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Nutsche Filters for CBD Isolation

Get the most
out of
your product

Upcoming trade
shows
NCIA Cannabis Business
Summit & Expo 2020
• June 16–17
• Moscone Center,
San Francisco, CA
Booth: 1311

MJBizCon 2020

• December 2–4
• Las Vegas Convention Center,
Las Vegas, NV

Applications
•
•
•
•
•

CBD isolation
Cannabinoid isolation
Winterization
Crystallization
Batch ﬁltration

System Design
•
•
•
•

Volumes: 10lts up to 150lts
Temperatures: -60°C to +200°C
Pressures: -1.0/FV to +1.0 bar/14.5psi*
Filter sizes: 8–115 μm with support plate

Features

• 2 step lowering device with swing out design for
isolate removal, ﬁlter changes and cleaning
• Stainless-steel scaffolding with wheels for easy
transport
• Bursting disc for over-pressure safety

• Glass, PTFE, PFA, stainless steel, Hastelloy,
glass lined steel
• Capable of vacuum and low pressure (<7psi)
ﬁltration
• Buchi quality
• Safe and reliable
• Modular, compact and customizable
• Easy and safe operation, no lifting required
• Turn-key solution
• EX proof / ATEX / CE / cGMP
(Heptane / pentane rated)

Options

• Cooling / heating jacket in glass, stainless steel or
Hastelloy to keep process below 0°C
• Height adjustable manual or motor driven stirrers,
dry running seal
• Prism shaped stirrer to prevent dead spots
• Jacketed feed vessel for addition of chilled solvents
• Spray ball for cleaning or washes

* depending on size

buchiglas-usa.com
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Pesticide Challenges in Cannabis
See how SCIEX can help make your laboratory operations
easier and more productive

Frequent instrument cleaning aﬀecting your sample throughput?
Cannabis is a dirty matrix that is hard on instruments. Labs need to run samples day in and day out
without having to worry about frequent downtime. SCIEX instruments are robust and can help improve
laboratory productivity. Don’t lose time on frequent cleaning and maintenance.

1

Need to meet strict regulatory requirements?
Cannabis regulators in Canada and the United States have developed pesticide
regulations that call for measuring trace-level concentrations of contaminants in cannabis
products. The SCIEX Triple Quad™ or QTRAP® 6500+ system is extremely sensitive and has
the demonstrated ability to meet regulatory requirements.

2

Don’t know how to set up a pesticide method?

3

We can set your lab up with a vMethod™ that will have you analyzing samples
in days, not weeks – even if you are new to LC-MS/MS. The vMethod outlines
a step-by-step standard operating procedure that will help lab staﬀ perform
analyses with minimal training.

Will I have technical and/or applications support?

4
5

The scientists that brought you the vMethods for residue analysis are experts at
method development and have direct experience with cannabis analysis. You will
have support to address your most challenging cannabis analysis issues.

New to LC-MS/MS? New to Cannabis Analysis?
Held at our facilities in California, Colorado, Massachusetts, or Ontario, the course provides the chemist
with hands-on experience with sample preparation, method development strategies, sample analysis
and data reporting.

Visit our website for more information: sciex.li/cannabis
The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx Only. Product(s) not available in all countries. For information
on availability, please contact your local sales representative or refer to https://sciex.com/diagnostics. All other products are For
Research Use Only. Not for use in Diagnostic Procedures. Trademarks and/or registered trademarks mentioned herein are the
property of AB Sciex Pte. Ltd. or their respective owners in the United States and/or certain other countries.
© 2020 DH Tech. Dev. Pte. Ltd. RUO-MKT-07-8724-B
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Quality weighing, backed by our 5 year warranty
The Schuler Scientific balances incorporate state-of-the-art
features for advanced weighing applications and documentation.
Legal for Trade. All Schuler Scientific NTEP balances
feature an NTEP certificate of conformance.
Certificates of Calibration. All Schuler Scientific
balances are available with certificates of calibration.
5 Year Warranty. A 5 year warranty is standard on all
Schuler Scientific NTEP balances.

NTEP/legal for trade balances available with
TD-Series, A-Series, S-Series and SH-Series
Call our weighing specialists at
1-800-539-1886
for more information
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310g capacity/0.1mg readability
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SS-602.N

4500g capacity/0.01g readability

600g capacity/0.01g readability

TD-Series - Available in 8 different A-Series - Available in 8 different
model configurations
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model configurations
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Cannabis News Focus

CSC East Postponed Amid
COVID-19 Safety Precautions
As health concerns and social distancing plans mount
because of the coronavirus (COVID-19) pandemic, major events and conferences are rescheduling or cancelling planned events throughout the US to ensure
public safety.
The second annual Cannabis Science Conference
(CSC) East announced plans to postpone their Baltimore, Maryland event from early April to June 29–July 1,
2020. According to the conference’s announcement letter, all vendors, attendees, and sponsor commitments
will be honored for the rescheduled event. “Out of respect for the concern surrounding the current public
health crisis, Cannabis Science Conference has arrived
at the conclusion to postpone 2020 CSC East,” said
Joshua Crossney, President, CEO and Founder of CSC
Events, LLC. “The CSC Events, LLC, team is committed
to being good stewards of people’s health.”
In a recent interview with Crossney, he explained
the difficult decision to postpone his event. “We were
following the developments related to COVID-19 very
closely and it just got to the point where with us being
a science-based, medical, health and wellness-focused
conference we just felt the only smart decision to make
was to postpone because the safety of all our attendees, sponsors, and exhibitors is our number one priority,” he said.
In addition, Crossney explained that a lot of CSC East
attendees, speakers, and vendors are scientists and
medical professionals. “A lot of those medical professionals are working with immuno-comprised individuals on a daily basis. We also have speakers whose children and loved ones are suffering from cancer,” said
Crossney. “So obviously we are taking this health crisis
very seriously and we wanted to show people that we
really care about them and our community. Everyone’s
safety and well-being are the most important factors in
what we are doing.”
The decision to postpone rather than cancel the
event was another matter that Crossney did not take
lightly, factoring in both the timing for people to adjust
their travel and business plans as well as his commitment to the Baltimore area. “We’re really excited that
there was a need for us to expand the conference with
an East Coast show last year because the need for education is just so great here in the US and other countries
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where we get attendees from. We feel that we owe it
to this community in Maryland—Baltimore specifically and the East Coast in general—not to cancel,” said
Crossney. “We said we were coming here to provide
education and a platform for these researchers, scientists, medical professionals, and cultivation experts to
come together to network and learn with patients and
attendees and we meant it. We are excited to be coming back to do that in June!”
The current agenda that is listed on the CSC website
will remain the planned agenda for the rescheduled
show in June. “There might be some changes here or
there, but we’re planning for the content to stay pretty
well intact moving forward,” said Crossney. “We have
a talk planned from the National Institute of Standards
and Technology (NIST) on the need for standardization
and what they are working on there as well as a similar talk from the U.S. Pharmacopeia and what they are
working on. We’re also really excited about the expansion of academic cannabis all over the U.S. and we’ll
have two talks dedicated to that.”
Crossney’s flagship event—CSC West—will take
place as planned on August 31–September 2 in Portland, Oregon.
Following suit, other cannabis conferences across
the US have announced plans to postpone or cancel
their events. Due to a recent COVID-19 outbreak in Boston, New England Cannabis Convention (NECANN) has
also chosen to postpone their conference which was
originally scheduled for March 20–22, 2020 to June 27–
29, 2020. “We are facing a world health crisis, and every
community in New England and beyond needs to work
together and make the right decisions to control this
outbreak,” Marc Shepard, Co-Founder and President
of NECANN, said in press statement. “We are working
closely with the Hynes Convention Center to plan for
these new dates in June.”
The American Chemical Society (ACS) decided to terminate their Spring 2020 National Meeting & Expo that
was originally meant to be held March 22–26, 2020. The
Cannabis Chemistry (CANN) subdivision of ACS had
a two-day sub-meeting planned at the event. “Safety
is a core value of the American Chemical Society, and
it permeates all of our actions, activities and events,”
Thomas Connelly Jr., PhD, the ACS CEO said in a statement. “With the Pennsylvania governor’s Proclamation of Disaster Emergency last Friday, we do not feel
we can guarantee the safety of the 15,000 attendees

www.CannabisScienceTech.com
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News
expected for the Philadelphia meeting or of the city
residents themselves.”
The ACS Fall 2020 meeting is still planned for August
16-20 in San Francisco, California.
If you do have to travel this conference season, be
sure to wash your hands or use hand sanitizer when
soap and water are not available. As Crossney stated,
“We’re looking forward to working together with the
community to get through this and we wish for everyone out there to be safe and take the extra precautions
that were recommended by the CDC and WHO.”
— Megan L’Heureux and Madeline Colli

