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editorial advisory 
board members

Dog Days of Summer Will Soon 
Fall to Autumn Education

WE ARE IN the midst of the dog days of summer here at our 
headquarters in New Jersey, but while we find fun ways to beat 
the heat, we’re also busy preparing the next Cannabis Science 
Conference taking place September 14-16 in Baltimore, Mary-
land. September on the East Coast is a time of back-to-school 
and a renewed focus on education. With that sentiment in mind, 
we have an excellent line-up of speakers who are eager to share 
the latest updates on their research, scientific endeavors, med-
ical cannabis experiences, best practices, and more. Check out 
this month’s “Cannabis Crossroads” on page 26 to learn more 
about our plenary speaker Dr. David (Dedi) Meiri and the exciting 
talk he plans to give at the conference. 

Education is a cornerstone of our publication as well—each 
issue strives to bring our readers the same high-quality, edu-
cational content that we offer at our Cannabis Science Confer-
ences. Here in the July/August issue we hear from several of our 
regular columnists such as Dr. Brian C. Smith who continues his 
discussion of quantitative spectroscopy in “Cannabis Analysis” 
and whether it is better to use peak height or area in our anal-
yses. In “Extraction Science,” Lo Friesen addresses the growing 
list of concentrate product types and defines the various extract 
types. Carmen Azzaretti presents fascinating information on al-
ternative power solutions for cultivators in this installment of 
“Cultivation Classroom.”

Our peer-reviewed article also has a cultivation focus this 
month: how variable red-light exposure affects phytochemical 
content in Group III cannabis cultivars. The authors reported that 
these findings represent preliminary efforts to characterize the 
phytochemical effects of light modulation in Group III cannabis 
cultivars. Additionally, this study is the first to characterize ter-
pene expression and volatilization in real time using mobile gas 
chromatography. Finally, our feature article discusses tetrahydro-
cannabinolic acid (THCA) and several other minor cannabinoids 
and the potential benefits they can offer the medical community. 

We hope to see you in person to kick off your autumn canna-
bis education in Baltimore, but if you can’t make it there, rest as-
sured that we will continue to bring you our best content in these 
pages and online. Enjoy the July/August issue of Cannabis Science 
and Technology!

Mike Hennessy Jr
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cannabis news focus

The National Institute of Drug Abuse (NIDA) Plans to Add One New Cannabis Supplier 
Contract for Research Purposes  
By Erin McEvoy

RECENTLY, THE NATIONAL INSTITUTE 
ON DRUG ABUSE (NIDA) notified institu-
tions that have  received Drug Enforce-
ment Administration (DEA) approval  to 
cultivate cannabis that starting around 
July 28th they will be able to submit ap-
plications to supply cannabis for re-
search purposes (1). About two months 
ago, NIDA published an initial “sourc-
es sought” notice to gather information 
from prospective applicants about their 
ability to grow and analyze cannabis (2). 

This new notice reportedly outlines 
requirements and responsibilities for 
the manufacturers. For example, they 
must be able to “produce or procure 

cannabis, cannabis extract, and oth-
er cannabis-derived materials for basic 
and clinical research, and conduct quan-
titative and qualitative analysis, stability 
determination, and recommended stor-
age conditions for these products for ap-
proved research” (1).

NIDA will dictate how much cannabis it 
needs produced and what types of can-
nabinoids should be extracted and ana-
lyzed and will then distribute the prod-
ucts to research institutions (1). NIDA has 
worked with the same cannabis farm at 
the University of Mississippi for more 
than 50 years, and scientists have been 
critical about the quality of the cannabis 

and extracts produced there (1). 
The DEA has so far authorized at least 

six facilities to grow cannabis for re-
search purposes, however, NIDA said it 
will be awarding one contract for a five-
year period (1). The DEA has been in-
creasing annual production quotas for 
cannabis and other substances, such as 
psilocybin, as demand from the research 
community has surged (1).

REFERENCES
(1)  https://www.marijuanamoment.net/top-federal-

drug-agency-details-plan-to-award-one-new-
marijuana-supplier-contract-for-research-purposes/. 

(2)  https://www.marijuanamoment.net/top-federal-
drug-agency-wants-to-know-which-companies-can-
analyze-marijuana-including-dispensary-products/. 
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cannabis analysis

Quantitative Spectroscopy:
Practicalities and Pitfalls, Part II
By Brian C. Smith

This column will continue the dis-
cussion of the practicalities and 
pitfalls of quantitative spectros-
copy started in the last column 

(1). The reason that a discussion of quan-
titative spectroscopy matters for canna-
bis analysis is that many cannabis poten-
cy methods use high performance liquid 
chromatography (HPLC) along with ul-
traviolet-visible (UV-vis) spectroscopic 
detection (2). Also, there exist cannabis 
potency analyzers based on mid-infra-
red spectroscopy (3). The fundamen-
tal equation of quantitative spectrosco-
py is Beer’s Law (4), whose form is seen 
in Equation 1.

A = εLC       [1]

where A is the absorbance; ε is the 
absorptivity, a fundamental physical 
constant of a molecule; L is the path-
length or sample thickness; and C is the 
concentration.

I will dispense with any further dis-
cussion of Beer’s Law or the basics of 
quantitative spectroscopy and refer you 
to my previous columns on these topics 
(1,5–7). In this installment, we discuss 
how to measure absorbances properly, 
and compare the use of peak heights and 
peak areas in creating calibrations.

Measuring  
Absorbances Properly
Peak Height
In the spectroscopic literature, and in our 
discussion of quantitative spectroscopy 
so far (1,5–7), much ink has been spilled 
about determining the absorptivity be-

cause this is often the unknown quantity 
we need to determine to finalize a calibra-
tion. We have also discussed the impor-
tance of measuring concentrations prop-
erly (1,5–7). Pathlengths, L, are generally 
known or fixed so they are typically not a 
problem. That leaves the final parameter 
in Beer’s Law: absorbance. To review, we 
measure the absorbance of standard sam-
ples of known concentration to achieve 
calibrations. What then is the best way to 
measure this important property?

A tried-and-true way to measure ab-
sorbance is the height of a peak in a 
spectrum (4). The first thing to do in 
measuring absorbances is to determine 
which peak to use in your analyte’s spec-
trum. This is a problem because sam-
ples may contain molecules whose peaks 
can overlap with and interfere with the 
measurement of the absorbance of the 
peaks from your analyte. That is, we 
need to measure the height of a peak 
that is spectrally isolated and overlaps 
as little as possible with peaks from any 
other components in a sample (4). To 
find a spectrally isolated peak, the first 
thing to do is consult spectra of the pure 
materials that make up your sample 
mixture. This is illustrated in Figure 1.

The four spectra in Figure 1 are of the 
pure materials isopropanol (IPA), etha-
nol (EtOH), acetone, and water. Imagine 
we want to measure the concentration of 
IPA in a mixture of these four substanc-
es. Which peak should we use? An ex-
amination of the spectra, seen in Figure 
1, shows the IPA peak at 948 cm-1, which 
is marked in the figure, is mostly clear 
of interference from peaks of the other 

molecules in the mixture. If you look 
closely in Figure 1, you can see the start 
of a water peak at 948 cm-1, and I discuss 
how to deal with this later.

Interferent peaks are a fundamental 
problem with the single peak quantitative 
method I have been discussing in the pag-
es of this magazine (1,5–7). In the past, 
this problem limited the use of quantita-
tive spectroscopy (4). Fortunately, with 
the advent of computers and powerful 
algorithms accurate concentration de-
terminations using spectroscopy can be 
made on complex mixtures (4) including 
hemp and cannabis, cannabis extracts, 
cannabis distillates, and tinctures (8–13). 
Alas, a discussion of these algorithms is 
beyond the scope of this column series. 
For HPLC analyses using spectroscop-
ic detection, interferent peaks are gener-
ally not a problem because the chroma-
tograph breaks the mixture down into its 
pure components (2).

The next thing to do to insure prop-
er absorbance measurements is to make 
up your standard samples, measure their 
spectra, and then overlay them as shown 
in Figure 2. 

This is done to insure the size of the 
analyte peak of interest changes with 
concentration. Note in Figure 2 that our 
IPA peak at 948 cm-1 does change in peak 
size with concentration, so we can go 
ahead and use it in our calibration. 

A view of our 948 cm-1 peak in one of 
the standard spectra is seen in Figure 3. 

Note that this peak leans to the left, 
and has a baseline elevated above zero 
absorbance. It would be tempting to just 
place your cursor at the top of this peak 
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and measure the absorbance there, but 
since there is a weak water interference 
here you would obtain an incorrect ab-
sorbance. How do we measure the peak 
height of such a thing?

The first thing to realize is that when 
a computer displays a spectrum there is 
not an absorbance measurement at every 
possible wavenumber, but there are ab-
sorbance values at specific wavenumber 
values. This is seen in Figure 4 where 
the red x’s represent the actual absorb-
ance measurements that make up our 
IPA peak of interest seen in Figure 3.

Instinctively, we tend to want to meas-
ure the peak height at its top, but why? 
Absorbances at other wavenumbers in 
this peak also change value with analyte 
concentration as seen in Figure 2. Why 
don’t we measure our absorbance value at 
these alternate wavenumbers? Recall our 
discussion of signal-to-noise ratio (SNR) 
in a previous column (1), that the SNR for 
a peak is its peak height divided by the 
noise level in that spectral vicinity. For a 
given peak the signal is greatest at the top 
of the peak, hence measuring peak height 
at its top will give an absorbance meas-
urement with the best SNR.

How do we deal with our left-leaning 
peak with an elevated baseline, which 
can be seen in Figure 3? By the way, 
non-zero baselines can be caused by in-
strumental problems or interference 
from other molecules. Rather than read-
ing the raw peak height, we almost al-
ways measure the peak height with re-
spect to a baseline. In Figure 3, the 
baseline endpoints and baseline are 
shown in blue. The purpose of the base-
line is two-fold. First, by measuring the 
peak height with respect to the base-
line the water contribution to the peak at 
948 cm-1 in Figure 3 is eliminated because 
its contribution falls under the baseline. 
Second, for a peak like the one in Figure 
3 that leans left or right, measuring with 
respect to a baseline makes sure that 
only this peak itself and not adjacent por-
tions of the spectrum are used. 

The tricky part in this process is es-
tablishing the baseline endpoints; that 
is, at what wavenumbers to locate the 
beginning and end of the baseline. In 
Figure 3 the left baseline endpoint is 
at 968 cm-1, and the right baseline end-
point is at 925 cm-1. Note that the base-
line endpoints correspond to the peak 
edges. How did I choose these? There 
do exist software programs that can 

pick peak edges and baseline end-
points, but in my experience a human 
being—the thing with a brain and eye-
balls—can do better. Almost all spec-
troscopy or chromatography software 
programs will allow you to visual-
ize a peak and set the baseline end-
points manually. It does take a little 
training and user interaction to do this 
properly, but I prefer it to trusting the 

Figure 1: Mid-infrared spectra of the pure materials IPA, EtOH, acetone, and water. Note 
there is an IPA peak at 948 cm-1 that looks like a good candidate for use in a calibration.

Figure 2: Overlay of the spectra of standard samples containing IPA, ethanol, acetone, 
and water.
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computer to do things for me. Basically, 
you should choose baseline endpoints 
where the peak flattens out and is par-
allel to the baseline. As it turns out, the 
height of our peak of interest, the dis-
tance between the baseline and the top 
of the peak at 948 cm-1 represented by 
the green line in Figure 3, is 0.09 ab-
sorbance units. This is the number we 
would use as part of a Beer’s Law plot 
to obtain a calibration (5–7).

Peak Area
Some spectroscopic quantitative meth-
ods use peak height, others use peak 
area. We know how peak heights are 
measured, how are peak areas calculat-
ed? It begins the same as measuring a 
peak height, drawing a correct baseline 
as seen in Figure 3 above. Now, look 
at Figure 4. There are 12 wavenumbers 
with absorbance values between 968 
and 925 cm-1. To calculate a peak area 

for this peak the absorbance at each of 
these wavenumbers is calculated with 
respect to the baseline shown in Figure 
3, and then these dozen absorbances 
are added together. Thus, for the peak 
shown in Figure 3 the area is 1.49 absor-
bance units using the baseline shown 
in blue. Note that the peak area value 
is much greater than the peak height 
value because the peak height is a single 
absorbance measurement, whereas in 

Figure 3: A peak from a standard spectrum, note how it leans to the left. The baseline and baseline endpoints are in blue, and the 
measured peak height is the green vertical line.

