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Strain-Specifi c Isolation of Terpenes 

Utilizing Microwave-Assisted Extraction

As the cannabis industry matures, terpene isolation from cannabis plant material has become a 

primary issue. So far, there have only been two practical applications: steam distillation, which is 

time consuming and smaller in scale, or CO
2
 extraction, which requires expensive equipment and 

an experienced operator. Solvent-free microwave-assisted extraction solves these problems with a 

cost-effective, effi cient solution. The process requires nothing other than water, takes roughly 1 h per 

run, and yields tetrahydrocannabinol (THC) free, strain-specifi c terpenes from a variety of starting 

materials. Throughout this article, I discuss the capabilities of microwave-assisted extraction and 

how the cannabis industry can utilize it.

Stephen C. Markle

P
ercy Spencer invented the microwave in 1945 (1) 

and since that time it has revolutionized the way 

food has been cooked and prepared. However, 

microwaves have numerous uses outside of the kitch-

en. By the mid-1970s, chemists began using them for 

a wide variety of applications in inorganic and organ-

ic sample preparation (2) with materials ranging from 

soils and food to electronic boards (3). This instrumen-

tation has been an asset to the scientific community 

over the last 40 years and will continue to be. In this 

article, we are going to discuss the capabilities of this 

technology in the isolation of strain-specific terpenes 

from the cannabis plant. 

Common Terpene Isolation Methodology

Harvesting terpenes from cannabis is generally complet-

ed in two ways. One utilizes steam distillation in a Clev-

enger apparatus or similar set-up to facilitate terpene re-

moval. The other process utilizes CO
2
 as the extraction 

solvent, collecting the terpenes as an initial fraction with-

in the closed loop system. While both processes work ad-

equately, they each have drawbacks. Steam distillation re-

quires a signifi cant amount of heat under a long dwell time 

to achieve a full extraction. The length of time under heat 

can have an effect on product quality. It is also diffi cult 

to scale in comparison to CO
2
 and microwave-assisted ex-

traction techniques. While subcritical CO
2
 is an effi cient 
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way to remove terpenes from plant 

material, the technique lacks the abil-

ity to effi ciently process wet or fresh 

frozen material. This is because of 

the interaction between water and 

carbon dioxide forming carbonic acid 

(CO
2
 + H

2
OnH

2
CO

3
) (4), which can 

cause an acidic pH change in the fi nal 

product affecting the overall fl avor. 

The implementation of a commercial 

supercritical CO
2
 extraction system is 

also a large initial capital investment 

that requires an experienced opera-

tor to achieve optimal results. 

Microwave Theory

Microwave-assisted extraction solves 

these problems with the introduc-

tion of an affordable and effi cient sys-

tem that requires minimal experience 

to operate. Utilizing a set of magne-

trons, the system channels micro-

waves throughout the sample cavi-

ty and uses them as a form of energy 

to excite polar molecules. In the can-

nabis application, that polar mol-

ecule is water. As the microwaves 

pass through the sample matrix, eve-

ry change in the electric fi eld of the 

wavelength causes a dipole rotation 

of the water molecules. This rotation 

generates friction, causing a tremen-

dous amount of heat very rapidly (5). 

This heat eventually causes the wa-

ter to change from its liquid phase to 

steam. The increase in heat and pres-

sure caused from this steam releases 

the terpenes from the plant materi-

al (6). As the steam begins to exit the 

microwave cavity into the distillation 

Figure 2: GC–MS chromatogram for fresh frozen OGKB 2.0 terpenes. 

Figure 1: An Ethos X microwave system with a 5 L vessel and glass fragrance extraction 

kit manufactured by Milestone SRL.

Figure 3: Isolated terpenes from cured 

OGKB 2.0 fl ower. 
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head, it carries these newly released 

terpenes with it. The microwave pro-

cess is more effi cient than standard 

steam distillation because instead 

of using convection heat, the micro-

waves heat evenly throughout the 

sample matrix.

Experimental Design

The development work was done us-

ing an Ethos X microwave system with 

a 5 L vessel and glass fragrance ex-

traction kit manufactured by Mile-

stone SRL (Figure 1). The only addi-

tional materials needed are water 

and cannabis biomass. The process 

works on trim or fl ower, either freshly 

harvested or fresh frozen or in cured 

form. The fi rst portion of the work 

discussed is done using fresh frozen 

fl ower material, followed by applying 

the same process on cured fl ower ma-

terial. The strain used in this develop-

ment work is OGKB 2.0 and the strain 

choice was because of inventory con-

straints at the time of development. 