David L. Nathan Joins
Cannabis Science and Technology’s
Editorial Advisory Board

Dr. Nathan has appeared in nationally syndicated
broadcast, online, and print media publications, with
more prominent outlets including CNN, The New York
Times, Wall Street Journal, Washington Post, US News &
World Report, VICE News, San Francisco Chronicle, Politico, The Week (UK), and SinoVision News. He has also
appeared in many state, province, and local media outlets around the United States and Canada.
Dr. Nathan serves as a cannabis consultant for government and industry. He is currently the Chief Medical
Advisor for 4Front Ventures, a multistate medical cannabis company.
During his free time, Dr. Nathan publishes articles on
a variety of historical subjects such as early written language, numismatics, animation, and the dawn of American football.
— Madeline Colli

Hemp Regulations Receive
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Cannabis Science and Technology is pleased to anTemporary Changes from USDA
nounce the addition of David L. Nathan MD, DFAPA to
its editorial advisory board (EAB).
Located in Princeton, New Jersey, Dr. Nathan is a The U.S. Department of Agriculture (USDA) recently ispsychiatrist, writer, speaker, educator, and consultant. sued a temporary delay regarding enforcement on two
Among his many talents, Dr. Nathan founded Doctors provisions of its hemp regulations (1).
With these delays, hemp producers are not required
for Cannabis Regulation (DFCR), where he also holds
the title of board president. He is also a founding steer- to use a Drug Enforcement Administration (DEA)-regising committee member of New Jersey United for Mari- tered laboratory to oversee crop potency tests. In addijuana Reform. In 2019, Dr. Nathan was one of two physi- tion, crop yield exceeding the 0.3% THC threshold, also
cians to testify at the first United States House Judiciary known as “hot hemp,” will not need to be disposed of
through the DEA or another law enforcement body.
Committee hearing regarding cannabis legislation.
Under Secretary for Marketing and Regulatory ProDr. Nathan graduated magna cum laude from Princeton University and received his MD from the University grams, Greg Ibach said in a recent press release that
of Pennsylvania School of Medicine. He then went on “. . . currently there isn’t sufficient capacity in the Unitto complete his psychiatry residency at McLean Hos- ed States for the testing and disposal of non-complipital of Harvard Medical School. Dr. Nathan is a Distin- ant hemp plants, USDA has worked hard to enable flexguished Fellow of the American Psychiatric Association, ibility in the requirements in the Interim Final Rule for
Clinical Associate Professor of Psychiatry at Rutgers those issues” (2).
For the full news story, please visit: www.cannabissciencetRobert Wood Johnson Medical School, and a commuech.com/news/hemp-regulations-receive-temporarynity fellow at Mathey College of Princeton University.
Dr. Nathan has written and spoken extensively on changes-usda.
— Madeline Colli
cannabis policy, with audiences ranging from lawmakers, businesspeople, state medical societies, hospital medical staff, allied health professionals, and the References
lay public. He has testified before eight state legisla- 1) https://www.ams.usda.gov/press-release/
tures and the US Congress, and he coauthored a landusda-dea-provide-options-labs-disposalnon-compliant-hemp-plants.
mark article on cannabis regulation with former Surgeon General Joycelyn Elders for the American Journal 2) https://www.marijuanamoment.net/usda-announcestwo-temporary-changes-to-restrictive-hemp-rules/.
of Public Health.
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Cannabis Analysis

Hemp Testing Insanity II: Impending
Hemp Testing Harvest Season Challenges
The insanity of different states using different sampling schemes, analytical methods, different
analytes, and different concentrations to regulate hemp growers has been discussed here before.
With the promulgation of the U.S. Department of Agriculture’s Interim Final Rule in October
2019, some clarity has been brought to the problem. However, there are still problems with
representative sampling, composite samples, and insuring there will be enough testing capacity
to meet the demand for testing come harvest season. Here, some thoughts on how to solve this
problem are shared.
Brian C. Smith

I

n a recent column (1), I outlined
the problem of different states using different sampling schemes,
analytical methods, different analytes, and different concentrations
to regulate hemp growers. With the
promulgation of the United States
Department of Agriculture’s (USDA)
Interim Final Rule in October 2019
(2), some clarity has been brought
to the problem. However, there are
still problems with representative
sampling, method differences, and
insuring there will be enough testing capacity to meet the demand
for testing come this harvest season.
Some thoughts on how to solve this
problem are discussed below.

Why Is Getting Hemp
Testing Right so Important?
The answer: Because cannabidiol
(CBD) is medicine and it should be
tested like medicine. Hemp is an unusual crop because if it is being grown
for CBD, rather than for its traditional uses as food and fiber, farmers
are growing medicine. This is in part
why the industry is so highly regulated. The absolute limit of 0.3% total
tetrahydrocannabinol (THC) means
that a farmer’s ability to sell their
crop and make a living is affected by
changes in total THC content of a few
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hundredths of a percent. I know of no
other crop where such high stakes
testing is required by law. Some farmers have literally bet the farm on
hemp, weren’t able to sell their crops,
and committed suicide as a result (3).
Since Federal legalization of hemp (4)
thousands of farmers across the US
have taken the risk and invested heavily into planting hemp crops. We owe
it to them, the backbone of our industry, to give them the best testing data
and the fairest chance of being able
to sell their crop.

Effects of USDA Interim
Final Rule for Hemp Testing
My first article on hemp testing insanity was published in the October 2019 edition of Cannabis Science and Technology (CST) (1). In it
I lamented the lack of guidance on
hemp testing and how the variation
in methodologies across states and
third party laboratories produces inconsistencies in test results that are
not fair to hemp farmers. As if they
heard my call, within days of my article going to press the USDA promulgated an Interim Final Rule (IFR) for
the regulation of the hemp industry
nationwide (2). As far as hemp testing goes, the interim final rule made
the five points below clear.

www.CannabisScienceTech.com

1. The Cannabinoid Being
Regulated Is Total THC
Total THC is determined using this
equation
Total THC = 0.877(THCA) +Δ-9 THC [1]
and the amount of total THC is not allowed to exceed 0.3% by dry weight.
This is useful since, as I have pointed out
(1), some states were regulating on total
THC, others on THC, and others some
combination of the two.
2. Margin of Error Has Been
Taken into Account
The IFR defines an “acceptable hemp
THC level” by adding the margin of error to 0.3%. For example, if for a given analyzer the error for the determination of total THC in dried hemp is
±0.04 weight percent, the acceptable
hemp THC level for samples measured
on that analyzer would be 0.34 weight
percent total THC or less. This is welcome since all measurements contain
error (5) so this must be taken into account when determining hemp legality.
Previously, some states were not taking
margin of error into account and were
insisting on a strict 0.3% total THC limit,
whereas others were allowing upwards
of 0.1% error and passing samples that
were upwards of 0.4% total THC.
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3. A Representative Sample Must Be Collected
The suggestion is to take one cutting per acre, and that
cutting should be from the top third of the plant. I will have
more to say about this further on.
4. Proposal to Implement a Nationwide
Hemp Testing Laboratory Licensing Program
Please, Dear God, yes do this now please! I have been
speaking, researching, and writing upon the inter-laboratory variation problem in this industry for some time (5–9).
Briefly, the problem is different laboratories report significantly different results on the same samples. This is caused
by human error, a lack of standard analytical methods, and
the absence of appropriate standard reference materials.
Inter-laboratory variation is a significant problem for our
industry, and the only way to solve it is governmental oversight imposing scientifically correct practices and standard methods and samples on the industry. A federal laboratory licensing program is a step in the right direction.
5. Gas Chromatography, Liquid Chromatography,
and Alternative Methods May Be Used for Testing
I bring this up because I have had people tell me that the
USDA requires gas or liquid chromatography be used for
hemp testing. This is not true as I have confirmed with inperson meetings with the science staff at the USDA. The
whole point of the phrase “alternative methods” is that the
USDA realizes that nonchromatographic technologies exist or may be developed to test hemp that are just as viable
as gas chromatography (GC) or high performance liquid
chromatography (HPLC). For example, there exist infrared
spectroscopic methods for analyzing hemp that are in use
(9,10). To be clear, the USDA does not test hemp, does not
have a hemp testing method, and does not approve or disapprove of any given hemp testing method. If people mistakenly force themselves to only use chromatography for
hemp testing, they are denying themselves the benefits of
alternative technologies.
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Cuttings from adjacent plants, and cuttings from the same
plant, can vary in cannabinoid content by several percent.
This means we cannot take just one cutting from a field, analyze it, and expect it to yield representative results for the
entire plot. The probability of this one cutting accurately
representing a field as a whole is quite low. I have written
in this journal on the importance of representative sampling in the cannabis industry (10), and so has my fellow
CST columnist Patricia Atkins (11).
The problem we are faced with here, trying to characterize a
diverse population, is similar to the task that pollsters face trying to determine the opinion of the American populace. The
solution pollsters use is to choose people at random, gather
data from them, average the data, and then report the results
with a margin of error. In this case, the margin of error is a sampling error, and the more people included in a poll the smaller
the sampling error becomes.
Similarly, for a hemp grow samples should be selected at
random, each of them chemically analyzed, the data averaged,
and the results reported with an appropriate margin of error.
A concern I have is sampling plans that collect based
on acreage rather than the number of plants. Choosing

