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to come. In “Tech Innovations,” David Hodes addresses new 
methods of cannabis oil production, how growers are enhancing 
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Chromatography Theory, Part III: 
Calculating Elution Times and Capacity Factors
By Brian C. Smith

Following up on our discussion of quantitating the sep-
aration of mixtures from the last column, here we will 
discuss further how to calculate the expected retention 
time of an analyte, and then define what are called ca-

pacity factors. The capacity factor is a way of normalizing re-
tention times so we can compare chromatograms that are 
measured, for example, at different flow rates.

How to Calculate Elution Times
Recall that in the last column (1), we derived an equation that 
allows us to calculate the elution time for an analyte, as seen 
in Equation 1:

te = t0/(1-Fs)      [1]

where te is the retention time, t0 is the void time in minutes, 
and Fs is the fraction of time spent adsorbed on the 
stationary phase.

Note that the quantity (1-Fs) is in the denominator. So as 
Fs goes up, that is, the higher the fraction of time an analyte 
spends adsorbed and immobile on the stationary phase, (1-Fs) 
goes down and hence te goes up. If you imagine our different 
types of analyte molecules are in a horse race as in the last col-
umn (1), Equation 1 says, for example, that a horse that spends 
more time standing around grazing, as horses are wont to do, 
and not moving will get to the finish line later than a horse that 
spends all its time running.

Equation 1 is, in my opinion, the most important equation 
in chromatography because it relates the quantity we care 

about as measured by a chromatograph, the elution time of an 
analyte, to a property of the analyte —the fraction of time it 
spends on the stationary phase. We will be seeing Equation 1 
a lot going forward because it will provide us with the theo-
retical foundation for understanding how different chroma-
tography separation methods work. As I have mentioned (1), 
and will probably mention again, the tricky part in achieving 
a separation is getting Fs to be different for all the analytes in 
a mixture you wish to separate.

Figure 1 shows a chromatogram from last time (1). We as-
sumed the sample was tetrahydrocannabinol (THC) dissolved 
in ethanol, and that the ethanol molecules had no affinity for 
the stationary phase, did not adsorb, and hence had a Fs value 
of 0. We also established last time (1) that the t0 for ethanol is 2 
min. The elution time of ethanol then using Equation 1 is:

te = t0/(1 - 0)      [2]

te = t0      [3]

te = 2 min      [4]

which shows that for unadsorbed molecules the elution time 
is the void time, which here is 2 min.

Now Equations 2-4 were an easy calculation because we 
were not dealing with an analyte. Last column we assumed (1) 
that our THC molecule spent ½ of its time on the stationary 
phase, or in other words its Fs is 0.5. How then would we calcu-
late the retention time of this analyte?

Using Equation 1 as such:

In our ongoing quest to understand how to optimize methods for chromatographic separations, we will see how 
to calculate retention times and introduce the concept of the capacity factor. The capacity factor normalizes 
retention time so that these quantities can be compared to each other even if separations are performed under 
different conditions. The capacity factor will help us predict how well analytes will be separated from each other, 
and we will find that this depends upon an important concept from the last column, the fraction of time the analyte 
spends on the stationary phase, Fs.
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te = t0/(1 – 0.5)      [5]

te = 2t0      [6]

te = 4 min     [7]

The reason THC has an elution time of 4 min in Figure 1 is 
that 2 x 2 min = 4 min. Note that the elution time for THC is 
twice that of ethanol because it spent half its time stationary 
whereas the ethanol spent no time stationary.

The beauty of Equation 1 is that it allows us to calculate the 
retention time of an analyte as long as we know Fs. The prac-
tical problem here is that we rarely know Fs exactly because it 
depends upon several factors including the chemical natures 
of the analyte, mobile phase, and stationary phase. Thus, our 
lack of knowledge of the exact value of Fs means we must ex-
periment with chromatographic conditions to optimize sep-
arations. However, Equation 1 is still true and can help guide 
our experiments. Given knowledge of the chemical structures 
of the analytes to be separated, one can deduce based on 
Equation 1 what types of experiments to perform to obtain 

different values of Fs for the analytes and hence achieve a sep-
aration. More on that in future columns.

Figure 1: An example of a chromatographic separation. The first 
peak, which we assumed was from unadsorbed ethanol molecules, 
eluted at the void time of 2 min or t0 because its Fs value was 0. The 
second peak from THC eluted at 4 min or 2t0 because its Fs value 
was 0.5.
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The Capacity Factor: k
As with all things chromatography, I refer you to publications 
(2,3) and references therein for a more detailed discussion of 
what is presented here.

So far, we have only considered a single chromatogram 
measured under controlled conditions. A problem with chro-
matography is that variations in the experimental variables af-
fect retention time. For example, when we first discussed Fig-
ure 1 (1), we stated that the flow rate was 1 mL/min which gave 
t0 = 2 min. Now, if we slow down the flow rate for this separa-
tion to 0.5 mL/min, an unadsorbed analyte molecule will take 
twice as long to elute as before and give a t0 of 4 min. Note that 
in the calculation for the retention time of THC in Equations 
5-7 they all depend on t0. Specifically, Equation 6 says that 
the retention time for THC equals 2t0. By slowing down our 
flow rate to 0.5 mL/min and increasing t0 to 4 min the elution 
time for THC is now 8 min, compared to 4 min at a flow rate 
of 1 mL/min. These results mean that separations performed 
at different flow rates have different retention times, which 

ultimately means retention times in chromatograms run at dif-
ferent flow rates cannot be compared to each other.

A practical problem with chromatography, particularly 
with the pumps used in liquid chromatography, is that a given 
pump may not give the same exact flow rate over time. Worse 
yet, pumps on different instruments set to the same flow rate 
may give measurably different flow rates. This means that 
elution times for the same sample can vary from instrument 
to instrument, which is a real problem when comparing data 
across instruments and developing methods.

Fortunately, there is a solution to this problem. We calculate 
for each peak in a chromatogram what is called its capacity fac-
tor, k. The capacity factor gives us a way of normalizing reten-
tion times so we can compare them across separations on dif-
ferent chromatographs. For example, capacity factors allow us 
to compare retention times when separations are performed at 
differing flow rates. The equation for calculating a capacity fac-
tor for a given chromatographic peak is seen in Equation 8:

k = (te – t0)/t0     [8]

where k is the capacity factor, te is the elution time, and t0 is 
the void time.

Let’s calculate the capacity factors for the two peaks in 
Figure 1. For ethanol te = t0, which means (te – t0) = 0 hence k 
= 0. This shows that for all void time peaks the capacity fac-
tor is 0. From Figure 1 te for THC is 4 min and t0 is 2 min, 
hence its capacity factor is:

k = (4 -2)/2     [9]

k = 1     [10]

Figure 2 shows the chromatogram from Figure 1 with its 
peaks labeled with their capacity factors.

We said above that if we slowed our flow rate down to 
0.5 mL/min t0 for our separation becomes 4 min and the te 
for THC becomes 8 min. We have established that the capaci-
ty factor for all peaks at t0 is 0. What is the capacity factor for 
THC at this new flow rate?

k = (8 – 4)/4     [11]

k = 1      [12]

Note that despite the change in flow rate the capacity factor 
for THC is still 1 as seen in both Equations 10 and 12. The 
reason for this is that in equation 8 the numerator is in units 
of time, the denominator is in units of time, and when we 
calculate k the two units cancel, meaning the capacity factor is 
a unitless quantity that does not depend upon flow rate. This 

Figure 2: The chromatogram from Figure 1 with the peaks labeled 
with their capacity factors. Ethanol, which had te = t0 has a capacity 
factor of 0, while THC has a capacity factor of 1.
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means that by using chromatograms labeled with their capacity 
factors we can compare retention times to each other even if 
they are measured at different flow rates.

Figure 3 shows a chromatogram with a void volume peak and 
two analyte peaks. In this chromatogram t0 is 2 min and the ana-
lyte elution time for peak A is 4 min and the elution time for peak 
B is 8 min. What are the capacity factors for the peaks in this 
separation? Well, the first two peaks are the same as in Figure 1, 
so their capacity factors are still 0 and 1, respectively. The capac-
ity factor for peak B, kb, is calculated as follows:

K = (8 – 2)/2     [13]

kb = 3

Peaks A and B are said to be baseline separated because there is no 
overlap between them and there is a flat baseline between them. 
Note that they also have quite different capacity factors, which 
indicates that the relative capacity factors of two peaks might be a 
measure of the quality of a separation. More on that next time.