The intent was to compare the same 

strain in both fresh frozen form as 

well as fi nished shelf-grade material, 

and OGKB 2.0 was the only strain we 

had in both forms at the time. Fresh-

ly harvested material, without freez-

ing, is not an option because of Ne-

vada state regulations, as it must be 

frozen within 2 h of harvest and tested 

by a third party analytical laboratory 

before being transferred to a produc-

tion license. The microwave extrac-

tion method used was the same for 

both varieties of material and can be 

seen in Table I.

Process and Results

Since fresh frozen cannabis mate-

rial generally has a water content 

Table II: Potency and terpene profi le of fresh frozen OGKB 2.0 pre-extraction

Terpene Profile Cannabinoid Profile

Compound % Compound %

δ-Limonene 0.131 THCa 6.043

β-Myrcene 0.067 ∆9-THC 0.164

β-Caryophyllene 0.067 ∆8-THC 0.144

Linalool 0.065 THCV <LOQ

α-Humulene 0.03 CBDa <LOQ

β-Pinene 0.024 CBD <LOQ

α-Pinene 0.013 CBDVa <LOQ

α-Bisabolol <LOQ CBDV <LOQ

α-Terpinene <LOQ CBGa 0.22

Camphene <LOQ CBG <LOQ

Caryophyl-

lene Oxide 
<LOQ CBN 0.087

cis-Nerolidol <LOQ CBC <LOQ

cis-Ocimene <LOQ Total Potential THC 5.464

δ-3-Carene <LOQ Total Cannabinoids 6.658

Eucalyptol <LOQ

γ-Terpinene <LOQ

Guaiol <LOQ

Isopulegol <LOQ

p-Cymene <LOQ

Terpinolene <LOQ

Trans-Nerolidol <LOQ

Trans-Ocimene <LOQ

Total Terpenes 0.398

Figure 4: THC vape pen diluted with cannabis-derived terpenes isolated using micro-

wave assisted extraction. 

Table I: 5 L vessel extraction method

Time Wattage 

00:12:00 1200

00:38:00 800
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upwards of 70%, no additional wa-

ter needs to be added in the process. 

To begin, the frozen cannabis was 

removed from a -25 °C freezer and al-

lowed to stand at ambient tempera-

ture to thaw for 1  h. Once the plant 

material had warmed, it was dropped 

evenly into the material vessel. Pack-

ing the material with any type of pres-

sure is not recommended because 

it creates a less effi cient distillation. 

Once the vessel was fi lled, it was 

placed into the microwave cavity of 

the microwave system and the extrac-

tion process was started. 

Since the plant was tested as fro-

zen material after harvest, there is a 

reference point for potency and ter-

pene content that can be seen in Ta-

ble II. This test panel is done on an 

“as is” basis, so water content has not 

been factored out. This accounts for 

the potency and terpene content be-

ing at lower-than-average values. 

Once the run completed, terpenes 

were collected from the burette of 

the microwave system. Since they are 

not miscible with water, they sit as an 

oil layer above the water layer. Water 

contamination is unavoidable during 

collection. To help mitigate this prob-

lem, the water and terpene collection 

was placed in a griffi n beaker and al-

lowed to fully separate at room tem-

perature for 5 min. Once full separa-

tion was visually observed, the beaker 

was placed in a freezer for 1 h. During 

that time, the water freezes into a sol-

id layer of ice while the terpenes re-

main in liquid form above the frozen 

water. The terpene layer can then be 

decanted into a collection vessel for 

a pure terpene fraction. This water re-

moval can also be accomplished us-

ing a separatory funnel or by running 

the solution through a bed of sodium 

sulfate if state regulations allow.

In this batch of fresh frozen OGKB 

2.0, the total terpene yield by weight 

was 0.51%, compared to the analyti-

cal result of 0.39% total terpenes seen 

previously in Table II. These pure ter-

penes were then sent to a third par-

ty analytical laboratory for potency 

and terpene profi ling. The harvested 

terpenes tested as nondetectable for 

all cannabinoids. As seen in Table III, 

Table III: Isolated terpene profi le for OGKB 2.0 fresh frozen material 

Terpene Profile Cannabinoid Profile

Compound % Compound %

δ-Limonene 26.959 THCa <LOQ

β-Myrcene 12.829 ∆9-THC <LOQ

Linalool 6.029 ∆8-THC <LOQ

α-Humulene 4.927 THCV <LOQ

α-Pinene 2.576 CBDa <LOQ

Trans-Nerolidol 2.258 CBD <LOQ

β-Pinene 1.607 CBDVa <LOQ

cis-Nerolidol 1.182 CBDV <LOQ

Camphene 0.956 CBGa <LOQ

α-Bisabolol <LOQ CBG <LOQ

α-Terpinene <LOQ CBN <LOQ

β-Caryophyllene <LOQ CBC <LOQ

Caryophyllene Oxide <LOQ Total Potential THC <LOQ

Cis-Ocimene <LOQ Total Cannabinoids <LOQ

δ-3-Carene <LOQ

Eucalyptol <LOQ

γ-Terpinolene <LOQ

Guaiol <LOQ

Isopulegol <LOQ

p-Cymene <LOQ

Terpinolene <LOQ

Trans-Ocimene <LOQ

Total Terpenes 59.323

Figure 5: High terpene full spectrum extract. 