2020 Growing Season Hemp Testing Challenges
However, even with the issuance of the IFR, I still see challenges that are going to affect the testing of our hemp
crop in 2020. As we went to press, different states are submitting hemp testing proposals to the USDA for approval.
The proposals I have seen from different states vary significantly. This by itself is cause for concern. How can we compare results across states if different methods are used?
Here are the challenges as I see them.
Challenge #1: Representative Sampling
Hemp is a naturally variable, inhomogeneous material.
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Table I: Total CBD values for composite hemp samples analyzed
in triplicate via HPLC
Wt. %

Total CBD

Sample
1

Sample
2

Sample
3

Lifter

16.04

15.69

15.39

0.65

Suver Haze

13.35

13.43

12.9

0.53

Suzy Q

12.26

11.44

10.83

1.43

The Wife

10.23

9.93

9.6

0.63

Sour Space
Candy

14.31

14.18

13.2

1.01

Average
total CBD =

12.75

Average
Range =

0.85

Hemp
Cultivar

Range

the number of samples based on acreage is like a pollster
interviewing the same number of people in a small town
versus a big city because their jurisdictions cover similar
physical areas. This would lead to interviewing the same
number of people in New York City (NYC), population
8 million, versus somewhere like the village of Bergen, NY
(my hometown) with a population 1240 (12). This is not correct because the handful of opinions gathered from NYC
will not be representative of the city as a whole. Additionally, when the data are averaged the opinions of Bergenites will have an impact on the results wholly out of proportion to their numbers.
Another problem with determining the number of samples based on hemp acreage is that different grows have
different numbers of plants per acre. Farmers may plant
1000, 2000, or more plants per acre. The population we are
monitoring here is the plants, not the surface area taken up
by them. The scientifically and statistically correct thing to
do here then is to adjust the number of samples collected
to the number of plants in the plot being monitored. I want
our industry to set for itself the goal of analyzing one plant
per every 1000 planted. This may sound laughable, but new
developments in chemical analysis make this much more
feasible than you may think (13,14) as I will discuss below.
Challenge #2: Composite Samples
Are Not Representative or Uniform
Another challenge I see with the proposed testing regimens is the collection and analysis of composite samples. There are plans out there that call for collecting many
samples from a field in a scientifically correct way. . . yes,
let’s keep doing that! However, all these samples are then
thrown together to make one composite sample, and then
only one aliquot of that composite sample is analyzed.
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This is like asking one person who they support for President and then saying that one opinion represents the entire country. Of course this is not representative, and neither is analyzing one aliquot of any sample. The correct
approach here would be to analyze each of the individual
samples collected.
Another problem with the composite sample approach
is that it is assumed that the composite sample is uniform.
I have seen no data to support this. My own work on this
subject is seen in Table I. Five ground, homogenized composite hemp samples representing different strains were
analyzed in triplicate via HPLC at a state licensed, ISO certified third party testing laboratory, SC Labs in Santa Cruz,
CA (15). The total CBD values obtained on these samples
are listed in the table.
Note that the average range of values for the five strains
is 0.85 wt.%, and that the average value of total CBD for
the 15 samples is 12.75 wt.%.
If each composite sample were truly uniform there
would be no sampling error and the range of values for a
given sample should be equivalent to the measured error
for the HPLC method. According to the certificates of analysis issued by SC Labs, the error in their method is about
±0.05 wt.%. This is 17 times smaller than the average range
in total CBD for the five samples of 0.85 wt.%. We must
then conclude that there is significant sampling error here,
and that these composite samples are not uniform. The
practice then of collecting composite samples and only
analyzing one aliquot from them should be avoided.
Challenge #3: Testing Capacity
As stated above, I want to see the hemp industry do the
statistically and scientifically correct thing and analyze one
hemp plant per 1000. How many tests is that? Sources on
the exact amount of hemp acreage planted in 2019, and the
plant density used give conflicting data. For the sake of argument let’s use a conservative estimate, 100,000 acres of
hemp planted at a density of 2000 plants/acre. That means
approximately 200 million hemp plants were grown in the
United States in 2019. If we test one plant per 1000 that is
200,000 tests; that’s a lot of tests. Another challenge is that
all of these tests have to be performed during a short harvest season that lasts a few months, not an entire year. Given that the onus for performing hemp compliance testing
rests on the states, from my knowledge there is not currently enough testing capacity in many states to handle
this testing burden? What should we do?

A Potential Solution
In a previous column, I introduced the chemical analysis
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techniques of chromatography and spectroscopy, and
compared and contrasted them for cannabis potency
analysis (16). In that column, I discussed the four figures
of merit for chemical analysis methods: speed, accuracy,
cost, and representative sampling. Chromatography had
the advantage of accuracy, but struggled with speed and
cost. For example, it can take up to 20 min to weigh, grind,
measure out and add solvent, mix, filter, dilute, shoot,
and analyze a single sample by chromatography. When
the costs of vials, filters, solvents, solvent disposal costs,
and labor are taken into account it can cost $30 or more
per analysis (16). Also, common sense and state regulations require that chromatographs be operated only by
highly trained technicians and scientists. I believe these
limitations are why we are not sampling hemp in a representative manner; it is not lack of desire but the obstacle
of chromatography making the level of testing required
too slow and expensive. In theory a massive investment
in chromatographs and training programs could get us
to our goal of sampling one plant per every 1000, but at
a significant cost.
Spectrometers, since they are calibrated using chromatographic reference data, will be somewhat less accurate than chromatographs (16). However, there exist
spectroscopic analyzers that can analyze hemp accurately enough to determine whether a simple is above or below the 0.3 wt.% total THC limit with little sample preparation, a 2 min analysis time, at a cost of $0/sample (12,13).
These instruments are capable of analyzing hundreds of
samples per day, and are easy enough to use that most
anyone can be trained to use them. Spectrometers then
can help increase our testing capacity, promote more
representative sampling, and give hemp farmers the
best data we can so they have the fairest chance of being
able to market their crop. Wider use of these instruments
should be considered by regulators and farmers.
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Hemp regulators and farmers need to consider these systems when developing hemp testing programs.
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Conclusions
It is important to test our hemp crop as best as we can since
CBD is medicine, and people’s livelihoods depend upon
accurate testing. Recent USDA rulemaking has somewhat
clarified the situation. However, hemp testing plans being
proposed by states for USDA approval suffer from improper sample collection, the assumption of composite samples being uniform, and an overdependence on slow and
expensive chromatographic analyses. These problems will
prevent us from analyzing one plant per 1000 as is statistically and scientifically correct. Recent developments in
spectroscopic systems enable hemp to be analyzed quickly, at low cost, and with sufficient accuracy to be useful.
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The Root of Success:
Using the Right Growth Substrate
The selection and use of the right growth substrate for your cultivation is essential for healthy
high-producing cannabis plants. There is no “one-size-fits-all” when it comes to deciding on the
growth substrate that will support and provide the nutritional environment across the life cycle of
your plants. In this column, we explore some options for growth substrates that are essential to the
health of your plants.