Conclusions
We presented the equation from last time for how to calculate 
elution time, emphasizing the importance of the fraction of time, 
Fs, an analyte spends adsorbed and immobile on the stationary 
phase. We then calculated some elution times based on assumed 
values of Fs. We found that elution times for the same separation 
measured at different flow rates are different, and that the capac-
ity factor, k, is a flow rate independent quantity that normalizes 
retention time and allows us to compare retention times mea-
sured under different conditions. Finally, we saw that for baseline 
separated peaks their capacity factors are different.
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extraction science

Cannabis is known for its distinct aroma. This aroma is due to the terpene profile during the flowering stage of the 
growth cycle. The aroma is more complex and amplified after the product has been dried and cured. The terpene 
profile of the plant is vastly different when it is freshly harvested as opposed to dried and cured. Manufacturers 
of cannabis concentrate and vape products have brought a new terpene profile to market by extracting cannabis 
that has been freshly harvested and frozen. In this article, we explore the difference in chemical profile between 
fresh and dry cannabis flower and why manufacturers may choose to extract frozen or dry cannabis.

The Transformation of Cannabis 
Terpenes from Harvest to Shelf
By Lo Friesen

Terpenes and terpenoids are ar-
omatic compounds in the es-
sential oils of plants, including 
cannabis. While many canna-

bis plants have a characteristic aroma, 
there is a wide array of cannabis phe-
notypes that produce a complex vari-
ety of terpene profiles. These unique 
aromatic profiles produce cannabis 
that smells like skunks, pineapples, 
blueberries, and many other familiar 
things. The cannabis plant can produce 
hundreds of terpenes based on genet-
ics and environmental factors.

Cannabis plants produce glandular 
trichomes, which are bulbous plant ap-
pendages. Trichomes are found in only 
30% of all plants. Terpenes and terpe-
noids are produced in the glandular 
trichomes of the cannabis plant. These 
glandular trichomes produce and 
house many metabolites of the canna-
bis plant, which include cannabinoids, 
terpenoids, and flavonoids. Three 
types of trichomes have been identified 
on the cannabis plant: sessile, bulbous, 
and stalked (Figure 1). 

These three trichomes have different 
structural characteristics. However, 

they are also located in different parts 
of the plant and house different com-
pounds. Stalked trichomes have a large 
head and house high concentrations 
of cannabinoids and monoterpenes. 
They are mainly found on the flowers 
of the female plants. Sessile trichomes 
are glandular with a short stalk and are 
mainly found on the outer leaves of the 
flower, known as sugar leaves, and pro-
duce both cannabinoids and sesquit-
erpenes. However, sessile trichomes 
produce much lower concentrations 
of cannabinoids and much higher con-
centrations of sesquiterpenes. Bulbous 
trichomes are the smallest of the three 
trichomes. They are more often locat-
ed on the stalk and stems of the plant, 
help the plant maintain moisture, and 
protect the plant from the sun. When 
cannabis is harvested, the flowers are 
selected to obtain the highest concen-
trations of cannabinoids and terpenes.

The terpene profile of any given can-
nabis plant is dependent on many vari-
ables including genetics, environment, 
and grow method. However, when 
the plant has been freshly harvest-
ed the concentration of monoterpenes 

is higher than after a drying and cur-
ing process (2,3). The most common 
monoterpenes found in cannabis are 
beta-myrcene, limonene, alpha-pinene, 
linalool, and terpinolene. The most 
common sesquiterpenes found in can-
nabis are caryophyllene and humu-
lene. The stalked trichomes exist in 
much higher concentrations than ses-
sile trichomes, which leads to the con-
clusion that in cannabis there will be 
higher concentrations of monoterpe-
nes. Terpenes and terpenoids are val-
uable components of the cannabis 
chemical profile. They not only give 
the plant its aroma, but also affect the 
physiological effects of cannabis.

Historically, the main method of 
consumption for cannabis flower has 
been smoking. The flower is dried and 
cured prior to consumption to lower 
the water content of the plant, increase 
the concentration of the desired com-
pounds, and make it possible to smoke. 
In this drying process, depending on 
the storage conditions, the terpene 
profile will change. When done prop-
erly, the drying process will increase 
the total concentration of terpenes and 
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develop a richer profile. When done 
improperly, all terpenes can be lost, 
and cannabinoids can degrade (2). 

The curing process involves drying 
the product in a controlled environ-
ment and cycling oxygen in the curing 
environment. During this curing pro-
cess, the concentration and composi-
tion of terpenes can change as a result 
of several factors, including:

1. Evaporation: As the flow-
er dries, some terpenes may 
evaporate and dissipate, lead-
ing to a reduction in their 
overall concentration.

2. Decomposition: Over time, 
some terpenes may undergo 
chemical reactions or degra-
dation, altering their molecular 
structure, and affecting their 
aroma and flavor.

3. Conversion: Some terpenes 
can be converted into oth-
er compounds through natural 
processes such as oxidation or 
enzymatic reactions.

4. Development: As the flow-
er continues to age, new ter-
penes may be produced or ex-
isting terpenes may increase 
in concentration, leading to 

changes in the overall terpene 
profile.

The composition of terpenes in the 
cured flower will be vastly different 
from that of the fresh flower.

Cannabis flower has become a com-
modity in most mature adult-use mar-
kets. This is because of an excess in 
production of cannabis biomass. With 
this much biomass available, extrac-
tion operators and cultivators are look-
ing for ways to preserve and store large 
quantities of biomass as well as con-
vert it into a wider variety of products 
that are stable.

Most extracts have come from cured 
cannabis biomass; however, a shift has 
occurred. Many extractors, especial-
ly those using hydrocarbon solvents or 
solventless processes, have begun using 
freshly harvested cannabis in extrac-
tions. As a result, these extracts offer 
a completely different terpene profile 
from extracts produced with cured bio-
mass. The cannabinoid profile of freshly 
harvested biomass will also be different 
from that of cured cannabis. Enzymes 
in the cannabis plant continue to con-
vert cannabinoids and terpenoids in the 
plant, even after harvest.

This category of extracts has been 
named “live resin” and has taken the 

market by storm. To preserve the 
freshly harvested cannabis, the prod-
uct must be frozen, or the product is 
at risk of developing mold. Instead of 
dedicating time and space to the dry-
ing and curing process, cultivation 
and extraction companies can simply 
freeze the biomass. This has created a 
streamlined storage process for large 
quantities of biomass. The downside is 
that freezers are not an efficient use of 
space and do require constant electric-
ity. Alternatively, some companies are 
utilizing freeze drying technology to 
dry the cannabis while mitigating  
terpene loss.

Based on the growth of this seg-
ment of the market, it is clear that con-
sumers are finding live resin to be 
unique and enjoyable. The main differ-
ence is the terpene profile, as live res-
in products will have more monoter-
penes than extracts produced from 
cured cannabis. In the midst of the ex-
ponential growth of this product seg-
ment, cannabis companies have taken 
advantage of the lack of standardized 
taxonomy in the industry (4). In an ef-
fort to create a foundational standard 
for manufacturing terms in cannabis, 
the National Cannabis Industry Asso-
ciation (NCIA) produced a Glossary 
of Commercial Manufacturing Terms 
(5). In this glossary, the definition is 
(5): “Live Resin (n.): A cannabis extract 
product produced from plant material 
that was harvested and stored such as 
to preserve the chemical profile of the 
living plant, typically by freezing or 
freeze drying the material shortly  
after harvesting.”

There are countless companies using 
the term “live resin” on products that 
are not produced from fresh frozen 
cannabis. Many products labeled “live 
resin” are simply distillate infused 
with cannabis derived terpenes from 
fresh or cured plant material, leav-
ing out the entire cannabinoid profile 

Figure 1: Trichome structures identified in cannabis plants (1). Image credit 
from reference 1.
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of the freshly harvested biomass. This 
exposes a serious flaw in the cannabis 
industry as consumers can purchase 
products that are perceived to be one 
thing but are not. It will be interest-
ing to watch this segment and uncov-
er why consumers are truly drawn to 
these products.
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How to maximize cannabis actives in a variety of delivery 
forms utilizing lipid delivery systems.  

CST: What advice would you give to a formulator who needs to maximize the cannabinoid 

concentration in their formula?

HIRSCHEL: I would recommend lipid delivery systems because they’re known formulations that 
support cannabis delivery. There are a few questions to ask: Does a lipid delivery system work in 
your delivery form? Are you formulating with a softgel, a gummy, a beverage, etc.? Although lipid 
delivery systems work well with cannabis and in a variety of delivery forms, they do not work with 
every delivery form. Assuming that lipid delivery systems are acceptable, ABITEC has functional 
lipids that can help maximize solubility and support self-emulsifying delivery systems. We’ve 
created some bench-top formulations with ABITEC lipids that we’ve analyzed and maximized the 
solubility of different cannabinoids. We were able to share with the customer the data that shows 
improved solubility!

CST: What are the most important benefits of formulating with lipid delivery systems?

HIRSCHEL: There are key benefits both for the formulator and the consumer. For the formulator, 
lipid delivery systems improve ingredient performance. ABITEC lipids can protect the cannabis 
actives and support stability within that delivery system as well as increase solubility. They can also 
enhance the functionality of emulsification and absorption within that delivery system. They can 
also support what we call ease of manufacturing. In some of the bench-top formulations, we were 
able to make low-energy emulsions, which easily translated for manufacturing because they don’t 
require additional machinery for homogenization or high-shear mixing. 