http://www.CannabisScienceTech.com


56 Feature

CANNABIS SCIENCE AND TECHNOLOGY | www.CannabisScienceTech.com VOL 2 • NO 4 • JULY/AUGUST 2019

the total terpene content was found 

to be 59.32% total by weight. There 

are two main reasons that this num-

ber does not get near the 100% puri-

ty levels expected in the sample. The 

fi rst is analytical variability found in all 

testing laboratories. However, that is 

a small factor when compared to the 

missing 40% we are looking for. The 

main issue is that most laboratories 

only have access to analytical stand-

ards containing the 23 major terpe-

nes found in cannabis (7). Since there 

are hundreds of terpenes found in the 

plants system, the industry is lack-

ing the analytical standards need-

ed to accurately quantitate the large 

array of compounds found in canna-

bis. As seen in the gas chromatog-

raphy–mass spectrometry (GC–MS) 

chromatogram in Figure 2, there are 

numerous peaks circled in red that 

do not have an associated analytical 

standard attached to them. Without 

these standards, the compounds can-

not be accurately quantifi ed and re-

ported. As the industry matures and 

develops, more standards will be cre-

ated and more compounds will be 

quantifi able. However, for now we are 

limited to accurately quantifying the 

standard mix of 23 terpenes, which 

puts some constraints on us as an 

industry. 

Once the terpene extraction was 

completed, a random sample of fl ow-

er was taken from the material vessel 

and sent out for third party analytical 

testing for both potency and terpene 

content. As seen in Table IV, only a 

small amount of terpenes were found 

on the plant material.  

The extraction process was then 

completed on cured OGKB 2.0 for a 

direct comparison between fresh fro-

zen and cured materials of the same 

strain. The only change between 

fresh frozen and cured material is 

that cured material requires a hydra-

tion step to reintroduce water into 

the plant material before processing. 

This step is heavily dependent on the 

moisture content of the plant prior to 

rehydration; however, the best results 

have been seen starting with 2  g of 

water to every 1 g of plant material. If 

the product becomes over-hydrated, 

the microwave may have issues reach-

ing optimal distillation temperatures 

during the run. However, water con-

tent can be removed and optimized 

while the instrument is running by al-

lowing water to periodically drain 

from the burette. If the material is not 

hydrated enough, it can burn and re-

lease some very unpleasant com-

pounds into the terpenes during dis-

tillation, ruining the end product.

The terpene yield by weight seen 

on cured OGKB 2.0 plant material was 

1.59%, again beating the tested analyt-

ical value of 1.46% seen on the cured 

fl ower. The isolated terpenes were 

then sent out to a third party analyti-

cal laboratory for terpene and poten-

cy profi ling. The results were similar to 

the fresh frozen sample sent out, yield-

ing nondetect on cannabinoid levels 

and a total terpene content of 68.35%. 

This material produced clear terpe-

nes that can be seen in Figure 3, as 

most material does; however, varying 

shades of yellows and oranges have 

been seen in our laboratory through-

out different varieties of cannabis. 

What About the Cannabinoids?

While valuable, terpenes are only part 

of the equation in the economics of 

cannabis. The plant also has a value in 

the cannabinoids it produces. These 

Table IV: Random sample of fresh frozen fl ower tested post-microwave extraction

Terpene Profile

Compound % LOQ%

α-Humulene 0.013 0.012

δ-Limonene 0.012 0.012

Trans-Nerolidol 0.006 0.004

β-Myrcene <LOQ 0.012

α-Pinene <LOQ 0.012

Linalool <LOQ 0.012

β-Pinene <LOQ 0.012

cis-Nerolidol <LOQ 0.008

Camphene <LOQ 0.012

α-Bisabolol <LOQ 0.012

α-Terpinene <LOQ 0.012

β-Caryophyllene <LOQ 0.012

Caryophyllene Oxide <LOQ 0.012

Cis-Ocimene <LOQ 0.008

δ-3-Carene <LOQ 0.012

Eucalyptol <LOQ 0.012

γ-Terpinolene <LOQ 0.012

Guaiol <LOQ 0.012

Isopulegol <LOQ 0.012

p-Cymene <LOQ 0.012

Terpinolene <LOQ 0.012

Trans-Ocimene <LOQ 0.004

Total Terpenes 0.032
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molecules are still intact in the plant 

material after having the terpenes ex-

tracted. As seen in Table V, the total 

potential tetrahydrocannabinol (THC) 

in the post extraction fresh frozen 

plant material closely matches the val-

ues pre-extraction. Both of the sam-

ples tested were chosen at random. 