Figure 4: The individual data points, displayed as red X’s, for the peak seen in Figure 3.
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this case the peak area is the sum of 12 
absorbance measurements.

Now that we know how peak heights 
and areas are measured, which one 
should you use in your calibration? 
This is actually a complex question and 
has been a topic of debate in the litera-
ture (4). In my last column (1), we dis-
cussed that the SNR of a spectrum is a 
measure of spectral quality, and that it 
can be calculated by taking an absorb-
ance value and dividing by the noise lev-
el. This means that both peak heights 
and peak areas can be used to calculate 
a SNR. Which measurement then gives 
us the best signal-to-noise ratio? For the 
peak seen in Figure 3, the noise level at 
a point in the baseline near the peak is 
0.0106 absorbance units. Table I shows 
the results of SNR calculations using 
this noise value and the peak height and 
area results discussed above.

Note that the peak area SNR is 140, 
whereas the peak height SNR is 8.5, a dif-
ference of 16.5 times. This is because the 
peak area value is much greater than the 
peak height value and in both cases the de-
nominator was the same. Thus, we can 
conclude that peak areas have better SNRs 
than peak heights and thus will in general 
produce more accurate calibrations.

Another reason to use peak areas is 
less mathematical. By using peak height, 
which again is a single absorbance meas-
urement, you are literally putting all 
your eggs in one basket. If for any reason 
anything is off about this one absorb-
ance measurement, such as variation in 
interferent absorbances or a noise spike, 
the accuracy of your entire measure-
ment is shot. Whereas with peak area, 
if one absorbance is wrong it is aver-
aged out over the other absorbances that 
comprise the peak, meaning an inac-
curacy in one measurement has less ef-
fect on the overall measurement than 
with peak heights. This ability to toler-
ate an inaccurate measurement and still 
maintain accuracy is called robustness, 

a measure of calibration quality that I 
hope to discuss more in a future column. 
In our case here it is safe to say that peak 
area calibrations are more robust than 
peak height calibrations.

In my opinion, peak areas are better 
than peak heights for quantitative spec-
troscopic analyses. However, there do 
exist examples in the literature where 
peak height calibrations give better re-
sults than peak area. Given this fact 
my approach to this issue is simple. Try 
peak area first, and if you run into prob-
lems, then try peak height. At the end of 
the day the samples themselves will de-
termine which route is best.

Conclusions
Since absorbance is one of the parameters 
in Beer’s Law, it is important to measure 
it properly. For single peak quantitative 
methods, the first thing to do is to consult 
spectra of the pure components in your 
sample. You will need to pick an analyte 
peak as free from interference as possible. 
The next thing to do is look at the spectra 
of your standards to ensure that your 
analyte peak varies with analyte concen-
tration. You then need to draw a baseline 
under your peak, being careful to choose 
proper baseline endpoints. Then, you 
need to measure the peak height or area 
and use it in your calibration. In this au-
thor’s opinion, peak area is better because 
its calibrations have a better signal-to-
noise ratio and are more robust than peak 
height calibrations. However, since on 
occasion peak height calibrations can be 
better, the safest route is to try peak area 

first, and if the accuracy obtained is not 
sufficient then try peak height.
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Table I: Signal-to-noise ratio results 
for peak height and area for peak seen in 
Figure 3

Absorbance Reading SNR
Peak height = 0.09 8.5
Peak area = 1.49 140
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extraction science

Advancement in extraction technology, blossoming product innovation, and state legalization continues to expand in 
the cannabis and hemp industry. With all that, there has been an ever evolving and growing list of concentrate product 
types. In this article, the various extract types will be defined so there can be some consensus once and for all.

Concentrate...What Do You Call It?
By Lo Friesen

The cannabis industry is still rel-
atively young, but that has not 
stunted the development of in-
novative extraction technolo-

gies and cannabis product types. In 
hyper-competitive markets—such as 
California, Colorado, and Washing-
ton—manufacturers are competing on 
price or novelty. While most consum-
ers favor low prices, as in any industry, 
there is a strong and growing market for 
super premium novelty products. This 
is especially prevalent in the concen-
trates category. 

As covered in the solventless extracts 
overview in March (1), cannabis concen-
trates have historically been available for 
a long time. The first method of produc-
ing concentrates was hash production, 
where trichomes are separated from the 
plant and collected. Now, there are many 
more methods of extraction which pro-
duce many different extract types. Each 
extract type has a different viscosity, 
color, flavor profile, and can even have a 
different chemical composition. These 
differences are based on the extraction 
solvent, extraction method, source ma-
terial, and other factors. Below is a list 
of extraction methods and extraction 
solvents that are commonly used in the 
cannabis industry today.

Extraction Methods
• Dry sieve: mechanical separa-
tion of the trichomes from the 

cannabis flower using sieves of 
specific mesh size.

• Press: mechanical extraction meth-
od, also known as expression, 
where plant material is pressed 
to extract and collected the resin 
from the plant material. 

• Dynamic maceration: extraction by 
diffusion where ground plant mate-
rial is soaked with organic solvent 
to extract desirable compounds

• Soxhlet: a solvent is heated to re-
flux, then the solvent vapor soaks 
the solid material then condenses 
as a mixture of desired compounds 
and solvent. The solvent is later 
evaporated to leave behind the ex-
tracted compounds. 

• Supercritical fluid: desired com-
pounds are extracted by introduc-
ing the pressurized fluid to the sol-
id matrix, where, as a supercritical 
fluid (SCF), the desired compounds 
are soluble. The SCF, usually CO2, is 
then converted to a gas and evapo-
rated from the solution leaving just 
the desired compounds.

Solvents
• Water 
• Carbon dioxide (CO2)
• Hydrocarbon  
(butane, propane, blend) 

• Ethanol 

Extraction methods and solvent types 
produce relatively different outcomes, 

especially with respect to the viscosity of 
the extract. Each process extracts a dif-
ferent matrix of compounds as a result 
of solvent polarity, solvent density, qual-
ity of plant material, and others. Solvent 
extraction can be done using polar sol-
vents (such as ethanol), or nonpolar sol-
vents (like CO2 and butane). Ethanol is 
an incredibly efficient solvent and eas-
ily extracts both tetrahydrocannabinol 
(THC) and tetrahydrocannabinolic acid 
(THCA) at a wide range of temperatures. 
Most cannabinoids and terpenes, such as 
THC or limonene, are nonpolar. Hydro-
carbon solvents and CO2 are both non-
polar, so they make excellent choices for 
extraction solvents. However, THCA is 
polar and, therefore, less soluble in non-
polar solvents than THC.

The viscosity of cannabis extract is 
an effect of the concentration of ter-
penes, cannabinoids, waxes, and oth-
er compounds that individually have a 
wide range of viscosities. At room tem-
perature, atmospheric pressure, and in 
its pure form: 

• Terpenes are a volatile liquid 
• THC is an amorphous solid
• THCA is a crystalline solid
• Cannabidiol (CBD) is a crystal-

line solid
• Plant waxes are solid

Terpenes are a volatile liquid and 
many of them act as solvents. So, 
an extract with a relatively high 



cannabissciencetech.com july/august 2022  |  cannabis science and technology® 15

concentrates / extraction science

concentration of terpenes will be a liq-
uid. If an extract has a high concentra-
tion of THCA, the extract will likely 
be a solid or have crystalline forma-
tions in the extract. If there is a high 
concentration of plant waxes, the ex-
tract will likely be a solid or have a 
very high viscosity. 

The cannabis plant naturally pro-
duces THCA. However, during the 
drying and curing or if cannabis ages 
without proper storage, some of the 
THCA can turn into THC. Terpenes 
will also change during the drying and 
curing process because of oxidation, 
evaporation, and the plant’s enzymes 
continuing to react and produce dif-
ferent terpenes. So, a freshly harvest-
ed cannabis flower will have a different 
chemical profile than that same flow-
er after it has been dried and cured. 
In the past few years, many operators 
have produced cannabis extract us-
ing freshly harvested cannabis flower 
to create an extract with a very differ-
ent chemical profile. After harvest, the 
cannabis flower is quickly packed and 
frozen to preserve its chemical profile 
and trichome structure. The result is 
live resin, an extract with a terpene and 
cannabinoid profile of the freshly har-
vested cannabis flower. Live resin can 
be produced with many different ex-
traction methods, but it is most com-
monly produced through hydrocarbon 
extraction and ice water hash. 

Ice water hash is a method intend-
ed to physically separate the trichomes 
from the cannabis flower by suspend-
ing and then agitating the cannabis 
flower in a bath of ice and water. The 
interaction with the ice, physically 
knocks the trichomes off of the canna-
bis flower and they end up in the cold 
water. The mix of water, ice, cannabis 

flower, and trichomes is then filtered 
through mesh screens or bags with 
progressively smaller pore sizes un-
til all trichomes have been collected. 
These trichomes are collectively called 
hash and can be further processed in 
many ways to produce extracts of dif-
ferent compositions and viscosities. 

Conclusion
In summary, different types of extracts 
come from different extraction meth-
ods, source cannabis material, and any 
further processing that is done after the 
extraction. There is no governing body 
to standardize nomenclature around 
methods or extract types. Innovation in 
cannabis extraction technology, extract 
refinement, and method of administra-
tion spaces are all continuing to happen 
at a fast pace. Until there is official 
authority around naming conventions, 
leaders in the cannabis industry are 
taking responsibility for standardizing 
language around the wide variety of 
products that are on the market today. 

Some common terms and defini-
tions include: 

• Concentrate: General term for 
concentrated cannabis resin, 
usually packaged in a jar.

• Hash: A collection of trichomes 
produced through physical sepa-
ration. Hash can look like sand, a 
puck, or amorphous solid. 

• Shatter: Cannabis concentrate 
that is primarily made up of THCA 
crystalline that has been heated, 
poured on a flat surface, cooled, 
and undisturbed to form a glass-
like structure. This cannabis con-
centrate will “shatter” like glass.

• Crumble: A cannabis concen-
trate with a ratio of terpenes, 
THC, and THCA that produces a 

consistency like clumped sugar.
• Diamonds: Large crystalline 

forms of pure THCA.
• Sauce: Cannabis extract with a 

very high concentration of ter-
penes, creating a very liquid or 
saucy consistency. 

• Badder: Cannabis extract high in 
terpenes and THC. It is whipped, 
which results in a fluffy, whipped 
consistency. 

• Wax: Cannabis extract high in 
cannabinoids, has some plant 
waxes, and relatively low in ter-
pene concentration. This yields a 
thick, waxy consistency. 

• Live resin: Cannabis extract pro-
duced from freshly harvest-
ed and frozen cannabis plant 
material.

• Live rosin: Extract produced from 
pressing hash that was made 
from freshly harvested and fro-
zen plant material. 
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How science-based cannabis breeding is changing the 
industry and new genetics can make cannabis producers 
more successful

CST: What do you anticipate seeing as the cannabis industry matures?
WHELAN: I anticipate seeing further consolidation and specialization as the legal industry matures. 
During prohibition, industry participants needed to do the full gamut of cannabis production 
activities themselves: breeding, producing plants, producing the flower, trying to condition and find 
new ways to extract the flower and get it to a market. 

This legacy approach will probably go away with more specialization and consolidation. A healthy 
industry is going to be one where not everybody can do everything all at once. Some folks will be 
good at producing plants, and they’ll run nurseries. Others are going to continue to find that they 
produce high-quality flower, and they’ll stay at that production stage. A lot of people have to decide 
which link in the value chain they want to occupy. For Occo Innovation, it’s about breeding. We want 
to exist at that early stage and find new and interesting commercial cultivars for the industry to 
bring to market.

CST: Who is Occo, and what sets it apart from other breeding programs?
WHELAN: Occo is the breeding and genetics business unit within Aurora Cannabis, but our roots 
go back to Anandia with Dr. Jon Page. He was focused on testing and analytics and finding ways to 
serve the industry in addition to early genomics and pre-breeding work. (I think they had mapped 
the cannabis genome early on.)

When Aurora acquired Anandia, they left a lot of the testing and analytics work in Vancouver, 
but the breeding and genomics work moved to the facility we have here in Comox where we 
have carried on Dr. Page’s work. We’ve hired a handful of PhDs to oversee our breeding and 
genomics program.