For consumers, formulating with lipid delivery systems increases the stability of the product long 
term. It can also improve the taste. In all delivery systems—such as gummies, beverages, and 
different types of edibles—taste is critical. We need the ingredients to perform or function in the 
product, but we also want them to taste good. We are also able to offer label-friendly ingredients 
that work within these kinds of parameters. 

CST: How do lipid delivery systems enhance absorption and bioavailability?

HIRSCHEL: Lipid delivery systems, specifically ABITEC’s SENDS, are formulated to create highly 
dispersed micellar systems—really, really small dispersions in which the solution of the nutritional 
active can actually reach the molecular level. This then improves the overall solubility of the 
formulation not only in the digestive system, but it can lead to greater absorption of those actives 
and better bioavailability when absorbed in the body.

Maximize Cannabis Concentrations 
with Lipid Delivery Systems

Alice Hirschel, Ph.D.
Technical Business Director
Nutritional Health
ABITEC Corp.

CST: Which applications/delivery forms are more difficult to 

incorporate lipid delivery systems?

HIRSCHEL: Lipid delivery systems are the most challenging in powder 
formulations. It can be accomplished, but it does require additional 
manufacturing capabilities, so it eliminates that ease of manufacturing I 
mentioned earlier.

CST: What formulation advice would you give to someone 

formulating a beverage, a gummy or other edible, a softgel, or 

topical? 

HIRSCHEL: When you’re formulating with a lipid delivery system, you 
have to determine what form it’s taking. For beverages, for example, 
we need to determine whether that beverage needs to be clear, or is an 
opaque beverage acceptable? What concentration would be required 
within that delivery form to get the health benefits you want? And then 
what labeling requirements are needed—does it have to be plant-
based, label-friendly, organic, etc.? For some delivery forms—beverages, 
gummies, edibles, things where taste is critical—you want to maximize the 
cannabis concentration in the smallest dose possible. This leads to that 
first question: Was there an improvement or an increase in solubility that 
would then lead to a smaller dose inclusion in a product? Again, this can 
maximize taste and reduce the cost of the product because you’re able 
to use less of the active. We can provide those options, and we’re able to 
create emulsions at low energy for improved benefits—from solubility and 
emulsification to absorption and bioavailability. 

One thing we were also able to determine when we did bench-top 
formulations was when we make a pre-concentrate, it can be utilized 
across every delivery form; it could be used in a gummy, a beverage, 
or a topical. Our lipids are regulated for food consumption and topical 
applications, so they provide a versatile formulation for different delivery 
forms that maximize taste, improve solubility, etc.

ABITEC provides ingredients that may support products for a healthy lifestyle across many different markets by offering both nutritional and functional 
ingredients. We know each person's lifestyle and nutritional needs are unique thereby warranting different benefits and functionality. Our ingredients can be 
used in an array of nutritional markets, from sports nutrition and weight management all the way to animal nutrition.

https://www.abiteccorp.com/en/
https://www.cannabissciencetech.com/
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 A look at what epigenetics means, how other plant industries have used or studied them, and how that can be 
applied to cannabis to improve yields, plant genetics, and solve plant illness.

Epigenetics: Decoding the Effects of 
Environmental Factors in Cannabis Cultivation
By: Hannia Mendoza and Zacariah L. Hildenbrand

Cannabis, much like any other 
plant, is susceptible to chang-
es incurred by the surround-
ing environment. When it comes 

to cultivation, the peripheral environ-
ment is unquestionably critical, with 
factors such as soil, water, nutrients, 
and lighting quality and quantity, col-
lectively having a profound impact on 
the terminal yield and phytochemi-
cal profile (cannabinoids, terpenes, 
and flavonoids) of a resulting crop. Ad-
ditionally, the sensitivity of individu-
al cultivars to unpredictable environ-
ment stressors (for example, pests and 
microbes) can also alter their phyto-
chemical expression in ways that we 
don’t fully understand yet. As such, 
there is a tremendous impetus for the 
cannabis industry to continue study-
ing the interplay between phytochem-
ical content and environmental fac-
tors, which will undoubtedly require us 
to wade into the relatively unchartered 
waters of cannabis epigenetics.

In the realm of biochemical re-
search, epigenetics is an aspect of gene 
regulation that has garnered consid-
erable interest over the past decade. 
In essence, epigenetics is the study 
of how environmental factors can al-
ter genetic material, thus influencing 
the expression of genetic traits. Con-
trary to genetic mutations, whereby 

individual changes are made in the nu-
cleotide sequences of deoxyribonucleic 
acid (DNA), epigenomic modifications 
do not directly affect these building 
blocks, and therefore do not result in 
permanent changes to an organism’s 
genetic code. Epigenetic modifica-
tions occur through DNA methyla-
tion, a process involving the transfer of 
a methyl group (CH3-) onto DNA nu-
cleotides, which can also be mediated 
(methyl groups removed) by enzymes 
called DNA demethylases. Collectively, 
these epigenetic modifications affect 
how DNA strands interact with his-
tone proteins that are involved in DNA 
storage and regulation, thus ultimately 
serving as molecular ON/OFF switches 
modulating gene expression. 

Arguably the most interesting aspect 
of epigenetic modifications to one’s ge-
netic code is the discovery that these 
changes can be passed down to subse-
quent generations. For example, recent 
studies have now shown that smoking 
tobacco can have a distinguishable ef-
fect on the individual who is smoking 
(nothing new there), in addition to al-
tering gene expression in their gametes 
(sperm or egg cells), and gene expres-
sion in the gametes of their offspring. 
This is to say that the genotype/phe-
notype of a grandchild can be heav-
ily influenced by the environmental 

conditions experienced by their par-
ents and even grandparents. 

Epigenetic Studies 
in Other Plants
The study of epigenetics likely hasn’t 
started or hit its full stride in the 
cannabis industry; primarily due to the 
federal regulations on cannabis-related 
research. However, we can learn from 
the seminal work that has been done 
in other plants. For example, there 
is growing evidence that epigenetic 
regulators play critical roles in fruit 
development and ripening in flower-
ing plants, and that these molecular 
actuators might work together with 
hormones and transcription factors. 
One example of this is in the way that 
climacteric fruits (such as tomatoes 
and bananas) ripen through respiration 
and ethylene production. Epigenetic 
modifications have been found to 
play a role in this process. A distinct 
example of this is the tomato variant 
Colorless Non-Ripe (CNR), which 
exhibits an inhibition of fruit softening 
and the absence of carotenoid and fla-
vor compound accumulation. Studies 
have shown that the CNR variant arises 
from the hypermethylation of a 286 bp 
region that is located 2.4 kb upstream 
of a SQUAMOSA promoter binding 
protein-like transcription factor  



19

epigenetics / cultivation classroom

cannabissciencetech.com march 2023   |  cannabis science and technology®

(SBP box/SPL). In result, this leads to a 
spontaneous mutation known as CNR. 
The CNR mutant is characterized by 
a non-ripening phenotype where the 
fruits turn white and then yellow but 
remain firm during the ripening period. 
This study supports the notion that 
natural methylation polymorphisms 
can influence the fruit phenotype of 
tomato plants under specified environ-
mental conditions, demonstrating the 
importance of epigenetic variation in 
tomato plants (1).

As it turns out, the ripening of orange 
fruits is also attributable to hypermeth-
ylation. This involved the active expres-
sion of several hundreds of genes in-
cluding genes involved in abscisic acid, 
a prominent plant hormone responsible 
for a myriad of physiological process-
es (2). These findings demonstrate that 

epigenetic modifications play an inte-
gral role in orange fruit ripening during 
early stages of plant development.

Additionally, natural variation in vi-
tamin E concentrations found in to-
mato fruits has also been associat-
ed with changes in DNA methylation 
at the promoter of the enzyme 2-me-
thyl-6-phytylquinol methyltrans-
ferase (1). As such, it is clear that epi-
genetic processes play critical roles in 
a number of physiological, metabolic, 
and molecular changes in fruit-bear-
ing plants, the extent of which remains 
to be determined. However, it is plau-
sible that the interplay between DNA 
methylation and demethylation has a 
discernible role in the relative expres-
sion of pigmentation, soluble sugars, 
and aromatic volatile compounds. It is 
technical findings such as these that 

could yield “fruitful” results in the 
cannabis industry. 

