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Project Objectives

Results

Materials and Methods

Collaborate with an innovative Corvallis start-up company to
provide home use essential oil solutions

The EssenEx-100 microwave distillation unit is designed for home use. The EssenEx allows users to
extract essential oils from plants in their microwave in 6 – 8 minutes.

• Identify novel biomass samples that yield essential oil using
small scale microwave extraction

Microwaves heat water contained in plant material to create steam which carries essential oil to an
ice core where the vapors condense. A metal shield protects the ice from microwaves; ice only melts
from condensing vapors.

• Characterize the plant material: species, location, moisture
and oil content, and grid size

Moisture Content
Sample Type
% Moisture
Juniper (needles and berries)
48
Grand fir
56
Juniper berries
46
Juniper Needles
50
𝑊𝑒𝑡 𝑀𝑎𝑠𝑠 − 𝐷𝑟𝑦 𝑀𝑎𝑠𝑠
% 𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 =
100
𝑊𝑒𝑡 𝑀𝑎𝑠𝑠

Condensed water and oil drip into a collection beaker where a metal heat shield protects them from
being continually heated and vaporized.
After 6 – 8 minutes, the EssenEx is removed from the microwave and allowed to cool for 15 minutes. Steam and oil from the plant
material continue to condense on the ice core during this time.

• Optimize the extraction process for ideal wet mass and
extraction time to develop home-use recipes

After 15 minutes, the water and oil in the collection beaker are poured into a volumetric flask. The oil floats to the
top of flask, creating a pure oil layer that can be separated from the water using a pipette. The oil is then
transferred to a storage vial.

Essential Oils

All samples contained above 40% moisture content. The high
dissipation factor of water allows microwaves to transfer energy to
create steam.
Juniper Oil Extraction:

Experimental Design

Essential oils come from many plants and have a wide variety of
uses, aromatherapy is the most common. Juniper and grand fir oils
have uplifting scents that clarify the mind and relieve stress. Both
can be used as an antiseptic and analgesic. Each has a list of
medicinal properties, although these have not be FDA approved.
Scents can be inhaled, oils can be applied topically, and fragrances
can be added to a variety of products.

Material
Juniper Berries With Needles
Juniper Berries
Juniper Needles
Grand Fir Needles

Wet Extraction
Total
Number of Number of
Masses
Times
Number
Operators Replicates
(g)
(min)
of Runs
100, 200
100
100
100, 200

5, 7
5
5
5, 7

3
3
3
2

3
1
1
3

Berries and
needles
together

36
3
3
24

Three operators followed the standard operating procedure outlined by OilExTech. Mass and time were varied as shown in the experimental design
table to see which variable has the largest effect on oil yield.
Recovered oil samples were weighed to assess oil yield per 100 g of wet plant mass. Moisture content was assessed for each plant type by drying
samples for 24 hours at 150 °C.

Microwave Extraction (MWE)

Juniper and Grand Fir Oil
Essential oil from western juniper
(Juniperus occidentalis) and grand fir
(Abies grandis) are composed of different
terpene
compounds.
Terpenes
are
multiples of the isoprene compound, C5H8,
and can form chain or ring structures.
Abies grandis
Juniper Berries GC
Juniper Needles GC-MS Analysis
Retention Time [min]
Compound
7.29
Bornyl Acetate
6.04
cyclohexene
5.8
4-Carene
5.61
Lyratyl Acetate
4.9
4-Carene
5.06
Camphene
5.25
a-Phellandrene
6.46
Bicyclo-trimethyl
6.68
cis-a-terpineol

Juniper Berry GC-MS Analysis
Retention Time [min] Compounds
4.95
a-Pinene
5.25
a-Phellandrene
5.61
D-Limonene
7.29
Bornyl Acetate

Microwave extraction uses microwaves to transfer electromagnetic energy to a sample. Water
within the plant material captures the energy and is vaporized. Sample are disturbed by two
mechanisms:
+
1) Ionic conduction: energy
created by resistance to
electron flow
Juniperus occidentalis

Juniper Needles GC

2) Dipole rotation: dipole
moment rotates billions of
times per second,
generating heat

Electric Field Polarity

Grand Fir GC-MS Peak Analysis
Retention Time [min] Compounds
4.92
1S-a-Pinene
5.05
Camphene
5.29
a-Pinene
5.47
4-Carene
5.62
a-Phellandrene
7.28
Bornyl Acetate

Berries and
needles
separate

+

time

100 g wet mass
5 min.

Error bars indicate 90% confidence. Average oil yield for juniper
berries was 85% greater than needles only.
Grand Fir Oil Extraction:

-

The Process:

Electromagnetic energy from
microwave vigorously vibrates
the molecules.

Essential oil is trapped in small oil
sacks in the plant.

The vibrations cause oil sacks to burst,
releasing essential oil.

Advantages:
• Uses less energy: steam is generated from within plant material, not from an external source
• Fast: takes minutes to extract oil
• High purity oil: good temperature control and short exposure to heat
Disadvantages:
• No large scale process

Error bars indicate 90% confidence. Oil yield was not dependent on
operator, extraction time, or biomass weight.
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