What sets us apart from other breeding programs is the science that we apply. I worked in fresh 
produce for a long time; these are not revolutionary technologies—this is stuff that other crops 
such as wheat, soy, and tomatoes have been doing for years, but we’re applying some of those 
technologies to cannabis. That means a granular understanding of how the cannabis genome 
operates. We are trying to strategically breed to figure out where on that genome all these 
interesting commercial traits exist so that we can intentionally breed for it, isolate them, and 
enhance them in our stock. 

Strategic breeding is not just playing the odds and planting a bunch of seeds and seeing what you 
get but having a breeding program that can be steered to do certain things. There is a lot of talk 
about high THC levels right now, and that’s great, but we can find additional cannabinoids to work 
in. From a production standpoint, there are other desirable traits such as disease resistance. On the 

Elite Genetics:  
The Future of the Cannabis Industry

Casey Whelan
VP of Genetics Business Development
Occo Innovation

near horizon, we will be able to sufficiently map the genes responsible for 
powdery-mildew resistance and have powdery mildew resistant cultivars 
that can be bred with high-potency cultivars. Some of these innovations 
are going to be game-changers, and we’re excited to be a part of it.

CST: What is the relationship between Occo and Aurora?
WHELAN: Folks we’re trying to do B2B business with are often concerned 
that Aurora will get the pick of the litter from our program. The truth is, 
there’s a reason why we are Occo Innovation and not Aurora Genetics: We 
are trying to create a bit of separation from Aurora to operate successfully 
at the B2B level, so our customers can trust us. 

Customers will need to share a lot of information about their needs in 
terms of production and cultivation, and they need to be comfortable 
that they’re not disclosing anything sensitive to the broader Aurora 
organization. So, we are firewalled internally, and we operate at a different 
location than the rest of Aurora’s operations. 

As of now, Aurora has successfully taken on more than a handful of our 
varieties and are taking them to market either now or soon. But there’s 
plenty more where that came from, and we’re looking for additional 
customers, too.

CST: Can anyone access Occo genetics, and what countries are you 
able to serve?
WHELAN: We’re open to having discussions with anybody. The limitation 
right now, in terms of who in the industry we’re working with, is that we 
don’t supply plants. It’s mostly direct licensing for those who are interested 
in a genotype or a handful of genotypes. We’re happy to have those 
discussions if others can take on the plant production themselves. We are 
lining up a handful of nurseries in Canada that will be licensed to produce 
Occo genetics, selling clones of a variety of sizes ranging from small clones 
to ready-to-flower—teen-type products. 

In terms of geography, we’re open to discussions anywhere that cannabis 
is legal. I don’t see a lot of limitations there. If we take the time to 
understand what the various phytosanitary requirements are in these 
places, we are prepared to talk about licensing and shipping materials.

CST: How can new genetics make cannabis producers more successful?
WHELAN: Differentiation. Everyone is looking for differentiation—the idea 
that cannabis or Sativa, Indica, or other types of strains might become 
commoditized is a real concern. If we want to have a healthy industry, 
we need differentiation. We can do that well at the product-format level. 
Innovators are coming up with new ways to extract cannabinoids. There is 
vape technology. There are interesting resins, rosins, etc. But at some point, 
we will run out of ways to package cannabis up. 

CST: The industry talks about important traits in cannabis, but right 
now THC rules the day. Will that change?
WHELAN: Absolutely—it has to. It will be high potencies for a while, but 
we’ll see that taper off soon. From a biological standpoint, it’s hard 
to imagine that a healthy cannabis plant will survive when it’s much 
more than 30% THC and still retains other interesting commercial 
characteristics, like aromas and production characteristics, such as 
yield. Trying to reach those levels of potency comes at some cost. And 
truthfully, not everybody wants to smoke a 30% THC flower. 

So as THC potency tails off, we’ll stop seeing incremental gains. Then the 
discussion will change, and folks will get interested in identifying new 
terpenes but also identifying or isolating terpene profiles that may have 
an impact on the sensory experience. To some extent, terpenes have a 
profound impact on the psychoactive experience as well. 

We’ll continue to identify new, unique components. And if we can find 
interesting therapeutic or recreational benefits to it, then we’ll find ways to 
incorporate them into tomorrow’s cannabis plants.
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to imagine that a healthy cannabis plant will survive when it’s much 
more than 30% THC and still retains other interesting commercial 
characteristics, like aromas and production characteristics, such as 
yield. Trying to reach those levels of potency comes at some cost. And 
truthfully, not everybody wants to smoke a 30% THC flower. 

So as THC potency tails off, we’ll stop seeing incremental gains. Then the 
discussion will change, and folks will get interested in identifying new 
terpenes but also identifying or isolating terpene profiles that may have 
an impact on the sensory experience. To some extent, terpenes have a 
profound impact on the psychoactive experience as well. 

We’ll continue to identify new, unique components. And if we can find 
interesting therapeutic or recreational benefits to it, then we’ll find ways to 
incorporate them into tomorrow’s cannabis plants.
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Powering CEA: Power Supply 
Solutions for CEA Facilities
By Carmen Azzaretti and Neal Benish

Controlled agriculture facilities 
are unique and have general-
ly higher power demands than 
what a utility may be used to 

seeing. It is important to understand 
the power that your facility’s process 
requires as it drives your utility rate 
structure and your power costs. Navi-
gating and evaluating alternative ener-
gy options can help reduce your rates 
and improve your overall emissions 
impact and environmental, social, and 
governance (ESG) performance. Eval-
uating initial system costs and produc-
tion of all power options and combina-
tions are key to determining the best 
solution. Your power rates, grid capac-
ity, and timing can make or break the 
viability of a new location or upgrade 
of an existing facility. A firm under-
standing of how you plan to use your 
facility, what power options are avail-
able, and strong partners to guide you 
to the best solution are critical to your 
bottom line.

Understanding Your  
Power Needs
Whether new construction or retrofit, 
understanding how your facility runs is 
critical. The process that your facility 
uses to produce its yield involves many 
steps. Each of those steps has a power 
need. Water pumps require power and 
operate at a rate based on your facility. 
Your plants require temperature and 
humidity levels that must be main-

tained. Your heating, ventilation, and 
air conditioning (HVAC) system is 
reacting to these set points and work-
ing to keep your system in balance. 
Lighting levels must be maintained at 
specific thresholds. It is well worth the 
time to think through your current pro-
cess, your future plans for refinement 
or increased production, or goals for a 
new or enhanced facility.

Modeling the operations outlined 
above can be extensive. The equip-
ment and processes all interrelate and 
react to growth and harvest sched-
ules, solar gain, temperature, humidity, 
and many other factors. This interrela-
tion requires that you view your facili-
ty’s needs on an hourly basis in what is 
called an 8760 load profile. This profile 
summarizes the complexity of how your 
facility behaves and communicates in-
formation to relevant parties. The 8760 
is a blend of electrical and mechani-
cal engineering, process design, energy 
modeling, solar evaluation, and equip-
ment performance. Having the right 
partners with the experience and capa-
bility to perform this analysis proper-
ly is a critical step in finding your opti-
mal power solution. As a designer and 
builder, ARCO/Murray Power Solutions 
(AMPS) develops these profiles in-
house with their multidiscipline engi-
neering team (see Figure 1). 

While developing an 8760 is a so-
phisticated process, it is still a model 
approximating your needs. Backfilling 

this with performance data will yield 
a more refined prediction. Monitoring 
systems can be integrated into new or 
existing construction to empower your 
process with real-time information of 
how your facility functions.

Understanding Your Grid
Investigating your local grid and its 
potential strengths and weaknesses will 
set your project up for success. Com-
municate your energy needs with the 
utility company early so that you can 
plan for the timing of possible infra-
structure upgrades or even consider al-
ternative sites if building a new facility.  

Work to understand the resilien-
cy and quality of the local grid and any 
special considerations for your loca-
tion. It is important to understand the 
power that you will receive because 
bad power quality can damage equip-
ment. Prepare for potential outages by 
knowing common regional causes and 
seasonality. In larger outage events, 
the downtime difference could be days 
if your location is on the same dis-
tribution line as an essential service. 
These outages will drive your back-
up needs and you must account for the 
necessary infrastructure to keep oper-
ating when grid power may be down.

As a conscientious cultivator, you 
want to understand the emissions im-
pact of your facility and product. 
While using power from the grid may 
look the same on the surface, there are 
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significant differences in emissions im-
pact between a grid with clean energy 
sources and dirty ones. Understanding 
the energy makeup of your local grid 
and its source of power is vital for ESG 
reporting, which has impacts in both 
consumer and investor spaces. Inves-
tigate your available electric suppliers 
and consider green sourcing opportu-
nities, as well (see Figure 2).

Utility rates are not constant and 
can have large f luctuations in prices, 
especially related to peak demand. 
Each utility is different in their rate 
structure. Your peak usage defines 
your rate group, which sets your rate 
structure. Applying the rate struc-
ture to the 8760 will result in an ac-
curate estimate of your electrical bill 
and will be a great start for explor-
ing energy procurement options (see 
Figure 3).  

Alternative Power Sources
Your local utility is not the only source 
of power available to you. By using 
alternative sources, you can reduce 
your carbon footprint and improve ESG 
performance. It can also mean energy 
independence, reduced risk of future 
grid utility escalations, and resiliency 
and consistency of supply that may not 
be available through your local grid. 
If grid power needs at your facility 
requires utility infrastructure upgrades 
that could have long lead times and 
construction durations, on-site alterna-
tive power options will be valuable  
to consider.

These on-site systems are typically 
in the form of:

• Combined heat and power (CHP) 
or co-gen

• Solar arrays
• Battery
• Microgrid

Navigating through the appropri-
ate size and potential combination 
of multiple sources requires expert 

guidance. Alternative source produc-
tion is overlaid atop the 8760 to help 
understand the impacts and benefits to 
you. In some cases, there are additions 

or reductions to your facility’s infra-
structure with the implementation 
of an alternative source that needs 
to be understood and accounted for. 

Figure 1: AMPS developed 8760 visualization. 

What is an 8760?
     · Hourly load profile 365 days x 24h = 8760
     · Formalizes and digitizes the power needs of your facility
     · Used to communicate your facility needs to multiple parties
     · Visualizations of this data allows you to see where and when you require 

different power levels

Figure 2: Grid emissions by state (1). 
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Figure 3: AMPS-developed tools relate utility rates to 8670 analysis.    

Figure 4: Master energy plan developed by AMPS.     

Additionally, with today’s supply chain 
volatility, understanding equipment 
availability, lead times, and current 
pricing is another vital aspect of your 
power choice. Work with a partner who 
has an extensive supplier network that 
is in tune with the current state of the 
market. While performance and pric-
ing play a crucial role, time must also 
be considered and weighed in your de-
termination. For example, AMPS is in 
constant communication with their 
supplier network to add this layer of 
information to the process.

Master Energy Plan
A master energy plan that summarizes 
your up-front capital expenditure and 
long-term system performance is the 
key to your decision-making process. 
You will likely have multiple options to 
consider and need all variables properly 
captured. Developing a full picture of 
all options requires an understanding 
of analysis and system design, procure-
ment, utilities, financing, and other 
items. Guiding this process is complex—
you need a strong partner to summarize 
options and help drive the right solu-
tion. You need an apples-to-apples com-
parison to make an informed decision.

Financing Systems
Production of alternative energy sourc-
es is financially attractive should you 
want to own and operate the equip-
ment yourself. In many cases, extended 
warranties and user-friendly monitor-
ing services help you understand sys-
tem performance and keep the system 
operating at peak efficiency. Given the 
consistent production of alternative 
sources, outside investors are also 
interested in supporting your project 
and alternative power investment. To 
support this, the party receiving power 
agrees to buy at an established rate 
structure. These rates are typically bet-
ter than those available from the utility 
provider and have defined escalations. 