Roger Kern and Jacklyn R. Green

What Are
Hydroponic Substrates?
Let’s take a moment to discuss the
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differences between soil and a hydroponic substrate. In general, Earth’s soil
is rich with organic material, such as
bacteria, fungi, insects, and decaying
leaves that provide part of the complex nutrient system that will feed the
plants. We might think of it as a “living soil” because it is filled with microscopic life that assists with nutrient development and absorption. In
contrast, hydroponic substrates are
a set of “root-supporting” granular
or fibrous materials that have little or
no components able to provide nutrients to the plants. All nutrients for hydroponic systems must come from the
water-based nutrient solutions that
you provide through fertigation. Hydroponic growth substrate materials
are best considered as an architectural support structure that ensure the
roots have a strong and solid base to
support the heavy plant structures as
shown in Figure 1, such as the stems,
leaves, and flowers. The hydroponic growth substrate is porous, meaning that it is filled with tiny holes and
complex pathways for the flow of water and nutrients around the growing
root system. The solids in a hydroponic growth substrate are inert support
materials, while the hollow pore space
allows room for the roots to grow and
fertigation liquids to flow. The pore
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space allows for the flow of water, nutrients, and air (oxygen) to the roots for
immediate absorption into the plant.

Functions of the
Hydroponic Substrate
Hydroponic substrates perform
several functions to enable plant
growth. First, and most obvious, is
that the substrates provide an anchor that enables the cannabis plant
to grow and remain upright. It does
so by providing a complex three-dimensional (3D) matrix for the root
system to infiltrate the pore space
and support the plant. However, this
is just the beginning of the benefits
of the hydroponic substrate: it provides a habitat for the overwhelming
number of beneficial and benign microorganisms to live. This high concentration and close proximity make
them readily available to colonize
the growing roots and microscopic
root hairs. Colonizing roots with beneficial and benign organisms limits or
prevents the attachment of harmful
pathogenic fungi and bacteria.
Hydroponic substrates, such as
coco coir, have the capacity to bind
nutrients. This is particularly true
for micronutrients such as calcium
and magnesium. Regardless of the
substrate choice, the surface of the
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e often are asked the
question, “What is the
best growth substrate for
my cannabis?” We wish there was
a simple, single answer, but the answer is always, “It depends.” It is important to start to think of cannabis
cultivation as a horticultural system
that can be optimized and not simply an agricultural one-size-fits-all
crop. When deciding on the growth
substrate, also called the hydroponic substrate, you will need to consider all of the variables that will affect
the taste, yield, uniformity, and quality, “organic properties,” whether you
are growing indoors or will cultivate
sun-grown plants, and the potential
benefits of the complex soil food web
versus possible plant pathogens that
could damage your buds, especially if
you cultivate outdoors.
This column focuses on hydroponic substrates to be used in controlled
environment agriculture (CEA) settings, such as greenhouses and warehouses. If you are cultivating outdoors, we assume you will be planting
in soil and we will discuss this option
only briefly in this column.
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Two Top Hydroponic Substrates
Your choice of hydroponic substrate depends on the type
of cultivation facilities you are growing in and the goals of
your cultivation.
Coco Coir
Coco coir seems improbable since it is made from the
rough fibrous husk of coconuts, but it is an excellent organic product as a hydroponic substrate (Figure 3). It has
been used for thousands of years as a strong material in
a wide variety of products from door mats to plant growing medium. It is highly inert and holds water very well. It is
a sustainable resource that provides an Earth-friendly approach to your operations.
Figure 1: Determining your ideal growth substrate is one of the
most important decisions you will make to optimize your crop.

Rockwool
Rockwool is made from the mineral basalt and contains
no organic material (Figure 4). It is a sterile, porous, easyto-work-with lightweight hydroponic substrate. It is not yet
recyclable, but can be repurposed into an outdoor soil
amendment. The key factor for selection of rockwool is its
sterility, cleanliness, and ability to maintain a proper water to air mixture at the root level with the nutrient solution.

Key Parameters
There are four key parameters that affect the performance
of the hydroponic substrate. Comparing and contrasting
the performance of these parameters in your choice of
substrate will ensure that you can make a logical and fullyvetted decision on which to use. The key parameters are:

Figure 2: Sometimes clay pellets are used as a growth substrate.
The high porosity and high strength of the clay pellets provide a
strong architectural support for heavy plants while allowing for
excellent flow and absorption of nutrients and micronutrients.

substrate itself will become colonized with microbes that
create an enhanced complex surface structure, called a
biofilm, that can assist with nutrient absorption. This biofilm develops with time and becomes a local source of
micronutrients as the microbes increase in number and
build the more complex surface structure.
Finally, the hydroponic substrate ensures the maintenance of a proper balance between air (oxygen) and the
nutrient solution for the root system. The selection of the
appropriate substrate will guarantee that these essential
components of plant health are available at the right time
and the right place to optimize plant growth and maintenance from seedling to harvest.
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1. Irrigation Strategy
We prefer top drip irrigation with frequent “watering cycles.” Infrequent heavy watering creates runoff flow channels through the substrate. The result is fewer roots at the
top of the substrate matrix and lowered nutrient uptake for
the plants. Some runoff, about 20%, is needed to flush salt
build-up for a drain to waste system.
2. pH
The best pH for a hydroponic system ranges between 5.5
and 6.5, slightly acidic. pH is important to maintain optimal nutrient availability for the plant, but is not as important as most people think. If you are running a drain
to waste drip irrigation system where nutrients are being
replenished with each irrigation cycle, it is much less important. If your system is a closed-loop recycled system
more care must be taken to maintain proper pH.
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While coco coir retention varies with the source; it is typically in the mid-60%. Both are satisfactory in this key
parameter. Irrigation should be short and frequent to
enable full saturation of the matrix and drying to properly occur in both substrates.

Figure 3: Coco coir is a natural fibrous material, harvested from
coconut husks, that provides an organic option for cultivators.

Figure 4: Rockwool is cut into cubes in appropriate sizes for the
plant. Here we see a lettuce seedling in a small rockwool cube.
Nutrients flow well through rockwool, allowing excellent root development across the entire cube volume.

3. EC
Because of the minimal ability of rockwool to retain nutrients, the hydroponic solution must be supplied at a higher level and be more nutrient rich than for coco coir. The
coco coir itself provides some slow-release nutrient value by virtue of its organic composition, but it is minimal.
4. Wettability
Rockwool can retain 90–94% of its volume with water.
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For those of you interested in producing an “organic” product the choice is clear: select coco coir as your
hydroponic substrate. Once it is properly prepared, it
provides an easy-to-work-with medium that fosters a
strong growth environment to support the plant and
for bio-film formation for the root-based beneficial microbes supporting nutrient absorption. However, be
aware that the system is messy to work with and brings
with it additional labor costs for preparation and cleanup. It is also not sterile because that is not part of the
vendors’ process; I have seen fungal infections that
were ultimately attributed to the coco coir source. So,
coco coir provides an excellent hydroponic substrate,
but you must be willing to work within the constraints
of preparation and possible fungal infections. With diligence and care, it can be your go-to substrate in your
greenhouse or warehouse.
In addition, we recommend rockwool for hydroponic
use. Rockwool is an inorganic porous material formed at
extremely high temperatures through a manufacturing
process. On the plus side, it arrives at your cultivation
site as a sterile product. It will not introduce pathogens
to your facility. If your focus is on minimizing contamination, it is the clear choice. It’s easy to start clean and
stay clean with rockwool. The use of inorganic mineral
salt fertilizers makes the system more suitable for short
and repeated irrigation as it reduces likelihood of plugging and clogging of fertigation lines. This means it is
much more compatible for automated irrigation systems because there is reduced contact between workers and the plants, thus lowering the opportunities for
the transfer of plant and human pathogens. If your top
priority is to start clean and stay clean, we recommend
implementing a rockwool substrate across your cultivation facility. You will thank yourself with healthy plants
over their full life cycle.