Applications in the  
Cannabis Industry
In cannabis (Groups I, II, and III), 
understanding the genetics and what 
phytochemical contents are influenced 
by the environment is crucial to the 
expression of various phenotypes in a 
genetic cultivar. As such, the use of epi-
genetic analyses in the cannabis indus-
try could help us differentiate chemical 
characteristics that are predominantly 
genetic-based from those that may be 
attributable to the cultivation environ-
ment. Ultimately, this would allow us 
to “dial in” the cultivation variables 
for a certain genetic so that it yields a 
precise phytochemical profile for the 
treatment of specific ailments.
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While the production of phytochem-
ical content and yields in cannabis de-
pends on a number of environmen-
tal factors (soil, water, nutrients, and so 
forth) lighting is unequivocally the most 
influential variable. During photosynthe-
sis, light can provide energy to the plant, 
but also act as a sensory signal that af-
fects growth and development, phys-
iological functions, and biochemical 
pathways. Various studies have begun 
exploiting the spectral flexibility of light 
emitting diodes (LEDs) to examine the 
effect of different spectral combinations 
on cannabis production and phytochem-
ical diversity under in controlled envi-
ronment agriculture (3-4).  

With that being said, experiment-
ing with different lighting spectra and 
intensities seems like the most fertile 
ground for epigenetic studies in the 
cannabis industry to better understand 
the interplay between horticultur-
al lighting and cannabinoid, terpene, 
and flavonoid expression, particularly 
for any downstream clones or offspring 
(seeds) (see Figure 1).

For example, we may discover that 
how you treat your seeds and moth-
er plants can have a noticeable effect 
on multiple subsequent generations. 
Hypothetically speaking, if you “pop” 
seeds under a T4 bulb and then switch 
them over to a full-spectrum LED to 
be “mothered” for clones, it is possi-
ble that the lack of full spectrum pho-
tons (400–700 nm) from the T4 could 
have downstream implications for the 
subsequent clones or even any pol-
len or seeds that those clones may pro-
duce. We already know that cannabis 
can experience “spectral shock” if the 
spectral changes between two points 
in the cultivation cycle are too drastic. 
This is primarily an issue going from 
the sparce spectrum of a T4 bulb in 
cloning to a full spectrum light in veg. 
You’ll notice that for the first 7-10 days 
of this switch, the plants will appear as 
though they are struggling to thrive, 
or potentially “burning up” complete-
ly. As such, it seems completely plau-
sible that if these effects are noticea-
ble in the current generation then this 

change in environmental stimuli could 
have significant downstream implica-
tions. While this phenomenon is poor-
ly understood, propagating clones 
from tissue culture may be one way 
to address the accumulation of poor 
treatment or “epigenetic baggage.”  

Conclusions
Across the past decade there has been 
an explosion of new knowledge with 
respect to how to improve cannabis 
production. This is largely the result of 
new research designed to further eluci-
date the interplay between phytochem-
ical expression and the quality of the 
surrounding environment. However, 
how do environmental factors, such as 
lighting, affect the chemical composi-
tion of downstream products? It is still 
unclear how epigenetic inheritance 
works in cannabis and how epigenetics 
contributes to the phenomenon of 
nature versus nurture. Although this re-
search is still in its infancy, it has been 
established that DNA methylation/
demethylation is another layer through 

Figure 1: It has been established that cannabis requires a full spectrum of photosynthetic photons to yield its most efficacious 
state. The manipulation of light spectra and intensity have a putative effect on the expression of various phytochemicals; 
however, what remains to be determined are the effects that light manipulation, and the alteration of other important variable 
in the cultivation environment, can have on downstream clones and seeds. Let the epigenetic studies commence. Image Credit:  
Andrew Grosella, genetics by Liberty Genetics, lighting by Curtis Mathes Grow Lights.
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which the genome’s language is inter-
preted and, ultimately, demonstrated 
in an organism’s phenotype. As such, it 
is going to be extremely exciting to see 
how all of this unfolds in the cannabis 
industry for years to come. The hope is 
that a better understanding of the can-
nabis epigenome will provide cultiva-
tion experts with another opportunity 
to produce highly efficacious products 
that can be tailor-made for the effective 
treatment of specific ailments.
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As the recreational cannabis market matures, and the medical market relies on precise dosage, there are 
some surprising new ideas in processing and sustainabilit y being explored. This installment will  discuss new 
methods of cannabis oil production, and manufacturers' reaction to the rise of the demand for cannabis 
artisan extracted products. We’ll  also take a look at how new gene technologies are allowing growers to 
enhance the THC content in their plants even to the point of a specif ic THC target level. Finally, we’ll  talk 
about safet y as an ongoing issue in cannabis manufacturing.

Targeting Consistent THC 
Levels in Sustainable 
Manufacturing and Processing 
By David Hodes

When the cannabis indus-
try first began selling rec-
reational adult products in 
Denver, Colorado in 2014, 

there was a rush to get the highest-lev-
el tetrahydrocannabinol (THC) prod-
ucts. In fact, according to an article 
in Frontiers in Psychiatry (1), in some 
states the legalization of cannabis for 
adult and medical use has increased 
the availability and sales of cannabis 
products, such as extracts, that have a 
THC content greater than 70%. 

The cannabis industry has resist-
ed proposals to cap THC content by ar-
guing that people who use high poten-
cy cannabis extracts reduce their THC 
dosage to achieve the same desired psy-
choactive effects. They may, for exam-
ple, reduce the amount smoked when 
using high THC products. They may 
also inhale smaller puffs or do so less 
often when using higher potency prod-
ucts. The Frontiers in Psychiatry (1) ar-
ticle concluded that there is an “urgent 
need for larger and better controlled ex-
perimental and observational studies of 
the extent to which cannabis users can 

and do titrate their THC doses when 
using more potent cannabis products, 
such as cannabis extracts and high po-
tency cannabis flower. This research is 
needed to inform policymakers on how 
to reduce harms from the use of high 
potency cannabis products. It may in-
dicate the need for caps on the potency 
of cannabis products or higher taxes on 
more potent cannabis products to dis-
courage their heavy use. It is also need-
ed to inform the labeling of THC doses 
in legal cannabis products that may in-
clude standardized THC doses analo-
gous to standard units of alcohol.”

Indeed, medical cannabis regula-
tors in states such as Vermont, Texas, 
and Florida—among others—have dis-
cussed or implemented THC caps for 
medical cannabis (2-4). This install-
ment discusses manufacturers reac-
tion to the rise of the demand for new 
types of cannabis artisan products with 
varying strengths of THC, and other 
“designer” cannabis that the consum-
er wants. We’ll also look at how new 
gene technologies are allowing grow-
ers to enhance the THC content in their 

plants—even to the point of a specif-
ic THC target level. Finally, we’ll talk 
about safety as an ongoing issue in can-
nabis manufacturing, with a note from 
the Sustainable Cannabis Coalition 
(SCC) and a quick mention of new fire 
safety standards being developed by the 
National Fire Protection Association 
(NFPA) for oil extraction facilities.

Diving Into the Gene Pool
One of the new ways to help deter-
mine THC levels in a cannabis plant 
is through genetic engineering. It’s 
being used now to study and try to 
control the THC levels of hemp, which 
has a tendency to “go hot” after being 
planted, meaning that the 0.3% THC 
required for it to be considered legal 
hemp (5) actually rises, and becomes 
more concentrated, due to various soil 
and climate conditions.

When that happens, it becomes an 
illegal cannabis plant. A hemp farm-
er could have his whole crop burned if 
even part of it was discovered to have 
a greater percentage of THC than is al-
lowed by law.
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Enter GT Research (GTR [6]).
Samuel Proctor, CEO of GT Re-

search, which is a plant genetics re-
search organization made up of ge-
neticists, computer scientists, and 
bioinformatic specialists, said their fo-
cus has been on building the best plat-
form or computational analysis of the 
genome and the epigenome of a plant 
organism, and leveraging that under-
standing in terms of bio-engineering.

“Understanding the genome is fun-
damental, although there's plenty of 
progress being made,” he said. “For 
cannabis, there is far less understand-
ing of its genome than compared to 
crop things like corn or soy—crops 
that have been industrialized and 
heavily studied and modified by indus-
try for decades. So, we are very much 
building for the present and future.”

He said that GTR is agnostic in the 
sense that they don’t try and make the 
plant do this or that. “We deploy our 
technology on behalf of partners and 
customers,” he explained. “So, we real-
ly just let them say what they need, and 
then use our expertise and capabilities 
to see if we can deliver that.”

“It was clear to us from the begin-
ning that the there was a commer-
cial need for a hemp line where one 
could be assured of the level of Del-
ta 9 output, and that's what GTR has 
been working on for almost two years,” 
Proctor said. “We've achieved a num-
ber of milestones in terms of demon-
strating our ability to use the technol-
ogy. It is patented. And we can share 
that patent. It's publicly available if you 
want to take a look at it. We're very op-
timistic that this cultivar will be in the 
market sometime this calendar year. 
We're deploying the technology in 
partnership with producers, so those 
producers will bring to market this 
cultivar, which essentially will have 
been created using our technology.” He 
added he doesn’t know what the result-
ing cultivar will be called.