MASTER ENERGY PLAN

Value Unit
7.00 %

0.14 $/kWh
5 $/kW

8.00 $/MMBTU
8.00 $/MMBTU

3 %
1.5 %
2.5 %

46.89 %
0.3 %

2.50 MW
1,750,000  $
1,150,000  $
4,000,000  $

500,000  $
1,500,000  $

25.0 %
7.0 %

10.0 %
100.0 %
0.00 $

Assumptions:
Financial Modeling:
Discount Rate
Utility Rates:
Electric Utility Rate
Electric Utility Rate
Site Gas Rate
CHP Gas Rate
Rate Escalation:
Electric Escalation Rate 
Gas/CO2 Escalation Rate
CHP O&M Escalation Rate 
Equipment Efficiencies:
Avg. Heat Recovery Rate
CHP Degregation Rate 
General Costs:
Back-up Power Needed 
Generators Cost
Boilers CO2 Filters Cost
Grid Utility Cost
Credit on Boiler Reduction 
CHP Building Infrastructure Cost 
Tax & Incentives:
Assumed Federal Tax Rate 
Assumed State Tax Rate
CHP ITC
CHP Bonus Depreciation
CHP State Incentives
CHP Utility Incentives 150,000.00   $

Summary of cost-benefit analysis for CHP in comparison to the grid below. Proposed CHP will provide electricity, hot/chilled water, and 
CO2 to the facility. 

INPUT COLOR LEGEND:
## = Value -Validated
## = Value - Not Validated
## = Value - Calculated 

OPTION 1 OPTION 2

CHP Only - 5.716 MW

Bldg. Infrastructure
CHP Cost & Boiler Reduction

CapEx Includes:

Utility Only

Lead Time: 24 Months 
CapEx Includes:

Back-up Power, CO2 Filters 
Utility Cost

Lead Time: 18 Months
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Blending Quality and Value
ROSS builds the world’s finest Ribbon Blenders to support 

customers across many industries. With five manufacturing 

plants in the U.S., we can meet virtually any blending 

challenge, on any scale — and we can often deliver 

immediately from stock.
 

Engineered for applications from cannabis edibles to 

biopharmaceuticals, in sizes from 1 to 500 cu.ft., 

ROSS Ribbon Blenders also have the BEST prices 

anywhere. Optional spray bars and complete control 

packages are available.

www.mixers.com/cbd  •   1-800-243-ROSS  

Try our free online Knowledge Base & Product Selector 
web app at mixers.com/web-app.

https://www.mixers.com/
https://www.mixers.com/industries/cannabis/
https://www.mixers.com/web-app.asp
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ABOUT THE GUEST COLUMNIST 
As Project Engineer at RII, CARMEN AZZARETTI leads sprint cycles and design 
reviews for the PowerScore resource benchmarking platform, performs analysis 
for Producer Resource Efficiency Plans, facilitates the Data Working Group 
of the Technical Advisory Council, manages the RII catalog, and supports 
live workshops. Azzaretti works with producers to visualize trends in facility 
Performance Snapshots and create case studies to celebrate excellence in 
environmental performance. Azzaretti represents RII on industry committees 

developing standards for CEA including the ASHRAE Technical Committee 2.2 (Plant and Animal 
Environments) and Task Group 1 of the UL 3600 Scorecard for Measuring and Reporting Circular 
Economy Aspects of Products, Sites and Organizations.

ABOUT THE GUEST COLUMNIST 
As Director of Engineering for ARCO/Murray Power Solutions group (AMPS), 
NEAL BENISH leads an extensive in-house team of engineers and design/
builders providing power solutions for clients. His team focuses on navigating 
and interrelating design, system performance, equipment supply-chain and 
lead times, utility rates, incentives, and monitoring to drive optimal solutions.  

The financier owns the system, operates, 
and maintains its performance. While 
the return on investment is not as at-
tractive as a direct ownership scenario, 
it is an option to consider.

Federal, state, local governments, and 
utility companies encourage investing 
in efficient power producing systems. 
These incentives are generally in the 
form of tax benefits on the initial sys-
tem investment and its depreciation. Ad-
ditional incentives are available based 
on system performance. These need to 
be integrated into the financial model to 
give the full picture to help inform your 
decision-making process.

Monitoring and Tracking
Monitoring production and tracking 
results is important to understand and 
validate your actual usage and perfor-
mance. It also helps you understand the 
correlation between your energy needs, 
operations, and yields. It can help identi-
fy underperforming systems for planned 
maintenance and investigation before 
they can cause unplanned downtime or 
expensive damage. Knowing your actual 
operational performance offers the 
opportunity to guide decision making 
based on real data.

Conclusion
Solving the power needs of your facility 
can be complex. Understanding your 
operations and facility demands require 
expert engineering. Driving the opti-
mal solution means an understanding 
of design, construction, supply chain, 
timing, operations, and monitoring. 
Choosing the right partner to lay the 

course toward the best solution from the 
beginning is key to a successful project. 
Holding control on the power decisions 
puts you in the driver’s seat to mitigate 
costs, carbon impact, and increase finan-
cial benefit.
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Quantitative LC-UV Method for CBD  
in Topicals with Simplified Extraction  

of Lotions, Balms, and Creams
D R .  J A M I E  Y O R K 

INTRODUCTION
THE DEVELOPMENT of extraction 
procedures and analytical methods for 
cannabis-infused matrices can be  difficult 
due to their diverse array of ingredients, 
posing a challenge in developing universal 
procedures that work for all samples. In 
the workflow developed here, one sample 
preparation and method of analysis was 
successfully used to quantify CBD in all 
three sample types. The result of this sample 
preparation technique is a clean extract that 
will ensure instrument uptime and maximize 
column lifetime, while providing fast and re-
liable quantitation of CBD in these complex 
matrix samples.

EXPERIMENTAL
First, 0.5 g of sample was weighed into a 
50 mL centrifuge tube (cat.# 25846) and 
extracted using 5 mL of 50:50 meth-
yl tert-butyl ether:methanol solvent 
solution. The samples were vortexed for 
approximately 90 s, shaken on a shaker 
table for 5 min, and centrifuged for 5 min 
at 3000 rpm. Next, 50 µL of supernatant 
was transferred to a vial and dried under 
a stream of nitrogen. Each sample was 
reconstituted with 1 mL of 25:75 water:ace-
tonitrile and a 300 µL aliquot transferred to 
a  0.2 µm PTFE Thompson filter vial (cat.# 
25893) for filtration prior to analysis.

Calibration standards were prepared at 
2, 3, 5, 10, 20, 50, 100, 200, and 300 ppm 
and analyzed in triplicate. Quality control 
standards were prepared at 8, 80, and 
280 ppm and analyzed six times each. A 
comparison of label claims to experimental 
values was made by calculating the native 
concentrations of CBD in lotion, balm, and 
cream containers based on the measured 
concentrations in each sample. This value 
was compared to the advertised amount of 
CBD by calculating percent difference. 

Percent recovery experiments were per-
formed by fortifying a set of samples prior 
to sample preparation and another set 
of samples post-sample preparation at a 

concentration of 6 ppm. These values were 
then used to calculate percent recovery 
to determine if any analyte was lost during 
the sample preparation procedure.

RESULTS AND DISCUSSION
The developed workflow allows for multiple 
CBD-infused samples (lotions, balms, 
creams) to be analyzed by the same sample 
preparation procedure and method of 
analysis, saving time and allowing for higher 
sample throughput. The LOD for these ex-
periments was determined to be 2 ppm and 
the calibration curve returned an R2 value of 
0.9997. Experimentally determined CBD per 
bottle, precision (%RSD), percent difference, 

Experimental details

Analytical column: Raptor ARC-18 150 mm x 4.6 mm ID x 2.7 µm column  
(cat.# 9314A65)

Guard column: Raptor ARC-18 5 mm x 4.6 mm ID x 2.7 µm EXP guard column 
(cat.# 9314A0250)

Mobile phase A (25%): Water, 5 mM ammonium formate, 0.1% formic acid

Mobile phase B (75%): Acetonitrile, 0.1% formic acid

Flow rate: 1.5 mL/min

Injection volume: 5 µL

Oven temp: 30 °C

Wavelength: 228 nm

Run time: 5 min

ABSTRACT 
A universal extraction method has been developed for the LC-UV analysis of cannabidiol (CBD) in infused lotions, balms, and creams. The 
method was evaluated using fortified samples with percent recoveries ranging from 90.2–108%. Linearity was evaluated from 2–300 ppm and 
returned an R2 value of 0.9997. The sample preparation method developed produces clean extracts and reliable results. The LC-UV analysis was 
conducted using a Raptor ARC-18 (150 mm x 4.6 mm ID x 2.7 µm) column with a Raptor ARC-18 EXP guard column cartridge. Isocratic mobile 
phase conditions were used for a total run time of 5 min per sample.
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and percent recovery are displayed in TABLE 
I. A representative sample chromatogram is 
displayed in FIGURE 1.  
 
CONCLUSION
The LC-UV method for CBD in topicals pre-
sented here allows for a fast and straightfor-

ward sample preparation and subsequent 
detection. The applicability of this meth-
odology for multiple sample types provides 
labs with an opportunity for higher sample 
throughput by applying a single method to a 
wide variety of CBD-infused lotions, balms, 
and creams.

 
110 Benner Circle, Bellefonte, PA 16823
1-814-353-1300 
www.restek.com 

TABLE I: Percent recovery of fortified samples and comparison to label value results

Recovery Experiment Comparison to Label Value Experiment

Sample % Recovery CBD Label Value per 
Bottle (mg)

Experimental CBD 
per Bottle (mg)

Precision 
(%RSD)

% Difference  
(Experimental versus Label)

1. Hemp-infused lotion 106 348 343 0.84 1.42

2. CBD-infused lotion 108 600 617 1.43 2.90

3. CBD-infused cream 96.8 150 151 3.08 0.69

4. CBD-infused balm 90.2 100 88.6 2.94 11.4

5. Hemp-infused balm 99.2 82.6 82.3 2.96 0.39

6. CBD-infused lotion 102 250 269 2.02 7.58

7. CBD-infused cream 98.8 100 90.5 9.51 9.55

8. CBD-infused lotion 99.0 100 97.1 5.02 2.91

9. CBD- infused balm 90.7 70.0 55.8 4.46 20.3

10. Blank lotion (no CBD) 101 n/a n/a n/a n/a

FIGURE 1: Example chromatogram for this LC-UV method for CBD in lotion.

http://www.restek.com
http://www.restek.com
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2022 CSC East Plenary Speaker 
Highlight: Dr. Dedi Meiri 
By Josh Crossney

I recently had the pleasure of sitting down 
with our 2022 Cannabis Science Con-
ference East Plenary Speaker, Dr. David 
“Dedi” Meiri. Dr. Meiri is an assistant 

professor at the Faculty of Biology at the 
Technion Israel Institute of Technology 
and a member of the Technion Integrated 
Cancer Center. Dr. Meiri heads the Labo-
ratory of Cancer Biology and Cannabinoid 
Research at Technion, and is the found-
er of Cannasoul Ltd. In this interview, 
Dr. Meiri discusses his important work at 
Technion, challenges and opportunities in 
cannabis research, and a preview of his up-
coming presentation for CSC East. 

Q:

Can you tell us a little  
bit about the Technion  
Israel Institute and your  
work at the Laboratory  
of Cancer Biology and 
Cannabinoid Research?

A:
Dr. Dedi Meiri: The Technion is 
the Technology Institute of Israel, a 

little bit like Massachusetts Institute of 
Technology (MIT) in the United States. At 
Technion we offer computer science and 
engineering, but also medicine and biology. 
Biology for many years was kind of like the 
stepson at Technion. But in 2005, the 
biology group won two Nobel prizes, so we 
have since become a very important faculty 
group, which I am part of. I’m part of the 
Technion Integrated Cancer Center 
(TICC). But in the last few years, my lab 
became more multidisciplinary when I 
started to work with cannabis. So, we are 
doing a lot with the plants and other 
indications on top of cancer. 

Q:

Your talk at Cannabis Science 
Conference East is titled 
“Matching the Right Flower  
to the Right Bride.” What do 
you hope our audience will 
take away from this presenta-
tion, and can you share some 
of the key topics that you’ll 
be covering?

A:
Dr. Meiri: People have used 
plants as a medicine for thou-

sands of years. However, we are treating 
plants as a medicine very differently than 
how we treat traditional types of 
medicines. In plants, we are looking kind 
of at the whole plant, not even just 
cannabis. We’re seeing the same things 
with gingko, echinacea, and valerian as a 
whole. But what is valerian? There are 
many types and each one of them contain 
different compounds—the same is true 
for cannabis. Even more than that though, 
cannabis is affecting the endocannabinoid 
system in our body, every cell in our body 
is harboring the endocannabinoid. There 
are many receptors and cannabis has 
many active compounds—the cannabi-
noids—and it’s very wide.