One considerable difference is that 

tetrahydrocannabinolic acid (THCA) is 

almost fully decarboxylated post-mi-

crowave assisted extraction. The plant 

material is varying shades of brown, a 

product of the Maillard reaction, and 

has an extremely high moisture con-

tent. We fi rst attempted to simply 

freeze the material immediately after 

it was removed from the microwave 

then extract it using butane, similar to 

the production of live resin. However, 

the yields were found to be well be-

low expected values. It was thought 

that the excess moisture in conjunc-

tion with freezing the material was a 

factor in the yield loss, so a forced air 

oven was then used to completely dry 

the microwaved material prior to sol-

vent extraction. This change in pro-

cess provided the mathematical yields 

expected after solvent extraction. A 

sample of the resulting crude oil was 

sent out for potency testing, further 

purifi ed into THC distillate, and then 

sent out for potency testing again. 

The results can be seen in Table VI. 

This process was done to ensure that 

there were no unexpected side effects 

in THC production on post-microwave 

assisted extraction, such as isomeriza-

tion or potency degradation. No neg-

ative side effects were seen through-

out processing.

We Have Terpenes, What Now?

The terpenes isolated can be used in nu-

merous applications. They have a place 

in aromatherapy and topicals, but our 

facility uses them almost exclusively in 

the production of vape carts. We have 

found that by using cannabis-derived 

terpenes as the diluting agent for high 

potency distillate we have been able to 

produce a vape cartridge completely 

derived from cannabis that provides an 

unparalleled fl avor profi le, an example 

of which can be seen in Figure 4. These 

terpenes can also be added in higher 

amounts to other concentrate products

Table V: Potency comparison pre- versus post-microwave assisted extraction

Cannabinoid Profile

Pre-Microwave Extraction Post-Microwave Extraction

Compound % Compound %

THCa 6.043 THCa 0.954

∆9-THC 0.164 ∆9-THC 3.905

∆8-THC 0.144 ∆8-THC <LOQ

THCV <LOQ THCV <LOQ

CBDa <LOQ CBDa <LOQ

CBD <LOQ CBD <LOQ

CBDVa <LOQ CBDVa <LOQ

CBDV <LOQ CBDV <LOQ

CBGa 0.22 CBGa 0.157

CBG <LOQ CBG 0.195

CBN 0.087 CBN <LOQ

CBC <LOQ CBC <LOQ

Total Potential THC 5.464 Total Potential THC 4.742

Total Cannabinoids 6.658 Total Canabinoids 5.211

Table VI: Comparison between the potency of hydrocarbon extraction of microwaved 

material further processed into THC distillate

Cannabinoid Profile

Hydrocarbon Oil Distillate

Compound % Compound %

THCa 15.132 THCa <LOQ

∆9-THC 57.447 ∆9-THC 87.785

∆8-THC <LOQ ∆8-THC <LOQ

THCV 0.508 THCV 0.511

CBDa <LOQ CBDa <LOQ

CBD <LOQ CBD <LOQ

CBDVa <LOQ CBDVa <LOQ

CBDV <LOQ CBDV <LOQ

CBGa 1.126 CBGa <LOQ

CBG 1.677 CBG 3.306

CBN 0.41 CBN 0.615

CBC 0.891 CBC 0.654

Total Potential THC 70.718 Total Potential THC 87.785

Total Cannabinoids 77.193 Total Cannabinoids 92.87

(Continued on page 76)
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(Continued from page 57)

which include the appropriate posi-

tive and negative controls.
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(such as shatter or live resin) to produce 

what is known to the industry as a high 

terpene full spectrum extract (HTFSE, 

Figure 5). This type of extract sacrifi ces 

some cannabinoid potency to achieve 

an extremely high terpene profi le, cre-

ating a unique effect and fl avor. 

Conclusion

Cannabis extraction methods are nu-

merous and ever evolving, with innova-

tions in equipment and technique al-

most daily. One of those innovations is 

microwave-assisted extraction. I hope 

that this article helped shed light on this 

technique and the possibilities it pro-

vides in terpene isolation within the can-

nabis industry. With new states coming 

online and opportunities to further re-

search the properties and effects of the 

cannabis plant continue to open up, the 

need to effi ciently isolate these com-

pounds is only going to increase.
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