Could GTR then essentially de-
sign a certain type of cannabis plant 
for a different niche market? “The way 
we think about it is a series of sub or 
niche markets in terms of the plants,” 
Proctor said. “One market certainly is 
the legal cannabis US retail consum-
er market. The demand point is clear-
ly related to Delta 9 output. But there 
is a whole set of markets for particu-
lar, rare cannabinoids. We're all about 
focusing on the place where there's 
the best overlap of the Venn diagram 
(7) in terms of commercial need, and 
the ability to deploy our technology to 
achieve those needs.”

The way their process generally works 
is by starting with what someone wants 
to achieve and working backwards, Proc-
tor explained. “We started with the 
problem, which is: What causes the lev-
els of Delta 9 to fluctuate, and why is it 
never zero? The answer is, as we discov-
ered when we looked, that there is a mul-
tiplicity of copies of the THC gene,” he 
said. “So any dilution of that has to deal 
with the fact that there are multiplicity 
of copies. They turn themselves off and 
on. Our core competency lies in under-
standing what the genetic and epigenet-
ic mechanisms are underlying the phe-
notypic outcome. And then identifying 
and using the right computational and 
bio-engineering tools to deal with what-
ever mechanisms are identified.”

OK, so GTR has found a way to 
measure and manipulate THC. But is 
there anything else that can be done 
with this technology? “We think the 
sky's the limit,” Proctor said. “It's an 
amazing plant, with just a whole uni-
verse of compounds and effects which 
we are still at the beginning of under-
standing. So, it's clear that minor can-
nabinoids are in demand, and that 
modulation or enhancement of them 
could be an attractive outcome. But 
there's plenty of cannabinoids that we 
haven't yet really characterized and 
don't really understand what they do.

“We're generally of the view that, over 
time, we will go in the direction that oth-
er agricultural commodities have. Sci-
ence will continue to develop its un-
derstanding of the genome. Through a 
number of means, both in terms of mod-
ifying the plant and through synthetic 
biology, we will create a host of products 
that key off of the plant and what it pro-
duces,” said Proctor.

Some of those products could be 
the higher end, and sometimes high-
er THC, cannabis artisan products—a 
growing niche market today (8).

Proctor said that the computation-
al tools that are available to analyze 
the genome of any living thing con-
tinue to advance, and are very power-
ful. “We think that everyone should 
be doing whole genome sequencing of 
their cultivars to gain a core genom-
ic understanding of their plants,” he 
said. “That has nothing to do with ge-
netic modified organisms (GMOs [9]). 
That's just computing.”

GTR offers a general overview of a 
cultivar for $3000 that includes whole 
genome sequencing. The sequencing 
technology will continue to improve. It 
also depends on what someone wants 
to look at. “At a base case, doing whole 
genome sequencing and analyzing key 
pathways, that's important,” Proctor 
said. “But a particular grower might 
say, ‘Is this cultivar favorable or unfa-
vorable for increasing THC yields,’ just 
as an example. So, those are the types 
of questions that the computation-
al platform is necessary to answer, and 
we definitely have the ability to deliver 
answers to those questions to growers 
in a very cost-effective manner.” 

A Better Dosage Control  
for the Consumer
As GTR and other companies are ex-
ploring ways of controlling THC in the 
laboratory, the product development 
side of the industry keeps churning 
out new ways of consuming cannabis 
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products, some that are beginning to 
look more like pharmaceuticals with 
controlled dosage, which helps broaden 
their appeal.

“Smoking is not exactly an accept-
ed way of consuming cannabis across all 
of consumers,” said Robert Sedlock, vice 
president of Natoli Scientific (10), a tab-
let compression tooling and development 
company. “Because you have older people 
that don't want to smoke. So, with tablets, 
it's a consistent dosage form. Tablets have 
been around for over a century and it's an 
accepted process in the medicine world 
and in the dietary supplements world. So, 
moving the cannabis industry into a dos-
age form like tablets is definitely the fu-
ture in my mind because now you've got 
an exact dosage form.”

Natoli is based in a 14,000-square-
foot facility in Telford, Pennsylvania 
with four PhD scientists, mechanical 
engineers, and technicians. The com-
pany provides services to the pharma, 
dietary supplements, cannabis indus-
try, and food industry. 

A 2021 article in Cannabis Science 
and Technology (11) identified tablets as 
being the largest group of delivery sys-
tems for the pharmaceutical and die-
tary supplement industries. This tech-
nology offers an opportunity to the 
cannabis industry to allow orally ad-
ministering of a consistent and defined 
amount of cannabidiol (CBD) or THC. 

Sedlock doesn’t have a Sched-
ule 1 Drug Enforcement Administra-
tion (DEA) license to work with Del-
ta-9 THC product directly (his partner 
grows both hemp and Delta-9 canna-
bis), so he works with CBD distillate.

“You as a customer might have a THC 
product, but your CBD distillate is the 
same consistency, the same kind of vis-
cosity as your THC,” he said. “So, I’ll de-
velop (a tablet operation) using CBD and 
then I’ll send it to them and they’ll ap-
prove it. Then you tell them ‘OK when 
you guys manufacture, don’t use CBD, 
use your THC.’ It’s the same thing.”

Natoli follows pharmaceutical prac-
tices and regulations in developing 
their tablets. “So, they're proven safe 
and compliant procedures,” Sedlock 
said. “It’s the wild, wild west right now 
in terms of cannabis regulations in 
various states, so eventually the FDA 
[Food and Drug Administration] is go-
ing to come in and make some rules. 
You better hope that you're following 
the procedures of the pharma process.”

Sustainability  
and Safety Attainability
Most sustainability issues deal with wa-
ter and electricity, and what to do with 
the waste from processed cannabis, in 
a broad process that includes managing 
safety issues as well.

But there is new light being shed on 
what to do with the actual product pack-
aging, which is generally made of hard 
plastic, and difficult to open, because in-
dustry regulators appear to be erring on 
the side of overdoing it with their recom-
mendations for packaging safety.

For example, due to regulated safe-
ty requirements, the type of packaging 
used in cannabis often weighs four to 
30 times their contents. A single gram 
of cannabis has been found to be pack-
aged in 70 g of plastic packaging (12). 

Trulieve, and their program, TruRe-
cycle, based in Florida (13), has report-
edly recycled more than 3500 lbs of 
cannabis packaging waste since Octo-
ber 2021. Their program allows patients 
to return select container types to any 
Trulieve dispensary location in the 
state, so long as they are clean, free of 
labels, and clear of residue. Patients re-
turn packages in-store and they remain 
in zero waste boxes that are shipped 
with a UPS carbon neutral shipping 
partner to their recycling partner.

Shawn Cooney (14), founder and 
CEO of Cloud Farming (15), and a 
spokesperson for the Sustainable Can-
nabis Coalition (SCC), sees the prob-
lems with packaging in the industry. 

“Yeah, you got that one wired,” he said, 
referring to the problem of hard plas-
tic packaging of recreational cannabis 
products. “Part of it is legislation, and 
the regulators saying you have to do it 
(package) a certain way, whether you 
agree with them or not. Everyone has 
to sort of go along  
with that.”

One company Cooney talked to is 
getting a lot of plastic coming back now, 
but they've had to ask their customers 
to do that. “They still don't have a real-
ly great way of disposing it. So, they put 
it in to some kind of chopping system 
to do something with it. That’s not the 
best way to get rid of it,” he said. 

 “There are no industry facts and fig-
ures about getting rid of or recycling 
plastic packaging,” Cooney said. But 
there is work under way.

The SCC is working with the Amer-
ican Society of Testing and Measure-
ment (ASTM) and the ASTM’s canna-
bis group, Committee D37 (16). So far, 
that committee has published more 
than 40 standards and has 100-plus 
currently in development (16). There 
are 16 subcommittees (17) under the 
D37 committee, addressing standards 
issues of sustainability, processing and 
handling, laboratory, quality manage-
ment, and others.

There's also a packaging group and 
a labeling group. Cooney and his wife, 
Jennifer, are the chair and vice chair 
of the cannabis sustainability group at 
the ASTM. “We've got 110 folks just fo-
cused on sustainability, working on 
what to do with the cannabis waste 
stream,” he said. “We are starting a 
whole standards thing. We will have 
some standards that legislators can 
share with regulators.”

“What the ASTM is trying to come 
up with is a consensus on industry 
standards that can convince legisla-
tors and regulators who can look at that 
and say, ‘Okay, this is what the experts 
have agreed on, maybe we should start 
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moving in that direction.’ As opposed to 
looking at each other and pointing fin-
gers, or relying on anecdotal stories,” 
Cooney said. “That's what we're really 
pushing for, is to start the standards pro-
cess on that from a sustainability side.”