Conclusion
When choosing the right hydroponic substrate for your
cultivation site, you need to consider your overall goals
and the system that you want to optimize for taste,
yield, quality, and uniformity in your final products. If
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Figure 5: A handheld pH meter is invaluable in the controlled
environment agriculture setting. You need to measure pH to ensure the right nutrient levels are being absorbed into your plants.

your priority is to grow organically, you would select
coco coir. On the other hand, if your priority is to grow
to minimize plant diseases, you would select rockwool.
Regardless of the substrate you choose, you will still
have to manage plant pathogens and pests. In all cases, growing and producing healthful and desirable buds
is a hard job, but well worth the extra effort when you
bring a measurable and scientific approach to cultivation. We have seen both of these particular substrates
produce healthy plants and a wonderful final product.
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Extraction Facility Design:
Important Factors to Consider Before
Selecting Extraction Equipment
Designing and constructing a cannabis extraction facility is a complex process with many factors
to consider. Building a reliable team, asking important questions at the right time, and making
fundamental decisions at certain stages can be vital to the success of your extraction business. This
column explores important questions that business owners and decision makers must consider
during the initial design phase when starting an extraction facility. Every detail of your extraction
facility design—even building and property feasibility—will depend largely on your chosen extraction
method, and the equipment you select to support your extraction process. Oftentimes, engineers
are brought into facility design projects after extraction equipment has already been purchased,
and it turns out important considerations were not addressed and the selected equipment may not
be ideal for your specific goals and requirements. Addressing these questions after equipment has
already been purchased can cause major setbacks in both budget and time line.

D

esigning a professional extraction facility is a complex
process with many factors to
consider. Assembling a reliable team,
asking important questions at the
right time, and making fundamental decisions at certain stages can be
vital to the success (and profitability) of your extraction business. Every
detail of your extraction facility design—even building and property
feasibility—will depend greatly on
your chosen extraction method and
the equipment you select to support
your extraction process.
Selecting and purchasing equipment to outfit your facility will be
one of the largest expenses you face
along the way, as well as one of the
most irreversible decisions you’ll
make. In addition, making changes
after equipment installation is extremely complicated and costly, so
it is best to plan properly. Equipment selection can impact the quality, reliability, and bottom line of your
extraction operation, so it is not a
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decision to take lightly or make without proper research.
When it comes to extraction equipment selection, we typically come
across two common pitfalls: clients
who select and purchase equipment
without consulting a complete facility design team, and clients who select and purchase equipment without considering the building and
property. The first step in the equipment selection process is to define
and understand your business goals
and metrics of performance to make
informed decisions when selecting
equipment for your facility. However,
there are other important factors to
consider before making any purchases. Addressing these questions after equipment has already been purchased can be detrimental to both
your budget and your time line.

extraction equipment is to remove
specific compounds from the cannabis plant matrix, but there are a
variety of ways to do so. Common
extraction methods include CO2,
ethanol, hydrocarbon, and solventfree extraction and each method
brings along a different set of factors that will impact the equipment
needed in your facility.

How Will Your Chosen
Extraction Method Impact Your
Equipment Considerations?

Ethanol Extraction Considerations
Extraction processes using alcohol
as a solvent (ethanol) are typically
quicker than extraction processes

The main job of your cannabis

www.CannabisScienceTech.com

CO2 Extraction Considerations
CO2 extraction processes are popular because flammability is not an
issue, leading to fewer safety requirements and associated costs.
However, because CO2 is an asphyxiant, other equipment may be
required for compliance such as
alarms, exhaust fans, and backup
generators to run the exhaust fans
in the case of power failure.
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using CO2, and the required equipment tends to be
highly scalable and less expensive up-front. However, because of alcohol’s high flammability risk, all of the
equipment you purchase will have to be chosen with
flammability and hazard prevention in mind.

and what type of equipment you can afford. Be wary of
pricing, familiarity, or branding traps and choose equipment that will best meet the needs and goals of your
unique extraction operation.

Hydrocarbon Extraction Considerations
Hydrocarbon extraction involves the use of gaseous solvents such as butane, propane, and hexane. The solvents are consistently under different levels of pressure, as opposed to working in atmospheric conditions
like ethanol extraction. The equipment required for hydrocarbon extraction will be highly specific and, even
though design considerations are similar to other extraction methods, we generally do not run into the same
issues regarding hazardous material quantities because
throughput is typically much lower.

The throughput—or rate of production—that you are
aiming for will play a large role in determining the best
extraction method and, therefore, the best extraction
equipment for your operation. Scalability in throughput
is increasingly important to businesses preparing for the
future as the cannabis industry continues to change and
grow. In our experience, extraction facilities aiming for
larger throughput goals tend to choose ethanol extraction processes, while smaller operations often choose
CO2 extraction processes.
Recently, we had a client who had purchased a building, even began construction, and had specific goals
for production that involved large quantities of ethanol
on hand. From a regulatory and compliance standpoint,
there was no realistic solution that would make this
amount of hazardous materials possible for the building
and property they had selected. As a result, the client
was left having to change their entire business—their
throughput goals, production requirements, and other key metrics. This illustrates the importance of understanding all of the implications of equipment selection
before making any permanent decisions.

Solventless Extraction Considerations
Solventless extraction covers techniques like bubble
hash, rosin presses, or even the use of liquid nitrogen.
The infrastructure required for facilities utilizing these
extraction methods is typically lower and the equipment is slightly less complex, but you will still want to
ensure you are selecting reliable, reputable equipment.
It is critical to choose your extraction method and
work with your entire facility design team to understand
the implications prior to selecting any equipment.

What Is the Budget for This Project?

Does the Equipment Meet
All Required Safety Standards?

Your equipment budget and overall project budget will
likely play a role in which extraction method you choose
and, in turn, the equipment you will purchase. Both
these decisions will result in differing up-front and longterm costs. The lower up-front costs of alcohol-based
extraction equipment may seem to make sense in the
beginning, but your overall construction spend will tend
to be higher in the long run due to the extra design
you’ll need to implement because of flammability concerns. Complex CO2 equipment may have a daunting
initial price tag, but choosing energy efficient systems
based on your specific goals can lead to substantial savings in long-term operating costs.
Engage your facility design team in this decision to
learn more about the equipment, complications, and
compliance requirements necessary for each extraction
method. Consult with a variety of equipment manufacturers to understand what kind of equipment is out there

We see clients run into equipment setbacks related to
safety standards quite often in the cannabis extraction
space. Because extraction processes often create hazardous conditions, requirements exist to help equipment manufacturers design processing equipment,
boost operational safety, and avoid delays in the permitting process. Unfortunately, because of the infancy and ever-changing nature of the cannabis industry,
many extraction systems are not yet UL-listed (UL stands
for Underwriters Laboratories) (or hold any other similar
Nationally Recognized Testing Laboratory [NRTL] certification). If your selected systems are not UL-listed, your
local authority having jurisdiction will most likely require
the system to be peer-reviewed according to National Fire Prevention Association (NFPA) 1, Chapter 38 requirements (1).
Before purchasing any extraction equipment, ask
the equipment supplier if the system is UL-listed. It is
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important to note that even if specific parts or pieces of
equipment are UL-listed, this is not the same as the entire system being listed. If the parts are listed, but the
system is not, ask the supplier if the purchased equipment will come with the peer-reviewed report required
to meet NFPA standards. You may also need the engineer of record who provided the peer-review to physically visit your facility prior to operation and review the
equipment installation, ensuring it is in line with the report they originally provided.
If the equipment supplier is not able to provide the
peer-reviewed report or the engineer of record, you will
have to find your own qualified peer-reviewer to meet
NFPA standards. This can have a significant impact on
your expected time line and budget, so it is critical to
factor this information into your decision before purchasing any extraction equipment. Nonlisted, nonpeerreviewed systems tend to cost less, but you will likely spend much more time (and even money) finding a
qualified engineer to peer-review the system. There is
no guarantee the review will find that your system is
safe to operate.

How Will Your Selected Extraction
Equipment Impact Your Building
and Property Requirements?
Your chosen extraction method, and therefore the required equipment you’ll need to purchase, can have a
monumental impact on building and property feasibility for your operation. We generally face issues in this
arena when dealing with hazardous materials and regulations surrounding maximum allowable quantities. Depending on your throughput goals and the amount of
hazardous materials you’ll have on hand, you may be
facing a change of use or occupancy, building structure considerations, setbacks from other buildings and
property lines, and other challenges, which can all be
costly issues to remedy.
We were recently brought on to a project where the
client’s property line is so close to the neighboring
business’s property line that they actually share a common door between the two buildings. To meet all of
the codes and regulations of their local jurisdiction, it
was necessary for the client to set back their entire operation a specified distance from neighboring property lines, which in this case was not possible given how
close the property lines were (they would need to physically move the entire building away from the property line). Because of this complication, the client’s only
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option was to greatly reduce the quantities of hazardous materials they would have on-site, which dramatically impacted their throughput goals, and ultimately
the scale of their operation and their bottom line.
Another factor to keep in mind is whether or not you
will be sharing a building with other occupants. Having
an understanding of how hazard occupancy will work
with multiple tenants is important to your business plan:
if another tenant is also utilizing processes that involve
the use of hazardous materials (even outside of the cannabis industry), this will impact the entire building. We
encourage our clients to be sure language regarding
hazard occupancy is written into their lease so the information is clear up-front and they don’t run into unexpected issues down the road.