Cannabis is actually effecting every 
cell in our body and every system, but 
what we need to determine is which type 
of cannabis will improve sleep, which 
will reduce pain, which will affect nausea, 
which will affect your mood, and so on. 
We don’t know enough yet. 

Then we are going to more specif-
ic diseases such as epilepsy, Crohn’s, 
and colitis, and so on. We’re trying to be 
more and more specific. Again looking 

at which strain of cannabis or which 
type of cannabis. In my lab only, I have 
more than 1000 different types of can-
nabis, which one of them or which com-
bination of molecules is effecting dis-
ease treatment. 

For instance, a lot of people use can-
nabis and say it is improving their quality 
of life—a little bit improving sleep, a lit-
tle bit reducing pain, and a little bit im-
proving the mood, and altogether, you 
get something complete. Many types of 
cannabis can be effective. But when we’re 
starting to look at specific illnesses and 
somebody has insomnia, now I’m looking 
for a strain that’s improving sleep and for 
that, we try to match which cannabis or 
which compounds effect which disease. 
This is the major question in our field, 
and my lab is trying to close these gaps.

Q:

You’ve been a leader in 
cannabis research for many 
years now. What are some of 
the major differences you 
have seen while performing 
your research in Israel as 
opposed to other countries 
like the US that might be 
more restricted as far as 
cannabis laws?

A:
Dr. Meiri: As a scientist in 
Israel, I have no restrictions at 

all. I need to have a license to do 
research and I need to renew this 
license every year, but it's very simple. 
And from that, I don’t have any 
restrictions. I can get cannabis from all 
the growers in Israel. I can do any type 
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of science or research, and I think this is 
the major difference.

On top of that, 50 minutes from here, 
I have Raphael Mechoulam, who was the 
godfather of this field. He defined the 
cannabinoids in 1964 and 1965. And for 
that, he did a huge amount of research. 
He is 92 this year, but still he’s working 
and still active, and I have the privilege to 
be quite close to him, and to learn a lot of 
the methods and the things that he did.

There are few people in Israel that are 
worthy students and work on that, so the 
group and the support of each other is big. 
But also, Mechoulam was always an im-
portant scientist in Israel. He wasn’t a sci-
entist that nobody paid attention to. He 
actually was the dean and director for Je-
rusalem University, which is the biggest in 
Israel, so he wasn’t just another scientist.

This has also opened things up for the 
government, healthcare, and people for this 
field. It wasn’t as a scientist. I’m not talk-
ing about the recreational side. I’m talking 
about the science side, and the health side 
of cannabis. I think because of Mechoulam, 
it was very easy for us to step in.

Q:

Do you find yourself in 
situations where you’re able 
to work with researchers that 
could add value, but they 
might be based in the US and 
are not able to conduct 
research here? Do you ever 
have situations where you’re 
able to kind of cross borders 
and collaborate?

A:
Dr. Meiri: I think this is the major 
obstacle or barrier. It’s very 

difficult to work with scientists abroad. I 
have many friends in the US and Canada 
that are working in similar research areas, 
but transferring material has always been 
an obstacle. 

However, within the last three years, 
Israel has started to allow the export and 
import of cannabis. So in that respect, it 
has become easier. So let’s say in Austral-
ia for example, I have collaborators that 
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Figure 1: Dr. David “Dedi” Meiri.
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we send materials to and we receive ma-
terials and goods from Canada. In the US, 
it’s still very, very strict. And even though 
I have a lot of friends  in the US—includ-
ing some big names such as Ethan Rus-
so and Dr. John Abrams, among others—
it’s still limited to just sharing data and 
knowledge. We cannot really work on the 
same projects together.

Another hurdle is that we can’t apply for 
funding together, which is what I can usu-
ally do in other types of research. If we 
can’t transfer materials then we can’t work 
on the same thing, so this is a huge obsta-
cle still with the US. People often ask me 
what will create a big change or when will 
there be an increase in the data, I think 
when the US becomes more open regard-
ing the science we will see change. When 
they allow scientists to work in freedom 
and to collaborate in other countries, that 
will be the difference.

I can say that the Technion is very im-
portant and it’s like MIT, but it’s not the 
same as MIT. The big institutes and the 
leading institutes in research in the world 
are still in the US in terms of budget and 
smart people. I think  allowing free re-
search in the US will be the change. So, 
we are waiting for you guys!

Q:

What is the legality of canna-
bis in Israel? Is it just legal for 
medical use? Is it legal for 
adult use? What does the 
landscape look like there? 

A:
Dr. Meiri: It’s legal just as for
medical use. It’s actually under 

our healthcare system. The big difference 
in Israel compared to other countries is 
that since 2007 cannabis has been under 
healthcare, and healthcare in Israel is 
universal. Medical insurance is compul-
sory, so we are paying for our healthcare, 
but it’s deductible from our salary. Every 
citizen—it doesn’t matter if you work or 
not work—must have government 
insurance. When we go to a physician or 
get medicines, we are not paying for that. 
It’s already been covered—and that 

includes cannabis. Actually, patients in 
Israel get a prescription for cannabis and 
buy it in the pharmacy under a prescrip-
tion with their healthcare that is 
subsidized. The cost is low. We have 
115,000—almost 120,000—patients that 
are getting cannabis. It’s the most 
prescribed medicine in Israel.

So, if you think that the population is 
around seven or eight million people, so 
you understand as a percentage that it’s a 
huge population of patients that are get-
ting medical cannabis, and this is also 
changing the stigma. For instance, if your 
grandma is getting cannabis because she 
has cancer, or your nephew that has ep-
ilepsy is getting cannabis, and the autis-
tic kids that you see are getting canna-
bis—you don’t think any more about that 
as a drug or just for a stoner—sorry for us-
ing that terminology, but medical use has 
made cannabis become more acceptable.

So, if you see somebody in Israel using 
cannabis, people will likely think “They 
probably have PTSD, Crohn’s, or colitis,” or 
something like that. The concept is totally 
different here.

Five or six years ago when I started to 
work in cannabis, I would give talks in 
hospitals at least once a week. I think at 
this point, there are no hospitals or even 
departments in hospitals that I didn’t 
share my results with. So at that time 
when I would share my data, physicians 
would say things like “Over my dead 
body, that we will prescribe cannabis.” 
Well . . . there should be a lot of dead 
bodies in Israel today because they are 
all prescribing cannabis now. But, you 
don’t hear comments like that anymore. 
There is no department, there is no phy-
sician in Israel that’s not thinking about 
it as a medicine and prescribing it if 

their patient needs it, and this is a huge 
change of concept.

Q:

You have been a longtime 
friend of the Cannabis 
Science Conference, what is 
your favorite thing about the 
show and what keeps you 
coming back?

A:
Dr. Meiri: It’s a tricky question to
answer because you are asking it. 

It would be easier for me to answer to 
somebody else because it would look 
more reliable. But honestly, it’s the best 
conference that I participate in. (And 
again, it’s not because you’re asking me.) 
You can see me saying this at other 
conferences. I think there is only one that 
I consider similar, and it’s in Australia.

But literally, Cannabis Science Confer-
ence is a big show with a lot of good sci-
ence. The major people in the industry 
come, but there is also a mixture of in-
dustry science physicians that are real-
ly coming to learn. There are a lot of con-
ferences like that also in Israel, but I don't 
think they succeed to reach the point, 
which is the top-notch people coming and 
collaborating together.

I also learn a lot at these conferences. I 
participate in a lot of conferences, but I am 
not learning a lot from them. But there are 
few cherries, like yours, that are always fun, 
but also I’m coming back with knowledge, 
partners, collaborations, and ideas. It’s just 
so important for science and for moving 
forward. I think it’s extremely important. 

This interview has been edited for length 
and clarity. For more with Dr. Meiri please 
visit: https://www.cannabissciencetech.com/
view/dr-dedi-meiri-on-plant-medicine-
matching-the-right-flower-to-the-right-bride
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Beneficial microorganisms mycorrhizae and bacillus can 
prevent root disease in plants, increasing plant tolerance to 
environmental stresses and the symbiosis between these 
and the soil. 

CST: How are mycorrhizae and bacillus beneficial to cannabis plants?
TRÉPANIER: Mycorrhizae is a fungus that creates a symbiotic relationship with the root of the 
cannabis plant. Once the symbiosis is established, hyphae explore the soil, absorb nutrients such 
as nitrogen, phosphorus, and potassium, and transfer them to the plant. Hyphae also absorb and 
transfer water to the plant. Because of this, mycorrhizae sustain the plant for a longer period of time 
if no water is present. 

Bacillus is a bacterium that creates a biofilm around the root of the plant. The biofilm prevents 
infections and diseases that can be present during the growth cycle. 

CST: Will these microorganisms increase the quantity of terpenes?
TRÉPANIER: Yes, mainly mycorrhizae because when spores are germinating in the soil, they send 
a signal to the root, and the wall detects the signal. Although it doesn’t know what the threat is, it 
starts a reaction in the plant, which leads to the symbiosis of terpenes in the plants. It knows it has 
to protect itself and increase the terpene content to protect the plant. The plant quickly detects that 
it’s not a disease and permits symbiosis with the fungi.

CST: Do active ingredients have an impact on growing practices?
TRÉPANIER: Not a big impact. But one thing to keep in mind is the content of phosphorus: Do 
not go over 20 ppm of phosphorus in the nutrient solution. If phosphorus levels are too high, 
mycorrhizae can’t establish symbiosis with the root. 

CST: Can they work with other microbial products? 
TRÉPANIER: Yes, mycorrhizae work well with bacillus because these two organisms have been 
developed to work together. Mycorrhizae’s hyphae exudate carbon in the soil that feed the soil’s 
bacteria. If you put other kinds of microbial products, these bacteria will also benefit from hyphae, 
and they feed on the exudate. So, mycorrhizae help to propagate the bacteria in the soil.

CST: Are these beneficial microorganisms sustainable for the planet?
TRÉPANIER: Yes, because these microorganisms help to increase the efficiency of nutrient 
absorption by the plant. With mycorrhizae, and with some kinds of bacillus, you may have to 
decrease the amount of nutrient fertilizer applied because the plant will use it more efficiently. 
With bacillus, you don’t have to use a lot of fungicide in the root—fewer pesticides and less fertilizer, 
so it’s better for the planet.

Beneficial Microorganisms' Effects on Cannabis

Martin Trépanier 
Scientific Expert Director
Premier Tech

https://www.pthorticulture.com/en/
https://www.cannabissciencetech.com
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Variable Red Light Exposure 
Affects Phytochemical Content  
in Group III Cannabis Cultivars

B Y  Z A C A R I A H  L .  H I L D E N B R A N D ,  A N D R E W  G R O S E L L A ,  R O B E R T  J .  M A N E S ,  M A T T H E W  S P U R L O C K , 
A D A M  M .  J A C Q U E S ,  C H R I S T I A N  W E S T ,  O R I A H  L O V E ,  R .  E D W A R D  W E S T E R F I E L D ,  M I C H A E L 

P E C O R E ,  T I F F A N Y  L I D E N ,  S H E L LY  G A O ,  A N D  K E V I N  A .  S C H U G 

Light intensity, direction, photoperiod, and spectral composition play essential roles in the growth 
and phytochemical expression of all photosynthetic plants. In the work presented here, we evaluated 

the effects of variable red-light exposure on the phytochemical content of four Group III cannabis 
(cannabidiol- and cannabigerol-dominant) cultivars. In the presence of full-spectrum light emitting 
diodes, the modulation of red-light frequencies affected the expression of various major and minor 
cannabinoids, various terpenes, and six anthocyanins. The plants treated with daily on/off cycles of 

red-light yielded higher average concentrations of total cannabinoids and anthocyanins, but a lower 
mass of trimmed flower material, compared to control plants exposed to 1000 W full-spectrum-

light. These findings represent preliminary efforts to characterize the phytochemical effects of light 
modulation in Group III cannabis cultivars. Additionally, this study is the first to characterize terpene 

expression and volatilization in real time using mobile gas chromatography and reports variable 
anthocyanin expression in cannabidiol- and cannabigerol-dominant cannabis cultivars.