He also shared that the SCC is focus-
ing on greenhouse gas emissions in the 
cannabis production, or what's called 
Scope 3 emissions, which is really nev-
er talked about. Scope 3 emissions are 
the result of activities from assets not 
owned or controlled by the reporting 
organization, but that the organization 
indirectly affects in its value chain, ac-
cording to the Environmental Protec-
tion Agency (EPA) (18). “And that's the 
hardest to account for,” Cooney said. 
“But generally, it's basically 70% of the 
company's greenhouse gas emissions.”

Measuring greenhouse gases is on 
the short list of what cannabis produc-
ers and packagers need to understand 
better for an overall safer operation. 

Other safety standards are still be-
ing explored by The National Fire Pro-
tection Association (NFPA), which is 
developing new cannabis fire protec-
tion standards, hoping to expand on 
the NFPA1 fire code, which address-
es fire protection and energy efficiency 
concerns within growing and process-
ing facilities. 

NFPA1 (19) only addresses con-
cerns, it doesn’t set in stone specif-
ic regulations. New standards will ad-
dress the protection of those facilities 
and set education, inspecting, testing, 
and maintenance requirements in part 
to reduce excess energy consumption. 
(Extraction operations are already 
semi-well regulated, according to U.S. 
Chemical Storage [20], because of 
well-established rules regarding haz-
ardous flammable chemicals such as 
butane, hexane, and ethanol; and haz-
ardous gases, such as carbon dioxide.)

Conclusion
Controlling the entire production and 
packaging process better is top of the 
agenda for any cannabis production 
operation. That means from the  
micro-level—the genetics of the 
plant—to the macro level—the machin-
ery and environment inside the produc-
tion facility. Everything must work in 
sync to get the most efficiency—both 
out of the plant and the production 
process using the plant.

In terms of energy and sustainabil-
ity, there are some hidden electrici-
ty greenhouse gas generators that not 
everyone takes into consideration be-
yond just the energy costs of grow-
ing the plant. “If a cannabis produc-
er is running a kitchen, he’s got a lot of 
heavy equipment. You've got chillers, 
compressors, ovens, vacuum pumps, 
and on and on and on,” said Cooney. 
“So, they're in a real similar position 
to a grow operation. They may not be 
quite as big, but the energy intensity 
for that piece of the business is  
really high.”

Cooney added that SCC is push-
ing the industry to all get on the same 
page when it comes to the broader pic-
ture of sustainability. “Every cultiva-
tor has its own sustainability prob-
lem—indoor, greenhouse, or outdoors. 
They've got something to talk about. 
And it’s time to start measuring and 
fixing it,” he said.
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Cannabis Extraction 
Facility Setup 101

BY MARTHA HERNÁNDEZ

The cannabis industry has experienced significant growth momentum in the last decade 
as several states and countries outside the US have legalized cannabis for medical and 

recreational use. Alongside it, the nature of the products in the market has diversified and 
consumers now have a wide spectrum of products to choose from. This has prompted 
a shift from flower, which has been the mainstay of the unregulated market, towards 
more sophisticated products created from extracts. Given the high value of cannabis 

extraction as a niche, starting a cannabis extraction facility can be a potentially lucrative 
venture. However, the regulatory environment around cannabis is rather nuanced, with 

fluid laws that change from one state to another. This tutorial article outlines the key 
considerations that must be put in place when setting up a cannabis extraction facility.

THE CANNABIS EXTRACTS market size has 
grown in leaps and bounds in the last couple of 
years. From a current estimated value of about 
$2.7 billion, the value of the global extract mar-

ket size will probably hit $3.5 billion by 2030 if the Com-
pound Annual Growth Rate (CAGR) of about 20.6% is 
maintained during the period (1). 

Cannabis extraction is an integral part of the cannabis 
value chain. Once cannabis has been cultivated and har-
vested, the phytochemicals are then extracted and used to 
create different products. Extraction laboratories can either 
exist independently or they can be a part of a vertically inte-
grated cannabis operation.

Cannabis extraction is one of the ways through which 
laboratories can venture into the cannabis industry. Set-
ting up an extraction laboratory for business requires a 
huge investment in terms of time, resources, and expertise 
(2). The extraction of cannabinoids and terpenes from can-
nabis is a fine balance between science and art, calling for 
high precision in the scientific technique while at the same 
time, employing the finest art in curating a high-quality ex-
tract. In addition, there are rules and regulations that can-
nabis extraction laboratories must comply with. Cannabis 
is classified under Schedule I of the Controlled Substanc-
es Act (CSA), technically implying that it has a high risk of 

abuse and has no known medical use in the US (3). This also 
means that cannabis is an illegal compound under federal 
law, even though more than two thirds of the states have le-
galized medical cannabis. Cannabis is thus a highly regulat-
ed industry and so is cannabis extraction.

When setting up a cannabis extraction facility, several fac-
tors must be taken into consideration. Like any other busi-
ness, several key questions need to be asked: “where” to set 
it up means the location, the “why” refers to the business ob-
jectives, the “how” illustrates the business model, the “who” 
is the human resource, and the “which” refers to the kind of 
equipment or extraction methods that will be used. In addi-
tion to this, there will be compliance requirements that the 
laboratory must follow. This includes obtaining a license to 
operate an extraction facility and setting up the facility in 
compliance with industry standards. Much as the considera-
tions are broad, we have identified 10 key areas that must be 
considered before you set up an extraction facility.

1  Business Plan
An extraction laboratory is a business like any other and will 
therefore require a business plan to direct all its activities. 
Your business plan should be specific and have quantifiable 
objectives. It is important to involve different experts when 
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crafting your business plan to ensure 
that it is authentic, efficient, and feasible. 
Start by first defining your vision and 
mission. Is profitability the sole purpose 
of your business and, in that case, how 
soon do you expect to achieve this? What 
do you want to offer the market and does 
the market need it in the first place? Who 
is your ideal customer and what are their 
unique needs and preferences? Having a 
clear roadmap before you begin the jour-
ney will provide you with the much-need-
ed focus, direction, and resilience should 
the going get rough. On the flip side, you 
might even discover that you do not want 
to venture into extraction after you lay all 
the facts bare on the table.

2  Suitable Location
Unlike other businesses, you cannot 
just set up a cannabis extraction facility 
in any vacant area of your choice. 
States and municipalities dictate where 
cannabis businesses can be located. 
First, you will need to find a state that 
has legalized cannabis and has friendly 
cannabis laws. Most states require that 
cannabis businesses are located at a 
minimum distance away from public 
facilities such as daycares, elementary 
schools, parks, libraries, playgrounds, 
and residential areas. This is usually 
about 1000 ft away. Some states will 
also require a minimum distance away 
from other cannabis businesses to 
prevent oversaturation in one area.

Other than the laws, you should also 
consider a location that best supports 
the implementation of your business 
plan. Where are your target customers 
located? Where are you likely to face the 
least competition? What about accessi-
bility to raw materials? You must answer 
these questions and make decisions judi-
ciously to maximize profitability.

3  License Application
Without a license, you cannot run a 
cannabis extraction facility legally in 

the US. However, you should only apply 
for a license after you have drafted 
your business plan and found a suitable 
location. If you are venturing into the 
cannabis industry for the first time, it 
will be advisable to engage an expert, 
such as a cannabis attorney, to help you 
with the license application process (4). 
Ensure that you have all the documents 
that are required for the application 
and that they are valid and accurate. 
Most states and municipalities will also 
require you to pay a non-refundable 
license application fee. Some states 
have programs for equity applicants, 
and you can make use of such if your 
situation applies. Familiarize yourself 
with the zoning laws in your area to 
ensure that your license application is 
not declined based on your location.

4  Designing the  
Extraction Facility

Once you have succeeded at getting a 
license, it is time to design your ex-
traction facility. You will need to hire 
personnel with the best expertise in the 

niche to help you come up with a facility 
that fully optimizes your workflows while 
ensuring the highest levels of safety (5-7). 
There should be a consistent flow from 
the time the raw materials get into the 
laboratory to the point where they are 
transported out of the laboratory. This 
should support the highest level of safety 
and efficiency. Extraction laboratories 
should also comply with the current good 
manufacturing practices (cGMP) (8). 

cGMP has about 10 principles that 
dictate how manufacturing facili-
ties should handle people, raw materi-
als, processes, and equipment. This pre-
empts the need for standard operating 
procedures that outline the minimum 
quality threshold for extraction process-
es, staff training, and equipment main-
tenance. cGMP standards ensure that all 
extracts meet internationally acceptable 
safety standards.

5  Worker Safety
Extraction laboratories handle volatile 
compounds that can easily start a fire. 

Figure 1: A schematic representation of 10 key areas that you must  
consider before setting up a cannabis extraction facility. (Figure courtesy  
of CloudLIMS.)
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Consequently, they need to adhere 
to safety measures to prevent fire 
outbreaks and minimize injury, loss of 
property, and death as a result of a fire 
outbreak. Consequently, laboratories 
are required to have fire extinguishers, 
alarms, smoke detectors, sprinkler 
heads and pipes, and fire safety 
messages strategically placed in the 
facility. The staff should also be 
adequately trained on fire safety and 
should countersign every training, 
including fire drills. There needs to be 
a fire policy detailing what should be 
done should a fire outbreak happen.

