty scent products for selected
niche markets, including entrepreneurs doing specialty scent products at a
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localor regional level. These firms typically have a broad technical,
product and marketing expertise, and can assist their customers in the
defining and developing of new scent products. Some of these firms also
do a certain amount of business in the large commercial segment for
some of the more common generic oils. The Essential Oil Company is
one of the firms that is in both of these market segments.

3.) For purposes of this project another market segment was delineated for
analysis and that was the Entrepreneur/Retail Segment, defined for
purposes of this project to include local Oregon entrepreneurs who might
consider distilling relatively small quantities of oil which they would use
themselves to create retail products for local and regional distribution,
typically in either aromatherapy or the specialty scent products market.

The list of potential industrial and commercial customers used for purposes of market
sampling is consdered proprietary to the Essential Oil Company because of the highly
competitive nature of this industry. Hence the list is not included for general distribution
in this report but will be sent under proprietary acknowledgement to the program
manager (Larry Swan) and the project administreator (Candice Richard at KCEDA) for
their files. Requests for access to this list should be made through either Larry Swan or
Candice Richard, who can then forward the request to Robert Seidel of the Essential Oil
Company in Lake Oswego, Oregon.

Competitive Products

Other manufacturers and distributors were contacted regarding the availability and
pricing of competitive or similar oils, particularly those of the cedar, spruce, pine, fir and
hemlo,(;k families. Following is the list of oils available in the commercial marketplace of
some of the products which might be considered similar and/or competitive to Western

Juniper oils.

Oil of balsam fir. $10.00 per pound (50 pound drums)

Oil of White Pine: $30.00 per pound (50 pound drums)

Oil of black spruce: $30.00 per pound (50 pound drums)

Oil of Western Red Cedar leaf: $20.00 - $25.00 per pound (400 pound drums)
Oil of Western Yellow Cedar: $60.00 per pound (45 gallon drums)

o & & ¢ @
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Oil of Pacific Silver Fir: $67.00 per pound (45 gallor;'drums)

Oil of Douglas Fir: $72.00 per pound (45 gallon drums)

Oil of Western Hemiock: $180.00 per pound (45 gallon drums)

Oil of Cypress: $58.00 per pound

Qil of Juniper berry: $75.00 per pound

Oil of Eastern Red Cedar wood: $7.50 per pound (400 pound drums)

The above list represents pricing for various “needle” oils.

Market Results

Following are the results and conclusions from the feedback obtained from the test
marketing activities.

e Industrial Sector: This sector deals with bulk production and distribution of

‘ various oils, including needle ails. In that regard the bulk of their current
business is for the oil of Eastern Red Cedar which carries a market price of $7.50
a pound at the industrial distribution level. They are generally uninterested in
talking to potential vendors of a relatively unique oil like the Western Juniper for
which their is no established volume market, and for which the end use products
have generally not yet been defined. Given the fact that the oil from the Western
Juniper is not remarkably different from that distilied from the Eastern Red Cedar
(Juniperus Virginiana) these potential customers see it as a product competitive
with the Eastern Red Cedar and therefore are only interested in talking about it at
a competitive price of $7.50 a pound. Another limiting factor in dealing with this
kind of customer is their tendency to only want to spend time working with
distillers that are already in production and from which there is already a
projected volume output that they can consider and buy. We were also limited in
addressing these potential customers by the sizes of the samples we were able
to give them in that a small sample for their purposes would have been a
kilogram. These potential customers, therefore, were not considered viable
potential target customers in the near term.

° Commercial Sector - Large Customers. The feedback from customers serving
the large commercial sector segment was mixed in that they also saw the oil from
the bole wood of the Juniper as being essentially the same as, and competitive
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with, the oil of the Eastern Red Cedar which is currently on the market. They are
only interested in purchasing that oil at a competitive market price (less than $10
a pound in 100 pound drums). One of the characteristics of the potential
customers in this segment are that they attempt to buy at as low a price as
possible and then take a middle man’s markup. They are, however, a principle
distribution source for the list of needle oils given above and sell those needle
oils at the prices and lot sizes given in the above list. Larger volume users can
obtain discounts from them on these prices of as much as 50%. There was
particular interest expressed in the oil from the Juniper leaf, with indications from
some of them that they would expect to sell that product for $60 to $75 a pound
to specific small target users once the market were developed for the oil.
:However, the estimate of price that they would be willing to pay for the oil, which
“would represent the distillers price to them, would be approximately $25 a pound.

‘Specialty Commercial. Many of the customers in this segment are the customers
for the large commercial segment brokers and distributors, and many of the firms
in this segment are also blenders and provide technical product development
services along with being an oil supplier. It is these potential customers that
would be the market for the Juniper leaf oil at an estimated $60 a pound in
relatively small quantities, typically 2 kg. and 10 kg. per order, with a 20 kg. order
being a large order. These firms typically are specialty products distributors, and
are often themselves in the business of blending and marketing products for the
retail consumer markets, particularly in the aroma therapy marketplace.

Included in the Specialty Commercial segment are the small local entrepreneurs
who do specialty aroma therapy and scent products, principally for local and
regional distribution. These small firms would also be prospective customers in
small volume, typically at the 1 to 5 kgm. per order size, but which can be
marketed to via catalog, direct mail, Internet, and general distribution vehicles.
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Conclusions

There is a high degree of confidence that there would be a market for the Juniper leaf
oil at prices ranging from $25 a pound to $75 a pound for the leaf oil, depending on the
sector and the segment being served. The volume of oil required to serve this market is
highly uncertain at this point because it involves the development of new scent products
and the development of the markets for those products. However, as part of this
project, a few dozen one ounce scent spray botties of 20% oil solution, in alcohol, were
prepared to test customer acceptance of them as a hunter scent mask product. Later,
the test was broadened to include the use of that same product as a room scent, and as
a scent for artificial Christmas wreathes, Christmas trees, etc. A few gift shops
specializing in those seasonal products were sampled and oil spray samples were |eft
with them. The response to both the hunter scent and the use of the same spray scent
bottle as a room or seasonal scent were both very good. These products would make
good entrepreneurial business opportunities.
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9.0 Business Opportunity Conclusions

Commercial (Bulk) Products: In developing a business opportunity analysis on a
commercial (bulk wholesale sales) basis, the following assumptions are in order.

e  The analysis for bulk production and marketing of |eaf oil (without the marketing
of the distillate runoff waters) will be the baseline. Other cost and revenue
assumptions will be estimated relative to leaf oil on an appropriate business

basis.

® Cost for the production of a given volume of both leaf and wood oil is the same,
given all tradeoffs.

® Marketing and selling costs are estimated at 20% of revenue for all saleable’
products.

° G&A, and other expenses, are fixed at 20% of leaf oil revenue, and are assumed
the same for a similar volume of wood oil.

© Marginal cost and revenue estimates for the sale of the distillate waters are
considered to be marginal to the oil costs, and are estimated accordingly.

° Each 0.10% yield is equivalent to 2 pounds of yield (1 quart: 32 fluid ounces) on
a distillation yield of 2000 pounds.

° The market price of |eaf oil is $60.00 per pound. The market price for wood oil is
$7.50 per pound.

e  Assumes the business is dedicated to the distillation and marketing of Juniper
Oil, and that oil distillation is not a secondary by-product of other Juniper
processing operations.

Using a standard production unit of one ton (2,000 pounds) of materials as the standard
production unit for cost estimates, following are the profitability profiles for both leaf and
wood oil, at different process yields.
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Product (Ibs)

Revenue

Costs
Production
Marketing and Sales
G&A, and Other
Total Costs

Gross Profit (loss)

Gross Profit (%)

Product (Ibs)
Revenue
Costs

Production
Marketing and Sales
G&A, and Other

Total Costs~

Gross Profit (loss)

Gross Profit (%)

Profitability Profile: Leaf Qil

Qil Yield
0.3% 0.4% 0.6% 0.8% 1.0% 1.5%
6# B# 12# 16# 20# 30#
$360 $480 $720 $960  $1,200 $1,800
$360 $360 $360 $360 $360 $360
72 96 144 192 240 360
96 96 96 96 96 | 96
$528 $552 $600 $648 $696 $816
($168) ($72) $120  $312 $504  $984
(47%)  (15%) 17% 32% 42% 55%
Profitability Profile: Wood Qil
Oil Yield
0.3% 0.4% 0.6% 0.8% 1.0% 1.5%
6# 8# 12# 16# 20# 30#
$45 $60 $90 $120 $150 $225
$360 $360 $360 $360 $360 $360
9 12 18 24 30 45
96 96 96 96 96 96
$465 $468 $474 $480 $486 $501
($420)  (3408) ($384)  ($360)  ($336) ($276)
(993%) >(123%)
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A profitability analysis of marketing the runoff distillate runoff waters, at $1.00 per galion,
once the market for this produce were fully developed, would be as follows, at a
standard yield of 300 gallons of waters for each ton of materials processed.

Profitability Profile: Waters

Product (gallons) 300 gal.

Revenue $300
Costs

Production (10%) $ 30

Marketing & Sales (20%) 60

G&A, Other (5%) 15

o ~ Total Costs $105

Gr‘c;‘sé Profit s $195

Gross marginal Profitability 65%

For an established business selling both oil and waters, the profitability profiles would be
as follows: ' :

{
4
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Profitability Profiles: Oiis and Waters

Oil Yield

0.3% 0.4% 0.6% 0.8% 1.0% 1.5%
LEAF OIL
Total Revenue $660 $780 $1,020 $1,260 $1,500 $2,100
Gross Profit (oil) ($168) ($72) $120 $312 $504 $984
Gross Profit (waters) $195 $195 $195 $195 $195 $195
Total Gross Profit $27 $123 $315 $507 $699 $1,179
Gross Profit (%) 4% 16% 31% 40% 47% 56%
WOOQOD OIL
Total Revenue $345 $360 $390 $420 $450 $525
Gross Profit (oil) (3420)  ($408)  ($384)  ($360)  ($336)  ($276)
Gross Profit (waters) $195 $195 $195 $195 $195 $195
Total Gross Profit ($225)  ($213)  ($189)  ($165)  ($141)  ($81)
Gross Profit (%) (Loss) >

These analyses show the difficulty of making a profitable commercial business out of
the distillation of oil from Juniper wood on a dedicated business basis, even if the
waters from the process are marketed. However, the distillation of Juniper leaf oil
shows promise, but is much dependent on the estimated market price for the oil ($60.00
per pound) for which there is not an established market -- or a truly competitive product
-- today (see Section 8.0, Test Market Results.)
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FollBWing is a graph which shows the changing profitability of leaf oil as process yield
changes, with and without the marketing of the associated distillate “waters”.
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Break-even Sensitivity: Commercial Leaf Oil
Break-even Yield vs. Market Price
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Commercial Conciusions: '

° The critical determinants driving the viability of a Juniper oil business in the
commercial marketplace are:
- Product price
- Process yield.

° This project has shown that, even given reasonable extrapolations for
economies of scale, at the current market price of $7.50 per pound (competitive
with Virginia Red Cedar -- Juniperus Virginiana oil), and with maximum
anticipated product yields of 1.5%, the business would stili not be profitable.
Both price and yield would both have to increase 50% - 100% in order to make
this a viable business opportunity.

® An except to the above statement would be a case where a distiller could set up
in conjunction with an existing Juniper processing operation and use (free)
readily available waste materials. Processing (distillation) and other costs would
remain the same, however $210 of production costs (per 2,000 pound batch)
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could be saved by not having to harvest and transport Juniper materials.
Though this would help, it would only change the wood profile as follows:

Oil Yield
0.3% 04% 0.6% 0.8% 1.0% 1.5%

Gross Profit
Oil Only (3210)  ($198) ($174) ($150) ($126)  ($66)
Qil and Waters ($15) ($3) $21 $55 $69  $129

If a commercial market could be found for the distillate waters, then this scenario
takes on a modest business attractiveness at the upper end of the anticipated yield
spectrum.

° Using price/positioning estimates based on the markets for other needle oils, the
business potential for Juniper leaf oil is attractive, particularly if yield can
approach those achieved by Kurth and Ross in a pressure distillation system
(1.0% - 2.0%). The break-even point for leaf oil is at a yield of approximately
0.5%, that almost achieved in the projects small, zero-pressure distillation
apparatus. This without considering the potential for revenue from sale of the
distillate “waters”. ; |

° If estimates of leaf-oil process yield and market price are reasonably correct, and
if the distillate waters can be marketed, then the distillation of leaf oil becomes a
very attractive business opportunity with gross profit of 42% at the 1.0% yield
level, and 55% at the 1.5% yield level.

Entrepreneurial/Retail

Market sampling has shown that there is opportunity to enterprising entrepreneurs to
make a business of distilling Juniper, and possibly other aromatic botanicals, for use in
their own specialty retail products (see Section 8.0 - Test Marketing Results). The
products for this opportunity would be pre-packaged oils and other specialty “scent”
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products for home, commercial, aroma therapy and other “mood” applications, as well
as for the hunter’s scent - mask market.

For this business opportunity only a modest-size distillation unit would be required (the
250 pound capacity still used in this project is a good example). The key to business
viability comes from using oil to create a large volume of small, pre-packaged retail
products from a small volume of oil. Qils are often packaged down to 1/4 oz. sizes (or
less) for a pure oil, and other spray-scent products are a mixture of oil and alcohol in a
5% or 10% (1/20 or 1/10) oil/alcohol solution. This provides enormous product and
revenue leverage from small amounts of oil. It does require, however, that the
entrepreneur be prepared to do the packaging, marketing and selling of the products (at
wholesale) to the appropriate customer (chain stores; gift shops, etc.). A business
analysis for this opportunity follows:

Key Assumptions

° Distillation process yield will be that used in determining a standard expected
yield from a small, zero-pressure still as was used in this project -- meaning an
expected minimum yield of 0.40%.

] Harvesting, materials preparation and distillation costs will be the same as
estimated previously in this report -- $925.00 per 2,000 pounds of material
processed.

® Either the leaf oil or wood oil will be equally useable for these products (however,
leaf oil may be somewhat preferable).

° Wholesale value of the pre-packaged products is 50% of the retail price.

° Based on market investigations, retail prices for comparable “pure” oil scent
products is: $8.00 - $10.00 per 1/4 ounce of the oil; $4.00 to $6.00 per ounce for
10% solution pre-packaged spray scent products.

® Packaging, marketing and selling costs are 30% of revenue for the pure oil, and
40% of revenue for scent sprays because of the additional materials, blending

and packaging costs.
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° The greater of these estimates will be used for purposes of this analysis because
of the uniqueness and quality of the Western Juniper oil-based products.

Profitability Profile: Packaged Retail Products

Product
1/4 oz. One Ounce
Pure Qil Scent Spray
Raw Oil Product 1.0 gallon 1.0 gallon
Packaged Sale ltems 512 bottles 1,280 spray ounces
Wholesale Price $5.00 $3.00
Revenue ‘ $2,560 $3,840
Costs
Production 925 925
Packaging, Marketing & Sales 768 1,536
Other Business Exp. _ 256 _ 384
Total Costs $1,949 $2,845
Gross Profit $611 $ 995
Gross Profit (%) 24% 26%

If the oil were commercially available at $480 per gallon wholesale, as estimated in the
commercial analysis, rather than having an entrepreneur distill it themselves at a cost of
$925 per gallon, the profitability of a retail products business would look as follows.
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Profitability Profile: Packaged Retail Products
Using Purchased Commercial Qil

Product

1/4 oz, One Ounce

Pure Oil Scent Spray
Revenue | $2,560 $3,840

Costs

Purchased Oil 480 480
Packaging, Marketing & Sales 768 1,536
Other Bus. Exp. _256 _384
Total Costs $1,504 $2,400
Gross Profit $1,056 $1,440
Gross Profit (%) 41% 38%

Retail Conclusions:

® There is a very high revenue leverage in developing specialty niche products for
retail markets.

e  Modest investment would be required (est. $10,000 - $20,000) and a low-
cost access to Juniper would be required.

e  There is no direct equivalent competitive products available today. The
Western Juniper essential oils market remains largely untapped at the
retail level. A unique market position is available for enterprising
entrepreneurs.
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“Business profitability is adequate (est. 25%) for product pioneers who do
their own distilling in small batches. Enhanced profitability (40%) would
come from being able to purchase the needed raw oil on the “bulk”
commercial market.

As is true with many products, the business leverage comes from the
business acumen needed to define and serve retail markets with new
products. The key to doing this, however, will be marketing and
distribution savy, and the working capital needed to support these activities
in the early stages of the business.

To complement the basic oil-based scent products a variety of low-cost,
high-margin products such as scent rings, candle-heated vaporizers, etc.,
can be distributed along with the scent products. In addition, once an oil
supply is available, items such as scent soaps and candies can be
produced to specification by third-party manufacturers and distributed at

high margin to the aroma markets.

In summary, there is a window of opportunity for entrepreneurial ventures
in supplying retail scent products based on Western Juniper oil derivatives.
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Appendix “A”
Project Documentation and Contract

COIC Project Approval Notice - 4/18/95
KCEDA Spending Authorization Letter - 8/29/95
Project Schedule

Tribal “In-Kind” Cost Summary



EX v it
INTERGOVERNRAENTAL
CoOUNCIL

April 18, 1995
Everywhere
Central Oregon
Works. Bob Finch, Economic Development Department
Confederated Tribes of the Warm Springs Reservation
P.O. Box 1359
Warm Springs, Oregon 97761
Dear Bob,
This letter is to confirm that the "Juniper Commercialization" multi-region, Regional -
Strategy project was approved by Governor Kitzhaber on April 10, 1995. The "Juniper
Commercialization” project received the full funding amount, $109,300, requested. This
will enable the South Central Oregon Regional Strategy Board (o commit $18,300 to the
VWarm Springs Tribe's "Juniper Distillation and Marketing" project. This commitment of
Regional Strategy funds is to be matched with funding and in-kind commitment from the
- Tribes of $23,500. Of that total, $12,500 is a cash match and $11,000 is in-kind match.
The multi-regional projects approach is complicated. The South Central region must
establish Intergovernmental Agreements with the other supporting regions, sign a contract
with the state, and sign contracts with the individual project elements of which yours is one |
of six. We are working towards a June deadline to complete these tasks and have the funds
available for projects. Please call if you have any questions.
Sincerely,
a %%’
Drew Foster
Senior Economic Development Planner
South Central Oregon Regional Strategy staff
;{EDMCV\:'D BEND NMADRAS AT (R TN S I I A X
Hléowﬁr‘jf'j”d 2410 NE ST;:“/(i:[i(no”s De 35 Ssi.g i(reu 411 W 3rd Strect
Madras, OR 97741 Prineville. OR 97754

Redmand (VR 07754 Bend, OR Q7701



\v/’ KLAMATH COUNTY ECONOMIC DEVELOPMENT ASSOCIATION

August 29, 1995

Joseph Yesenofski, Management Consultant

Economic Development of The Confederated Tribes of Warm Springs
P.O. Box 1359

Warm Springs, Oregon 97761

Dear Joe:

This letter shall constitute authorization to commence spending for the "Juniper
Commercialization" multi-region, Regional Strategies project that was approved by Governor
Kitzhaber on April 10, 1995, provided that authorization of the grant to the Confederated Tribes
of Warm Springs has been approved.

A formal contract will be provided under separate cover. Expenses for the project incurred after
the award date (April 10, 1995) may be eligible for reimbursement, provided that the expenses
are reimbursable under the provisions of the grant contract.