Understanding all of the
important considerations that go
into the equipment selection
process and how they will
impact your business is critical to
success in cannabis extraction.
Is the Equipment Voltage and Frequency
Available in Your Country of Operation?
As many as one-third of our clients purchase extraction
equipment that is manufactured overseas, and requires
a voltage not available in the United States. Alternatively, the required voltage may be available, but not available at a chosen property or building. If this is the case
for your selected equipment, you may be required to
install a transformer to solve the problem, which adds
another complication to your time line and budget. Extraction equipment manufactured overseas may also
operate at a different frequency (hertz) than what is
standard in the United States, so be sure to know this
information before purchasing your equipment. This
consideration is another reminder that it is important
to select your equipment prior to finalizing any property or building decisions.

Who Should Be Involved in Making
Equipment Selection Decisions?
Involving your entire facility design team (including engineers, architects, and contractors) is the best way to
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ensure you are considering all of your options and making a decision that is sensible for your specific operation and your unique goals. As engineers, we are often
brought on to a project after the processing method
has already been chosen and extraction equipment has
already been purchased. This can often result in extreme backtracking if these important considerations
were not discussed prior to purchasing equipment.
In addition, large-scale extraction equipment can
greatly impact building feasibility. We have seen a number of projects where owners were about to sign a lease
or had already purchased a building, only to find out
the building wouldn’t work for their intended operation.
Your selected extraction method and associated equipment will be a driving factor in the location and building
you select for your facility. Be sure to consult architects
and contractors who are experienced with cannabis extraction facilities, or consider hiring a consultant who
is intimately knowledgeable in extraction processes to
help guide the process.
Once you select your equipment, make sure your facility design team and contractor reevaluate your time
lines as they relate to permitting and construction.
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Connect

your laboratory
CGM LABDAQ® is the leading laboratory
information management system. Accurate,
intuitive LIMS software to streamline your
cannabis testing.

In Conclusion
Understanding all of the important considerations that
go into the equipment selection process and how they
will impact your business is critical to success in cannabis extraction. Building an experienced and trustworthy team to help navigate this complex landscape will
ensure you can ask the right questions at the right time,
and make the right decisions the first time around.

Reference

CGM LABDAQ® is a user-friendly, intuitive
LIMS that automates manual processes and
drives the culture of connectivity in the
cannabis industry.

1) https://www.nfpa.org/Codes-and-Standards/
Resources/Standards-in-action/Marijuanagrow-and-extraction-facilities.
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Beyond Potency:
Flavonoids—the Purples, Reds, and Blues
Cannabis is known for being a complex plant with thousands of chemical compounds. The
most economically important compound for many years was the cannabinoids, particularly
tetrahydrocannabinol (THC). In the past decade we have begun to understand the importance of other
groups of natural cannabis compounds such as terpenes and now flavonoids. Flavonoids are naturally
occurring secondary metabolic products that can have important functions within the cannabis plant
and benefit consumers by their health and healing properties. In this column, we once again go beyond
cannabinoids and look at the importance and chemistry of flavonoids in cannabis.

T

here are thousands of compounds in botanicals. Cannabis is rich in many vitamins, nutrients, and beneficial compounds.
Historically, cannabis has been harvested for cannabinoids, but over
the past decade there has been increased research and interest in the
other active and beneficial compounds such as fatty acids, terpenes, antioxidants, and flavonoids.
Many of these beneficial compounds are metabolite compounds
produced as an end product of metabolism. Metabolites are small
molecules that have many functions
including defense, pigments, pheromones, odorants, and catalysts for
many biological processes.
Primary metabolites are involved
in growth, development, and reproduction. If a primary metabolite
is missing or disrupted, the organism can degrade or die. Examples
of primary metabolites are amino
acids, antioxidants, and vitamins.
Secondary metabolites are not directly involved in critical processes, but have secondary functions.
An absence of a secondary metabolite does not necessarily mean
the organism’s death. Examples
of these secondary metabolites
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include compounds such as terpenes and flavonoids.
Flavonoids are secondary plant,
algae, or fungus metabolites composed of polyphenolic compounds.
Phenyl groups are cyclic molecules
(C 6 H 5 ) closely related to benzene
(Figure 1). Flavonoids generally
have a 15-carbon structure with two
phenyl rings and one heterocyclic
pyran ring (Figure 2).

Flavonoid Function
In 1664, Robert Boyle first described flavonoid experiments with
plants and colors in his book Experiments and Considerations Touching Colours (1,2). The first flavonoid
was identified by a Hungarian biochemist and Nobel Prize winner,
Albert Szent-Györgyi in 1930. The
name for flavonoids has it root in
the Latin flavus meaning yellow and
describes the function as pigments
in plants. Flavonoid pigments are
found to produce several ranges
of colors including yellows, blues,
and reds with all the mix of colors
in between. Color is perceived by
optical system as wavelengths of
light absorbed and reflected by a
substance. Certain chemical compounds such as flavonoids and

www.CannabisScienceTech.com

elements can reflect or transmit energy in visible light bands, which
then are seen as particular colors
(see Table I). Visible light is in the
range of ~400–700 nm. It is within this range of light that humans
perceive color. Outside that range
of light we find other types of light
and energy such as X-ray, ultraviolet
(UV), and infrared (Figure 3).
Chemicals that allow for the absorption and reflection of light
are said to have chromophores. In
these molecules the energy difference between molecular orbitals is
in the energy range of visible light.
Visible light hits the electrons in
the orbital and excites them moving the electron from a ground
state to an excited state. This excitation produces a change in the
shape of a molecule called a conformational change.
Chromophores are specific structural forms or interactions that allow for visible light to be transmitted. One of the most common
chromophores is a conjugated π-bond. Pi-bonds are double
bonds within the p-orbital of a
molecule. Conjugated π-bonds occur when three or more p-orbitals
within a molecule form alternating
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Figure 2: Basic flavonoid structure.

Figure 1: Phenyl structure.

double and single bonds within a molecule as seen in
the alternating double and single bonds within the flavonoid phenyl rings (Figure 1).
Additional structures within a molecule can also be
important in the perception of color by altering or increasing the transmission of visible light wavelengths.
An auxochrome is a functional group in the molecule; attached to the chromophore. These functional groups (such as alcohols, carboxylic acids, and nitrogen containing compounds) change the ability of
the chromophore to absorb light. This change can alter the wavelength or intensity of the absorption and
therefore change the visible color observed. It is the
ability to absorb and reflect light that allows flavonoids to function to capture wavelengths of light, protect plants from UV radiation, attract pollinators, and
defend against predators (3).
These phytochemical properties make flavonoids
powerful phytonutrients and antioxidants, which make
them in demand for human nutrition and health. Antioxidants have been a buzz-word in human health for several decades. These compounds inhibit oxidation, which
is the loss of electrons that creates free radicals with
unpaired valence electrons. These radical ions, atoms,
or molecules are highly reactive and are important in
many biological processes, but due to their highly reactive nature they can also cause unplanned changes or
damage to other molecules, cells, and tissues causing
disruptions to health and disease. Often these radicals
can cause chain reactions that damage cells. Antioxidants can stop these chain reactions. Antioxidants can
be compounds that are intentionally produced to preserve products and foods from oxidation such as preservatives and antirust compounds or antioxidants can
be naturally occurring compounds that inhibit oxidative
free radicals from undergoing chain reactions and causing cell damage and disease. Studies have shown that
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Table I: Wavelengths of color
Wavelength (nm)

Color Absorbed

Color Observed

400–435

Violet

Yellow-Green

435–480

Blue

Yellow

480–490

Green-Blue

Orange

490–500

Blue-Green

Red

500–560

Green

Purple

560–580

Yellow-Green

Violet

580–595

Yellow

Blue

595–605

Orange

Green-Blue

605–700

Red

Blue-Green

Table II: Flavonoid groups and important functional groups (7)
Major Flavonoid
Groups

Major ﬂavonoids

Isoﬂavonoids
Neoflavonoids

Flavonoid
Subgroups

Important
Functional Groups

Anthoxanthins

Flavones
Flavonols

Flavanones

Flavanones

Flavanonols

Flavanonols

Flavans

Flavanols
Flavandiols
Proanthocyanidins
Anthocyanidins

Isoﬂavonoids

Isoﬂavones
Isoﬂavanes

Neoflavones

Neoflavones

Neoflavenes

Neoflavenes

Aurones

Aurones
Auronols

Chalcones

Chalcones
Hydroxycalcones

Minor flavonoids
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Table III: Cannabis flavonoids
Cannabis Flavonoid

Group

Cannaﬂavins A, B, and C

Flavone

Vitexin

Figure 3: Energy wavelength spectrums and visible light.