Light intensity and spectrum play 
pivotal roles in the growth and 
development of all plants. Photo-
synthesis, photorespiration, ger-

mination, photoperiodic control of 
flowering, phototropism, and entrain-
ment of circadian rhythms are phys-
iological mechanisms that are all de-
pendent on light for optimal plant 
growth (1). The efficacy of horticul-
tural lighting can be distilled down to 
three primary variables: color of the 
light (frequency), light coverage of the 
crop, and using adequate power (pho-
ton density) to achieve desired yields. 
McCree (2) examined 22 crop plants 
and determined their average photon 

utilization across the frequency spec-
trum of sunlight. He used these data to 
produce a graph, known as the McCree 
Curve, which illustrates how plants 
utilize light, from ultraviolet and blue 
short wavelengths through the longer 
wavelengths of red and far-red light 
(2). McCree elucidated the effect of 
blue light (400-500 nm) on facilitat-
ing vegetative growth, and further elu-
cidated the effect of yellow, amber, and 
red light (620-780 nm) in the flower-
ing stages (3). More specifically, blue 
light affects nuclear receptors that reg-
ulate light-dependent growth respons-
es, such as the inhibition of hypoco-
tyl elongation, leaf expansion, stem 

growth, and phototropism (4-9). Phy-
tochrome and phototropins, principal-
ly red (R) and far-red (FR) (600-800 
nm) as well as blue (B) (400-500 nm), 
act through phytochrome and cryp-
tochrome signaling pathways to regu-
late photomorphogenic and photoper-
iodic responses (10,11). Phototropins 
regulate light-dependent movement, a 
process known as phototropism. 

Other investigators have used the 
McCree Curve as the basis for investi-
gating the effects of manipulating light 
to enhance growth (12). Early work fo-
cused on food plants using metal hal-
ide (MH) and high-pressure sodium 
(HPS) lighting. MH fixtures produce 



cultivation / peer-reviewed

cannabissciencetech.com july/august 2022  |  cannabis science and technology® 31

light predominantly in the blue frequen-
cies, whereas HPS lights produce primari-
ly amber and red frequencies. These tech-
nologies have been used as the standards 
in horticultural lighting and continue to 
be used today. Early light-emitting diodes 
(LEDs) replicated MH and HPS with di-
odes that were biphasic and gave sharp 
peaks of light in the blue and red frequen-
cies, as opposed to a broad spectrum of 
colors across the photosynthetic range 
(13). These biphasic LEDs have been sup-
planted by full-spectrum LEDs that emu-
late the McCree Curve and the spectrum 
of natural sunlight.

The effects of light used to grow food 
and herb plants have been extensive-
ly investigated, especially regarding the 
manipulation of the light spectrum to 
enhance growth. This research has doc-
umented the effects of light spectrum 
manipulation on vegetative growth and, 
more recently, the effects of light manipu-
lation during flower and seed production 
of vegetables and fruits. Photomorpho-
genic mutants are excellent tools for stud-
ying the interactions between light and 
plant development. Photomorphogenesis 
refers to how plants modulate their devel-
opment in response to light. Several sets 
of genes are responsible: 1. photoreceptor 
genes; 2. early signaling intermediates; 
3. pleiotropic genes; and 4. downstream 
effectors (14). For example, monogen-
ic recessive mutations for the elevat-
ed expression of pigment elements (hp-
1, hp-1w, hp-2, hp-2j, hp-2dg) have been 
described in tomato (Solanum lycopersi-
cum) (15). These mutations cause exagger-
ated light responsiveness, shortened hy-
pocotyls, elevated anthocyanin content, 
delayed development, darker pigmenta-
tion of leaves and fruits, and later onset 
of fruit ripening, as compared to isogen-
ic wild type tomatoes. These hp mutants 
also overproduce several flavonoids, as in-
creased pigmentation was found to be at-
tributable to increased concentrations of 

chlorophyll in unripened fruits and carot-
enoids in mature red fruits (16,17). Fur-
thermore, discovery of the det1 and ddb1 
mutants led to the coupling of photomor-
phogenesis and over production of phy-
tonutrients (18). Lastly, the modulation 
of light signaling to increase the func-
tional quality of fruits was demonstrat-
ed by increased synthesis of flavonoids 
in tomatoes carrying the hp mutation 
(13,19). This link led to the hypothesis that 

manipulation of light signaling machinery 
may be a means of affecting the function-
al properties in the tomato fruit and oth-
er plants and fruits (15). Light signaling 
genes are highly conserved in the plant 
kingdom, and it is highly likely that their 
effects are reproducible in other plant 
species either closely or distantly related 
to tomatoes (20). Therefore, we have used 
these studies as a template to evaluate the 
effects of variable red-light exposure on 

Figure 1: Schematic of horticultural lighting conditions in the two full-spec-
trum (FS) control tents (1 and 2) and experimental tents (3 and 4). PAR map-
ping (center) for the 1000 W control tent is provided as a reference. 

Table I: List of terpene compounds that were quantifiable via portable GC 

Terpene Compound CAS Number Terpene Compound CAS Number

α-Pinene (80-56-8) Terpinolene (586-62-9)

Camphene (79-92-5) Linalool (78-70-6)

β-Pinene (18172-67-3) (-)-Isopulegol (89-79-2)

δ-3-carene (13466-78-9) β-Caryophyllene (87-44-5)

β-Myrcene (123-35-3) α-Humulene (6753-98-6)

α-Terpinene (99-86-5) Geraniol (106-24-1)

D-Limonene (5989-27-5) Caryophyllene oxide (1139-30-6)

Eucalyptol (470-82-6) Nerolidol isomer (7212-44-4)

γ-Terpinene (99-85-4) Guaiol (489-86-1)

p-Cymene (99-87-6)
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phytochemical content in Group III can-
nabis, (that is, cannabidiol [CBD]- and 
cannabigerol [CBG]-dominant) cultivars.

The results presented here do not pro-
vide the technical resolution to assess the 
effects of variable light spectra on indi-
vidual gene expression, such as individu-
al phytochrome receptors, because of the 
federal restrictions of working with can-
nabis in a traditional academic research 
setting. However, these findings provide 
insight into some of the phytochemical re-
sponses to differential light treatments in 
four Group III cannabis cultivars. Initial 

studies of the effects of light manipulation 
of cannabis have focused almost exclusive-
ly on increasing the tetrahydrocannabi-
nol (THC) content in Group I flower ma-
terial (THC-dominant) (21). More recent 
investigations have focused on enhancing 
the production of CBD and terpenes (22). 
These early efforts have focused primari-
ly on the vegetative phase of plant growth. 
This is because physical growth metrics of 
interest, such as internodal distance, are 
easily measured and replicated. In a com-
plimentary fashion, the work present-
ed here focuses on evaluating the effects 

of light manipulation on the expression 
of several types of secondary metabolites 
produced by Group III cannabis cultivars, 
such as major and minor cannabinoids, 
various classes of terpenes, and the antho-
cyanin flavonoids. 

Materials and Methods
Group III Cannabis  
Cultivars and Horticultural 
Lighting Conditions
In this study, we exposed four different 
Group III cannabis cultivars to four dif-
ferent lighting conditions during their flow-

Figure 2: The depletion of chlorophyll content over time throughout the flowering phase. The Mann-Whitney pairwise 
U-test was used to assess differences in chlorophyll content between the four different lighting conditions. *, **, ***, 
**** are representative of p-values less than 0.05, 0.005, 0.001, and 0.0001, respectively. As viewed here, ‘ns’ is repre-
sentative of p-values greater than 0.05. 
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ering cycles in individual cultivation tents. 
The cultivars were produced by ZED Ther-
apeutics and included White Tahoe Cook-
ies x Purple Punch (B73), Blackstar Sherbet 
(B246), Gatorade Purple Punch (B120), and 
the CBG-dominant strain CBG127 (B127). 
Control plants were grown in Tents 1 and 
2 under a 1000 W full-spectrum Harvest-
er LED 12 h on/12 h off, and a 600 W full 
spectrum Harvester LED 12 h on/12 h off, 
respectively (Curtis Mathes Grow Lights). 
Experimental plants were grown in Tents 
3 and 4 under 600 W white 12 h on/12 h 
off + 400 W red and far-red 4 h on/4 h off/4 
h on/12 h off (slow red cycling), and 600 
W white 12 h on/12 h off + 400 W red and 
far-red 2 h on/1 h off/2 h on/1 h off/2 h on/1 
h off/3 h on/12 h off (rapid red cycling), 
respectively. The lights were positioned 
approximately 24-in. off the canopy in all 
four tents to ensure that any differences in 
photosynthetically active radiation (PAR) 
were solely attributable to differences in 
wattage or spectrum (see Figure 1). All 
plants were grown from clones in custom 
organic soil from Lane Forest Products 
(Eugene, Oregon). All plants were watered 
and fed uniformly across the four different 
cultivars and lighting conditions, respec-
tively. The water was obtained by reverse 
osmosis filtration and the nutrients Build a 
Bloom (Build A Soil) and AGmino, a water 
soluble, nitrogen fertilizer (14-0-0) (Down 
to Earth) prepared to final concentra-
tions of 700–900 ppm with a pH between 
6.2–6.8, were applied every third day. 

Chlorophyll Quantitation
Chlorophyll Content Index (CCI) values 
were quantified as a surrogate measure-
ment for chlorophyll content (µmol 
m-2) (23), using an MC-100 chlorophyll 
content meter by Apogee Instruments. 
Measurements were taken in triplicate on 
multiple leaf sites of each plant daily.

Terpene Analysis
Terpene expression and volatilization 
was analyzed in situ using the NovaTest 
P300 portable gas chromatograph (GC) 

Figure 3: Speciated terpene expression and volatilization measurements 
collected in situ throughout the flowering phase. Red tiles in the heat maps 
are representative of individual terpene detections above 100 ppb. 
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by Nanova Environmental. The P300 
uses a microfluidic photoionization de-
tector (uPID), which detects more than 
400 volatile organic compounds (VOC) 
including terpenes at the parts-per-bil-
lion (ppb) concentration in air. The air 
was sampled at a rate of 10 mL/min using 
polytetrafluoroethylene (PTFE) inlet 
tubing, which was placed inside the cul-
tivation tents during sampling. Sampling 
was performed on a daily basis during the 
same time interval. The instrument was 
calibrated for 19 cannabis-based terpenes 
(see Table I and Figure 1). 

Cannabinoid Analysis
As described previously (24), samples 
were collected at predetermined times 

and were analyzed by high performance 
liquid chromatography (HPLC) meth-
ods developed by ZED Therapeutics. 
Briefly, dried samples were treated with 
methanol and syringe filtered, prior to 
separation on a C18 (75 mm x 3.0 mm x 
2.2 µm) column and an acetonitrile gradi-
ent using Shimadzu’s Cannabis/Hemp 
Analyzer. Certified reference standards 
from Cerilliant were used to identify and 
quantify cannabidivarinic acid (CBDVA), 
cannabidivarin (CBDV), cannabidiol-
ic acid (CBDA), cannabigerolic acid 
(CBGA), CBG, CBD, tetrahydrocannabi-
varin (THCV), tetrahydrocannabivarinic 
acid (THCVA), cannabinol (CBN), ∆9-tet-
rahydrocannbinol (∆9-THC), ∆8-tetrahy-
drocannbinol (∆8-THC), cannabicyclol 

(CBL), cannabichromene (CBC), tetrahy-
drocannabinolic acid (THCA), and can-
nabichromenic acid (CBCA). Calibration 
was performed using a set of five serial 
dilutions of each reference standard 
(2.5, 12.5, 25.0, 125.0, and 250.0 µg/L) 
with a linearity greater than 0.998. The 
limits of detection and quantitation were 
determined experimentally to be 0.5 and 
1.0 µg/L, respectively.