I will be administering the grant contract through the office of KCEDA. Feel free to contact me
with any questions that arise. I look forward to working with you and the members of The
Confederated Tribes of Warm Springs.

incerely,

Jason M. Statuta
xecutive Projects Coordinator

cc: Larry Swan, Winema National Forest
L.H. Senn, Executive Director KCEDA
Jackie Yoder, OEDD

(503) 882-9600 « FAX (503) 882-7648 + 125SQUTHE6THST. » P.0.BOX 1777 + KLAMATH FALLS, OR 97601



WESTERN JUNIPER COMMERCIALIZATION PROJECT
WORK PLANS AND SCHEDULE

Oil Distillation and Marketing Research

Purpose:

and bole wood for distillation of commercial juniper oil. :
Project Work Schedule: Attached. Begin 3/15/96 - Finish 11/1 4 2"/3*'// 7L k

Test business value of using western juniper berries, bough, branch?,_/ "

TASK Begin Completion Deliverables* Pay Schedule**
Date Dale
1) Complete arrangements for renting or 3/15/96 4/15/96 [ )Letter***documenting completion of
teasing still & install still; arrangements for still and any needed
2) Complete arrangements for juniper changes.
harvest (including berries), chipping &
transportation;

[ 3) Complete sample material collection for | 4/15/96 | 5/30/96 1)Letter documenting completion of KCEDA will pay
test distillation; collection of material & test distillation. 40% total contract
4)YComplete test distillations & obtain Include discussion about process, problems | amt. after deeming
sample oil: encountered, and outcomes; 2) Sample viles | deliverables ok

of oil from each set of materials.
5)Complete o1l analvses, 5/15/96 7/15/96 1)Letter documenting completion of oil KCEDA will pay
6) Complete marketing pkg., send analyses; 2)Copy of marketing package, 3) 30% total contract
samples to potential customers, & obtain Copy of mkt. feedback; 4)Set of samples amt after deeming
mkt. feedback. sent to customers; 5)Copy of Mailing List deliverables ok
/) Complete 2nd set of test distillations & | 5/30/96 | 6/30/96 1) Letter documenting completion of
obtain sample oil; including Potential Sales collection of material & test distillation.
Reps. Include discussion about process, problems
encountered, and outcomes; 2) Sample viles
of oil from each set of materials; 3) list of
Potential Sales Reps; 4) Any other mkt.
feedback.
8) Expand test marketing effort with 5/30/96 8/30/96 1) Letter documenting action; 2) Mailing KCEDA will pay
second set of oil samples. List;, 3) Report Distribution List 20% total contract
~ amt. after deeming
deliverables ok
9) Accumulate final test marketing results, | 10/1/96 10/31/96 1) Draft of report, KCEDA will return KCEDA will pay
prepare project documentation, publish & comments within 10 working days; 2) Final | 10% total contract
distribute report Copy by 10/31/96. amt. after deeming -
deliverables ok.
10) Submit Regional Strategies Program 10/31/06 | 11/15/96
Final Report
I'1) Submit job creation report. 10/31/96 | 11/15/96

*To be delivered to KCEDA within two calendar weeks of completion dates.

**KCEDA shall receive up to five working days for review of deliverables, before check is cut.

RECEIVE.

MAR 2 5 136

BUSINESS/ECONOMIC
DEVELOPMENT

*** etter(s) should include current In-Kind and Cash Contributions.
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The Confederated Tribes of Warm Springs

JUNIPER OIL DISTILLATION PROJECT

Tribal "In-Kind" Cos(s

Through June 30th, 1996 (One-Time Costs)

_Cost
. CTWS Tribal Management; Contract development and
finalization; Presentations; obtain CTWS approvals (16 hours
@ $50.00/hour $ 800.00
. Natura) Resources; Projcct Assessment and Managernent plan;
Site tours and analysis; Committee(s) approvals processes (20
hours @ $50.00/hour)
1,000.00
J Natural Resourcesi Site tours with contractors; Site selection;
Tree selection; Harvest plan and resource commitments (12
hours @ $50.00 per hour) '
600.00
. Warm Sprlngs Forest Products
- Facilides engineering, waste disposal and planning (12
hours) 600.00
- Pipe in and valve steam and water 450.00
- Provide waste disposal tank and disposal commitment
. 1,000,00
- Hook-up of steam and water to still
225.00
- Install power and exira liglus
350.00
) J 1 2 3-=1-9-4 4

Toral In-Kind Cosis 1o 6/30/96 $ 5,025.00



June 1st - September 30th, 1996 (On-Going Costs over 5 months)

. Business and Economic Development:

Project Administration (10 hours)
Clerical and Accounting Support
e Nauwral Resources: Harvesting crew supervision and
administration (24 hours)
- 2-Trucks for 6 days @ $100/day

- Tree value: 16 Trees @ $25.00 cach

*  WSFP (Plant Site)
- TFacilities @ $100/mo

- Plant floor space: 1,000 ft* @ $0.50/foot/mo.

Total On-Going Cost (5 months)

TOTAL PROJECT IN-KIND COSTS

ONE-TIME COSTS THROUGH 6/30/96

ON-GOING COSTS: 6/1/96 through 10/31/96

TOTAL PROJECT IN-KIND COSTS

$ 500.00

500,00
1,200.00

600.00

400.00

500.00

2,500.00

$ 6,200.00

$ 5,025.00

6,200.00

$ 11,225.00
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e  QOriginal distillation Records



Distillation Record Date: ey

Batch #: WS-1-JL

Location: warm Springs, Oregon

Material: western Juniper Leaf (immature berries) Source: Dry Hollow 2500 elev

Weight: 222 1bs Form: As harvested, not chopped

-branches to 1/4"

Start Time 10:15aM Finish Time: 1.15pMm

Total Distillation Time:X gy

Yield: 325.5 grams

Percent Yield: 0.32%
(=Weight of finished oil/weight of raw material)

NOTES:

Two Trees were cut 6/6/96- branches to 3/8"
#1 Approximately 65yrs old
' #2 Approximately 135yrs old

" Branches baged in burlap on site. 16 bags leaf representing approx 40% of

total green leafy material
First water 45 minutes-195Degrees F

Steady flow at 1hr 206 degrees F
Resulting oil is clear amber colored- possibly due to resins- Distilled too long!?

The Essential Oil Company PO Box 206 Lake Oswego, OR 97034 503-697-5992



Distillat_ion Record

Location: warm Springs, Oregon

Material: western Juniper Leaf

Weight:  2161ps

Start Time 3.45pMm

Total Distillation Time: 1 gy

Yield: 44.4 grams

Percent Yield:
(=Weight of finished oil/weight of raw material)

Source:

Form:

Finish Time:

Date: 6/11/96

Batch #: ws-2-jL

Dry Hollow 2500' elev

As harvested, not chopped

-branches to 1/4"

4:45PM

0.045%

NOTES:

Branches cut from 135yr old tree 5 days ago
Bagged in burlap in the field- stored inside "distillery”
Retort cleaned with 200 proof alcohol for 1/2hr. This also serves to preheat equipment.

Preheating effective-193 degrees F at 15 minutes-first waters

Yield Quite low. Suspect loss to evaporation after five days since cutting.

0il Clear/amber

The Essential Oil Company PO Box 206 Lake Oswego, OR 9703:4‘_ 503-697-5992



Distillation Record Date: /0006

Batch #: WS-3-JLB

Location: warm Springs, Oregon

Material: western Juniper Leaf heavy imm. berries SOUrce: Dry Hollow 2500' elev

Weight: 2041bs Form: As harvested, not chopped
-branches to 1/4"

Start Time 9.35aM Finish Time: 12.05pM

Total Distillation Time: 7 sprs

Yield: 157.2 ¢rams

Percent Yield: 0.170%
(=Weight of finished oil/weight of raw material)

NOTES:

Preheated still to 2310 degrees F
First waters 9:45

Oil yellow/golden color

Leaf cut 24hrs prior to distillation

The Essential Oil Company PO Box 206 Lake Oswego, OR 97034 503-697-5992



Distillation Record bate:  enoor

Batch #: WS-4-]L

Location: warm Springs, Oregon

Material: western Juniper Leaf tree#2 Source: Dry Hollow 2500’ elev

Weight: 178lbs Form: As harvested, not chopped

-branches to 1/4"

Start Time 3.15pMm Finish Time: 5.45pMm

- Total Distillation Time: ) sprs

Yield: 197.1 grams

Percent Yield: 0.244%
(=Weight of finished oil/weight of raw material)

NOTES:

Oil Lighter in color than previous batch with berries (WS 3 JLB)

Oil yellow

The Essential Oil Company PO Box 206 Lake Oswego, OR 97034 503-697-5992



Distillation Record

Location: warm Springs, Oregon

Material: wesiern Juniper Wood

Weight: 2571bs

Start Time 7.45aM

Total Distillation Time: 425 nrs

Date: 7/1/96

Batch #: ws.s-jw

Source: Dry Hollow 2500' elev

Form: Chips-Bole wood not barked

Finish Time: 12.00pMm

Yielc: 202.6 grams (1hr-123gms,2hrs-36.5gms,3hrs-35.1gms,3.5hrs-8gms)

Percent Yield:
(=Weight of finished oil/weight of raw material)

0.174%

NOTES:

Material chipped 6/27/96 Tree #2-150yrs old
Insutated vertical and horizontal steam outflow
Oils after 3hrs are extremely viscous and slightly darker in color

Oils appear yellowish in color

The Essential Oil Company PO Box 206 Lake Oswego, OR 97034 503-697-5992



Distillat_ion Record

Location: warm Springs, Oregon

Material: western Juniper Wood

Weight:  2241ps

Start Time 2.30pMm

Total Distillation Time: ; sprs

Yield: 65.8 grams

rercent Yield:
(=Weight of finished oil/weight of raw material)

Date: 7/1/96

Batch #: ws-6-jw

Source: Dry Hollow 2500’ elev

Form: Chips-Bole wood not barked

Finish Time: 5.00pM

0.065%

NOTES:

Retort hot to start from batch 2hrs prior

196 degrees F in 10 minutes-first waters

Wood chipped and bagged 4 days before cooking

Tree #2 approx 80yrs old

Yield quite low- oil is much darker

Qil is amber in color

The Essential Oil Company PO Box 206 Lake Oswego, OR 97034 503-697-5992



DiStﬂlatiOn ReCOrd Date: 7/31/96

Batch #: WS-7-]JL

Location: warm Springs, Oregon

Material: western Juniper Leaf Source: Dry Hollow 2500 elev
Weight: 2521bs Form: Branches to 1/4"
Start Time 2.00pMm Finish Time: 4.00pMm

Total Distillation Time: yp.s

Yield: 287.7 grams (1hr-211.5 gms, 2hr-76.4 gms)

Percent Yield: 0.250%
(=Weight of finished oil/weight of raw material)

NOTES:

First hour approx 9oz oil-golden yellow
Second hour- approx 3oz almost amber

Cut in AM distilled 3-4hrs after cutting

The Essential Oil Company PO Box 206 Lake Oswego, OR 97034 503-697-5992



Distillation Record Date: /1060

Batch #: ws-g-jw

Location: warm Springs, Oregon

Material: Western Juniper Leaf Source: Dry Hollow 2500' elev
Weight: 2221bs Form: Chipped
Start Time 9.50aM Finish Time: 12:50pM

" Total Distillation Time: 3pys

Yield: 175.5 grams (2hrs-135.0 gms,3hrs-40.5gms)

Percent Yield: 0.174%
(=Weight of finished oil/weight of raw material)

NOTES:

Tree cut 24 hrs prior

Chipped, bagged and cooked

Small rounds stacked under cover in the mill

Qil at 2hrs golden yellow

Preheating and soaking chips seems to be of value in releasing oil

The Essential Oil Company PO Box 206 Lake Oswego, OR 97034 503-697-5992



~Distillation Record

Location: warm Springs, Oregon

Date: 9/25/96

Batch #: WS-9-]L

Material: Western Juniper Leaf Source: Drv Hollow 2500' elev
Weight: 265 lbs Form: As harvested, not chopped
-branches to 1/4"
Start Time 1:30pM Finish Time: 5.30pMm

e mn o first flow 2:30 195 degrees F

Total Distillation Time: 4 gy

Yield: 550 grams approximated from volume

Percent Yield: 0.46%

(=Weight of finished oil/weight of raw material)

NOTES:

96 year old tree

The color of Burgundy wine (unfortunately contaminated)

The Essential Oil Company PO Box 206 Lake Oswego, OR 97034 503-697-5992



U S} (s

Distillation Record — - Dat;«:zﬁ/%

“Batch # ws.iogL

Location: warm Springs, Oregon

Material: wWestern Juniper Leaf _ Source: Dry Hollow 2500 elev.

Weight: 276 Ibs Form: As harvested, not chopped

-branches to 1/4"

- Start Time 9.00pMm - Finish Time: 1.00pMm

" Total Distillation Time: 4 gys

Yield: 550 grams approximated from volume

“~"Ppercent Yield: - 0.44%

(=Weight of finished oil/weight of raw material)

NOTES:

128 year old tree
Gatered and bagged 9/25/96 afternoon '
The color of Burgundy wine (unfortunately contaminated)

The Essential Oil Company PO Box 206 Lake Oswego, OR 97034 503-697-5992



Record e ilglel

Batch # (3 {17L

LocaﬁoP: W) v w %\{\V~”\-S‘
S P

e MaEerlal /Su«m’—v \Q% . | Source: (D\M\’ \XYG\\‘TU’

Weight: _ (8% lgs Form: (Ve Weogecdin

Start Time: 7129 : Finish Time: /!39-
<,A*_*F(v_l%,&- \.Jalrﬁf' 10O ' . Ub‘\'w NS~ Lo

Total Distillation Time:

Yield: DXL o~
{

e .-
W) . 7
"~ Percent Yield: L ARS A

(=Weight of finished oil/weight of raw material)

NOTES: . /22 les o 1.0

' /o ~ .
/{f /S /¥
ld ;< L3

;87

. The Essential Oil Company PO Box 206 Lake Oswego, OR 97034 503-697-5992



Distillation Record - ‘"]5;;;*5 y/;g“?““

Batch #:;_u)s. n, ":rL

Location: Wa. M%QY\:,VQ
S

Material: LQ&O ':j’()~ | | Source: >~ L&D&LN
Weight: /éé/ézr R Form: C/&V& \o—mﬁej

Start Time: ?,‘-f/o ~ Finish Time: L/t’)()

“Total Distillation Time:

Yield: Y o \ e M S—
0

o | :
"~ Percent Yield: ' 2 L/é 2/

(=Weight of finished oil/weight of raw material)

NOTES: T 0

‘a5 Lt : Y

The Essential Oil Company PO Box 206 Lake Oswego, OR 97034 503-697—5992



(

Date J//S /‘3(4
Batch #*: ws \3 3'L-w

AWT” &\4 \-D\. ]
] Q | L
'Matenal Q,QAYMQU\&{MQ ' Source: b»'\« %'DU»U\J—
Weight: - o é'} “,) - Ifoi‘m: C\)A( T \o?ﬁ'ﬁ/‘,y( . \/qu sb
- Start Tlme 9 "30 A\A«:-*Z 6D Finish Time'.‘ %0 ﬂ)’t-.\
o 2'2D - &{‘35

Total Distillation Time: ,é § }1./6 ‘[Zba%s (3 ZJ\—CL( ,ga,/y

Yield: 40 j

\,J) | | | ) u/7/ Z

Percent Yield:
(=Weight of finished oil/weight of raw material)

NOTES: i <

e 33 Y G40
4y - r T

4 /’75% 47 g‘j? -
ff%ﬂ?“"/&@ > 0 ﬂ

/‘7”2: *—\”/ 7/

g - 00 (8

le | /¢

ﬁ) YA

ti(‘v‘b 7

l/g% l(@M

A 76 5

The Essential Ol Company PO Box 206 Lake Oswego, OR 97034 503-697-5992









A:bpendix “c”
Gas Chromatography Analyses

Batch WS1JL: Juniper Leaf Oil
Batch WS3JLB: Juniper Leaf Oil with Berries
Batch WS4JL: Juniper Leaf Oil

Batch WS4JL (Water): Juniper Leaf Waters



FLORA RESEARCH

CERTIFICATE OF ANALYSIS

Date; 09-July-1996
Client:Esgential Oil Co,

Sample L D, : Juniperus aceidentalis 3
Deseription:
The sample wes received in & glass & ml. vial It was labelled with a label
identifying it ag Juniper leaf wa 3 jlb.
Appearance:
Physical appsarance ig a clear oil with charactevistic smell of juniper/pine
oil,

Method of analysis: :
High Resolution Capillary Gag Chromatography using dual channe] analysis.

Results of analysis:
The analysis reveals an oil rich in monoterpines and bornyl acetate. The oil is

unique:in its chemistry and offers aroma chemicals similar to both pine oil and juniper.

1 bereby cortify that I am an smithorized ropresentative of Flora Research sami that to
the best of my knowledge the following informution ig true and accurate.

Signature: %/ '
Date: f~ ‘/'ﬁ ] /6

Title: chromatographar

31921 Camino Capistrano 435 «San Juan Capistrano, CA 02675 +714.496,8242



Print Date: Tue Jul 09 11:18:07 1996 Page 1 of 2

Title : Juniper leaf and immature berries essential oil
Run File : C:\STAR\MODULE16\JUNIPOCZ.RUN

Method File : C:\STAR\JUNIPERM,MTH

Sample ID t we3jlb.eo

Injection Date: 9-JUL-96 10:07 AM Calculation Date: 9-JUL-96 11:07 BEM

Operator ¢ Flora Research jk Detector Type: ADCB (10 Volls)
Workstation: FLORA Bus Address : 16

Instrument : Varian Star #1 Sample Rate ; 20,00 Hz
Channel i B ~ wax Run Time : 60.001 min

Ehkkkkkkkddt Siunr Chromatography Workstation ***+*** Version 4.5 *Fhsssdrwixtirrsr

Run Mode : Analysis
Peak Measurement: Peak Area
Calculation Type: Percent

Ret. Time " - Width
Peak ‘Peak Result Time Qffset Area Sep. 1/2 Status
No. Name () {min) (min} (counts) Code (sec) Codes
1 a-pinene 8.3400 3.470 =0.070 2618686 vV 2.5 R
2 camphene 0.8422 3,897 0,034 236131 vV 1.9
3 B~pinene 0.4779 4,407 -0.004 133985 vV 2.4
4 sabinene 11,2418 4.587 0.012 3151908 vV 3.0
5 myrcene 1.6956 5.125 ~0.000 475395 vV 2.2
¢ a-Phellandre 0.6526 - 5,259 0,049 182917 vV 2,2
7 a~terpinene 2.5307 5.538 0.034 709553 vV 2.4
8 limonene 4.34888 5.939 =0,102 1230506 vV 2.8 R
9 B-phellandre 2,1289 6.145 0.001 596882 VP 2.4
10 1,8 cineol 0.0171 6.246 0.026 4789 TS 0.0
11 g-terpinene 4.1311 7.011 0,037 1158255 PR 3.2
12 p-cymene 6.4207 7.640 0,056 1800207 RR 3.6
13 linalool 0.2102 18.866 0,005 58941 vV 4.8
14 Rornyl aceta 19.4243 20.545 0.173 5446064 vv 12.0
15 B-cary/T-4-o 5.2717 21,563 -0,240 1478035 \'AYS 6.3 R
16 borneol 1.0017 26.647 =~0.144 280861 vwv 12.1 R
17 citronelliol 0.2094 30,515 -0,020 58708 vV 0.0
Totals: 69.9847 ~0.153 19621883
Statug Codes:
R - Reference peak
Total Unidentified Counts : 8415476 counts
Detected Peaks: 261 Rejected Peaks: 33 Identified Peaks: 17
Multiplier: 1 Divisor: 1

Bagseline Qffset: ~36 microVolts

Noise {used): 340 microVolts - monitored before this run



Print Date: Tue Jul 09 11:1%9:06 1996 Page 2 of 2

Manual injection
Revision Log;

9-JUL-96 11:07 AM: Calculated results from channel B using method:
'C:\STAR\JUNIPERM.MTH"

Original Notes:

Juniper leaf ws3jlb June 20, 1396, It is a mix of

immature berries and leaf,
BhAAANARNTANAAAA R A AT AR AR TAAANAAATRNKRAN RN NKRKEKANI KRR NKENAEAKRARRARRARRA AR RAR A AR TR %



Title Juniper leaf and immature berries essential oil
Run File C:\STAR\MODULE16\JUNIPOQ2 , RUN

Method File : C:\STAR\JUNIPERM, MTH

Sample ID ¢ wadjlb.eo

ae ee

"'njection Date: 9-JUL-96 10:07 AM Calculation Date: 9-JUL-96 11:07 AM
Jperator : Flora Research jk Petector Type: ADCB (10 Volts)
Workstation: FLORA Bus Addresas : 16

Instrument : Varian Star #1 Sample Rate ! 20.00 Hz

Channel t B = wax Run Time : 60.001 min

kxxxkkrkwstw Star Chromatography Workstation **#+%%¥% version 4,5 *kdkhsirrdrbkdwn

Chart Speoed = 0.758 cm/min Attenuation = 256 Zero Offset = 5%
Start Time = 0.000 nin End Time = 60.001 min Min / Tick = 1.00
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FLORA RESEARCH

CERTIFICATE OF ANALYSIS

Date: 09-July-1996
Client:Essential (il Co,

Sample I. D. : Juniperus oceidentalis 4

Description:
The sample was received in a glass b ml. vial It was laballed with a label

identifying It a8 Juniper leat wg 4 jl,
Appearance:
Physical appearance ig a clear oll with characteriptic smell of juniper/pina

oil.