Flavone Glucoside

Isovitexin

Flavone

Apigenin

Flavone

Kaempferol

Flavonol

Quercetin

Flavonol

Orientin

Flavone

Luteolin

Flavone

Catechins

Flavonol

flavonoids can produce positive results in combatting
heart disease, diabetes, and some cancers (4–6).

Flavonoid Forms

Figure 4: Example of base structures for flavonoid structural groups.
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Just as in the case of the
importance of terpenes in
cannabis, the importance of
flavonoids will need a lot more
investigation and testing to truly
elucidate the beneficial effects
of these compounds for health.
www.CannabisScienceTech.com
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Figure 5: Cannaflavin A and B structures.

Flavonoids can be categorized into three general classes by backbone structure: bioflavonoids, isoflavonoids,
and neoflavanoids. Bioflavonoids (or flavonoids) are
designated as compounds where the phenyl ring is attached to the C2 carbon of the benzopyran ring. Isoflavonoids have their attachment to the C3 carbon and neoflavonids have the attachment of the phenyl ring at the
C4 carbon of the benzopyran ring (Figure 4).
There are dozens of subgroups for all of the structural flavonoid groups. Table II shows important subgroups and functional groups of flavonoids. These
groups produce the antioxidant effects and color pigmentations in many plants. Reds, blues, and purples
are produced by anthocyanins. Yellows are produced
by many flavonoids including anthoxanthins, chalcones, and aurones. Proanthocyanids produce black,
brown, tan, and red pigments.
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Cannabis and Flavonoids
Cannabis is rich in many beneficial compounds including flavonoids. It is estimated that up to 10% of the cannabis plant compounds are flavonoids with up to almost
3% by weight in dried leaves and buds. The list of flavonoids in cannabis depends on which strains are being
examined and the color of the plants. There are a dozen
basic cannabis flavonoids found to some degree in the
majority of the strains. Cannabis has also been found to
have its own flavonoids exclusive to cannabis species
(cannaflavins A, B, and C). Cannaflavins were first discovered by a researcher in London in 1986. Marilyn Barrett at the University of London identified cannaflavin A
and cannaflavin B (Figure 5).
The majority of cannabis flavonoids are either flavones or flavonols, which are anthoxanthins. These
compounds are primary responsible for yellow colors
(Table III).
Cannabis is known for variations in colors and patterns. As plants grow they are primarily green and yellow. As the plant matures, many color variations can
occur in the leaves and buds. The primary color of cannabis is green from the presence of chlorophyll. During the changes in temperature, however, such as during changes of season the production of chlorophyll
stops and other colors can present as other compounds
masked by chlorophyll become apparent.
Some of the more spectacular colors of cannabis are
blues, purples, reds, and pinks due to flavonoids known
as anthocyanins. These compounds are often dependent upon pH. These compounds are antioxidants and
give the red and blue hues of grapes, berries, and cannabis especially strains such as Purple Haze, Blueberry, and Blue Dream. Red and pink colors tend to be
rare, but include strains like Pink Panther. Yellow and
oranges can be seen in strains with high carotenoids
(terpenoids) or flavonoids such as Lemon Kush and
Orange Bud.
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terpenes in cannabis, the importance of flavonoids will
need a lot more investigation and testing to truly elucidate the beneficial effects of these compounds for health.
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Conclusion
Flavonoids in cannabis are antioxidants, colorants, and
plant protectants. These compounds are not psychoactive but can play a role in suggested entourage effects where the flavonoids present in cannabis act in
a synergistic action with other compounds such as the
cannabinoids and terpenes to produce antioxidant, antidepressant, anti-inflammatory, and disease fighting
properties. Just as in the case of the importance of
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Cannabinoid Sample Preparation
Increased Accuracy and Time
Savings for HPLC Analysis
Hamilton Company

Demand for Accurate Measurements
In today’s growing cannabis industry, customers and state
regulations demand accurate measurements of active
compounds in cannabis products. The Microlab® 600 Diluter/Dispenser makes measurements more reliable, allows the method to use less consumables, and cuts down
on preparation time.

“My biggest highlights of the
Microlab 600 are improved
throughput, reduced consumables,
and significantly reducing
analyst to analyst variability.”
— Lucas Mason, Aurum Labs

Faster Sample Prep and Less User Variation
with the Microlab 600 Diluter/Dispenser
• Dramatic time savings (reduction in overall
labor and greater throughput)
• Reduced consumable cost
• Virtually eliminates analyst-to-analyst variability
• Inert flow path
Pipettes can be problematic in any laboratory setting.
Common problems include: significant variation between
users, inconsistencies with different solution types, and
performance variation at different elevations. These problems are eliminated with the Microlab 600. The Microlab
600 positive displacement system allows for extremely accurate dilution/dispense volumes on demand. The Microlab 600 can reduce %RSD by more than 50% compared to
hand pipetting methods. See Figure 1.
ML600

Cannabinoid Method Summary

Hand Pipette

7.00%
6.50%
6.00%
5.50%
5.00%
4.50%
4.00%
3.50%
3.00%
2.50%
2.00%
1.50%
1.00%
0.50%
0.00%

CBD-A

THC-A

Cannabinoid %RSD

Figure 1: %RSD testing comparison between the ML600 and
traditional hand pipetting methods for CBD-A and THC-A.
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Ordering Information
Description

Part Number

Microlab 615 Basic Dual Syringe Diluter

ML615-DIL

Microlab 625 Advanced Dual Syringe Diluter

ML625-DIL

Microlab 610 Basic Single Syringe Dispenser

ML610-DIS

Microlab 620 Advanced Single Syringe Dispenser

ML620-DIS

Microlab 615 Basic Dual Syringe Dispenser

ML615-DIS

Microlab 625 Advanced Dual Syringe Dispenser

ML625-DIS

Reduced User-to-User Variation
The Microlab 600 Diluter/Dispenser automates method
steps prone to user variation.
In addition, methods can be saved as favorites for quick
and easy access. The instrument performs all the precision work using high resolution syringe pumps, so it is not
necessary to use a special technique. Once programmed,
the instrument can be handed off to a new user with minimal training and the same results will be obtained when
compared to a more experienced user. The instrument utilizes an encoder that ensures the positioning of the syringe drive mechanism, reducing variations between users, equal or greater than 99% accuracy.

inputting a different solvent volume in the Quickstart or
the Dilution Wizard. These improvements to workflow create significant time savings, freeing up your schedule for
more important tasks.
©2017

Hamilton Company. All rights reserved. All other trademarks are owned and/or registered by Hamilton Company in
the U.S. and/or other countries. Lit. No. L10075 — 08/2017.

Eliminate Expensive Consumables
The Microlab 600 Diluter/Dispenser requires less solution
to attain the correct dilution concentration for a sample,
which means spending less on solvents and reagents. The
instrument remains accurate down to the microliter volume range so the user can get the exact concentration
needed at the exact volume desired. Reduce consumables consumption by 50% or more when using the Microlab 600.

Increase Throughput
Because the Microlab 600 Diluter/Dispenser does not require additional glassware to prepare a sample or standard solutions, the time it takes to prepare solutions and
clean up afterwards is reduced considerably. Making
different dilution concentrations on the fly is as easy as
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Cannabis Crossroads

Cannabis Science Analytics:
A Look at Top Authors,
Keywords and Trends
In this installment of “Cannabis Crossroads” we examine more than 158,000 peer-reviewed cannabis
science articles and report the top authors, most prevalent terms, and emerging trends. Cannabis
science is growing rapidly and we used various tools to mine this data to report interesting trends.
Joshua Crossney

W

hat does one do while
social distancing during
a COVID-19 global pandemic? In this installment of “Cannabis Crossroads” I took on the
challenge of exploring more than
158,000 peer-reviewed cannabis
articles to determine interesting
trends, top authors, and observations. Cannabis science is growing
rapidly and we used a powerful analytics platform to take a deep dive
into cannabis publications from
1812 to 2020.