Flavonoid Analysis
A detailed methodology of the antho-
cyanin analysis performed in this study 
will be reported elsewhere (30). Briefly, 
dried flower samples were milled using 
a Retsch CryoMill. The precooling time 
was set to auto, followed by two cycles 
of 1-min milling time at a frequency of 
25 Hz. Between cycles the system was set 
for a 1-min intermediate cooling at 5 Hz. 
Batches of 100 mg of milled hemp inflo-
rescence were loaded into a 1.7 mL mi-
crocentrifuge tube. Next, 1 mL of extract 
solvent was added to the microcentrifuge 
tube. The extraction solvent consisted 
of a 70:30:1 mix of methanol, water, and 
trifluoracetic acid (TFA), respectively. 
Samples were vortexed until the milled 
hemp was suspended uniformly, then 
sonicated for 25 min. Next, the samples 
were centrifuged for 20 min at 4000xg. 
The extract was separated from the solid 
and added dropwise to 5 mL of hexane 
in a 3-dram glass vial. The extraction 
process was repeated a second time and 
the extract was added to the extract–hex-
ane vial. The extract–hexane vial was 
then sonicated for 30 min and stored 
at 4 °C overnight. The lower aqueous 
layer was removed using a pipette. At the 
hexane–extract solvent interface, there 
was usually a small quantity of precipi-
tate that was not collected. The aque-
ous layer was diluted 1:3 with 30:70:1, 
methanol, water, and TFA, respectively, 
to a final volume of 1 mL. Solutions 
were filtrated with a 13 mm nylon 
0.2 μm pore size syringe filter. Finally, 
filtrate solutions were cleaned using 

Figure 4: Cumulative terpene measurements collectEd in situ throughout the 
flowering phase. Individual terpene detections above 100 ppb are labelled 
for reference. Individual Mann-Whitney pairwise U-tests revealed no differ-
ences in terpene expression and volatilization profiles between each of the 
four different lighting conditions (p >0.05). 
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solid-phase extraction (SPE) (Waters 
Oasis Prime HLB 1 cc/30 mg cartridges) 
and pipetted into liquid chromatogra-
phy (LC) vials. A Shimadzu LCMS-8040 
triple quadrupole instrument equipped 
with LC-20AD solvent delivery pumps, 
DGC-20A5 degassing unit, SIL 20AC XR 
autosampler, CTO 200AC column oven, 
and CBM-20A system controller was 
used for the targeted analysis. Instru-
ment control and data acquisition were 
performed using LabSolutions software 
v.5.97 (Shimadzu Corp.). Injections of 
1 μL were used. Separation was achieved 
using a Restek Raptor C18 (100 mm x 2.1 
mm x 2.7 μm). Mobile phases consisted 
of water with 0.1% formic acid (solvent 
A) and acetonitrile with 0.1% formic acid 
(solvent B). Gradient elution was per-
formed at a flow rate of 0.35 mL/min, at 
5% B from 0–2 min, then a ramp to 95% B 
from 2–16 min with a hold at 95% B from 
16–18 min. Re-equilibration to 5% B was 
performed from 18–21 min. The tempera-
ture of the autosampler tray and the oven 
were set at 10 °C and 50 °C, respectively. 
Electrospray ionization (ESI) was per-
formed in positive mode. The mass spec-
trometry (MS) data was collected under 
the following ESI conditions: nitrogen 
nebulizing gas and drying gas flows were 
3 L/min and 10 L/min, respectively; the 
desolvation line temperature was 250 °C 
and the heat block temperature was 
400 °C; and the interface voltage was 
4.5 kV. Each analyte was monitored by 
optimized multiple reaction monitoring 
(MRM) transitions (see Table I).

Statistical Analyses
Unpaired Mann-Whitney analyses were 
performed using the Prism software suite 
by GraphPad, assuming non-Gaussian 
distribution. Similarly, grouped anal-
yses were performed using a two-way 
ANOVA. The symbols *, **, ***, **** were 
used to represent p-values less than 0.05, 
0.005, 0.001, and 0.0001, respectively. 
The “ns” is representative of p-values 
greater than 0.05.

Figure 5: Analysis of the four major acidic cannabinoids in finished flower 
from each of the respective lighting environmental. Bar graphs are rep-
resentative of average values of cannabinoid concentrations from three 
collections.
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Results and Discussion
Chlorophyll Depletion Over Time
Chlorophyll content was measured un-
der the four different lighting conditions 
as an indicator of plant metabolism. For 
example, depleted or rapidly depleting 
chlorophyll content in the leaves can be 
indicative of nutrient deficiencies. All 
plants were provided the same amount 
of nutrients, which should be revised 
in subsequent experiments to an “as 
needed” basis that is predicated on con-
sistent nutrient levels in the watering 

flowthrough to account for differences 
in metabolic demand that are triggered 
by differences in light intensity. For 
example, the greatest differences in 
chlorophyll content during the flower-
ing cycle were observed between the 
1000 W and 600 W control tents (tents 
1 and 2, p-values <0.0001 in three of the 
four cultivars). This relative depletion 
of chlorophyll content is likely attrib-
utable to insufficient nutrient feeding 
(see Figure 2). Conversely, there were 
no differences in CCI across the time 

course in tent 3 compared to tent 4 for 
all four cultivars. Interestingly, Gatorade 
Purple Punch demonstrated the most 
consistent rate of chlorophyll depletion 
over time, as evidenced by the lowest 
variability between the four different 
lighting conditions (Figure 2). Con-
versely, Blackstar Sherbet demonstrated 
the most variability and expressed the 
highest amounts of anthocyanins (see 
section titled “Anthocyanin Expres-
sion”), which collectively could be an 
indicator that this cultivar is the most 

Figure 6: (Top) Total cannabinoid concentrations observed in the four different cultivars at two different time points in 
the flowering phases, accounting for 14 different cannabinoids. (Bottom) Final yields of dried plant material, trimmed 
flower, and left over trim, respectively. Horizontal bar representative of average values (as labeled). * indicative of 
p-values less than 0.05.
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sensitive or responsive to changes in 
light intensity and spectrum.

Terpene Expression  
and Volatilization
Volatilized terpenes in the cultivation 
tents were determined via mobile gas 

chromatography (GC), a potentially 
disruptive technology that can provide 
considerable insight about terpene expres-
sion in real time without having to harvest 
plant material for analysis. Up to seven 
terpenes were detected on any single day 
(Figure 3) and 13 of the 19 detectable ter-

penes were detected at least once during 
the experimental period in the control 
(tent 1–1000 W full-spectrum LED). 
Linalool, isopulegol, and β-caryophyllene 
were detected more often than other 
terpenes. Furthermore, the highest total 
terpene concentrations were 1308 ppb 

Figure 7: Expression of six prominent anthocyanins. (Top) Colorimetric representation of the extraction solutions 
targeting the anthocyanin pigments. Bar graphs are representative of average values of anthocyanin measurements 
collected in triplicate.
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Top tips for moving forward with solventless  
extraction technology.

I n the burgeoning cannabis industry, the term “extraction” usually refers to solvent-based 
extractions – most often with carbon dioxide (CO2), butane or propane, and ethanol used as the 
solvents. But as the industry continues to grow, both processers and consumers are becoming 

more discerning. Solventless extracts are attracting more operators – and trending with consumers – 
thanks to the absence of solvents and the careful, craft nature of the extraction methodology.

Cannabis Science and Technology sat down with solventless processing expert and advocate Eric 
Vlosky to get beyond the buzzwords and dig into the most important things businesses need to 
know to profit from this type of extraction, including how to think about what material works best 
for solventless extraction, how to set your lab up for maximum profit potential with live rosin and ice 
water hash, and what really goes into making a true, 100% solventless live rosin vaporizer cartridge.

CANNABIS SCIENCE AND TECHNOLOGY: What kinds of cannabis have a good yield when 
using solventless processing? 
ERIC VLOSKY: High-quality cannabis in general – and quality meaning high resin content, high 
terpene content, very fragrant and aromatic in the garden – those are some of the first clues that a 
grower processor is going to look for to see if it’s going to yield well with solventless. 

Now, solventless is a little different than other processing methods because you’re actually isolating 
and detaching those trichomes as opposed to dissolving them in a solvent. So, the actual of the bud 
and the size of those trichomes that the plant is producing matter quite a bit. Larger trichomes tend 
to do the best. 

And this is all to say that with solventless, quality is the name of the game. And there is some 
experimentation that is required to figure out which strains are going to yield well. So even if the first 
one you try doesn’t give you the yield that you’re looking for, it’s always good to keep exploring and 
talking to people who have strains or leads on clones that they have known yielded well in the ice-
water hash process. Takes a little bit of trial and error, but quality is king when it comes to solventless 
and the material that yields well.

CST: How should a new business get started when they’re looking to move into live rosin and 
get that high quality product? 
VLOSKY: The first thing that a business that’s getting started trying to do live rosin well is going to 
need to look at is where they are getting their material from.

For vertically integrated businesses that are able to grow their own, they have more control over the 
ability to select strains that are going to be some of those better lineages – some of those better cuts 
that are known to provide good yields when grown well. Having that material pipeline is crucial.

Profiting from Solventless Processing

Eric Vlosky
Solventless Expert
PurePressure

And if you’re actually sourcing material, not growing your own, which 
is also very common, really working with your farms, your growers, to 
make sure that they are growing strains, that either they know are going 
to do well with solventless or they have a hunch will. Just really building 
that relationship with them so that you’re buying cannabis with the best 
shot possible to yield and look good in rosin, because color also has a big 
impact there. 

Managing that material pipeline is one of the biggest things that a  
new business can do to make sure they’re successful getting started  
with live rosin. 

CST: How is a 100% solventless vaporizer cartridge made? 
VLOSKY: This is a super-hot topic right now in cannabis and a lot of 
businesses are really trying to figure out a way to differentiate themselves 
– with vaporizer cartridges being one of the number one extracted product 
categories, making ones that are truly solventless with just live rosin, 
typically that’s something a lot of businesses are after. 

Being able to make it, doing it well, really comes down to having a great 
ice-water hash process first. Typically, you’re going to use fresh frozen 
cannabis as your starting material. 

What I always advise businesses to do is really nail down your ice water hash 
process first, making sure that you’re getting a good quality bubble hash out 
the other end, that has been freeze dried properly, and then working on some 
of those mechanical separations, really getting your rosin process down. So, 
separating out some of the terpenes, working on jar tech, which is where you 
put the hash rosin in a jar and let it separate naturally. 

One of the most important things here is really getting great hardware 
because a lot of vaporizer cartridges that are good for distillate with live 
resin aren’t necessarily ideal for rosin because of the viscosity. 

So, starting with the ice water hash process, really nailing that down, 
moving through some of the more advanced rosin techniques and then 
working with a vaporizer hardware company that has some experience 
or knowledge with rosin cartridges, those are three of the biggest steps to 
actually bring a quality product that is 100% solventless to market.

CST: Since we’re talking buzzwords and trends, what is “fresh frozen,” 
and why is it so important in solventless processing? 
VLOSKY: Fresh frozen is something that’s coming on a lot of people’s 
radars now. And it has been for a while, in some of the more mature 
markets. “Fresh frozen” simply means cannabis that has never been dried 
and cured.

Instead, it’s been frozen before it’s going to be processed, as opposed to 
being dried and cured. When the plant is mature, those trichomes are 

ready typically, these plants are de-fanned. Instead of chopping those 
down and drying them and curing them, the fan leaves are removed 
and the buds are taken off the plants gently and then they’re packed 
into bags and then into freezers. what this does is preserve a lot of those 
really delicate air volatile terpenes that are otherwise lost in the drying 
and curing process. And that’s what really gives high quality solventless 
live rosin, or ice-water hash, that live quality because those plants have 
not been dried. A lot of those volatile terpenes are lost in the drying and 
curing process.

Consumers are really looking for that premium experience. For solventless, 
this is really important because solventless products tend to retail for quite 
a bit more than some of their solvent-based counterparts. So, where you 
see live, as in live rosin or live resin, that’s being made with fresh frozen, 
and this is particularly important for solventless to make the best quality 
product possible. 

CST: What are the biggest or most common mistakes you see from 
new labs looking to make top-shelf rosin right now? 
VLOSKY: This kind of ties a lot of the things that we’ve been talking about 
together. Some of the biggest mistakes that we typically see labs make, 
first and foremost, not really having their material acquisition down 
ahead of time, or at least putting a lot of effort into that, if they’re just 
getting started. 

Having great material coming in the door, whether it’s from your own grow 
or from material you’re sourcing, is absolutely critical. So just thinking that, 
hey, you’re going to buy some equipment and get started and everything’s 
going to be great, that’s not the way to go. You really need to think about 
that material pipeline. That’s an easy one to miss for new businesses.

Another common mistake is not really taking the time or making the 
investment into things like cold rooms, which help ensure a higher quality 
ice-water hash out the other end or getting equipment that doesn’t really 
scale. A lot of equipment out there for pressing rosin on the lower end 
tends to be very rudimentary and it can make good rosin. But as your 
business grows, those processes don’t scale super well. 