Method of analysis:
High Resolution Capillary Gas Chromatography using dual channel analysis.

Results of analysis:

The analysis reveals an oil rich in monoterpines and borny! acetate. The oil is
unique in its ehemistry and offers aroma chemicals similar to both pine oil and juniper.

I hareby cerxtity that 1 am an authorized representative of Flora Research and thai to
the best of my knowledge the following information is true and accurate, ‘

Signature: %,
Title: chromatographer " Date; ? % i, /é

31621 Camino Caplstrano 485 San Juan Caplstrano, CA §2675+714,496.8242



Print Date: Tue Jul 09 12:24:20 1996 Page 1 of 2

Title : Juniper Leaf essential oil ws4jl i
Run File ¢ C:\STAR\MODULE16\JUNIP003.RUN '

Method File : C:\STAR\JUNIPERM.MTH

Sample ID ¢ wsdjl,eo

Injection Daten 9-JUL-26 11:12 AM Calculation Date: 9-JUL-96 12:12 PM

Operator : Flora Research jk Detector Type: ADCB (10 Volts)
Workstation: FLORA Bus Addraess ¢ 16

Instrument ; Varian Star #1 Sample Rate : 20.00 Hz
Channel : B = wax Run Time ¢ 60.001 min

kkkkktawkdk Gtar Chromatography Workstation **#k*x¥x Veorgion 4,5 *ekdkbtidainias

Run Mode : Analysis
Peak Measurement: Peak Area
Calculation Type: Percent

Ret. Time Width
Peak Peak Result Time OQffsget Area Sep, 1/2 Status
No. Name () (min) (min) (counts) Code (sec) Codes
1 a=~pinene 7.2853 3.474 -0.,066 1460926 \A% 1.7 R
2 camphene 0.8696 3.914 0.046 174392 vV 1.9
3 B-pinene 0.3036 4,424 0.007 60879 Vv 2.3
4 sabinene 9.8431 4,592 0,009 1973840 vV 2.3
S myrcene 1.8200 5.144 0.010 3649486 vV 2.3
6 a-rhellandre 0.7325 5.280 0.061 146883 \'A% 2,3
7 a-terplinene 2.8963 5,558 0.044 580806 vV 0.0
8 limonene 4,0086 5.951 =0.090 803840 A% 2,6 R
9 B-phellandre 2.4401 6.165 0.009 489324 \2% 2,5
10 1,8 cineol 0.0063 6.271 0,039 1270 T3 0.0
11 ¢-terpinene 4,7568 7.030 0.043 953886 PV 3.1
12 p-cymene 8.6800 7.669 0.071 1740607 vV 3.6
13 iinalool 0.1703 18,910 0.023 34149 vV 4.9
14 Bornyl aceta 22.0542 20.551 0.152 4422553 vv 10.8
15 p~cary/T-4-o0 5.9073 21.592 -0.211 1184602 VP 6.0 R
16 Lborneol 1.00828 26.685 -0.106 217137 vV 8.1 R
1/ witronellol 0.1081 30,543 -0.036 21673 TF 0.0
Totals: 72.9649 0.005 14631733
Status Codes:
R ~ Raeference peak
Total Unidentified Counts ; 5421372 counts
Detected Peaks: 270 Rejected Peaks: 49 Identified Peaks: 17
Multiplier: 1 Divisor: 1

Baseline Offset: -11 microVolts

Noise {(used): 220 microVolts - monitored before this run



Print Date: Tue Jul 09 12:25:18 1996 Page 2 of 2

Manual injection-

Revision Log:

9-JUL-96 12:12 PM: Calculated results from channel B using method:
'C:\STAR\JUNIPERM.MTH'

QOriginal Notes;

Juniper leaf essential oil ws4jl June 20, 1996 from 80

year old tree. (wsljl from 135 year old tree)
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Title

Run File
Method File
Sanple ID

Injection Date:

Operator :
Workstatlon:
Instrument

Channel :

LA R R R EE LTSRS

Chart 3Speed
Start Time

a-plasne
samphene
&-pinend

inymend
s-t&TPINGNY
imaneng

g-teepunine
poymens

liraoo!

Bomy! acela

BoaryTLos

2% em ez e

Flora Research k

FLORA
Varlan Star #1
B = wax

9~JUL-96 11:12 AM

Juniper Leaf essential oil ws47jl
C:\STAR\MODULE16\JUNIPOO3,RUN
C:\STAR\JUNIPERM.MTH

wsdijl.eo

Calculation Date:!

9-JUL-96 12:12 pPM

Detector Type: ADCB (10 Volts)
16

Bug Address
Sample Rate @
Run Tine :

20.00 Hz

60.001 min

Star Chromatography Workstation *¥hww++ yersion 4.5 ****k*xwwxhankt

I

0.75 cm/min

Atténuation ~ 256

Zero Offset = 5%

0,000 min tnd Time = 60.00) min Min / Tick = 1,00
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FLORA RESEARCH

CERTIFICATE OF ANALYSIS

Date: 09-July-1996
Client:Essential Qil Co.

Sample L D. : Juaiperus occidentalis ¢istillation watar
Desgoription:
The sample was received in a glass 5 ml. vial Il was lubelled with a label
identifying it as Juniper leaf we 4jl water.
Appearance: ,
Physical appearance is a ¢lear watery oil with characteristic amell of
Jjuniper/pine oil, o . o

Method of analysis: '
High Resolution Capillary Gas Chromatography using dusl channel analysis.

Regults of analysis:
The analysis reveals a water that is very high in bornyl acetate and caryophyllens,

I hereby certify that I am an autharized representative of Flora Research and that to
the best of my knovdedge the fallowing information I8 true and accursata. .

31921 Camino Capistrano 435 San Juan Capistrano, CA 9267571 4.496.8242
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Print Date: Tue Jul 09 16:15:16 1996 Page 1 of 2

Title ¢ Juniper Leaf Distillation Water
Run File : C:\STAR\MODULE16\JUNIP0OO9 RUN
fethod File : c:\star\juniperm.mth

Sample 1D ¢ wsdijl water.eo

Injection Date: 9-JUL-96 3:05 PM Calculation Date: 9~JUL-96 4:08 PM

Operator i Flora Research jk Detector Type: ADCB (10 Volts)
Workstation: FLORA Bus Address : 16

Instrument : Varian Star #1 Sample Rate ¢ 10.00 Hz
Channel : B = wax Run Time : 60.002 min

*hkkkbkidhk Star Chromatography Workstation *¥wk¥ké Version 4.5 **ddxdkddddriady

Run Mode { Analysis
Peak Measurcment: Peak Area
Calculation Type: Percent

Ret, Time width
Peak Peak Result Time  Offset Area Sep. 1/2 Status
No. Name () (min) (min) {counts) Code (sec) Codes
1 ELhanol L1d 2.630 M
2 a-pinene 3.540 M
3 camphene 3.938 M
4 B-pinene 4,493 M
5 sabinene 4,660 M
6 myrcene 5.217 M
7 a-Phellandre 5.302 M
8 a-terpinene 5.600 M
9 limonene 6.041 M
10 B~phellandre 6.248 M
11 1,8 cineol 6,324 M
12 g-terpinene 7,085 M
13 p-cymene 4.3443 7.615 ~0.086 1579 BB 2,8
14 linalool 19.077 M
15 Bornyl aceta 48.6948 20.298 =0.303 17702 "BB 5.0
le B-cary/T-4-o0 35.5451 21,528 =0.275 12922 BB 5.0
1’7 borneol 26.791 M
18 unknown 8.4962 29,400 =0.040 3089 BB 5.5
19 citronellol 30.605 M
20 2.9194 50.942 0.000 1061 BB 5.7
Totals: 100,0000 -0.704 36353
Status Codes:
M - Missing peak
Total Unidentified Counts : 1061 counts .
Detected Peaks: 17 Rejected Peaks: 12 Identified Peaks: 19

Multiplier: 1 Divisor: 1



Print Date: Tue Jul 09 16:16:09 1996 Page 2 of 2

Baseline Offset: 5 microVolts

‘oise (used): 330 microvVolts ~ monitored before this run (

Manual injection

Data Handling: Reference peak not identified correctly
Data Handling: Default to A%

Data Handling: Non-reference peaX not identified
Data Handling: Non-reference peak not identified
Data Handling: Non-reference peak not identified
Data Handling: Non-reference peak not identified
Data Handling: Non-reference peak not identified
Data Handling: Non-referance peak not identified
Data Handiing: Non~reference peak not identified
Data Handling: Non-reference peak not identified
Data Handling: Non-reference peéak not identified
Data Handling: Non-reference peak not identified
Data Handling: Non-reference peak not identified
Data Hes.dling: Non-reference peak not identified

Revision Lodi
9 JUL-56 4:05 PM: Calculated results from channcl B using method:

TCr\STAR\JUNIPERM,MTH'
9-JUL-96 4:08 PM: Calculated results from channel B using method:

'cil\star\juniperm.mth'
Jriginal Notes: ‘
still water from wsd4jl 6/20/96 gecond run,

Appended Notes:

hkd ko khkrkr b kbbb kb hkd b bbbk hbdkok bk dkkk bk bk kkhkdkkhk kb ded b rkkkrkh kR kb hkkbkk
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Title : Juniper Leaf Distillation Water
Run Flle + C:\STAR\MODULE16\JUNIP009.RUN
Method Pile : c:\star\juniperm.mth
Jample ID : wsdil water.eq
njection Date: 9'—JUL—96 3:05 pPM Calculation Date: 9~JUL=-96 4:08 PM
Operator + Flora Research jk Detector Type: ADCB (10 Volts)
Workstation: FLORA Bus Addregs ¢ 16
Instrument : Varian Star #1 Sample Rate : 10.00 Hz
Channel : B = way Run Time : 60.002 min

*kkwxukexxt Stay Chromatography Workstation ****+*% Vaergion 4.5 #xkdkkrrkssrsdx

Chart Speed = 0.75 cm/min Attenuation = 64 Zero Offset = 5%
Start Time - ¢.000 nin End Time = 60,002 min Min / Tick = 1.0Q
0- 0.000 e B8 L R080 0O el 199 AL S Vorr
1
2.
4 T ——
34 o
‘.
?—-
oJ L
r
8 -
74 =3
p-oymene Fa—
of |
84
104 {
14
12
134
144
15J-
] t
17
184
19
o [
Bomyl aceta T e —
N ( |
BearyfT-d-0 It — N
2 g
W
S
24
25 4










(1)

(2)

(3)

(4)

Bibliography
(with copies)

E.F. Kurth and J.D. Ross (1954), “Volatile Oil From Westem Juniper”,
Report #C-3: Oregon Forest Products Laboratory, Oregon State University.

Robert P. Adams (1987), “Investigation of Juniperus Species of the United
States for New Sources of Cedarwood Qil”; Economic Botany, New York
Botanical Garden.

H.L. Gholz (1979), “Structure and Productivity of Juniperus Occidentalis in
Central Oregon”: School of Forestry, Oregon State University.

[

Robert P. Adams (1987), “Yields and Seasonal Variation of
Phytochemicals from Juniperus Species of the United States”: Biology
Department, Baylor University.






s
=]
15

Oré

Ji
P S
s







’ : * . . e . he
R T R N O L I A T A B R R

TABLE OF CONTENTS

SUMMARY
: II\ETRODUC’EION 3 . . 3 L] . . * . . e 3 * - 3 [} » .
EXPERTMENTAL PROCEDURE &+ « &+ o v o o o o 4 o o «

First Series of Distillations ¢ « + &« « .
Examination of the crude oil . . .

Second Series of Iﬁstiiiations. i e . .'.:
"Examination of the crude oil ..., .

WA R
RE‘MN.KS.-..._-;....-.-..100’-

LITERATUEEOITED..q--o.ooo.ooaoo

APPENDIX,.-o.oo.'oooob'o.'ooo.-v

Page

[
HO QbW M

N

16



SUMMARY

Thirty~-two charges of wood from western juniper trees were stean distillec.
The volatile oil was recovered, and its composition and yield deternined.
The wood was reduced to various-size particles by chiﬁping and by hammer-
milling. éomg charges contained bark; some were of Qood only.
| Low steam pressures (under 10 psi) and hammer-milled chips gave oll yieldé i
of higher‘éuality and greater folume.
~ 01l recovery averaged around 1.4 per cént, of which abogt 15-40'pef cent

was cedrol,



" VOIATILE OIL FROM VESTERN JUNIPER
by.
E, F. Xurth
f'J. D..Ross

INTRODUCTION

In large areas of central and eastern Oregon the principal tree species -is

western juniper (Juniperus occidentalis Hook.). The principal uses for the wood

are confined at present to fence posts, novelties, and fuel. Most large trees
are decayed internally by fungus attack, maklng dlfflcult the recovery of lumber
or pencll stock. . | |

In an effort to find high-value products from the species which would
_permit its economic utilization, an investigation of its properties and constitu-
ents was.initiated at the Oregon Forest Products Laboratory. .

The present report is a study of steam distillation o the volatile oils
in:the wood.

" Previous studies of western juniper wood included an investigation in 1947
of the.amount and composition of the extractives in the wood.l This investigation
shoygd yiglds of 0,9-1.25 per cent of volatile oil (based on the weight of dry
wood); with the main constituents. being cedrol and cedrene, These materials #re

‘Aalso present in comme“clal cedarwood oil recovered from eastern redceaar heart—

7 wood (J V1rg;niana) and species of. Junlper (J aghei Buchholz, J. flacclda

‘‘‘‘‘

Schlecht., and J . [onosperma, Sarg.) growlng in Texas and Northern.hexico. Other ",

'.-".‘-,:.., ~

T o;traouivaa round in wéaturn 5uniper wbod were ratty and resin’ aoida, phytosterol

i

resgngs, anéfa catechol phlobaphene.



A.furtﬁer study of the volatileloil content of Juwdper trees waélmaAe in
the fall of‘igsl'on trees growing on moist ground along stream beds, dry ground,
and aridvlaféh;;hkt&ﬁe soil east and soiith of Prineville, Oregon.? In this in-
vestigation,.five trees ébéut 16 ih;hes'in diéﬁetef two feet above the ground
were felled and sampled for each type 501l° dross-sectional disks were then cut
from the butt logs and the top logs to obtain information on the distribution of
the oil witpin the tree trunk and under different growing conditions. -The yield"
of vo;atile'oil from these treeé was detérfined’in the Laboratory and is given
in Table 1. |

Table 1. Yield of Volatlle 011 from Juniper Trees
Grow1ng on leferent Types of Soil.

. e o

. " Volatile oil
Soil ‘type " | -Buttl ] Top?
Per cent®  Per cent’
Moist T 243 © 1.2
Py 2.35 ~ od.on
-|Arid lava-ash . . 2.0 _ 1.1

1 Two feet abOVe ground level.
2 Six-inch top- dlameter.
3 0nen oven-dry weight basis.

The “data show that the yield-éf“ééiatiie.oil from all of %the trees was
similar; the yield of oil from the wood .&t the 2-foot ‘above-ground helght varled
from 2,01 to- 2,43 per cent, whereas that from the top of the trees varled from

\b

, 1.01 to l~1¢ per cent. The average yield at the bottom of the trees was. 2, 26 per

.o cent .and, that from the, top of ihe trees Was 1;09 per cen%, b;vino'an average yield;l*"f“

v !:

xon~top and bottom disks of 1.73 per ‘cent.
In-June 1952, the John D. Valsh Company, Néw York :City, adiised:the Labe

v

oratory’ that the price of éedré; was'gréﬁ 3.50:%0 4.00 dollars-a pound and Teauest~ . .-



ed that crude and refined samples of‘éhe 0il steam-distilled from western juniper
wood be submittgd to them for mérket evaluation. In this connection, fresh lots

‘ <of juniper wood were obtained, the wood‘was then chipped or hogged, and the chipped
or hogged material was'éteam—diséllled at various steam pressures and for different
periods of time to aécértain.the optimum conditions of oil recovery. Samples of

 the oil were submitted for market evaluation and the use of the oil-free steamed

‘wood residue was explored for fiberboard production.’iTha'purpose'was to establish

whether an integrated operation combining oil recovery with use of the spent wood

residue for fiberboard production would be econbmically feasible.’

EXPERTMENTAL PROCEDURE

. ‘ . The first lot of juniper wood was éollected by Laboratery personnel iﬁ the
Prineville, Oregon, area during the latter pért of May 1953. Livlng treés were
felled and cut into 4-foot lengths. These were hand-barked, slabbed, and chipped
ihﬁo cénventional pulp;size chiﬁs. Whefe necessary they were further sized b&
passiﬁé through a chip breaker., A part~of-tﬁe'chips vas further processedAby
hammer-milling to ascertain fhe effect of particle size on the rate of oil dis-
tlllétion. |

The iﬁfluence of particle size on. oil ‘yield was ekplored on a small scale
~in a Clevenver apparatus. The results on l/é-inch wood chlps hammerdmﬁlled chips,

i an& Wlley—mllled chlps passing a 1/2-1nch screen are shown in Table 2.. It was

observed that large chlps gave substantially 1ower y1elds of 011 than did,fins '

mater;al

{3
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Tablie 2. dﬂ_csg ¢l Texmiicic 3ize on 0il Yield
2o u Chevenfer Lpnaratas,
o et
r Y % r
§ Ding of i Volvmetric Gravinetric
Materiel | distillation | yiedd yield
1
x .I.l -'
Hours Per cent Pox cent
1/2% chips 20 0.63 0.40
Hermer-miiled chips 30 1.08 0.85
Wiley-milled chips 20 1.20 0.92

] S
~ Dry wood basis.
The Laboratory's pulp digester, wit

Jarge-scale steem distillations of juniper wood. tema was admitied at the bottea

)

of the digester, passed up tihrough the bed of wood clips, and the vapors were

vented from the top of the digester through a 50-foot spiral of 3/8-inch copper

tubing contained in a 10-gallon metal can through which cooling water was passed.

-

Pirsy Seriss of Distillatioas
" The condensate was collected in a 6-1i
l/L- nch Reschig rings, water, and hexans a8 showa in Figwre 1, The oil dissolved
in the hexaﬁé, which was drzined off at the end of é ran‘and fréctionally dis-
tilled to leave the crude oil. Some of the oil was iOSv alcn g with gome bexan;

through incomplete separation of the huxene fronm the vater layer,

In opqratlon, the c1r°s » was nrcheatcd 30 m;nutas Jl h uhe cover

> off, “then loaded with wood from which comp i'° sam olo “ad cen oakcn for mois-

»

tirs deterdination.” Ths digester was then closcu, inverted, und the condense;

N TR T ,_.kf.

s DI R ey e &

h“nponrectloh att,cn°d,_ Coﬂdcns 'coollng water.was.SUarted and steam.aem.$oed~$o

. BBt

B

L

the charge asccording 1o a set pre ssure r»gulated by a temperature conuroller

) Q

attacked to the digesier. Rate of vapor dischorge was regvlaited by manual con trol

of a valve in the wvent line.. Jonde ensed vapons we "e conlncted througd the, benane

P L B . PR . o . . .



;
trap, and waste water was collected and weighed as the distillation progressed.