National Fire Protection 
Association Local Fire Codes
The National Fire Protection Association 
(NFPA) is an organization that promotes 
fire safety in workplaces and other public 
spaces. It has created more than 3000 fire 
codes that apply to different scenarios 
and situations (9). Here are a few that 
apply to extraction facilities:

•  NFPA 1:  This code provides 
general fire safety measures 
to be followed in case of a fire 
outbreak.

• NFPA 45: This code provides 
guidance on how flammable 
materials should be handled 
and stored.

• NFPA 58: This code provides guid-
ance on how liquefied petroleum 

gas (LPG) should be handled.
• NFPA 70: This code, also called 

the National Electrical Code 
(NEC), provides guidance on how 
electrical installations should 
be done.

6  Staff Management
The cannabis extraction industry is 
relatively new and at the same time 
very specialized. It requires a high level 
of expertise that may not be easily 
accessible. You will need legal expertise 
to help you navigate the licensing and 
other compliance processes, skilled 
engineers and architects to design 
the facility, and master extractors 
and chemists to handle the extraction 
process. You can use sources such as 
LinkedIn to get referrals or you may 
also opt to use a hiring agency that has 
expertise in the cannabis space. Once 
you have put together a team, you will 
need to ensure that they are adequately 
trained and have all the resources that 
they need to execute their job.
 

7   Equipment Selection 
and Management

While your business plan should 
have already specified the extraction 
equipment that you will need for your 
laboratory, your team of extraction ex-

perts should validate your choice. You 
will need to be aware of the target lead 
times and how long the installation 
process will take. The equipment that 
you select will determine the nature 
and quality of your extracts, it will also 
determine the quantity of the out-
put. Ensure that your equipment is in 
tandem with the general objectives of 
your extraction facility and that it also 
fits your budget. Lastly, your extraction 
equipment must meet regulatory 
requirements. Once your equipment 
has been installed, the municipality will 
send a state-licensed engineer to verify 
that the required standards for safety 
and functionality have been met.

8 Waste Management
Cannabis extraction produces a lot of 
waste that will need to be effectively 
managed. Because of the federal status 
of cannabis, wastes from the plant and 
any unused materials and products 
must be treated in accordance with 
federal laws (10). Some municipalities 
will require that such wastes be de-
stroyed on-site while others will allow 
third parties to do that at designated 
sites. On-site disposal methods include 
burning, shredding, and burying, but 
the waste must first be destroyed to a 
point where it becomes both unusable 
and unrecognizable. You will need to 

Figure 2: A laboratory software for CBD and THC laboratories to manage staff training and competency. (Figure courtesy 
of CloudLIMS.)
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familiarize yourself with the cannabis 
waste disposal laws in your municipal-
ity before settling on a waste disposal 
method. Cost and convenience should 
also be factored in since you will be 
constantly churning out waste.

9 Supply Chain 
Management

After setting up your facility, hir-
ing the best team, and getting your 
equipment in place, the next thing you 
should be thinking about is how to 
manage your supply chain. Extraction, 
being a mid-stream process, has sever-
al inflows and outflows. Supply chain 
management involves considering the 
demand for products and services and 
matching them up with the raw mate-
rials and resources that are coming in. 
This ensures that at any given time, 
all the resources in your extraction 
facility are working at optimal levels 
and that there is no wastage or redun-
dancy. If your laboratory resources 
and processes are not optimized, it 
will be difficult to achieve profitability 
despite having sufficient sales (11). It 
is important to hire experts to handle 
your lab’s supply chain.

10
Leveraging a 
Laboratory Software
for CBD and THC
Laboratories for 
Automation

One final step, automation of laborato-
ry workflows. Extraction laboratories 
handle a lot of materials and data at any 
given time. Managing information and 
workflows can be quite hectic for the lab 
staff and hence increase the chances of 
human error. With a laboratory software 
for cannabidiol (CBD) and tetrahydro-
cannabinol (THC) laboratories, known 
as a laboratory information management 

system (LIMS), extraction laboratories 
can automate their processes and stream-
line workflows for maximum productivity 
(12). A cloud-based LIMS plays a key role 
in ensuring the success of an extraction 
laboratory since it can be accessed from 
anywhere and at any time (13).

Launching Your  
Extraction Laboratory
With these 10 considerations taken into 
account, you should be ready to launch 
your extraction facility. Depending on 
your locality, the “Authority Having Ju-
risdiction” (AHJ) may need to conduct 
a final inspection at your facility. This is 
done to ensure that everything within 
your laboratory is safe and meets regu-
latory requirements. Once you launch 
your facility, stick to your business plan 
to avoid operational inconvenience and 
to maximize profitability.
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Keeping it Clean: 
Recapturing Terpenes for Added Value 

and Cleaning Wastewater Streams
BY MARKUS ROGGEN

Terpenes provide cannabis with distinctive aromas and flavors that are often desired 
by the consumer. During the cannabis drying and decarboxylation stages, up to 30% of 

terpenes are lost along with the water phase from the product (1). While this terpene 
loss stream is often overlooked, there are methods to retain terpenes. To preserve these 
sought-after flavors, terpene recapturing from the water fraction is currently done via 
simple liquid-liquid separation (LLE) or distillation. However, these methods are rarely 

used because they are costly, energy-intensive, or difficult to scale. Here, we demonstrate 
a new method for terpene recapture by leveraging counter-current extraction. 

WHEN THINKING OF cannabis, we in-
stinctively think of its smell, the flower 
buds on the table, the storefront selling 
it, and the joint being smoked at an event. 

Sure, cannabinoids (specifically tetrahydrocannabinol 
[THC] and cannabidiol [CBD]) are what everyone writes 
about, as they are known to have psychoactive effects. Ter-
penes give the plants their distinct aromas and flavor pro-
files and the lack of terpenes is the main criticism of refined 
cannabis products, such as vapes and dabs.

Terpenes are volatile organic compounds that are easi-
ly lost to the surroundings during various stages in the in-
dustrial pipeline. There might be an excess of cannabis on 
the market, with overproduction of CBD isolate and THC 
distillate, but terpenes are hard to come by.

Consequently, recapturing the terpenes in the extraction 
process has benefits for the producer. Current terpene re-
capture methods include liquid-liquid extraction (LLE) or 
distillation. However, both methods are time consuming 
and expensive. Instead, we propose that a different method, 
specifically counter-current extraction, could be utilized. 

One point in the industrial pipeline where a high per-
centage of terpenes is lost is during the drying and 

decarboxylation stage (1). There is still debate over the best 
way to dry and decarboxylate cannabis flower. Current 
methods can either take multiple days, are not very exact, 
rely on observation, or can result in poor quality of flower 
because of mold growth or substantial terpene loss. Produc-
ers have a financial incentive to recapture terpenes lost in 
the drying process for re-introduction into their products. 
Their retention in the product is of high interest to con-
sumers, not only for their taste and smell, but for potential 
health benefits as well. Methods for reintroducing terpenes 
to various cannabis products, from flowers to vape oils, are 
currently being explored (2). 

Aside from re-introduction into the products, there are 
additional incentives to recapture terpenes from water 
waste streams. A terpene recapture method may be used to 
clean water that results from drying cannabis. Due to the 
odorous quality of solutions containing as little as 2% terpe-
nes, these solutions are often treated as special waste. Being 
able to recapture the terpenes from wastewater would help 
mitigate the need for special waste treatment and allow for 
the recaptured terpenes to be used elsewhere. 

Any scalable and reliable separation method would help 
producers recapture terpenes from their wastewater and 
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SIDEBAR: BACKGROUND ON COUNTER-CURRENT EXTRACTION

LIQUID-LIQUID EXTRACTION (LLE) is a separation process that 
leverages differences in solubility to separate compounds of 
interest. LLE can be widely used for working up solutions 
from the laboratory scale to production across a broad range 
of chemical industries because of its high selectivity and 
large capacity at a relatively small energy consumption.

Traditionally, single stage, production-scale LLE is 
carried out in large batch vessels by mixing the two 
phases together with an overhead stirrer before waiting 
for the two phases to settle based on density differences. 
This method of separations has a host of inefficiencies 
associated with it, including long settling times stemming 
from emulsions and small density differences between 
phases, safety and plant design issues caused by large 
holdup volumes, and unpredictable settling times based 
on variation in starting materials. 

These issues can be mitigated by shifting to a continuous 
approach. Mixing between the phases to achieve the 
mass transfer needed for extraction can be carried out in 
a line while fluids are being pumped. Continuous phase 
separation is obtained by membrane-based separators. 
Instead of using gravity, these devices leverage surface 
forces, specifically, by using high throughput membranes as 
a separation mechanism. This technology, commercialized 
by Zaiput Flow Technologies, combines the use of 
high-capacity membranes with an integrated pressure 
controller to enable quick and easy phase separations. The 
membranes selectively allow one of the two phases to pass 
through the membrane (based on a hydrophobic PTFE 
membrane) while the other is retained. When coupled with 

an integrated pressure controller, this allows for complete 
and easy phase cuts. 