One of the most important things that we see get missed a lot is businesses 
not using cold rooms and not making that investment. It’s really important 
to preserve those air volatile terpenes, and those can easily be lost if you 
are washing ice water hash and your fresh frozen in a warmer room, say 
in the 70-degree range. You really want to be in that 50-degree range, or 
below if you can. Some businesses go all the way to doing their ice-water 
hash in a walk-in freezer. That isn’t necessary for everyone’s business, but 
having great material coming in the door, washing in a cold room and 
getting equipment that can scale from day one. 

Those are easy mistakes to avoid for a new lab.

Sponsored by
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Managing that material pipeline is one of the biggest things that a  
new business can do to make sure they’re successful getting started  
with live rosin. 

CST: How is a 100% solventless vaporizer cartridge made? 
VLOSKY: This is a super-hot topic right now in cannabis and a lot of 
businesses are really trying to figure out a way to differentiate themselves 
– with vaporizer cartridges being one of the number one extracted product 
categories, making ones that are truly solventless with just live rosin, 
typically that’s something a lot of businesses are after. 

Being able to make it, doing it well, really comes down to having a great 
ice-water hash process first. Typically, you’re going to use fresh frozen 
cannabis as your starting material. 

What I always advise businesses to do is really nail down your ice water hash 
process first, making sure that you’re getting a good quality bubble hash out 
the other end, that has been freeze dried properly, and then working on some 
of those mechanical separations, really getting your rosin process down. So, 
separating out some of the terpenes, working on jar tech, which is where you 
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tends to be very rudimentary and it can make good rosin. But as your 
business grows, those processes don’t scale super well. 

One of the most important things that we see get missed a lot is businesses 
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(eucalyptol 608, y-terpinene 219, and 
geraniol 473 ppb) and were detected in 
Tent 1. Comparably, one to five different 
terpenes were detected simultaneously 
in Tents 2-4, with α-pinene, limonene, 
and linalool being detected more often 
than others. Interestingly, the largest 
spikes in individual terpene expression 
were attributed to isopulegol (1010 ppb, 
Tent 2) and geraniol (1291 ppb, Tent 2), a 
consistent feature across all four lighting 
conditions (Figure 4). Additionally, nota-
ble spikes in linalool and D-limonene were 
observed from Tents 3 and 4 (Figure 4). As 
expected, terpene expression increased at 
later times; however, the total quantities 
of terpenes did not differ between each 
of the four different lighting conditions 
(Figure 4, p-values >0.05). These results 
suggest that changes in photosynthetic 
photon dosage (light intensity in the 
photosynthetic range) and spectrum can 
alter the terpene profile, but that these 
changes do not necessarily affect the 
total amounts of terpenes produced. The 
cellular mechanisms responsible for the 
differences in the terpene profiles remain 
to be determined. However, the notably 

more diverse terpene profile observed in 
Tent 1 may suggest that the cumulative 
effect of enhanced light exposure could 
be an antagonistic stressor that induces 
enhanced terpene expression, even during 
a period of potential nutrient deficiency. 

Cannabinoid  
Production and Yield
Considerable variability was observed 
in the expression profiles of the prima-
ry acidic cannabinoids (CBDA, CBGA, 
THCA, and CBCA) between the four 
different cultivars (Figure 5). Interest-
ingly, WTC x PP was the only cultivar that 
produced detectable amounts of CBDVA 
(Tents 3 and 4) (see Table II). Also, 
CBCA was undetectable in the CBG127 
grown in tents 2 and 3. The highest 
amounts of total cannabinoids, CBDA, 
and CBGA, were produced in Tents 2 and 
4, albeit the overall difference was not sig-
nificant amongst the four different light-
ing conditions (see Figure 6, p=0.827). 
The most total dry plant material was col-
lected from Tent 3, with the least amount 
being collected from Tent 2 (p=0.114). 
Similarly, the most amount of trimmed 

flower material was also collected from 
Tent 3, with the least being produced in 
Tent 2 (p=0.029). Interestingly, Tent 1 
produced 0.11 g/W compared to 0.13 g/W 
in Tent 2. These results provide further 
support for the hypothesis that the plants 
under the 1000 W full-spectrum control 
light were underfed relative to the plants 
under the three other lighting conditions, 
as one would generally expect higher a 
g/W yield under the higher wattage light 
when fed adequately.

Anthocyanin Expression
Anthocyanins are a subclass of the flavo-
noid family of compounds that are start-
ing to attract attention in the cannabis 
and hemp industries for their medicinal 
properties. Anthocyanins have an antho-
cyanidin core structure bound to various 
3- and 5-linked glycosides. Besides the 
variable pH-sensitive pigmentation they 
confer on many natural products, antho-
cyanins have been reported to exhibit 
antioxidant properties (25). Numerous 
anthocyanins glycosides were detect-
ed (30); however, only six prominent 
compounds, comprised of four different 
anthocyanidins, were pseudo-quan-
tifiable (Figure 7). These included 
cyanidin-rutinoside, a predominantly 
reddish-purple pigment, which has been 
shown to be a potent sirtuin 6 (SIRT6) 
activator (26), as well as being involved 
in telomere maintenance and multiple 
molecular pathways related to aging. Peo-
nidin-rutinoside was also detected, which 
is purplish-red, and has been shown to be 
an inhibitor of human metastatic breast 
cancer cells (27). Two different delphi-
nidin-rutinoside isomers were detected. 
Delphinidin is a pH-sensitive antioxidant 
that is blue in acidic pH and red in basic 
pH (28). Lastly, two different pelargo-
nidins were detected (diglucoside and 
rutinoside), which are orange pigments 
with antioxidant activity (29).

The highest total anthocyanin con-
centrations were found in Gato-
rade PP and Blackstar Sherbet, with 

Figure 8: Cumulative anthocyanin content across the four different cultivars 
and four different lighting conditions. Line features are representative of 
average values. Mann-Whitney pairwise U-tests revealed no statistically 
significant differences (p<0.05).
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cyanidin-rutinoside and peonidin-ruti-
noside being the most abundant com-
pounds. Conversely, substantially low-
er concentrations were found in CBG127 
and WTC x PP. Remarkably, CBG127 was 

devoid of detectable delphinidin-ruti-
noside 1, delphinidin-rutinoside 2, and 
pelargonidin-diglucoside under all four 
lighting conditions; pelargonidin-ruti-
noside was only detectable in the plant 

grown in Tent 2. Similarly, WTC x PP 
was devoid of pelargonidin-digluco-
side under all lighting conditions and 
delphinidin-rutinoside 1 was only de-
tected in plants grown in Tents 2 and 4. 

Table II: Summary of chlorophyll, terpenes, cannabinoids, and anthocyanin expression
Tent 1
1000 W  
Full-Spectrum Control

Tent 2
600 W  
Full-Spectrum Control

Tent 3
600 W White 400 W Red, 
Slow Red Cycling

Tent 4
600 W White 400 W Red, 
Rapid Red Cycling

Gatorade PP Chlorophyll
20–101 CCI range
Terpenes 
1-7 compounds
1308 ppb (peak)
Cannabinoids
5 compounds
25.7% total cannabinoids
Anthocyanins
6 compounds
4.9 x 107 total peak area

Chlorophyll
8–107 CCI range
Terpenes 
1-5 compounds
1301 ppb (peak)
Cannabinoids
6 compounds (CBG)
29.0% total cannabinoids
Anthocyanins
6 compounds
1.5 x 108 total peak area

Chlorophyll
13-94 CCI range
Terpenes 
1-5 compounds
554 ppb (peak)
Cannabinoids
5 compounds
29.3% total cannabinoids
Anthocyanins
6 compounds
2.8 x 107 total peak area

Chlorophyll
19–81 CCI range
Terpenes 
1-5 compounds
414 ppb (peak)
Cannabinoids
5 compounds
27.9% total cannabinoids
Anthocyanins
6 compounds
7.7 x 107 total peak area

CBG127 Chlorophyll
11–87 CCI range
Terpenes 
1-7 compounds
1308 ppb (peak)
Cannabinoids
4 compounds
18.9% total cannabinoids
Anthocyanins
2 compounds
1.7 x 106 total peak area

Chlorophyll
16–71 CCI range
Terpenes 
1-5 compounds
1301 ppb (peak)
Cannabinoids
3 compounds
14.4% total cannabinoids
Anthocyanins
3 compounds
2.8 x 106 total peak area

Chlorophyll
7–55 CCI range
Terpenes 
1-5 compounds
554 ppb (peak)
Cannabinoids
3 compounds
16.3% total cannabinoids
Anthocyanins
2 compounds
1.0 x 106 total peak area

Chlorophyll
7–68 CCI range
Terpenes 
1-5 compounds
414 ppb (peak)
Cannabinoids
4 compounds
21.6% total cannabinoids
Anthocyanins
2 compounds
7.0 x 105 total peak area

WTC x PP Chlorophyll
21–55 CCI range
Terpenes 
1-7 compounds
1308 ppb (peak)
Cannabinoids
5 compounds
26.9% total cannabinoids
Anthocyanins
4 compounds
3.3 x 106 total peak area

Chlorophyll
23–81 CCI range
Terpenes 
1-5 compounds
1301 ppb (peak)
Cannabinoids
5 compounds
32.6% total cannabinoids
Anthocyanins
5 compounds
1.0 x 107 total peak area

Chlorophyll
13–62 CCI range
Terpenes 
1-5 compounds
554 ppb (peak)
Cannabinoids
6 compounds (CBDVA)
28.8% total cannabinoids
Anthocyanins
4 compounds
1.6 x 106 total peak area

Chlorophyll
8–74 CCI range
Terpenes 
1-5 compounds
414 ppb (peak)
Cannabinoids
6 compounds (CBDVA)
33.5% total cannabinoids
Anthocyanins
5 compounds
1.2 x 107 total peak area

Blackstar 
Sherbet

Chlorophyll
24–71 CCI range
Terpenes 
1-7 compounds
1308 ppb (peak)
Cannabinoids
5 compounds
20.1% total cannabinoids
Anthocyanins
6 compounds
1.8 x 108 total peak area

Chlorophyll
21–97 CCI range
Terpenes 
1-5 compounds
1301 ppb (peak)
Cannabinoids
5 compounds
22.4% total cannabinoids
Anthocyanins
6 compounds
2.8 x 108 total peak area

Chlorophyll
9–75 CCI range
Terpenes 
1-5 compounds
554 ppb (peak)
Cannabinoids
5 compounds
21.1% total cannabinoids
Anthocyanins
6 compounds
8.1 x 107 total peak area

Chlorophyll
11–65 CCI range
Terpenes 
1-5 compounds
414 ppb (peak)
Cannabinoids
5 compounds
20.0% total cannabinoids
Anthocyanins
6 compounds
2.0 x 108 total peak area
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Collectively, the highest total anthocy-
anin concentrations were detected in 
Tents 2 and 4, suggesting that a lower 
photosynthetic photon dosage or a more 
abundant exposure of red-light wave-
lengths—albeit intermittent—are favora-
ble for increasing anthocyanin expression 
(Figure 8). However, the dramatic dif-
ferences in anthocyanin expression be-
tween the four different Group III canna-
bis cultivars presented here, particularly 
between Blackstar Sherbet and CBG127, 
appears to suggest that anthocyanin ex-
pression is primarily driven by genetic 
factors (p=0.0004) as opposed to envi-
ronmental factors (p=0.0916).

Conclusions
Collectively, these results suggest that 
polyhybrid cultivars of Group III can-
nabis are highly responsive to different 
lighting regimens and that phytochemical 
content can be affected by the modu-
lation of light intensity and different 
red-light frequencies. Additional research 
is required to investigate this phenome-
non at the genetic and epigenetic levels. 
Additionally, these data suggest that 
Group III cannabis cultivars allocate 
finite amounts of cellular resources to 
the production of flower material (yield) 
or the various classes of phytochemicals. 
This allocation may represent a bal-
ance between the major phytochemical 
classes. For example, Blackstar Sherbet 
produces relatively higher amounts of 
anthocyanins but notably lower amounts 
of cannabinoids, compared to the other 
three cultivars in this study (see Table 
II). This interplay is likely influenced 
by genetic factors; however, the cellular 
allocation of resources toward different 
subclasses of phytochemical compounds 
has also now been shown to be altered by 
lighting intensity and spectrum.

Supplemental Information
Please find additional supplemental in-
formation in the online version of this 

article, including an additional table 
and figure.
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