A%t the end of the distillation, usually 4-6 hours, the condenser was shut off and
the condensate itemperature allowed to rise in order to flush out any oil trapped
in the condenser. After this, thé hexane was drained off and distilled in a
laboratory apparatus to leave the crude oil, After standihg overnight, the wast;
water was skimmed with paper to recover traces of o0il; this was then added to the
main sample of oil.

Data for all runs.are compiled in Table 3. The yields of oil increased
vith increase in steam pressures. Some of the yields were rather irregular; this
may be atiributed to (l)_channeling of. steam through the charge, (2) differences
in proportions of'heartwood and sapwood in the charges, (3) possible retention of
oils in the condenser frqm ore run to another and (4) incomplete separation of the
oil from the aqueous condensate. |

Rate of vapor venting was not investigated to any extent becausée of its
irregularity and the inability to control it satisfactorily. It appears customary
to use considerably more than fheoreticél amounts of steam in volatile oil distil-
lations; so this practice was followed (3, Volume I, 155-166).

In runs 10, 11, 12, the hexane trap was drained.at the end of the first
hour, .the third hour, and.at the ernd of the run, .Thé;crudejoil.was<recoyered and
en approximate distillation rate established. The results of these'runs*are shown
in Table 4. These values.do not appeer reliable, probably because of. appreciable
cuantities of o3jl held up-in the condensé¥. The valués for rate of distillation
shown in Figure L ere éensidered more representative.

-
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i 0il recovered Cver-all
Ren | Dry wood | Steam pressure 0-1 hr , 1-3 hr | end yield -
Lb Poi Lb Lo ) Per cent!
10 25.4 30 0.082 0.155 ~ 0.113 1.23
1] 25.5 20 0.073 0.114 0.18 1.45
12 2¢.6 0-1 0.0154  0.0187 0.168 0.76

1 Oven-dry weight basis.
Rate curves for these runs are .shown in Figure 2,

Runs 2, 7, 13, 14, 15 were made on whole chips, primarily to supply mate~

.rial for fiberboard tests. .The yields appeared to be slightly lower than from .

hammer-millied chips, although the difference was not so.great as was expected.

No'defermination of distillation rate was made on whole chips, since this distillé-

tion appeared to be slower than that of the hammer-milled chips.

Examination of the crude oil

in oil composition obtained by various steam

“yere therefore vacuum dist

The variation in oil yields indicated

sition.

In each case, 50 grams of crude

Material balances for

illed to determine

temperatures.

«»

oil were vacuun

thase distillations are showm by Table 5.

- .. Teble 5. Material Balances for Vacuum Distillations.

that there might be some difference
Samples of crude oil

any substantisgl. difference in compo-

distiiled at 10 mm pressure. .

et 08 Sl e e e O iy S b § e g s i £ h s thepe o fomie e mmrpn

fw
o
)
)
1
Y

SRy

0il from run --ui Distillateihi Residue |- Loss | Recovery:
- ?\‘TT . 31*w?“'"’ﬂfﬁééﬁiﬁ’3g~1jféféﬁ5‘ff“*‘6fams,”33Péf'ééﬁ§1{T"“'h""”7‘
|5 (60 psi) 40.59 427 S B |
6 (5 psi) 42.13 " e . a - '§
8 (5 psi) 40,53 3.2 R g2
19l A0 =iy S e
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By observation of the temperature and the nature of the distillate, it was
o
possible to estimate the ylelds of cedrene and cedrol. In cach case, the cedrol
fracticn appeared to come over at 100 deg C and above. The low-pressure runs
yielded an o0il having higher cedrcl contént than that from high-pressure runs.
Since the total oil yield was higher for high-pressure runs, the over-all cedrol -
yield was higher for these pressures. .

“ This situation is indicated by a rough calculation of the cedrol-fraction
yieids shoyn in Teble &6, For this approximation, specific gravities of 0.94 were
used for all fracticns, and 100 deg C was taken as the division between cedrol
and cedrene.

Table 6., Approximate Calculation of Cedrol Content of -
Various 0ils from Vacuum-distillation Data.

™

Steam 7ﬁ7Low~boiling ‘ High-goiling )
pres- fraction Lraction Cedrol Cedrol
Run | sure Volume J Weight Volune | Weight content yield
Psi ML Crams ML Grams Per centl Per cent
5 60 26,0 24.4 4.0 . 13.21 35.0 0.51 |
6 5 23.5 22.1 20.5 19.3 46,5 0.395
I 5 13.0 12.2 28.0- 26,3 €8.2 0.30
9 " 40 23.5 22.1 16.0  15.0 40.5 0.726

1 Based on weight of crude oil.
2 Based on dry weight of wood.

While this calculation is acdmittedly approximate, it does 1ndi»ate that
the low-pressure 0115 were rlche* in cedrol, bub high pressures gave bet ter over-

all yield of oedrol.

Three samplea of Junlper ozl were. submltted to the John D Wal h Company

e . u-...‘\ 4 v e 4 th, “wa
Lo

umlfor evaluation. “The samples and thelr proPertles are shown in Table 7._ Thisf .
company reported that all-three samples showed high cedrol contents, but that

they had an odor significantly differcnt from that obtained from the mexicana

s,

’~
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'.';_logs were rather -.*Rﬂ??-z*‘yvfﬁﬂ

10

The variables involved were (12\§article size of wood, (2) digester stean
pressure, (3) rate of steam flow, {(4) distillation time, and (5) presence or ab-
sence of bark in the charge. B

Only two particle sizes were used in the new series of runs, since the
.spent material was to be used for board products. These were (1) standard 1/2-
inch pulp chips suitable for fiber productlon and (2) hammer-n1lled chips for
partzcle—ooard productlon.

The operating steam pressure was varied from 10 %b 50 psi. Calcuiations,
included in the appendix, on theoretical steam requireme;ts for distillation of
cedrol, indicated tﬁat 50-60 psi was probablj the practical maximum pressure.

| The rate of steam floﬁ was feduced considerably for this work over that
previously_psed "The rate of steaming is relatively unimportant, except from the
economic standpoint, since the theoretical consumption is necessarily exceeded
several-fold in practice. While.the theoretical steam consumption for distillation
qf‘cedrél is about 20-25 pounds of steam per pound of oil at 50-60 pounds per
square inch, the actual consumption in praq}ice for recovery of cedarwood oil ié
around%ioéﬁﬁkégpﬁbii (3, Vol 1, p. 159). .This figure was approached in some of-the
runs in this series. |

The time of distillation was not 1nvest1gated to any extent in thls series
of runs, for the new oil trap permitted visual obgervation of the rate of oil
recovery. Therefore, it was. p0551b1e to cut off a distillation when oil recovery
became small.

It is questionable

The charges were steamed both

4 wheuher much dlstlnctlon can be made in the two types of charges, for the Junlper

A s--‘" -‘: R Ty ( -.'-.. %%, S SR R

3 and there wis some bark (especlally inner barx)

oy, ..:. Lo

left in the irregularitles of the 1ogs. It is probable that any’ commercial opera=-

tion will use both wood and bark because of theudiffd W%fﬁfﬁﬁ%‘ﬁ“v“““@#%n@w~~‘rﬂ




Some 15 runs vere made; a uauu;atlon of per tinent data is shown in Table 8.

Figure 4 shows the relationship between the rate of oil recovery and the
tine of distillation.

The first 5 runs were made.with hezmer-milled wood the remaining 10 runs
on chips. It will be observed that the:yields.and distillation.ratgs:are-highed
#Por.thesmaller particlesizes. This difference is more pronounced at lower steam

pressures endstendsutordimintshr AL HIEHEF PREESires.

It appeared that the presence,.of barkinsthe?c:
#Belighvdyy however, the experimental results were too erratic to draw a definite
conclusion.

As previously observed, highervyzelQSfandﬁfaé%é”mdistm@@:MJ_g;"

%§§§hﬁﬁﬁ§hﬁn&§tgamgﬁgggggaes. It appeared, however, that at any pressure, the bulk
of the o0il was recovered within the firsty3efs=hours. .

The steam consumption, as far as oil recovery was concerned, was relatively
unimportant. The minimum rate of steaming in this case was dictated ﬁy the amount
of flow necessary to keep the condenser open. It was possible to opefatevwith 2

"rate of about 100-150 pounds of steam per pound of oil, which conforms to commer-
cial practice. Run 13 used a high excess of steam. There was no apparent differ-
ence in the characteristics of the run with the exception’ chau the oil was more
difficult to trap because of dispersion in the large amount of vater. The steam
consunption also became high. and somewhat unreallstlc when the. distill?tibn was

continued beyond a practlcal length of time,

oo N 1

Exenination of tke crude 011

Lt NP, The cruda 011, -as - recovered,'wa8va darkﬂred *opaque llquld The dﬁEﬂIﬂﬂEﬂ

uﬂgestlve of the odor of the follage or barx.- There was no appar-

ent diffarence in odor etween o0il from bark-free and ba‘L—¢ncluded cbarges.



o™
1

*sTSBqQ yITeM-qom

290 &

PoUCRIDS -~ §
psUgaIds 46U == su
Treq YT == Git-
. JTeq pﬁoso...mb ~— (CH
poTTTU-Jouurey -~ UK ...
< X
e K 1 .
$67 08°0 (AN /1Y ot 612 0°g€ 0°€€ sdryo yseag s St
81T 82" T 6£°0 K4 0% $*0g G LE 0" 6Y qu-st-sdmog=
csoe 19°0 6T°0 8 0T 87 G 6€ o'ty qon-g-sdmo £ €T,
97T or'T 0£°0 £ 05 - VL2 5 0¥ 097 qom-g~-sdyyo /> ~ 21|
Tt 9T°T £1€°0 € - 0§ 0°LZ G Qe o'y qom~s-sdTyo f T
~§0¢€ 8L°0 9LT*0 €/T € 09 8722 S 1Y 0°6¢€ qn-s-sdwyo / QT
Yez L0°T .2°0 kK o€ 862 STV o7 qon~-g-sdmo & 6
509 96°0 0ce 0 L o€ 6'¢€e o€y 02y qu~sx-sdTpo @ 3
gze 9T'T 86€°0 L 0$ 0°TE G*9¢ 0°67  qom-sumsdmpo o L
004 £3°0 L8T"0 L 0T 7R 0S¥ 0°6¢  qom-su=sdmpp L 9
9214 8¢ T §7€°0 L 0T 0" 0°LE o'o7 QU - WS G
972 KLAR €70 /€ € 0 oLz 0°'¢? 0°87 qn - WS Y
9zt 97" T 86£°0 € 05§ VL2 G LE oy qQon ~wq 9 £
9Ye 92°T £5€°0 /€S 05 °82 0°9¥ Q°2s n-ws 7
o7z $9°T €570 2/T 9 0$ T°2€ 07 $°LS gt -mg.. T
ar/q1  FieS I8g qT 5Inoy Ted 91 LFu00 I5I q1 ks
1To/uweasg| PIIIX - PBI2A00DT aury amssaxd roon Jo FUILUOD - poon jo - .Hamdhvpms.“ .y
1Yo 41 mwesqs I Lag DINSTOR ) .r

VOT}eT{TISTQ

I8 el

*SeTIag PUOdAg fpooj JedTuNp UIeSI) JO UOTHRTTTASIC WeoqS WOIY Byeq ‘8 oTqel

-
el

‘.



s

. .o . .

* T8 0w se Tee. e .

RREERES R I §
» . .

' FIGURE 3. SKETCH OF GiL TRAR @ =~

CONDENSED

VAPORS

LONG STEM FUNNEL
TO ADMIT CONDENSATE
BELOW OIL LEVEL

~ I-INCH ID. BY -

24-INCH PYREX
TUBE

5-LITER

ASPIRATOR
BOTTLE

W W W Y A S U T S O W W . W S W WY VA VA VA R %

h S W W WS W W W W WA ¥

A .

W R W SR S T S U A WA Y S W W 4

h - -

WIRE WITH STOPPER ON BOTTOM
TO PERMIT OIL TO BE REMOVED
WITH A MINIMUM OF WATER

OlL LEVEL

WATER

=

GOOSENECK DRAIN
TO CONDENSATE
RECEIVER



NY3L1S3am 40

‘SISVE LHOIIM-AY¥A V NO ‘aoom ¥3dINNC
NOILVITILSI WVY3LS ONINNA AH3A023Y 10 40 34vy

SYNOH ‘AIWNIL NOILVIIILSIA
9 S b ¢ 2

b 34N91d

N

lllll

I

-
AQI3aA o -

o
R © JUURLAEN

e geae

1IN ¥3d’

‘.

3

o.— .
.

*



A number of samples, when expoqu to air for several days, developed a der
blue-green color, apparently because of copper contamination from the condenser.
This color was removed by treatmen’t with citric acid, as described by Guenther
p. 311 Vol I.2

Oils obtained from runs using JO psl steam pressure and less deposited
eEds d=6Y%ePystals on standing overnight. Semples of oil from runs 5 and 6 reacted

_ir this manmer. Filtration of the samples showed 17.4 per cent of the weight of

(3

:zposited as cedrol ia ruh 5, and 10 per cent from »un 6. The other low-

2
-l

(s:

O

pressure runs, 13 and 15, did not. give, érystalline cedrol:. Run 13 uged a high
ccess of steam which resulted in partial emulsification of the o1l end water which
zcemed to inhibit crystallization., Run 15 used.waste wood with :considerable bark,
e=d tihis &id not deposit crystalline cedrol, v

The olls from high-pressure runs, when treated by the Rayﬁak process.
(Cuenther p. 300 Vol I) yielded about 20-25 per cent of the weigh£ of ¢il as
cystalline ;edrol.

A number of random treatments of. the oil were tried in an efford to imprév¥
‘EﬁégﬁdOrnbﬁwﬁheﬁoﬁE as requeéted by the John D, Walsh Co,, 32 Bfoadway{ New York 2,
Neﬁ York, |

.Samples treated in the following menner were sent to this firm for exemina-

1. Crude oil as recove“ed not.treated
72. 0il extracted w1th ditric acid to remove heavy metals,

3. 0id extracted Witk (1) citric aéid and (2) wlth hot, uaturated sodlum
bisulfite solution.

PR R TS T P

'xbﬁ. 011 zel uxed w1th 5. ner c n odltm Hydrox1de solutlon. P

.’

’5 011 exuracted w1ch 10 per cent PydrocHIO“lc aCId



_ 4 Accordinv to the Walsh Company, the abéve treatments- did not result in any:
“notlceabléwimprovugentian the- onr of the oil. It therefore appeafed that the oil
from western juniper had somevhat different properties from the other cedaiwoéd
oils, This suggested two further gvenués of reseérch if tﬁis project were contin-

ued. The oil could either be modified to’'duplicate the properties of established

cedarwood oils, or, productgresearch could Qe carried.out . to.find uses:for.the

uu

fﬁwweétﬁ tﬁ%ﬁﬁiﬁéf@@ﬁ%ﬁﬁh#&ﬁs?ﬁéturalwcondii&QD.

RIMARKS

. The followlng remarks can be made regarding operating conditions for
volafile oil recovery:

"1,  For maximum oil yields at the most favorable rate, distillation at
BOJO»psi is recommended. .

2. If oil recovery is the only purpose, shemmsr-milled wood will be betier
than chips because of the higher oil yield and fastcr TECOoVery.,

3. The use of steam pressures under 10 psi gave oils that deposited
crystalline cedrol on standing. It was possible to recover 10-15 per
cent of the weight of the oil as solid cedrol by filtration. The cedrol
was quite pure end could easily be recrystallized from hot ethanol if
higher purity was desired, This product kad a pleasant odor.

© w0 4. Oils from HMEHSFRESEWEWRNs, when treated by the Raybak method
- 20-25 per cent cedrol. It was moygGif: ,ngg$hfff?i§y*”ﬁfﬁﬁ
hovever, thun that from low-pressure runs.

k‘é‘

5. Mininum steam consumption for the range of pressures 1nvestiguted
appeared to be 100-150 pounds per pound of oil recovered.

The follow1ng gener¢l’zatlons outline probable economics of Junlper oil

ERA

proauctlon.

l-u'AVera~e 01I recoverles‘from dry aunlper wood wlil be i. 3—1 5" per cent, s

2. If operating pressures under 10 psi are used for steam distillation,
the oils will neturelly deposit cedrol crystals on standing. The yield
or, crystalline maverizl is roughly 15 per cent.of the oil, so cedrol

[RNCIRIEIN



recoveries would be roagnlj 3.9 %o 4.5 pounds pexr ton of dry wood. At
the quoted price of from )32,0 to §4. 00 per pound, this would zmount
to a gross value of from $13.60 to $18.00 per ton of dry wood. This
is exclusive of the liquid portioms of the oil, maiply cedrene.

3. If higher steam pressures are used for distillation, the amount of
' cedrol recoverable is increased, although the crystallization process
is more difficult, Using an average yield of 25 per cent from the oil,
the potential recovery would be from 6.5 %o 7.5 pounds per ton of dry
wood, The gross return would be from $22.70 to $30.00 per ton of wood.
Again, the liquid fraction of the oil remains as a byproduct.

4. If the crude oil is vacuum fractionated, the/maximum cedrol yield is
obtained, roughly 40 per cent of the oil, This would make a gross
return of from $36.50 to $48.00 per ton of dry wood for the cedrol
alone.

5. If crude oil is the end'Product of the process, the pcssible return
would ve from $13.00 to $15.00 per ton of wood. This is based on cur-
rent market prices for cedarwood cils which are about 504 per 1b,

6. The cost of steam is quite low for the processing. Steam costs would
_‘probably be about 50¢ per 1000 pounds of steam, Since the estimated
‘consumption is 3000 pounds pexr ton of wood, the cost would be only
$1.50 per ton of wood. The steam cost would be further reduced if

spent wood could be used as boiler fuel.
7. No attempt has been made to estimate the cost of procuring juniper

wood since the nature of the logging operation would influence the
cost considerably.

It is concluded therefore that recovery of crude oil as the end product
is probably the least profitable of the possible proceééés. The recovery of
crystalline: cedrol offers more promise since the cedrol commands a gopd price,
‘and the liquid fraction of the oil remains as a byproduct which should have .some
substential value.

The use of the spent wood for fiber production would also enhance the

economics of the process.
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APPENDIX
Data in this section are included to provide means of calculating theoret-
ical steam requirements for distillation of cedrol. Indications were that 50-60
psi was probably the practical maximum pressure.
Theoretical Calculations for. Steam Distillation of Cedrol and Cedrene:

Table 9. Vapor-pressure Curyes for Cedrene end Cedrol, Plotted
by Method of Dihring (Figures 5, 6).

‘ .
Boiling | Vapor ; .. Temp at which water
Material; vpoint i pressure i has same vapor pressura
P Deg G Mm Hg Deg C
‘Cedrene 262 750. ' - 99.6
. 130 17 19.5
E 102 ' 3.5 - 3.6
‘4 :
o iCedrol 291 760 160
o e 135 5 1.2
\

(Guenther, pp. 118, 285, Volume II)

Table 10. .Calculation of Theoretical Steam Required for Distillation of Cedrol.

! _ Vapor pressure ‘I‘emp from Vapor pressury
Operating Pressure Temperature of water Dlihring plot of cedrol
'__aPsip, Lbabs Deg F Dez G  -Mm He Deg C M Ha
8] 14.7 212 100 760 - 27 0.6
10 24.7 239 115 1275 - 13 1.7
20 34.7 259 126 1790 - 4 3.4
30 L4ST 274 135 2310 1.2 5.0
40 5.7 286 AVAN 2830 3 8.05
: 50 64.7 297 148 3340 12.5 10.9
,tr 160 4.7 307 153 3860 _ 16 13.6
-~ €0 . 94.7 324 162 4900 ... 21 . .o 18T . -
n{;‘ o ~]_00, 1]_[‘.7')38 v 1.71 " -~-'.~*,*: 5930 Lo 26 5 e . .-.v < 29.‘9 ? .



Calculating theoretical steam réquired to distill cedrol, using conven= -

tional steam-distillation eguationt

Weight water.