This phase separation methodology can then be coupled 
with in-line mass transfer in the form of static mixing or slug 
flow mass transfer to enable rapid, continuous extraction 
in a small volume. The technology does not require density 
differences between the two phases for separation and can 
break emulsions, allowing it to handle many of the issues 
of traditional batch processing. Further, when used in the 

Figure 1: Inner workings of a semipermeable membrane 
separator unit.
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Figure 2: Schematic for product isolation utilizing continuous flow separation.
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context of batch chemistry processing, it removes the need to 
leave space for an extraction solvent in your reaction vessel, 
allowing the user to get more out of their installed capacity. 

Countercurrent extraction is a method often used by 
engineers at the large scale to improve product recovery, 
improve purity, or reduce the amount of solvent needed to 
accomplish either of the previous goals. The advantages 
are significant and are often needed when there are 
low partition coefficients for desired compounds or low 
separation factors between compounds. The advantages 
can be seen in the diagram below, which shows how much 
of a desired compound with a partition coefficient of 1 is 
removed at various stages of theoretical counter-current 
stages of extraction.

The counter-current extraction setup engineered by 
Zaiput is particularly advantageous due to its small 
layout, scalability (up and down), and engineered mass 
transfer to ensure full theoretical stages of extraction. 
Of particular importance to many industries is the 
internal volume of just 2.5 mL/stage, which is 1-2 orders 
of magnitude less than other comparable technologies. 
Its conceptual layout below is familiar for the engineer 
who is used to seeing theoretical stages denoted by 
individual unit ops instead of approximated by height in 
an extraction column. 

In this context, the 5 stages of extraction provided by the 
laboratory-scale extraction platform were used to solve the 
issue previously described regarding removal of terpenes.

Figure 4: Schematic of counter-current extraction with semipermeable membrane separators. 
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In humans, cytochrome P450 contains three 
primary enzymes involved in the metabolism of Δ9-
tetrahydrocannabinol (CYP2C9, CYP2C19, CYP3A4).  
These enzymes are mostly found in the liver, but can occur 
in other lipophilic tissues like brain, small intestine, heart, 
and lungs. THC elimination in the body is dictated by the 
accumulation of the compound in both adipose tissue and 
plasma and, due to the lipophilicity of THC, the determination 
of the concentration through excretion is difficult.1,2 Likewise, 
states have passed regulations allowing for the legal use of 
both medicinal and recreational cannabis while workplaces in 
those states continue to dictate safety regulations with a zero 
tolerance drug policy culminating in a urine test to determine 
compliance. With more than 100 THC metabolites, detection 
of the most abundant, 11-hydroxy-THC, 11-carboxy-THC 
glucuronide, and 11-carboxy-THC, hold the most focus. 
Typically, between 80% and 90% of the THC consumed is 
excreted as carboxylate and hydroxylate metabolites.3,4

The Hamilton PRP-C18 reversed-phase column offers 
good selectivity and peak shape when detecting the three 
major components of THC metabolites in urine. As shown 
in Figure 2, samples spiked with metabolites in urine show 
good correlation in low concentrations and rapid sample 
analysis can be achieved in under eight minutes. In addition 
to good column performance, all Hamilton columns come 
with value added features that include great chemical and 
thermodynamic stability and increased lifetime due to their 
PS-DVB backbone.

Column Information

Packing Material PRP-C18, 5 µm

P/N 79676

Chromatographic Conditions

Gradient 

0.00–2.00 min, 5%B 
2.01–3 min, 5–50%B  
3.01–8 min, 50–95%B 
8.01–10 min, 95%B

Temperature 35°C

Injection Volume 5 µL

Detection UV at 230 nm

Dimensions 150 x 4.6 mm

Eluent A 10 mM CH3COONH4

Eluent B CH3CN

Flow Rate 2.0 mL/min
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Figure 1: Most abundant THC metabolites.
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Figure 2: Urine sample spiked with 3 ng/mL of THC metabolites.
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reuse those terpenes for other prod-
ucts. This would save producers from 
the cost of managing special waste 
treatment for their wastewater and 
help them reintroduce terpenes into 
their products for their consumers. 
Once fully optimized, this system has 
the potential to increase terpene re-
capture efficiency in laboratories using 
fewer resources.

Experiments
To investigate a scalable solution for re-
capturing terpenes, we designed exper-
iments for 5 L of water/terpene mixture 
that were obtained from a vacuum oven. 
Isolation of terpenes via LLE separation 
funnel is not feasible at this or larger 
volumes. Instead, here we investigate 
a counter-current extraction method 
for the terpene separation from the 
water-phase. In this first set of experi-
ments, we chose flow rates of heptane to 
be either approximately equal or 10-fold 
that of water. This is the first step to de-
termine under which conditions terpene 
extraction would be more efficient.

The original composition of terpe-
nes in the organic layer and in the wa-
ter layer was quantified (experiment 
A and B). It was determined that the 
water layer was composed of approx-
imately 0.2% terpenes, equating to a 
concentration of 1.9 g/L. Heptane was 
chosen as the nonpolar solvent as it is 

less toxic than hexane, easy to handle, 
and a common solvent in the  
cannabis industry.  

The water/terpene substrate was 
pumped through the counter-current 
system at 3.9 mL/min and the heptane 
extraction solvent at 5.1 mL/min (experi-
ments C and D). That is 1.3 times the vol-
ume of water. Under these conditions, 
terpene levels in the water layer were re-
duced 100-fold to 0.020 g/L (experiment 
C). Meanwhile, the recaptured heptane 
solvent solution contained 1.44 g/L of 
terpenes (experiment D). 

The high flow experiment was per-
formed with the pumping conditions 
set to 4.5 mL/min flow rate for the wa-
ter/terpene solution and 39 mL/min of 
heptane (experiments E and F). That is 
8.6 times the volume of water. Terpene 
levels in the water layer were reduced 
271 times to a concentration of 0.007 
g/L (experiment E). However, the recap-
tured terpene concentration in heptane 
was only 0.221 g/L (experiment F). This 
re-emphasizes the high demand in hep-
tane solvent needed to strip all terpenes 
from the water fraction.

Discussion
Our proof-of-concept experiment 
shows that the countercurrent system 
designed by Zaiput can be used to re-
move terpenes from the water phase in 
a continuous manner, and that heptane 

can be used as an effective solvent. Due 
to the scalability of counter-current 
equipment, this system can be scaled 
up or down to meet the requirements 
of an industrial or laboratory setting. 
Further, as this is a continuous recap-
turing method, this countercurrent sys-
tem can be left to run 24/7, so long as it 
is provided with enough solution. Our 
results indicate that organic phase flow 
rate and remaining terpene levels in the 
water phase are inversely related. 

The fine balance between desired levels 
of terpene contamination in the waste-
water versus the cost of organic solvent 
needs to be found. Further optimization 
is needed to determine optimal flow rates 
to increase recapturing efficiency for 
counter-current terpene extraction to be 
implemented in the industry. 
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Table I: Separation experiments with run conditions and terpene yields

Exp # Sample Type Run Conditions Terpene Concentration
Terpenes 

(g/L 
water)

Terpenes 
(g/L heptane)

A Water/Terpene, before extraction n/a 0.19% wt. 1.9 n/a

B Terpene layer, before extraction n/a 48% n/a n/a

C Water layer, Substrate:  3.9 mL/min
Heptane:  5.1 mL/min

0.0020% 0.0200 n/a

D post extraction 0.098% 1.87 1.44

E Heptane/Terpene, post extraction Substrate:  4.5 mL/min
Heptane:  39 mL/min

0.00070% 0.00700 n/a

F Water layer, 0.015% 1.89 0.221
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Cannabis Science Conference 
is heading back to Portland!  

Analytical Science Cultivation ScienceMedical Science Psychedelics Science

April 19 – 21, 2023 
Portland Expo Center 
Portland, Oregon 

• Dedicated Program Chairs for analytical, 
medical, cultivation, and psychedelics 

• Educational Steering Committee 
• Extended technical poster sessions 

• Expanded Exhibit Hall 
• 420 Networking Mixer 
• Coffee Breaks in the Exhibit Hall        

New for 2023New for 2023

Make your plans today to attend and/or exhibit!  
Learn more at CannabisScienceConference.com

Connect with us 

@CannabisScienceConference @CannabisScienceConference @CannaSciCon @Cannabis Science Conference 

Join us for world-class 
education, stellar networking, 
and the opportunity to connect 
with thought leaders, leading 
scientists, pioneers in cutting-
edge medical applications and 
industry suppliers. 
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