Weight cedrol

M,

Py

Pe

s
MWo

i

1

Py (M.V.,,)

Pe (M.W.,)

18 (Molecular weight of water)

2224, (Molecular weight of “cedrol)

vapor pressure of water

vapor pressure of cedrol

Partial pressure of cedrol was neglected in’ the lower-range.

Ad pressures'ﬁp'to 100 psi, steam required is as follows:

. |Pressure -

Steam réquired

Psi

0

.10

.20
30

L .40

{50
i 60

‘ g0

© 100

Lb/1b cedrol

‘102.5
60,6
42.5
37.3
" 28.3
"24.7
22,9
21.1
18.4

7-1-54
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800 CEDRENE: MW 204.34
BP 750 262-263 DEG C . .
BP 17 129-132 DEG C '
BPp 35 _JOIL5 DEG C j
700 CEDROL: MW 222.36
BP 760 290-292 DEG C
BP § 135 DEG C
600
2
500
z / /
5 . R
ny
« |
3 400 »
L ICEDRENE
2
a
S
% 300
>
CEDROL
200
IOQ /

6 /\r —
(0] - 100 40 180 . 220 260 300
' TEMPERATURE DEG C

- FIGURE' S, VAPOR "PRESSURES "OF CEDROL *AND' CEDRENE
.© " _(GUENTHER, 11, PP’ I8, 285)." -



108330 JO NOILVITILSIG WVY3LS HOd
NOILJWNSNOD WV3LS TTIVIIL3YO3HL

91Sd ‘IYNSSI™d ONILYNILO

00l ‘08 09 ot

0z

AVJ

N

oe

(0] 4

09

o8

woo_

o2

7048030 87 ¥3d WY3LS 87 ‘NOILJWNSNOD WV3LS

oze

082

ov2

002

09l

oz¢l
24

o8

A

104030 QNV 3INIYOID HOJ SIUNSSIUd MOLVA ONINHNA "9 3UNOId

0 93Q ‘LN3NOJWOD 0 40 IUNLVYIIW3L
0

o2-

- 4
L4

o4
4

/

4
1
’

/

02

/

04030

3N3H8Q32

ot

09

(o]:]

00l

0 930 ‘3¥N1IVHIdW3L HILVM









Structure and Productivity of Juniperus occidentalis
in Central Oregon*

H. L. GHOLZ ?
School of Foresiry, Oregon State University, Corvallis 97331

ABSTRACT: Western juniper ecosystems are well-adapted to the arid environments
of central Oregon. In the stand examined, trees rarely exceeded 8 m in height and
were uniformly spaced. Although foliage biomass averaged 4315.0 kg ha-!, total stand
leaf area was only 2.0 ha ha-l. Total aboveground biomass averaged 21,161.4 kg ha-1,
Aboveground net primary production of the juniper was estimated at 1097 kg ha-ly-1.
Juniper forests have a higher proportion of bark and a much lower stem water-storage
capacity than other coniferous forests in the Pacific Northwest. The individual trees
examined had leaf areas per unit of stem water-conducting tissue that were less than for
fir species on more mesic sites but similar to those for two western pine species. Double
sampling provided reliable estimates of means and confidence intervals for juniper bio-
mass and leaf area.

INTRODUCTION

Western juniper (Juniperus occidentalis Hook. subsp. occidentalis) occupies the
driest of all coniferous forest sites in the Pacific Northwest, In the dry forest zone
of central Oregon and Washington (Franklin and Dymess, 1973), stands of juniper
merge with ponderosa pine (Pinus ponderosa) forests on the moister sites and border
plains of big sagebrush (Artemisia tridentata) throughout the region, In the past,
fire has controlled the spread of juniper into the adjacent shrub/steppe (Burkhardt
and Tisdale, 1976), and the practice of suppressing range fires—widespread during
this century—has apparently allowed juniper to invade these recently nonjuniper
communities.

Because juniper can compete successfully with more palatable forbs and grasses,
range managers generally regard the species as a pest. Furthermore, many of its
apparent physical adaptations to this harsh environment, such as a stubby growth
form with severe taper, make juniper undesirable for large-scale commercial exploi.
tation by the forest products industry.

As a result of this management status, methods to eradicate juniper, usually to
release grazable grasses and forbs (Bedell and Bunch, 1978), have been extensively
researched (Martin, 1978). However, little work has focused on juniper’s commer-
cial prospects, even as a fuel, and only preliminary work has examined its role as
habitat for small mammals, birds and other game animals (Maser and Gashwiler,
1978). Nothing is known of its place in the hydrology, nutrient cycles or produc-
tion relations of the dry forest zone.

This study provides data from one western juniper habitat for: (1) the most
important aboveground structural features of the juniper stand and the reliability
with which they can be assessed; (2) the aboveground net primary production of
the tree strata, and (3) the specific structural adaptations to the arid environment
of the study area.

Stupy AREA
Located in central Oregon at 1356.m elevation along a NE-facing slope at the
summit of Horse Ridge, the study site lies in the rain shadow of the Cascade Moun-

1 Paper 1256, Forest Research Laboratory, School of Forestry, Oregon State Univ., Corval-
lis, and contribution number 355 of the Coniferous Forest Biome.

2 Present address: School of Forest Resources and Conservation, Univ. Florida, Gaines-
ville 32611,
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tains (44°N lat, 120°W long). May to October rainfall measured 160 mm during
1976 and 80 mm during 1977. Annual snowfall averages 900 mm (Franklin et al,,
1972). The evaporative demand from May to October 1977, as measured with
evaporimeters (Waring and Hermann, 1966}, averaged 40% greater than at several
sites W of the Cascades summit.

The site, adjacent to the Horse Ridge Research Natural Area described by
Franklin ef al. (1972), has been little grazed because of the absence of springs and
wells along the ridge. In recent years, motorized recreational use has increased in
the area, although no evidence was found for disturbances on the study site. Franklin
et al. (1972) classified the vegetation on the upper part of Horse Ridge as the
Juniperus/Artemisia/Carex filifolia community type. Because lack of disturbance
is necessary to this type, it is restricted in area and was not described by Driscoll
(1964).

Soils, derived from aerially deposited pumice, are generally shallow—635 cm to
closely packed, fractured basalt bedrock. Soils on Horse Ridge have not been
mapped. Pedons examined on this site were extremly stony representatives of the
Torrorthent great group. Comparable soil data for other juniper habitats were
given by Driscoll (1964).

The soils have low water-storage capacities. In 1977, gravimetric soil water to
a depth of 1 m was never present at less than 0.1 atm tension in the spring and
reached 15.0 atm by early August. In contrast, western Cascade Mountain sites had
soil water at less than 0.1 atm tension in May and still had water at less than 1.0
atm in lower horizons in August, even after 6 weeks of drought. Predawn xylem
water potentials averaged -30 atm in mid-August.

The vegetation on the site was sparse. Live juniper trees, averaging 246 per ha,
were interspersed with big sagebrush bushes averaging 12% cover and other minor
species averaging 3% cover. The juniper was uneven-aged, ranging from less than
30 years to over 350 years.

METHODs FOrR DETERMINING BioMass AND LeEaF ARrea

Double sampling with regression (Cochran, 1963) of the juniper trees in the
stand combines two methods of estimating plant components: (1) the complete
harvest, separation and measurement of selected (n) plants, and (2) the non-
destructive measurements of all plants (n’), including the plants that were destruc-
tively :analyzed.

All:live trees (n’) in seven 20-m-radius circular plots randomly located within a
1-ha ‘area were nondestructively measured and recorded. Ten (n) junipers, ran-
domly selected from three size classes (0-75, 75-150 and > 150 c¢m in basal circum-
ference) within the circular plots, were destructively analyzed between June and
August; four were from the small size class and three each from medium and large
size classes. Based on destructive analysis from western Oregon, this sample size was
considered maximum for the 8 weeks available for fieldwork. Trees judged to have
less than half of a live crown were excepted from sampling with consequences that
will be discussed.

Selected plants were cut off at the litter surface. Then the bole was cut into
1- or 2-m sections that were covered with a Plexiglas sheet and tissue paper so that
the outlines of the heartwood, sapwood and bark could be traced. Later the tracings
were cut up, and the areas were measured with a Lambda Instruments LiCor Por-
table Surface Area Meter (Model No. LI3000) to estimate stem volumes from ex-
tremely irregular patterns of wood and bark development (Fig. 1). All live and
dead branches were cut away from the bole into 1-m lengths and grouped according
to mean diameters, large (> 10 c¢m) or small (< 10 cm). All small live branches

———
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supporting foliage were clipped below the foliage clump to create a third group of
small, live, foliage-bearing twigs. Live and dead branches and foliage-bearing twigs
were weighed fresh in the field to the nearest 0.5 kg.

|

!

| . o . .

! Fig. 1.—Base of the largest juniper harvested for this study (273 cm basal circumference,

! 8.5 m tall), Sapwood forms a lighter discontinuous band around the outer edge, and bark
inclusions commonly penetrate near the center of the stem. At the base of this tree are four
isolated pockets of rot
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Subsamples of small and large live and dead branches and foliage-bearing twigs
were randomly selected and weighed fresh to the nearest 0.5 g in the field, then
frozen for laboratory analyses. Finally, stem sections taken 1 m aboveground were
cut to determine the specific gravities of the stem and bark. If rot was found, sec-
tions were taken in sound wood as near to the l-m cut as possible. No effort was
made to assess belowground biomass.

In the labora:nry, branch subsamples were dried at 70 C and weighed to the
nearest 0.5 g. Fuliage was separated from nongreen foliage-bearing twigs, which
were then weighed fresh, dried at 70 C and reweighed. Green foliage was again
subsampled three times. The projected surface area of each new subsample was
estimated with the LiCor meter. Each segment of green “foliage” was assumed
cylindrical so that the total leaf area (all sides; Gholz et al,, 1976) could be com-
puted as 3.14 times the projected area. To compensate for underestimates from
Lambda-meter measurement of very small pieces of foliage, leaf areas were adjusted
upward 20%, which was determined by plotting estimated vs. actual areas of paper
strips 1 em long and 1 cm to 0.05 cm wide. Subsamples were then dried at 70 C
and weighed to 0.1 mg.

Stem sections were sanded smooth, their areas determined as explained, and
their thicknesses measured. Bark was then separated, and wood and bark were dried
at 70 C and weighed to 0.5 g.

From the moisture contents, volumes and areas of the subsamples, and from the
total fresh weights in the field, 11 whole-plant components were estimated: foliage
biomass and surface area, live and dead branch biomass, whole stem volume and
biomass, stem bark volume and biomass, stem wooed volume and biomass, and sap-
wood volume.

STATISTICAL ANALYSES FOR BroMass AND LEAF ARea DETERMINATIONS

These statistical analyses have been adapted from Uresk et al. (1976), after
Cochran (1963), and will only be outlined here.

Data from the destructively analyzed n trees were used to compute a set of
regression equations relating various plant parts (dependent variables) to basal
circumference, chosen as the independent variable because it correlated highest with
the most components. Circurnference at breast height, crown volume, circumference
at half-height, height and diameter squared times height were also evaluated as
independent variables. None consistently correlated with the dependent varables
as wellzas did basal circumference (irregular stem development makes diameters
difficult'to estimate accurately). The equations and the n’ nondestructive measure-
ments were used to compute a mean component size per individual tree (Y) and
the variance [Var (Y)]

To obtain a component total per hectare (Y. ), Y1 was multiplied by the mean
number of plants per hectare, Z:

Yoo = YiZ (1)

However, the 10 component data points showed curvilinear relationships with
the independent variable, as often occurs with plant biomass estimation, so both
axes were log-transformed. The transform resulted in linear correlations and signif-
icantly reduced variances; therefore, the statistical analyses were completed entirely
in log units, including the evaluation of the regression coefficients, Y;, Var (Y;),

-Y-m and Var (?m). Accordingly, equation (1) was rewritten:
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Yo=Y+ Z (2)

where -fm, Y: and Z are all in log units. Then the variance of _')_{'m was given by
the additive relationship;:

Var(Yi.) = Var(Y:) + Var(Z) (3)

assuming that Yy and Z are independent.

If the analysis is done in log units, a term must be applied before retransformation
to arithmetic units (Brownlee, 1967; Baskerville, 1972) to correct the mean value
Y, for log bias. This ensures that the arithmetic value of Yy is the mean, the param-
eter of interest, and not the median. Y, is composed of the already corrected
Y:and Z.

Variances were not corrected. Instead, confidence limits were constructed in log
units at a specified probability level, and then these limits were retransformed. The
results were mean components per plant and per hectare with respective asymmetric
confidence intervals around the mean that estimates the true distribution of the

component (assuming that Yo is normally distributed).

If the number of samples is assumed optimal, then a reduction in variance using
double sampling—rather than simple random sampling—can be calculated by
equations from Cochran (1963, p. 337-339). The optimum ratio of n’ to n can
also be estimated as:

n VvV ViCn
—=— (7)
n’ V Vi Ca

where V), is estimated by 8% ,; Vy, is estimated by S%,-S%y,; and C, and C,. are the
relative costs (Uresk et al., 1976).

PropuctioN ESTIMATES

The net aboveground primary production of the juniper in the study area was
estimated as the average of annual biomass increment over the last 5 years, To
provide average annual increments of stem and live branch biomass (wood and
bark) for the 10 destructively analyzed trees, the biomass equations were applied to
current basal circumferences and circumferences corrected from stem growth mea-
surements. Linear regressions of the 5-year increment of stem and branch biomass
on basal circumference were used with the current basal circumference measured
for other trees in the stand to estimate branch and stem increments (plus bark) on
an area basis. Foliage production was assumed to be 309 of the total foliage bio-
mass based on Juniperus osteosperma data from Utah (Mason and Hutchings,
1968). Production losses to herbivore grazing, nonfoliar litterfall and losses of cur-
rent tissues to mortality were not estimated, nor was production by nonjuniper
species.

REsuLTS
Basal circumference of n plants destructively analyzed averaged 16 cm less than
that of n’ plants measured, and the range was less for n plants than n’ plants
(Table 1). Crown volumes, heights and sapwood basal areas for the n plants are
also included in Table 1; sapwood basal area often is a linear estimator of leaf area

—
-,
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(Grier and Waring, 1974; Waring et al,, 1977) and, as such, is a useful variable to
document. The study area had 246 = 20 live juniper trees per ha; aerial photos
indicated 194 - 321 live trees per ha within 3 km of the study area. Dead trees were
not tallied.

The 12 regression equations used in this analysis represent logarithmic trans-
formations of both variables, with consistently high r* values (Table 2). The Jowest
r* and greatest variance were associated with the dead branch biomass. The linear
equations relating leaf surface area to sapwood basal area (Table 2) can be con-

TasLe 1.—Dimensions of live junipers on Horse Ridge: n’ = measured
and n = the 10 destructively analyzed

_ Coefficient
Dimension X = sE Range of variation
Basal circumference (n') 12007 = 7.8cm 10.5- 317.0 cm 0.61
Basal circumference (n) 104.10 = 25.0 em 14.5- 273.0cm 0.76
Crown volume (n) 92.21 = 44,05 m3 0.6+- 303.46 m? 1.36
Height (n) 4.45 £ 0.74m 1.00- 850m 0.52
‘Sapwood basal area (n) 345.56 = 103.61 cm? 12.34 - 1098.06 cm? 0.95

TasLe 2.—Ragression equations for estimating component biomass, volume, surface area and
biomass increment for western juniper with basal circumference (cm) as the mdependent vari-
able. The first 12 follow the form In(Y) = A + B*In{X) with variances (§2,,) in logarithmic
units. The last four are linear, untransformed equations with variances in arithmetic units

Dependent variable A B 52 . r?
Stem wood biomass (kg) -8.5947 2.6389 0.029 0.993
Stem wood volume (em?) —0.8568 2.6006 0.048 0.990
Stern bark biomass (kg) ~10.251 2.6333 0.152 0.974
Stem bark volume (cm?) -2.5414 2.6006 0.106 0.981
Whole stem biomass (kg) -8.3939 2.6344 0.029 0.995
Whole stem volume (cm3) -0.6719 2.5977 0.135 0.965
Sapwood volume (cm3) 0.7232 2.1313 0.135 0.965
Live branch biomass (kg) -7.3115 2.3337 0.068 0.985
Dead branch biomass (kg) -11.8460 2.8323 0.664 0.908
Leaf surface drea (m?) —-2.5917 1.5383 0.019 0.990
leaf biomass (kg) —4.2430 1.5606 0.024 0.988
Height (m) -~1.8616 0.7329 0.031 0.934
Leaf surface area (m?) = 0,559 «
(sapwood breast height, cm?) 944.5 0.960
Leaf biomass (kg) = 0.140 »
(sapwood breast height, ¢cm?) 56.6 0.966
5-year stem biomass increment (wood + bark, kg)
= -0.383 + 0.0362 ¢ ‘(basal circumference) 0.930 0.910
5-year live branch biomass increment (wood + bark)
= —O 344 + 0.0165 ¢ (basal circumference) 0.356 0.840
TA*\LE 3,—Average dimensions of western juniper estimated by double sampling
Units per plant 90% confidence interval
Dependent variable (Yy) (Yy)
Stem wood biomass 30.5 kg 203~ 438 kg
Stem wood volume 59,700 cm? 39,600 - 90,000 cm3
Stem bark biomass 6.0 kg 39- 894 kg
Whole stem biomass 36.5 kg 24.5- 545 kg
Whole stem volume 70,812 cm3 47,300 - 106,100 cm3
Sapwood volume 35,600 cm3 24,500 - 33,100 cm?
Live branch biomass 28.0 kg 19.2 - 40.9 kg
Dead branch biomass 3.9 kg 2.1- 7.2 kg
Leaf surface area 82.5 m? 64.8 - 105.1 m?
Leaf biomass 17.5 kg 13.7- 22.5 kg

Total biomass 85.9 kg 59.5 - 125.1 kg
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trasted with cited studies. Estimates of each of the 11 components (Table 3) include

the means per plant (Y;) and per hectare (Y..), plus 90% confidence intervals
about each mean. Based on a comparison of percent cover on the study site with
one sagebrush community examined nearby for a related study, sagebrush biomass
was about 900 kg ha! and leaf area was 0.30 ha ha™!. Biomass of other species
(grasses and herbs) was judged negligible in comparison.

Specific gravities varied from tree to tree and throughout the bole. The wood
averaged 0.50 g em™3, with a standard deviation of 0.05 and a range of 0.437 - 0.678
(sample size = 20). The bark mean was 0.51 g cm™%, with a standard deviation
of 0.07 and a range from 0.407 - 0.637 (sample size = 18).

Net production estimates for juniper were 185, 2 and 900 kg ha-' y', respec-
tively, for stem, branch and foliar biomass increment—a total of 1097 kg ha y-%.
The two regression equations used for determining stem and live branch increments
are included at the bottom of Table 2. Confidence intervals for the production
estimates were not constructed, but, because the estimates were derived from the
biomass equations, the intervals should be comparable to those for the biomass
estimates.

Discrssion

Biomass and leaf area—The juniper ecosystem has much less biomass and volume
than other mature ceniferous forest types (Fujimori et al., 1976; Gholz et al., 1976;
Grier and Logan, 1977; Waring et al,, 1978). A 2-year-old tropical forest in Colom-
bia (Folster et al, 1976) and a 16-year-old jack pine stand in New Brunswick
{MacLean and Wein, 1976) have biomass equal to that of this juniper stand, which
has many individuals > 200 years old. Leaf biomass of the juniper ecosystem
averaged about one-third and leaf areas averaged about 0.13 of Douglas-fir and
western hemlock forests in western Oregon (Gholz et al., 1976; Waring ¢l al., 1978),

The values in Table 3 and biomass values from other studies should be inter-
preted cautiously. This analysis assumed that the measurement of basal circum-
ference was error-free, which is not strictly true. Sixteen of the 246 live trees per
ha were rejected from analysis due to poor canopy vigor (less than half a live
crown) ; this essentially means they were measured Incorrectly because their foliage
biomass and area were equivalent to a tree with about two-thirds the actual measured
basal circumference. Because the analysis did not deduct this difference, foliar char-
acteristics in Table 3 may be somewhat overestimated. If we assume each of the
16 trees had one-half the foliage biomass of other trees of the same basal circum-
ference on the plot, the foliage biomass and leaf area figures in Table 3 would be
reduced 9.7% and 9.5%, respectively. Selection of samples according to predeter-

TasLE 3.—(continued)

Units per ha 90% confidence interval
(Y1) (Yiod)

Stem wood biomass 7,505.7 kg 4,703.9-11,976.5 kg
Stem wood volume 14.7 m3 9.2-23.5 m?
Stem bark biomass 1,485.1 kg 897.1 - 2,458.6 kg
Whole stem biomass 8,989.7 kg 5,661.0 - 14,275.6 kg
Whole stem volume 17.4 m3 10.9-27.8 m3
Sapwood volume 8.8 m? 5.6 -13.7 m?
Live branch biomass 6,894.9 kg 4,431.0-10,728.7 kg
Dead branch biomass 961.8 kg 500.4 - 1,848.6 kg
Leaf surface area 2.0 ha 1.5- 2.8 ha
Leaf biomass 4,315.0 kg 3,072.9- 6,059.4 kg

Total biomass 21,161.4 kg 13,665.3 - 32,912.3 kg

———
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mined size classes does not invalidate the sampling technique, but does yield larger
confidence intervals while better estimating the means (Uresk et al, 1976). Also,
no effort was made to document stem rot, prevalent in large trees, because the
regressions were based on the specific gravities of sound wood. Again, this could
overestimate stem wood biomass. Volumes, of course, are not so affected.

The mean ratio of hours in the field and laboratory for the destructive work
(Ca) to the hours for the nondestructive work (Cn.) was estimated to be about
500:1. With the high ratio and the very high correlations between component size
and basal circumference (Table 2), the double sampling effectively reduced the

variances over simple random sampling, For example, Var(Y;) for foliage biomass
was decreased 259 over simple random sampling. The optimal ratio of n’ to n
under these conditions for juniper was 21:1.

Few studies of biomass express variances associated with estimates, Comparisons
with one study from western Oregon (Grier and Logan, 1977) show that the con-
fidene intervals from double-sampling juniper are narrower than those from
estin: .ting “biomass in Douglas-fir forests by standard regression techniques, even
whe:: the latter does not estimate the variation in the number of trees per hectare.
Con-idence intervals for juniper are larger than those calculated as 1.67 (t value
at p = 0.1, 60 df) times the standard errors reported for a 16-year-old jack pine
stand, but they are smaller than those calculated for other ages of the same vege-
tation (MacLean and Wein, 1976).

Specific leaf areas (cm? g*), used to convert foliar biomass to surface area,
generally are highly variable as they are extremely sensitive to light and other
environmental variables (Gholz, et al., 1976; Gholz, 1978). However, this was one
source of variation in juniper that was unusually small. The mean specific area for
n trees was 44.0 em? g', with a standard deviation of only 2.0 (range from 40.0 -
46.0, sample size = 27). The low specific leaf areas reflect xeromorphic adaptations
(Esau, 1960), as the juniper leaf has a thick-walled sclerenchyma-like hypodermis,
a packed epidermis and several palisade layers.

Furthermore, biomass equations generally show wider scatter when a single
nonfunctional parameter—such as diameter at breast height (1.3 m) or basal cir-
cumference—is used as an independent variable to estimate foliage mass. The tight-
ness of fit of the data points in the regression analysis and the small range in specific
leaf areas indicate a uniform environment for the plants on Horse Ridge and perhaps
an absence of interference among trees. This, in turn, implies a system in steady
state or one at least long undisturbed. Driscoll (1964) noted that the other juniper
stands with N aspects and soils similar to those on this study plot had the same
evenly spaced, open savannah appearance.

On a per-hectare basis, the very low leaf areas for juniper can be explained as
an adaptation to a restricted water environment (Grier and Running, 1977). Con-
tributing factors include lower precipitation, higher evaporative demand and more
limited soil water availability than in western Oregon and other areas supporting
higher leaf areas. .

Recent studies emphasize sapwood as a water storage compartment, 350 m? ha™!
mainly in the stemns of 430-year-old Douglas-fir forests (Waring and Running, 1976,
1878), which serves as a buffer during short intervals of water stress. Sapwood
in the juniper forest is 2.5% of stem volume, or about 9 m? ha?, indicating that
water storage within the stems is not a major adaptive feature of juniper.

Although Douglas-fir from western Oregon can support almost twice the leaf
area per unit area of stem sapwood, the ratios of leaf area to sapwood for juniper
(0.56) and pine (0.51) do not differ significantly (Fig. 2). However, the total
stand leaf areas for juniper are about one-third those of pine stands, juniper are

- ——
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much shorter with canopies nearer the ground, and maximum sapwood areas per
tree are much more restricted in the juniper (700 cm?) than in either the pine or
fir (> 2000 cm?),

Bark biomass in the juniper stand was large in relation to whole-stem biomass,
averaging almost 17%. In coasta] stands of western hemlock and Sitka spruce
(Picea sitchensis), bark biomass was only 7.7% (Fujimori et al., 1976), In the
western Cascades, ca. 10 - 11% of the stem biomass is bark (Fujimori et al., 1976;
Grier and Logan, 1977). The highest value for western Oregon forests is 14% in
a subalpine stand of noble fir (4bies procera) (Fujimori et al., 1976).

Production.—Without accurate estimates of foliar production, herbivore grazing
losses, nonfoliar litterfall, losses of current tissue to mortality and nonjuniper pro-
duction, the “net production” values in this paper are tentative (Kira and Shidei,
1967). However, they are included as a basis for initial comparisons with other
forest types.

Aboveground net production of 1097 kg ha=* y-! ranks this western juniper com-
munity among the least productive of the mature evergreen tree communities in
the world (Art and Marks, 1971). In the United States, it is intermediate between
the 650 kg ha™ y! of pygmy conifer-oak scrub in the Santa Catalina Mountains of
northern Arizona (Whittaker and Niering, 1975) and the 2100 kg ha! y-! of Pinus
pungens heath in the Great Smoky Mountains of Tennessee (Whittaker, 1966).
The adjacent ponderosa pine communities of central Oregon annually produce
twice as much dry matter as the juniper community. Western Oregon forests of
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Fig. 2.—Total leaf surface area vs. sapwood cross-sectional area at breast height (1.3 m)
for four western evergreens. The Douglas-fir and ponderosa pine (Grier and Waring, 1974)
were converted to leaf area using constant specific leaf areas of 130 ecm? g-? and 100 cm? g3,
respectively. Lodgepole pine data are for the Rocky Mountains (S. W. Running, pers. comm.
Dep. For. Wood Sci., Colo. State Univ., Fort Collins)
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Douglas-fir produce 8000 to 12,000 kg ha! y-* (Fujimori et al, 1976; Grier and
Logan, 1977).

For the juniper, the biomass:net production ratio (biomass accumulation) is
20, the production:foliage biomass ratio is 0.24, and the production:leaf area ratio
is 530—all low when compared to other forest types, However, when leaf areas are
expressed on an all-side basis, the last ratio is comparable to those of the pygmy
conifer-oak scrub in Arizona and a Tsuga canadensis-Rhododendron community
from the Great Smoky Mountains (Westman and Whittaker, 1973).

The structure and production of juniper on this site reflect the relatively harsh
growing conditions found at high elevations in arid regions, and juniper has many
characteristics necessary for surviving drought and temperature extremes (Levitt,
1972). In'fact, late summer xvlem water potentials were similar to values for
Douglas-fir on the drier sites in western Oregon (Zobel et al., 1976), indicating
that individuals here were under no more water stress than other western conifers.
Individuals.store little water in the stems, and thick bark covers each juniper stem.
Stand leaf areas are low, foliage exhibits xeromorphic adaptations, and water-con-
ducting tissue in the stems is minimal. Production of wood and foliage is very
restricsed compared with other forest types.
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ABSTRACT

The ten most widespread and dominant species of Juniperus (juniper) in
the United States were analyzed for their yields of hexane and methanol
soluble phytochemicals from the leaves, bark/sapwood, and heantwood,
The yields of volatile heartwood oils, a commercial commodity, varied
from 4:92% to a low of 0:21%. The yields of hexane soluble components
in the heartwood ranged from 0-44 to 7-6% dry wt, while the methanol
soluble fraction varied from 28 io 6-8% dry wt. The yields from the bark|
sapwood were comparable: the hexane fraction ranged from 0-46 to 4-4%
dry wi; the methanol fraction varied from 24 to 6:2% dry wt. The major-
ity of the extractable chemicals in the above-ground biomass were found
in the leaves with-the hexane extraction accounting for 5:4 to 16-7% dry
wt and the methanol extraction yielding 23-8 to 35:2% dry wt. Seasonal
examination of the leaves of Juniperus monosperma and J. osteosperma
revealed that the hexane extractable components increase toward the end
of the growing season, reaching a maximum during the winter and declin-
ing in the spring. The methanol extractables exhibited minor, but signifi-
cant, changes throughout the year.

Key words: Phytochemicals, Juniperus, juniper, biomass, seasonal.

INTRODUCTION

There have been a number of reports on the yields of phytochemicals

from plants during the past several years. Since this area has been

recently reviewed,! it need not be further reviewed. The phytochemicals

that have been investigated over the past several years for use as possible

sources of liquid fuels and industrial chemicals can also be viewed as
129
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resource allocations for the plant. These rescurce allocations serve many
functions in plants ranging from insect defenses and disease resistance to
drought tolerance.? Changes in resource allocation not only impact th
species defenses but may be important considerations in the production
of industrial chemicals from biomass. For example, seasonal data on
smooth sumac (Rhus glabra L.) indicated that the acetone extract yields
could be maximized by harvesting at the full flower stage, whereas the
hexane extract yields could be maximized at the seed-set stage.? In both
milkweed (Asclepias speciosa Torr.) and gumweed [Grindelia squarrosa
(Pursh) Dunal], the hexane extract yields reached a maximum at seed-set
(October) and the methanol extract yields exhibited two maxima: very
early growth (June) and full flower (August).? For the woody, perennial,
rabbitbrush (Chrysothamnus nauseosus ssp. consimilus (Green) Hall &
Clements), the hexane extract yields reached a maximum in the summer
(June to August) and the methanol extract yields showed non-significant
changes.?

Most of the previous reports on the yields of phytochemical resources
have been from herbaceous plants or shrubs.? Due to the fact that
junipers are already being harvested for their wood to produce cedar-
wood oil in the United States and other countries, it was felt a whole- -
plant utilization approach should be explored for the junipers. Not only
could the cedarwood o1l be removed but bio-active components could
also be obtained from various plant parts.*?

The junipers are well known to contain natural wood preservatives.*3
Carter® has found that Reticulitermes flavipes Kollar (southern termite)
could not survive on sawdust from J. virginiana, nor could they surviv:
on filter paper treated with a pentane extract of the J. virginiana sawdus.
The preferred status of ‘juniper wood (cedar) for use as fence posts
comes from a long history of its resistance to rotting. '

In many parts of the United States the weedy junipers often occur in
almost continuous stands for hundreds of kilometers. The most impor-
tant weedy junipers of the United States are Juniperus ashei Buch., J.
californica Carr., J. erythrocarpa Cory, J. deppeana Steud., J. mono-
sperma (Engelm.) Sarg., J. occidentalis Hook., J. osteosperma (Torr.)
Little, J. pinchotii Sudw. and J. virginiana L. These species have invaded
millions of acres of grasslands and old fields. In Texas alone, there is an
estimated 215 M acres of juniper-invaded grasslands.® Ranchers are
paid (US Department of Agriculture) for juniper removal to improve

range conditions. The opening of the shade canopy appears to be very
important for forage production.” Cropping machinery has been utilized -
by the PAKS Corporation at the Texas cedarwood oil production plant
at Junction, Texas, to harvest Juniperus ashei. The trees are cut, chipped
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and trucked to the plant at Junction where the wood oils are removed by
steam distillation. The cedarwood oil is then shipped to International
Flavors and Fragrances Corp. (New York) for processing into flavors
and fragrances.® All of the fuel for steam distillation comes from the
burning of a portion of the spent chips.

The purposes of this study were ‘o determine the extractable yields of
phytochemicals from leaves, hear wood and bark/sapwood of juniper
species and to examine the seasonal variation of the phytochemical
yields from the leaves of two juniper species, J. monosperma and J.
osteosperma.

MATERIALS AND METHODS

Samples of wood and herbarium vouchers were collected from natural
juniper populations (Table 1). Voucher specimens are deposited in the

TABLE 1
Species of Juniperus Collected, Location of Populations Sampled and Specimen Voucher
Numbers of the Samples Used in the Study. Juniperus californica ‘A’ and ‘B’ Refer to the
Two Chemical Races Discovered by Vasek and Scora® and Reconfirmed by Adams, von
Rudloff, and Hogge'? Using Leaf Volatile Oils

Species Collection site Voucher numbers

Adams 5007-5009
Adams 5010-5016
Adams 5067-5071

J. ashei 9 km W of Ozona, Crockett Co., TX
2 km E of Junction, Kimble Co., TX
13 km NE of I-40, Granite Mtns,
San Bernardino Co., CA
30 km SE of Yucca, Yuma Co., AZ
32 km N of Alpine, Jeff Davis Co., TX Adams 4987~4996
32 km NW of Ft Davis, Jeff Davis Co., TX Adams 4974-4983
2 km W of Santa Rosa, Guadalupe Co, NM  Adams 5027~5036
8 km W of Juntura, Malheur Co., OR Adams 5077-5086

J. californica A’
J. californica ‘B’ Adams 5072-5076
J. erythrocarpa
J. deppeana

J. monosperma
J. occidentalis

J. occidentalis
Adams 5057-5066

var. australis 2 km W of Sonora Jet., Mono Co., CA
J. osteosperma 25 km E of Monticello, San Juan Co., UT Adams 5047-5056
J. pinchotii 28 km E of Ft Stockton, Pecos Co., TX Adams 4997-5001

10 km W of Sheffield, Pecos Co., TX Adams 5002-5006
5 km E of Clines Comer, Torrance Co,, NM  Adams 5037-5046

J. scopulorum
Adams 5017-5025

J. virginiana 7 km W of Bastrop, Bastrop Co., TX
Permanently tagged trees used for the seasonal study:
J. monosperma 12 km E of Gruver, Hansford Co,, TX Adams 2905
" J. osteasperma Cottonwood Creek and Wasatch Blvd,
Sale Lake Co., UT Adams 3133
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herbarium (BAYLU) at Baylor University, Waco, Texas, USA. The
samples consisted of: wood (section 20 cm long X 5-10 c¢m in diameter)

y

and leaves (400 g). All samples were kept cool (February collections) in -

the field and then frozen in the lab until analyzed. The samples for the
seasonal studies consisted of three samples of leaves (400 g each), taken
at monthly or bimonthly intervals at 9am local time. All samples were
taken from the south-facing portion of the trees at heights from 0-5 to
2:0 m to minimize intra-tree variation.

The wood samples were separated into heartwood and bark/sapwood.
Each subsample was then kept separate for analysis. Portions of the
heartwood, bark/sapwood and leaves were dried (48 h, 100°C) to deter-
mine the percentage moisture. Approximately 12 g of the heartwood was
steam distilled (20 h) to remove the volatile oil.!! The percentage oil
yield was calculated as: 100 times oil wt/(corrected dry wt of wood dis-
tilled plus oil wt), Portions of the heartwood, bark/sapwood and leaves
were dried (48 h, 100°C) to determine the percentage moisture. Extracts
were obtained from fresh heartwood, bark/sapwood and leaves by
Soxhlet extraction of each set of materials for 6 h.!2 In every case the first
solvent used was hexane and the second (sequential) solvent used was
methanol. The material was dried (4 h, 70°C) after the hexane extraction
to remove residual hexane and then extracted with methanol (see Ref. 13
for detailed notes on the extraction protocol).

RESULTS AND DISCUSSION

The yields of cedarwood oils varied from 0-21 to 4-92% on a dry heart-
wood basis (Table 2). Juniperus ashei from Ozona, TX, represents a
divergent taxon of J. ashei (more primitive, slower growing; see Refs 14,
15 for detailed discussions). The wood oil yield from this divergent
population is considerably larger (4-92%) than for the typical J. ashei
from Junction, TX (4:04%). Unfortunately, the divergent form of J. ashei
(western type) is found in sparse stands on the western edge of the
species range in Texas and in a few small populations in northern
Mexico. It is therefore not of sufficient density to justify commercial utili-
zation. However, if plantations of juniper were established, these geno-
types may be an important source of germplasm. The percentage dry
weight of the heartwoods varied from a low of 66:95% (J. deppeana)to a
high of 83-78% (J. pinchotii) with most of the species around 80% dry
weight (Table 2). Therefore, the corresponding ranking of the percentage
oil yield on a fresh weight basis was not significantly changed (Table 2).
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TABLE2
Yields of Volatile Heartwood Oils from Juniper Species Using a 20-h Steam Distillation.
0il Dry Wt (%)= Percentage Oil Yield on an Oven Dry Wt Basis. Dry Wt (%)= Oven
Dry Wt Determined by Drying 48 h at 100°C. Oil Fresh Wt (%) = Percentage Oil Yield
on a Fresh Wt Basis

Species Oil dry Dry weight Qil fresh
weight (%) (%) weight (%)
J. ashei, Junction, TX 4-04 76:79 310
J. ashei, Ozona, TX 492 77-31 3-80
J. californica'A 063 8202 0-52
J. californica'B’ 0-46 8169 0-38
J. deppeana 2:69 6695 1-80
J. erythrocarpa 4-87 78:64 3-83
J. monosperna 1:24 7976 0-99
J. occidentalis var.
australis 1-78 80-34 143
\"J. occidentalis var.
occidentalis 2-33 7973 1-86
J. osteosperma 1-19 81-40 0-97
J. pinchotii 021 8378 018
J. scopulorum 340 7951 270
318 8040 2:56

J. virginiana

The yields of hexane soluble components by Soxhlet extraction of
heartwood (Table 3) varied from 0-03% (dry wt) for J. pinchotiito 7-56%
(J. erythrocarpa) and 6:95% (J. ashei, Junction, TX). It should be noted
that the volatile oil may have been lost from these extracts when the
hexane was evaporated. Additional research will be needed to determine
the composition of these extracts. The second (methanol) extract
removed about the same quantity of polar components as resulted from
the first (hexane) extract.

The non-polar extractable yields from the bark/sapwood were very
low as expected (Table 4) with the exception of the yield from J. scopu-
lorum (4:36%). This was not completely unexpected for J. scopulorum,
because this species exuded considerable resin along the cambium layer
when the wood was cut from the tree. This was also observed in J. occi-
dentalis var. australis which had a moderate yield (2:30%). The methanol
soluble yields were generally much larger than the non-polar yields but
still low (Table 4). Unless components are found in the bark/sapwood
that have very potent bio-activity, liquid extractions would not seem
practical. The selection of species with a high heartwood to bark/

as s by s e e
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. TABLE3 {
Yields of Hexane and Methanol Soluble Material from Sequential 6-h Soxhlet Extr... -
tions of Heartwood of Juniper species Using Hexane Followed by Methanol. All
Yields Reported on an Oven Dry Weight Basis

Species Hexane Methanol Dry wt
ext. % ext. % (%)
J. ashei 695 513 823
J. californica'® 0-57 420 89-1
J. californica‘B’ 0-44 341 852
J. deppeana 394 5-42 74-1
J. erythrocarpa 7-56 676 833
J. monosperma 300 5-88 830
J. occidentalis var.
australis 219 2:97 832
v"J. occidentalis var.
occidentalis 1-89 2:76 824
J. osteosperma 2:42 618 841
J. pinchotii 0-03 4-18 909
J. scopulorum 336 491 842
J. virginiana 2:99 401 839

sapwood ratio will be important if heartwood components are utilized
commercially. ‘

The yields of phytochemicals from unground and ground leaves ¢
compared in Table 5. In general, the yields of hexane soluble compu
nents are doubled to tripled when the leaves are ground (J. monosperma
and J. osteosperma are éxceptions). The non-polar yields from several
species are over 10% dry weight, with both varieties of J. occidentalis
yielding over 15% (Table 5). The composition of these fractions will
need to be examined in future research.

The yields of polar extractables from leaves ranged from 25 to 40%
(Table 5) which is not uncommon.!!? Unfortunately these polar extracts
are probably chiefly composed of simple sugars'? and may therefore be
of low economic value. On the other hand, considerable biological
activity has been found in these (polar) leaf extracts (Adams, unpub--
lished); therefore additional research on the composition would be desir-
able.

It is interesting to note that the yields of methanol soluble components
generally were smaller from ground leaves than unground leaves {Table
5). Apparently hexane had already removed a portion of slightly polar-
material in the ground leaves because the total extractables (hexane plus
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TABLE 4
vields of Hexane and Methanol Soluble Material from Sequential 6-h Soxhlet Extrac-
tions of Bark/Sapwood of Juniper Species Using Hexane Followed by Methanol. All
Yields Reported on an Oven Dry Weight Basis

Species Hexane Methanol Dry wt
ext. (%) ext. (%) (%)
J. ashei, Junction, TX 1-04 4:14 70-2
J. californica’A 090 3-38 729
J. californica‘B’ 072 2-43 79-9
J. deppeana 0-82 621 780
J. enythrocarpa 0-80 5-48 837
J. monosperma 182 414 720
J. occidentalis var. ,
ausiralis 2:30 4-49 663
J. occidentalis var.
occidentalis 046 325 589
J. osieosperma 1:31 507 689
J. pinchotii 1113 435 767
J. scopulorum 4:36 515 597
J. virginiana 1-05 274 64-5

methanol extractables) are approximately the same for both ground and
unground leaves. The largest total yields are from J. occidentalis var.
occidentalis (44-8%) and var. australis (44-4%).

Because the yields were largest from the foliage, it was felt that some
preliminary data should be collected on seasonal variation in the yields
from the leaves. In an examination of the hexane and methanol yields
from the above-ground biomass of an annual, a herbaceous perennial,
and a woody perennial, Adams & Price? found considerable seasonal
variation. The woody perennial (Chrysothamnus nauseosus ssp. con-
similis) exhibited an increase in the yield of hexane extractables during
the growing season with a minor decline in the fall? The methanol
extractables displayed no significant differences from May to October
(the extent of the study).? It should be noted that Chrysothamnus has flat,
thin leaves as is common in most angiosperms, whereas Juniperus has
modified needles which are quite turgid, more typical of the gymno-
sperms. The initial seasonal study of Juniperus utilized samples of J.
monosperma taken from May through November (Fig. 1). The hexane
extract was relatively stable from May through July and then began to
increase in September and November (Fig. 1). The methanol soluble
components showed only minor changes during this period, with a signi-
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TABLE 5

Yields of Hexane and Methanol Soluble Material from Sequential 6-h Soxhlet Extrac-
tion of Unground and Ground Leaves of Juniper Species Using Hexane Followed by

Methanol. Al Yields Reported on an Oven Dry Weight Basis

Species Hexane
Extractables (%) Extractables (%)
Unground Ground Unground Ground
J. ashei, Junction, TX 256 649 2966 3522
J. ashei, Ozona, TX N/A 739 N/A 2698
J. californica A 491 1580 3070 2633
J. californica ‘B’ 1-20 15-80 28:30 26:20
J. deppeana 315 7-68 24-73 3271
J. erythrocarpa 4-00 1127 29:00 24-43
J. monosperma 478 549 3346 2713
J. occidentalis var.
australis 560 1674 3260 27-66
v J. occidentalis var.
occidentalis 5-80 15:74 2960 2903
J. osteosperma 5:30 5-42 29-00 3118
J. pinchotii 320 1078 2850 2379
J. scopulorum 6:00 1063 32-60 2715
J. virginiana 1-94 10-13 3993 29-15
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Fig. 1. Seasonal changes in the hexane, methanol and total extractables yields from
Juniperus monosperma (Hansford Co., Texas, USA).-Any data points on a line that have
the same letter are not significantly different by Student-Newman-Keuls multiple range
test at P=0-05.
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Fig. 2. Seasonal variation in the hexane, methanol and total extractables yields from

Juniperus osteosperma (Salt Lake Co., Utah, USA). Any data points on a line that have

the same letter are not significantly different by Student-Newman-Keuls multiple range

test at P=0-05. Note the large increase in the hexane and total extractables during the
fall and decrease at the onset of the growing season in March.

ficant drop during the September sample (Fig. 1). The total extractives
fell slightly in July and rose in November (Fig. 1).

A longer term seasonal study was then undertaken on J. osteosperma.
This species is closely related to J. monosperma and the yields of extract-
ables were similar during the period from May to November (Fig. 2).
The yields of hexane extractables increased during the fall to a maximum
in January and then declined in the early growing season to spring and
summer levels (Fig. 2). It is interesting to note that this coincides with the
browsing pressure when deer are forced to consume juniper in Colorado
and Utah during the heavy fall and winter snows. Upon initiation of
growth in the spring, these phytochemicals may then be metabolized as
energy sources. This same pattern was found in J. scopulorum leaf vola-
tile oils'® which were sampled from a site with a similar environment on
the eastern slopes of the Rocky Mountains.

The methanol extractables of J. osteosperma varied little during the
year (Fig. 2) with a minor increase during the fall and winter. The total
yields of extractables showed a moderate, significant increase in the fall
and a decline in the spring (Fig. 2).

Overall, seasonal variation in the yields of phytochemicals from the
leaves of Juniperus would not appear to present a major problem in their
utilization. Due to the highly buffered environment in the trunk wood,
one would expect the heartwood and sapwood phytochemicals to vary
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little but research will need to be undertaken if those components appea” -
commercially viable.

Although the juniper wood does not appear to be a promising source
of phytochemicals except for the cedarwood oil already being utilized,
the foliage is extremely rich in phytochemicals and their composition
needs to be fully investigated to determine the economic feasibility for
utilization.
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Termiticidal Activities in the Heartwood, Bark/Sapwood and Leaves
of Juniperus Species from the United States

R. P. ADAMS, C. A. MCDANIEL* and F. L. CARTER*

CSFAA Department, Baylor University, CSB Box 423, Waco, TX 76798, U.S.A;
=Southern Forest Experimental Station, USDA-FS, Box 2008, GMF, Gultport, MS 39503, US.A.

Key Word Index—Juniperus; cupressaceae; termiticides; insecticides.

Abstract—Twelve 12xa of Juniperus from the United States were investigated for termiticidal activities of the heartwood, bark/
sapwood and leaves, All taxa exhibited termiticidal activities for the fresh heartwood sawdusts, All except Juniperus
scopulorum showed high termiticidal activities for the bark/sapwood sawdusts. The activity in the sawdusts could be removed
by washing with hexane followed by methanol for about half of the taxa. Both hexane and methanol {sequential} extracts of
the heartwoods showed termiticidal activities. Hexane and methanol (sequential} extracts of intact leaves displayed termiticidal

activities for most of the taxa.

' sduction

.per wood is the domestic source of cedar-
w-~d oil for the United States but the junipers
¢ also known to contain natural wood
preservatives {1). The control of wood rot and
termites is a perennial problem in much of the
world. Many of the methods for wood preserva-
ton have used arsenic and/or chlorinated
hydrocarbons which may present some environ-
mental hazards. Carter [2] has found that the
Subterranean termite Reticulitermes flavipes
Kgllar could not survive on sawdust from
virginiana nor could they survive on filter paper
treated with a pentane extract of the J. virginiana
Sawdust,

C_Dda et al, [3) conducted insecticidal screening
of individual componeénts of the sesquiterpen-
ids from the wood of J. recurva Buch,, which
has been used as an insecticide by the natives in
N_ebal against household insects. They found the
h‘QhESt insecticidal activity in thujopsene
(W’ddrene) (LD, mg/mosquito = 45) and
;‘;Cedren-]&ol {LDy, mg/mosquito = 6.6), with
S activity by cedrol and alpha-cedrene.

.. -he two sources of domestically produced
“*darwood oil for the United States are central
5X8s (U ashei, Texas cedarwood oil) and the
*8Stern United States {J. virginiana L., "Virginia

o %; e
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cedarwood oil'). In many parts of the United
States the weedy junipers have invaded
abandoned fields and overgrazed rangelands.
They often occur in almost continuous stands
for hundreds of kilometres. The most important
weedy junipers of the United States are J. ashei
Buch., J. californica Carr., J. erythrocarpa Cory, J.
deppeana Steud., J. monosperma {Engelm.)
Sarg., J. occidentalis Hook., J. osteosperma (Torr.)
Little, J. pinchoti Sudw. and J. virginiana L. These
species have invaded millions of acres of grass-
lands and old fields. In Texas alone, there are an
estimated 21.5 million acres of juniper-invaded
grasslands [4]. Ranchers are paid {USDA-ASCS)
for juniper removal to improve the range
conditions. The opening of the shade canopy
appears to be very important for foliage
production [5]. Thus, a natural renewable source
of termiticides may be available from plants that
are currently not utilized.

The purpose of this study was to determine
the termiticidal activities of heartwood, bark/
sapwood and leaves of the dominant Juniper
species in the United States as part of the
evaluation of the commercial potential of plants
that are now considered to be a noxious tree
species in rangelands.

Results and Discussion

The first test conducted to determine the
bicassay for termiticidal activity used fresh
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sawdust. Both the heartwood and bark/
sapwood sawdusts had extremely high activity
except for the bark/sapwood of J. scopulorum
(62 and 57% survival, Table 1). There were
essentially no survivors when the heartwood of
any juniper was used.

In order to determine if the active
components could be removed from the
sawdust, heartwood sawdust was extracted 10
times (by shaking) with hexane and then 10
times with acetone. This did not remove all of
the termiticidal activity from any species (Table
2). Several of the heartwood sawdusts were still
100% lethal (Table 2) but about half of the
species lost most of their bio-active components
(Table 2).

Additional samples of heartwood were
Soxhlet extracted with hexane and the hexane
soluble material was bioassayed (Table 3). The
hexane extracts proved to be highly active. The
termites did not survive for more than one week
on most extracts {Table 3). However, at these

TABLE 1. RATES OF SURVIVAL FOR TERMITES FED ON JUNIPER
HEARTWOOD AND SAPWOOD/BARK SAWDUSTS.

Per cent survival at

4 weeks®
Species Material Triat 1 Trial 2
J. ashei Heartwood 010.5) 0(0.5)
Bark/sapwood 5 3
J californica ‘A’ Heartwood 0 (2.5} 0 {2.5)
Bark/sapwood 1 0 (3.0)
J. californica ‘B’ Heartwood 0 (3.0 0{3.0
Bark/Sapwood 01(3.5) 0 (3.5)
J. deppeana Heartwood 0 (1.5} 0{1.5)
Bark/sapwood 013.0 0 {3.0}
J. erythrocarpa Heartwood 010.5) 0{0.5)
Bark/sapwood 01{3.5) 0 (3.5
J. monosperma Heartwood 0{2.0) 0 (0.5)
Bark/sapwood 0{3.5) 17
J occidentalis Heartwood 0{1.5) 0{1.5)
var. occidentalis Bark/sapwood 0 (3.0 0 (3.0}
J occidentalis Heartwood 0 (0.5) 0 (0.5)
var. australis Bark/sapwood 2 - 0 {4.0)
J. osteospmera Heartwood 0{3.00 0 (3.0}
Bark/sapwood 0(4.0) 0(3.5)
J pinchoti Heartwood 0 {4.0} 10
Bark/sapwood 01{3.5) 1
J. scopulorum Heartwood 010.5} 0 {0.5)
Bark/sapwood 62 87
J. virginiana Heartwood 0 (0.5) 0 {0.5)
Bark/sapwood 0 (3.5} 35

"Values in parentheses are the number of weeks when all the
termites had died.

R. P. ADAMS, C. A. MCDANIEL AND F. L. CARTER

low concentrations one can begin to s ‘fer.
ences among the species. At 1 ml/pad u.cre is
some survival on the extracts of J. monosperms
and J. osteosperma and considerable survival on
J. californica extracts (Table 3).

TABLE 2. RATE OF SURVIVAL FOR TERMITES FED ON JUNIPER
HEARTWOOD SAWDUSTS SEQUENTIALLY EXTRACTED WiTH
HEXANE FOLLOWED BY ACETONE

Per cent termites surviving

Species at 4 weeks®
J. ashei 0 (3.5)
J. californica ‘A’ 0{3.0}
J. calfornica ‘B’ 013.5)
J. deppeans 0(3.9)
J erythrocarpa 0{3.5)
J monosperma 10
J. ocexdentalis 1
J. ocedentalis
var. australis 10
J. osteosperma 43
J. pinchosi 8 ’
J. scepulorum 50
J virginiana 48
Controd 93
Sand 01(2.9)

"Values in parentheses are the number of weeks when ali the
termites had died in the text.

N

TABLE 3. RATE OF SURVIVAL FOR TERMITES FED OS. PER
CONTAINING HEXANE OR METHANOL EXTRACTS FROM JUNIPER
HEARTWOOD

Per cent termites surviving 3t 4 weeks®
Hexane extract? Methanol extracts

Species 1 mi/pad 2 ml/pad 1 mi/pad

J ashei 01.0) 0{1.0) 36

J. californica ‘A’ 83 0(1.0) 0 11.5)

J. californca 'B° 84 84 0 [3.0)

J. deppeana 0.0 0{1.0 4

J erythrocarpa 0 0.0 0 (1.0} 32

J. mongsperma 23 20 48

J. occidentalis 0{1.0) 0 (1.0} 0 {0.5)
var. austals 0 1.0 0{1.0) 0 (1.5)

J. osiegsperma 20 0 (1.0 0 (3.5}

J. pinchooi NT NT 8

J. scopulorum 001.09) 001.0 0{2.0)

J. virginiana 0(1.0) 0{0.9) 0{1.5)

Control 9% 100 100

"Values in parentheses are the number of weeks when all the
termites in the test had died. '

tHexane extracts applied at 1 mg mi ' concentration except for [
californica ‘A’ and ‘B, J. occidentales and J. occidentalis var. australis for
which 0.5 mg ml ' was used.

$Methanol extracts were applied al 10 mg mi*' concentration.

NT — Not tested.
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ﬁanC’DAL ACTIVITIES IN JUMIPERUS SPECIES

A sequential Soxhlet extraction of the heart-
wood using methanol {following hexane)
removed the more polar components. The
pioassay of the polar fraction revealed consider-
able activity for most of the extracts (Table 3).
However, J. ashei, J. erythrocarpa and J, mono-
sperma methanol extracts showed reduced
activity (Table 3).

Based on the aforementioned series of
experiments, several factors seem to be
indicated. Not all of the bioactivity could be
removed by simple hexane/acetone extraction
[Table 2). A non-polar fraction that has a high
rermiticidal activity exists in all species (Table 3)
except J. californica. Our investigation of the anti-
iermitic activities of the J. virginiana heartwood
extractives (McDaniel, C. A., Klocke, J. A. and
Balandrin, M. F.,, unpublished results) indicated
that the most toxic components were the
sesquiterpene alcohols, cedrol and widdrol. The
sesquiterpene hydrocarbons showed consider-
ably less toxicity.

A correlation between the toxicity data gener-
ated in this study and the analysis of the major
extractive components of the heartwoods of the
Juniperus species [6] allows some conclusions
to be drawn.

A comparison of Tables 2 and 3 indicates that
the antitermitic properties of J. californica are not
contained in the hexane extractable material,
but are a result of more polar compounds which
are found in the methanol extract. The low yield
of steam distillable material found by Adams (6]
for this species indicates that the antitermitic
components are not likely to be the same as
those from J. virginiana.

The toxicities of the methanol extracts from
the other species may indicate that hexane
simply does not completely extract the
sesquiterpenes and sesquiterpene alcohols; or
they may indicate the presence of additional,
more polar toxic components, Further investiga-
tions are needed to ascertain the identities of
these components.

Due to the large volume of leaves that could
be obtained during harvesting, it seemed appro-
priate to assay the leaf extracts for bioactivity.
The hexane leaf extracts of about half of the
species had high termiticidal activity (Table 4). It
is interesting to note that the two chemical races
{based on their volatile leaf oils) of J. californica,

2
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TABLE 4, RATE OF SURVIVAL FOR TERMITES FED PAPER CONTAINING
HEXANE OR METHANOL EXTRACTS OF UNGROUND JUNIPER LEAVES

Per cent termites surviving at 4 weeks®

Species Hexane extract? Methanol! extract

J. ashei 0{3.5) 66

J. californica ‘A’ 84 04{2.9)

o californica 'B’ 0{1.5 0{2.5

J. deppeana 88 97

J. erythrocarpa 80 4

J. monosperma 0{2.5) 0 (3.0}

J. oceidentalis 0 (1.5 83
var. ausvalis 02.5) 41

J. osteosperma 88 25

J. pinchotii 96 51

J. scopulorum 36 0 (0.5}

J virginiana 011.5) 0 {0.5)

Control 100 95

*Vaives in parentheses are the number of weeks when all the
termites in the test had died.
11 ml of hexane extract {diluted to 10 mg ml"'} was added 1o each

paper pad.

‘A" and 'B’, behaved quite differently in this
assay with type ‘A’ showing little activity and
type ‘B’ displaying considerable activity (Table
4).

The methanol soluble components from the
leaves showed very high termiticidai activity in
some of the species and reduced survival in
others (Table 4}. Only the J. deppeana methanol
extract had essentially all termites surviving
after four weeks. The hexane extract of this
species also exhibited low toxicity. Junijperus
ashei, J. californica, J. monosperma, J. occiden-
talis, J. scopulorum and J. virginiana each had
termiticidal activity in one or both of the leaf
extracts. Research efforts to date have
concentrated on surveys of wood chemicals as
sources of termiticides, presumedly because rot
and insect resistant woods are often well known
and one might expect a long co-evolution of
plant chemical defenses against wood-eating
insects. The discovery of very active termiticidal
components in the leaves appears to be a
serendipitous event. Since many tons of leaves
can be harvested along with the wood,
additional research should be directed toward
the isolation and identification of the active
components in the leaves.

Experimental

Samples of wood and herbarium vouchers were collected
from J. ashei {(Adams 5007-5009, 9 km west of Ozona,
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Crockett Co., TX; 5010-5016, 2 km east of Junction, Kimble
Co., TX) J. californica ‘A’ (Adams 5067-5071, 13 km northeast
of 140, Granite Mountains, San Bernardino Co., CA) and J
californica ‘B’ (Adams 5072-5076, 30 km southeast of Yucca,
Yuma Co., AZ), J. erythrocarpa {Adams 48874996, 32 km
north of Alpine, Jeff Davis Co., TX), J. deppeana (Adams
4974-4983, 32 km northwest of Fort Davis, Jeff Davis Co., TX),
J. monosperma {Adams 5027-5036, 2 km west of Santa Rosa,
Guadalupe Co., NM), J. occidentalis, {Adams 5077-5086, 8 km
west of Juntura, Malheur Co., OR), J. oceidentalis var. australis
?ﬁwmwmmm
CAJ. J osteosperma {Adams 5047-5056, 25 km west of
Monticello, San Juan Co., UT), J. pinchoti {Adams 4337-5001,
28 km east of Fort Stockton, Pecos Co., TX; Adams 5002-
5006, 10 km west of Sheffield, Pecos Co., TX), J. scopulorum
[Adams 5037-50486, 5 km east of Clines Corner, Torrance Co.,
NM) and J. virginiana (Adams 5017-5025, 7 km west of Bas-
trop, Bastrop Co., TX). Juniperus californica ‘A’ and ‘B’ refer to
the two chemical races discovered by Vasek and Scora {7]
and reconfirmed by Adams, von Rudloff and Hogge [8] using
the leaf volatile oils.

The samples consisted of: wood (section 20 ¢cm long X 5—
10 ¢m in diameter) and leaves {400 g). All samples were kept
cool (February collections) in the field and then frozen in the
laboratory until analysed.

The wood samples were separated into heartwood and
bark/sapwood; each subsample was then kept separate,
Portions of the heartwood, bark/sapwood and leaves were
dried (48 h, 100°} to determine the per cent moisture, Extracts
were obtained from fresh heartwood, bark/sapwood and
leaves by Soxhiet extraction of each set of materials for 6 h
[9). In each case the first solvent used was hexane and the
second (sequential) solvent used was methanol, The material
was dried (4 h at 70°) after the hexane extraction to remove
the hexane before exiraction with methanol [10].

Fresh hearwood sawdusts, fresh bark/sapwood sawdusts
and extracted materials were tested on externally undifferenti-
ated termite workers from field-collected colonies of
Reticulitermes flavipes. Fifty g of sand and 7 ml distilled water
were placed into a plastic zipper case. Sawdust samples {1.5
9) were placed in the zipper case along with 100 termites (A.
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flavipes) and kept at 25", Duplicate samples were run for each
species and the bioassays terminated after 4 weeke” yane
and methanol extracts were placed on filter pap 125
termites were added. The hexane (Soxhlet) extracts of the
heartwoods were initially diluted to a concentration of 19 mg
mi~' except for samples from J. occidentalis, J. californics g
and ‘B’ which contained 5 mg mi~', At these concentrationg
all termites were dead within 3 days for all samples, There:
fore, all the extracts were then diluted to 1 mg mi~’ except for
J. occidentalis and J. californica'A’ and ‘B’ which contained g5
mg mi~. Two trials were prepared for each extract: mi
extract and 2 ml extract. The methanol extracts were prepared
with 10 mg ml™' extracted material 2nd biocassayed a¢
described previously, but with only one bioassay per extracy:
each filter pad was treated with 1 ml extract. The leaf sample
extracts were diluted to 10 mg mi™" for both the hexane ang
methanol extracts. Test results are reported as the per ceny
survival after 4 weeks.

Acknowledgement—This research was supported in pan
with funds from the National Science Foundation (DMg.
8460062 1o RPA).

References
1. Guenther, E. {1952) The Essential Oils. Vol. 6. Robert E.
Kreiger, Huntington, N.Y. [reprint of 1852 edn).
2. Carter, F. L. (1976) Mater. v. Organismen Beiheft 3, 357,
3. Oda, J., Ando, N., Nakajima, Y. and Inouye, Y. {1877 Agric,
Biol. Chern. 41, 201.

4, Smith, H. N. and Rechenthin, C. A. {1964) USDA Pubi
4-19114. Soil Conservation Service, Temple, Texas.

5. Clary, W. P. (1974) J. Range Mgmt 27, 387.

6. Adams, R. P. {1987) £con. Botany 41, 48.

7. Vasek, F. C. and Scora, R. W. {1967} Am. J. Botany 34, 781.

8

. Adams, R. P., von Rudloff, E. and Hogge, 1983)
Biochern. Syst. Ecol. 11, 189, (
9. Adams, R. P. and McChesney, J. D. (1983) £con. Botany 37,
207.
10. Adams, R. P, Balandrin, M. F., and Martineau, J. B. {1884
Biommass 4, 81. '










Dasdaadade o ul N RN

e WS s mm L et R

{ INTRODUCTION

j Juniper wood is the domestic source of cedarwood oil
: for the United States but the Junipers are also known
| to contain natural wood prescrvatives (Guenther.
' 1952;. In fact, the preferred status of juniper wood
! (ccdar) for use as fence posts comes from a long

t history of its use in wet lands. The control of wood .

i rot and termites is a perennial problem in most partg
| of the United States and the world. Many of the
! methods for wood preservation have used arsenic
and/or chlorinated hydrocarbons which are environ-
 mentally hazardous. Carter (1976) has found that
Reticulitermes flavipes Kollar (southern termite) could
not survive on sawdust from J. virginiana nor could
they survive on filter paper treated with a pentane
extract of the J. virginiana sawdust.

~ Adams (1987) has recently reported on the yiclds of
the lieartwood volatile oils from 12 taxa of Juniperus,
and noted that in addition to the two species curreatly
Wilized (J. ashei Buch. and J. virginiana L.}, two
additional species of juniper of the United States
might be commercially harvested: J. erythrocarpa
Cory and J. scopulorum Sarg. These species were
also examined for their potential as sources of
phytochemicals (Adams, 1987). Because plant mater-
ials were collected for these analyses an opportunity
became available to examine the antibacterial and
antifungal activities of the heartwood, bark/sapwood
3nd leaves of these juniper taxa, Previous examination

ov— ¢
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Hexane end metbavol extracts of heartwood, bark/sapwood and leaves of twelve taxa of Juniperus from the
United States were assayed {or antifunpgal zod antibacterial sctivities. Tde hexane extract of the heartwood of
severa] junipers appearcd comparsble in antibacterial activity to streptomycin. Antibacterial sctivity of the
bexane exteacts from the bark/sapwood of J. monesperma and J, californica were comporable to
streptomydin. No appreciable antdhacterial activies were fooud [n the leaf extracts from sny speties
examined, No antifangal activities comparable to amphotericin B were {ound i etther bexane or metharol
extracts of the heartwood hor from the bark/sapwood, Aatifungal activity against Cryprococrus neoformans
comparable to axmphotericin B was foand tn the bexane extrect of the Jeaves of J. occidensalis yax, ausralis.
The wethanol extracts {rom the leaves of J. osreotperma and J. culiformica had antifongal activities
comparable to amphotericin B against Trickophkyton menicgrophytes.

Keywords: Janiperus; antfungal; antibacterial; Cryplococcus neoformans; Tdclcophyion mentagrophytes

of the hexane and methanol soluble extracts of the
leaves of J. menusperma tevealed considerable
bioactivity (McChesney and Adams, 1985). _
The purposes of this study were to determine the
antibacterial and antifungal activities of the
heartwood, bark/sapwood and leaves of the principal

Juniperus species of the United States,

MATERIALS AND METHODS

Samples of wood and herbarium vouchers were
collected from J. ashei (Adams 5007-5009, 9 km W of
Qzona, Crockett Co., TX; Adams 5010-5016,2km E
of Junction, Kimble Co., TX); J. californica ‘A’
(Adams 5067-5071, 13 km NE of [-40, Granite Mtns.,
San Bernardino Co., CA) aad J. californica ‘B’
(Adams 5072-5076, 30km SE of Yucca, Yuma Co,,
AZ) ('A' and ‘B’ refer to the two chemical races
discovered by Vasek and Scora (1967) and recon-
firmed by Adams. von Rudloff. and Hogge (1983)
using leaf volatile oils); J. erythrocarpa (Adarns
4987-4996. 32 km N of Alpine, Jeff Davis Co.. TX);
J. deppeana (Adams 4974-4983, 32km NW of Ft.
Davis, Jeff Davis Co., TX); J. monosperma (Adams
5027-5036, 2 km W of Santa Rosa. Guadalupe Co..
NM); 4. occidentalis (Adams 5077-5086, 8km W gf
Juntura, Malheur Co., OR); J. occidentalis var.
s @t 9057-5066, 2 km W of Sonora Jet.,
Mono Co.. CA); J. osteosperma (Adams 5047-5056,
25km E of Moaticello. San Juan Co.. UT): J.
pinchotii  (Adams 4997-500!. 28km E of Ft.
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Stockton, Pecos Co., TX); (Adams S002~5006, 10 km
W of Sheffield. Pecos Co., TX); J. scopulorum
(Adams 5037-5046, Skm E of Clines Corner,
Torrance Co., NM); and J. virginiana (Adams
5017-5025, 7km W of Bastrop, Bastrop Co.. TX).
Voucher specimens are deposited at Baylor
University.

The samples ¢onsisted of wood (20c¢m long x S—
10em in diameter) and leaves (400g). All samples
were kept cool (February eollections) in the field and

. then frozen in the lab until analysed. :

The wood samples were separated into heartwood
and bark/sapwood: each subsample was then kept
separate. Portions of the heartwood, bark/sapwood
and leaves were dried (48 h; 100 °C) to determine the
percent moisture. Extracts were obtained from fresh
heartwood, bark/sapwood and leaves by Soxhlet
extraction of each set of materials for 6 h (Adams and
McChesney, 1983). In each case the first solvent used
was hexane and the second (sequential) solvent used
was methanol. The material was dried (4 h at 70 °C)

. after the hexane extraction to remove the hexane
before extraction with methanol (see Adams,
Balandrin and Martineau, 1984, for detailed notes an
“"the extraction protocol).

Qualitative antimicrobial screening was carried out
using the agar-well diffusion assay (Clark et al., 1981)
against the following organisms: Bacillus subnilis 6633,
Staphylococcus aureus 6538, Escherichia coli 10536,
Pseudomonas aeruginosa 15442, Mycobacteriwn smeg-
matis 607, Cryptococcus neoformans 32264, Sacc-
haromyces cerevisiae 9763, Pycnoporus sanguineus
14622, Aspergillus flavus 9170, Aspergillus fumigarus
26934, Trichophyton mentagrophytes 9972.

All tcst organisms were obtained from the
American Type Culture Collection (Rockville, MD
USA). Crude extracts and fractions were tested at a
concentration of 20 mg/mL in ethanolic or aqueous
ethanolic solution. Results of the qualitative screen
were recorded as the average radius of the zone of
inhibition surrounding the well containing the test

91S@3263679952807533 P.18

solution (after 48 h incubation for bacteria and Rg
incubatiou for fungi) and are reported according i
the following code: — = no activity; + = questionab
activity; + = 1-3 mm zone radius; ++ = 47 ;~ 20p]
radius; +++=8-12mm zone radius; + b,
213 mm zone radius. Streptomycin sulfate (1m
mL) and amphotericin B (1 mg/mL) were included 3
positive controls for antibacterial and antifungy
activity, respectively. )

RESULTS AND DISCUSSION

Antibacterial activity was assayed for the heartwooq,
bark/sapwood and leaf extracts. Essentially no activing
was found against E. coli from the hexane extracts
the -heartwood (Table 1). Nearly all species showsg
activity against S. aureus, particularly in the hexan
extracts of the heartwood (Table 1). Little or nof
activity was observed against P, asruginosa (Table 1)§
Almost all the species had antibacterial activing
against B. subdlis and M. smegmatis (Table 1), Thef
tresults of this screen indicate that follow-up researchsl
(bio-guided fractionation) will be needed. .

Antibacterial activity of the bark/sapwood extr: nf
was very similar to that of the heartwood extracts (d.§
Tables 1 and 2). In general. more activity was foundg
in the non-polar extracts than the polar extracs
(Table 2) and activity was observed against thef
Gram-positive bacteria, S. aureus and B. subdlis, andg
the acid-fast bacterium M. smegmatis. Activities
compatable to streptomycin were found in thed
hexane extract from /. californica and J. monosy ¢}
(Table 2). {

The leaf extracts exhibited less antibacterid.;
activity, in general, than the wood extracts (cf, Tablag
1, 2 and 3). However, these exwmracts were fromy
unground leaves and some of the active Componensf'
may be sequestered in glands. Small. antibactena

Table 1, Antibacterial activity of juniper heartwood extracts after 43 huurs

£. col S, aurwes
Spedea Meox MeQH Max MaOH
J. ashei + - - +
J. eslifornica ‘A’ + - 4 +*
J. eslifornics 'B° - - + +
J. deppeana - - e +
J. erythrocapa - ~ ++ +
J. menosperms + - + +
J. ocxidentslis vor, - - >t +-
sustralis
VJ' oceidentslis var. + - - +
occidantalls
J. osteosperma - - ++ +
J. pinchotii NT - NT +
J. seopularum - - “ +4
J. virginizng - - ++ +
Streptomycin sulfata ++ e+

1mg/mL
HEX, hexane extract, MEOH, methsnol extract

Aclivities are raported 3¢: + =1-3mm; ++ =4-7mm; +++ =8-12mm; ++4++ =graater then 12mm
(average radiug of the zone of inhibition). {—} = no inhibition,
Extracts warg tasted at 20 mg/mL, 100 pt applled. NT, not tasted,

activities were found in both the non-polar and polar}
P, soryyleose £ sudiiiie M, premymoce
blex MW Hex MoON Hex MeOH
- ~ ++ NT +++ + i
- - + + «+ 4
- - + NT + + !
- - ++ + N 1
~ - NT NT + 4+ -
- - + NT ++ +
- - ++ + +4 +
- - + 4 + 4+ + . j
- - ++ + -+ +
NT. - NT NT NT +
- + 4 + ++ - -
- - ++ + +>+ +
4 4+ idh
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¥ ANTIMICRQBIAL PROPERTIES OF JUNIPERUS
‘g
j ;&fngn; Table 2. Antibacterisl activity of juniper bark/sapwood extracts alter &8 boors
~estionable £ oot S. surwus P. seruginces &8 morve M. srewpm st
mm zone Species Mot MaOH  Hex  MeOM  Max MION  Hex  MeON  Mex MwOM
++++u J. sshei - - 4+ 4 - -~ e+ & - .
fate (1 mg/ J. californics ‘A’ - - ++ + - - ++ + *. -+
N J. eslfornics ‘B’ - - ++ + - - PR + + -
mclu.dcd ot J. doppesns - - + - - - + + + ES
antifungy J. erythrocsrps - - ++ + - - ++ -+ + +
‘ J. moncsperms - - 44+ + - - ++ - + -
J. oceidentalis var. - - +4 + - e ++ - o +
1 australis
—_— L. occidantalis var. - - ++ + - - ++ -+ + +
occidentells
2 J. osteosperms - - ++ + - - +4+ e + +
heartwood } J. pinchotii - - ++ + - - e + ‘e N
y no activity J. scopulorum - - 4+ e + - 44 o~ +e
s extracts of 3 J. foglﬁlaﬂ.ﬂ - - + + - - 4 + .t M
. Streptomyein sulfats +4 + b ++ 44 ++ 44
sies showeds 1 mg/ent
:glcc h::aizg Abbseviations and symbols 35 Tabla 1.
a (Table 1).¢
dal  activity’
' te 1), The! ‘
up research Table 3. Antibacterial acthvity of juniper leaf extracts alter 48 bonrs
B i &, corl S ¢z P, seruginose 8. wenms M, sregmade
yod extrac? Spacies Hex MaOH Hax MeON Hex [T ] Hax MeCH Hax MwON
extracts (cf.¢ J. ashel - - * - - - + + + "
v was found; J. cslifornica 'A° + - - + - - & + - +
lar extracs} J. ealifornica '8’ - - - + - - - - - +
azainst the! /. deppasns - + - - ® + N 4 N +
; Uis. an d-E J. srythrocerps - - - + + + + - +
: AT | J. manospermg - + - - - + - -4 + -
: ‘“:“me," J. oceidentalis var. - - - + - - - + ++ +
| in they sustrolis :
Jsperma, 4. eccidenralis var, - - o+ + % - NT + £ +
. i occidentalis
antibacterial® J. ostaasperma - - o+ « - +  NT + + ¥
§ (cf. Tablesy J. pinchati} + + o+ - - “ + +4 * +
were from: J. scopulorum - + - + - - - + + -
components.’. J. virginians + + - + - * + +4 + +
sntibactcrial'l‘ St;e;t:/n;vfnn sulfate +4 44 4+ 444+ 4+

i

leaf extracts (Table 3). A more thorough examination
of the leaf extracts from ground material is in
progress,

Only minor antifungal activities of the heartwood
, €Xtracts were observed against any of the fungi (Table
4). However, hexane was removed with heat, so no
volatilcs were present in the hexane extracts. It should

1 be noted that Oda et af, (1977) found high insecticidal

activity in the volatile oils of Juniperus recurva. A
study of the antimicrobial activity of the volatile

heartwood oils is in progress. Essentially no antifungal
8ctivity was found in the bark/sapwood (Table §),
which is a little surprising because the antibacterial
activity of the bark/sapwood extracts roughly
Pardlieled the antibacterial activity of the correspond-
Ing heartwood extracts (Tables 1 and 2).

The antifungal activity of the extracts from
unground Jeaves (Table 6) was strong against C.

q neoformans and T. mentagrophytes from a number of

laxa. Juniperus ostcosperma and both varicties of

@ Heyden & Son Limited. 1950

J. occidenmlis were particularly active against
C. neoformans (hexane extract, Table 6). The hexane
extracts of these taxa, which are active against C
neoformans, are noticeably ineffective agalnst T.
mentagrophytes, The methanol (polar) extracts of J.
californica and J, osteosperma showed activity against
T. mentagrophytes (Table 6). This would seem to
imply that a different component(s) is active against
these two fungi. Almost no activity was found against

the otber fungi.
Overall, many positive antifungal activities were

found in the heartwood and leaf extracts which will
warrant a further examunation by bio-guided
fractionation. .
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C mevlormaere 2. ascwvigley P. sorsyvioess A flovus A fomigensy T. mantaprooaytee 1
. 774 ez 14472 870 ey "
Spociss Max MeOH Hot  MeDH  Hex MeCH  Hax MeON  Hex MoCH Mg O
J. 2shei + - + - + - + - + - - s
J. eslitornice 'A’ £ + - - - - - - - - * +
J. californics 8’ - - - - - - - - - - P .
J. dappoans + - + - 4 - - - & - ++ -
J. arythrocarps ++ + + -+ + - + - * - P +
J. monosparma + - + - + - * - + - + -
J. occidantalis var. + 2 + + + - x - * - +, +
australia 9
\ -~ V. ocoidentslis var, % + + + o+ - - o~ X - + +
occidentalls
: J. ostgosperma + * + - - - - - + - + +
K J. pinchotll NT ++ NY 4+ NT & NT - NT - NT + 4
J. scopulorum * + + + + + - - - - + DS ,
J. virginigns + S + - + - - - %+ - ++ + ﬁ
) Amphotericin B 4+t +4 NT +e +* ++
1mg/ml .

Abbreviations and gymbols ac Table 1.

Table 5, Wmuwm

C. nectormare £ corvvislpe P. naruiness A Aarsigetn T, mergrophyter
22204 b R ~~4 28034 ®n
Speciem Hex Mot Pl Mook Nax MeCh Hax MeOH Mx MeOH
J. ashel + - - - - - - - - _
J. californica ‘A’ - - - S - - - -~ - - -
t J. cslifornfca ‘B’ - - - - - - - - - -
o J. deppeans - - - - - - - - - -
. J. erythrocarps, - - - - - - - - - -
¢ J. monospearms -+ - - - - - - - - -
Y J. occidentelis var. - - - - - - - - - - (
australis
. v . occidentalis var. - ~ - - - - - - - -
X ocoidentslis
< J. ostoosperms + - + - - - - - - -
5 J. pinchotii - - - - - - - - - -
R J. scopulorum - - - - - - - - - -
: J. virginizna - - - - - - - - - -
Amphotgricin 8 +4+4 4 NT e o
' 1 mg/mi ‘

Abbreviations and symbols as Tadle 1,

Table 6. Astifangal activity of Juniper Jeat extract

+ € necformans S oarvvin'se P. sanquineus A Rrvue A fombpxtus T. rrentagophyTe
, 3264 5 1622 9170 20034 072
Spwciet Max MeDH Hox MaON Hax MeOH Hex IO o [ e ] Mex ALeOM
J. ashei - + - > F + - - - = + %
N J. californics ‘A’ + + - + - + - - - - - ves
J. californrea ‘B - -+ - + - - -~ - - — - 4+
J. deppsans + + - + - 3 - - - - - +
J. enythrocarps - + - + + - - - - - - +
J. monosperma - + + + - 4 - - - - + PPN
J. ocexidentslis ver. PP + + + - - - - - - - >
sustralis ‘ .
V'J. occidentslis ver. ++ - o+ - - - - - - - - +
occcidontsalis
J. osteosperme ++ + + + + %+ * - - - * ++
J. pinchotli - + - » * - - - - - - -
J. scopulorurm + + F 3 F + - - +- - - - EPS
J. virginians + + + + - + - - - - - ++
Amphotsdicin B ++ 4 +4 NT +4 *+ ++ i
1T mg/mi

Abbrevistions and symbols as Table 1. -
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