Cannabis Article Trends
In the fast-evolving world of cannabis science, it is important to
keep informed of new areas of
growth and trends in scientific articles. There are a wide variety of
tools available for mining peer-reviewed publications. Simple keyword searches can be performed
using Google Scholar. To analyze
keyword trends, top authors and
explore connections between publication datasets, a platform called
Dimensions (Dimensions.ai) is extremely powerful yet simple to use.
In addition to publications, Dimensions also brings together grants,
datasets, citations, alternative metrics, clinical trials, patents, and
policy documents. I used the Dimensions platform to review some

interesting cannabis science article
trends, authors, and citation information with you.
Exploration of the keyword “cannabis” in Dimensions generates
158,835 total articles since 1812. The
large growth from 1971 to 2019 is
shown in Figure 1. (Note: If you include book chapters, proceedings,
preprints, and monographs the total number of publications containing “cannabis” increases to 222,896.)
Interestingly, only a small portion
of these articles are published in
the fields of plant biology (3598 articles) and chemical sciences (5577
articles). A large portion of these articles fall under medical and health
sciences (99,932 articles), as shown
in Figure 2.
If we look at all fields across all
years, there were 17,741 articles
that contain the keywords “cannabis”
and “chromatography,” and 14,297
articles with the keywords “cannabis” and “mass spectrometry.” Interestingly, there were very large spikes
in both datasets in 2010 and 2018. In
fact, publications in 2018 outpaced
those in 2019 (see Figure 3).

Top Cannabis Authors
The top authors publishing on “cannabis” and “mass spectrometry” are
shown in Table I. Marilyn Ann Huestis
at Thomas Jefferson University, and
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formerly with Chemistry and Drug
Metabolism at The National Institute
on Drug Abuse (NIDA), National Institutes of Health (NIH), has the largest
number of publications containing
these two keywords (as well as “cannabis” and “chromatography”).
Dr. Raphael Mechoulam, Hebrew
University of Jerusalem, Israel, who
isolated numerous cannabinoids,
including Δ9 -tetrahydrocannabinol
(THC), and elucidated its structure was the ninth ranked author
for “cannabis” and “chromatography.” (Note: If we look at just the
keyword “cannabis,” Dr, Mechoulam has 229 articles with more than
21,100 citations.)
Top author honors of all things
cannabis, however, go to Robin Macgregor Murray of Kings College London, United Kingdom, with
347 articles mentioning “cannabis.”
Louisa J. Degenhardt of The University of New South Wales (UNSW),
Sydney, Australia placed second
with 308 articles and a whopping
43,867 citations!

Cannabis and
Analytical Chemistry
If we narrow the searches to the
confines of the analytical chemistry
field, we see far less publications
containing “cannabis” (2371 articles in total), but we can also see a
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Table I: Top worldwide authors for articles containing “cannabis” and “mass spectrometry” (articles only). Four of the top 11 authors are
in the United States.
Name

Organization

Country

Pubs

Cited

1

Marilyn Ann Huestis

Thomas Jefferson University

United States

215

8211

2

Pascal Kintz

University of Strasbourg

France

94

3215

3

Vincenzo Di Marzo

Laval University

Canada

92

7434

4

Simona Pichini

National Institute of Health

Italy

64

1616

5

Rafael Farré De La Torre

Hospital del Mar Med. Res. Instit.

Spain

60

1858

6

Olof M. L. Beck

Karolinska Institute

Sweden

60

1677

7

Jørg Gustav Mørland

Norwegian Instit. Of
Public Health

Norway

58

1679

8

Volker Auwärter

University of Freiburg

Germany

55

2247

9

Daniele Piomelli

University of California, Irvine

United States

55

6653

10

Allan J. Barnes

National Institute on
Drug Abuse

United States

51

1424

11

David Alan Gorelick

University of Maryland

United States

50

2205
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Figure 1: “Cannabis” publications showing impressive growth. (Dimensions.ai platform
search restricted to articles only.)

organizations, R&D, and more. They
can also help us find and connect
with other authors publishing on
similar topics of interest. Knowledge is power, and these analytics
can be used to quickly assess current trends and explore new cannabis science boundaries.

Conclusions
I have shared just a few trends and
interesting observations here, and I

www.CannabisScienceTech.com

strongly encourage you to explore
your own keyword searches using
the Dimensions platform. Perhaps
you are more interested in keywords
such as “cannabis” and “cancer” or
exploring beyond publications into
the worlds of the 1490 cannabisspecific grants, 24,122 cannabis patents, and 912 cannabis clinical trials
listed from a host of international
clinical trial registries.
As Albert Einstein said, “Any fool
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noticeable increase in the publication rate after 2017, as highlighted
in Figure 4.
What is contributing to the growth
in cannabis publications in the analytical chemistry field post-2017?
Pesticides became a very hot topic and witnessed a surge in publications in 2018 (1367 publications in all
fields, with 71 specifically in analytical chemistry). In addition to contaminant testing, many more recent
searches show topics of cannabinoid and terpene identifications.
These analytics show not only
growth in cannabis science, but
also an evolution. A large portion
of older cannabis publications are
aimed at studies of addiction, drugs
of abuse (DAU), psychology, public
health, forensics, and health sciences, whereas the more recent topics appear to be focusing on topics
such as quality control, exploration of potential therapeutic value,
“whole plant” medicine, nutraceuticals, food safety, genetics, and clinical trials. Regardless, such analytics
can help us guide our future endeavors in academia, government
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can know. The point is to understand.” I sincerely hope that your
own, customized keyword searches
and analytics will become an important, guiding step in your journey towards understanding your particular
cannabis science fields and that you
find the Dimensions platform to be
useful. Be safe and be vigilant.

About the Dimensions
Data Exploration Platform

Figure 2: A large portion of the 158,835 articles containing the keyword “cannabis” are
published in medical and health sciences fields (99,932 articles).

Dimensions is a linked research
knowledge system that reimagines
discovery and access to research.
Developed by Digital Science in collaboration with more than 100 leading research organizations around
the world, Dimensions brings together grants, datasets, publications, citations, alternative metrics,
clinical trials, patents, and policy
documents to deliver a platform
that enables users to find and access
the most relevant information faster, analyze the academic and broader outcomes of research, and gather insights to inform future strategy.
For more information about the
product have a look at their support
site or visit https://dimensions.ai.

Figure 3: Articles published with the keywords “cannabis” and “mass spectrometry”
increase after 2003 but also contain spikes in 2010 and 2018. (Dimensions.ai plot.)

Figure 4: Articles published within the analytical chemistry field with the keyword
“cannabis” (2371 articles total). The growth rate increases after 2017.
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The Stability of Acid Phytocannabinoids
Using Electrospray Ionization LC–MS
in Positive and Negative Modes
In this study, we evaluated the stability of carboxylated phytocannabinoids analyzed with
positive and negative electrospray (ESI+ and ESI-, respectively) liquid chromatography–mass
spectrometry (LC–MS) as a function of drying gas temperature. We used both chromatographic
and flow injection analysis (FIA) conditions. Post-chromatographic (in-source) acid
decarboxylation was not observed over a drying gas temperature range of 75 °C through
300 °C in ESI+ mode under chromatographic conditions. FIA experiments further demonstrated
no correlation between in-source acid decarboxylation in ESI+ mode over a drying gas
temperature range of 100 °C through 350 °C. Conversely, chromatographic experiments in
ESI- mode did reveal a decrease in tetrahydrocannabinolic acid (THCA) and cannabidiolic
acid (CBDA) relative abundances and concomitant increases in the relative abundances of
tetrahydrocannabinol (THC) and cannabidiol (CBD) as a function of drying gas temperatures.
These data highlight a potential concern for the quantitation of acid phytocannabinoids using
ESI- mode LC–MS technologies.
Peter J.W. Stone, Sue D’Antonio, Nikolas C. Lau, Wendi A. Hale, and Anthony Macherone

T

he Cannabis spp. genome encodes synthase enzymes (1) for the synthesis of carboxylated phytocannabinoids such as Δ9 -tetrahydrocannabinolic
acid (THCA), cannabidiolic acid (CBDA), and cannabigerolic acid (CBGA). In the living plant, psychoactive
Δ9 -tetrahydrocannabinol (THC) does not exist at significant concentrations nor does cannabidiol (CBD)—
another cannabinoid that has garnered interest in
recent years. THC and CBD are formed through decarboxylation of THCA and CBDA, respectively, through
exposure to light, heat, and curing processes (2). Figure 1 illustrates the acid to neutral decarboxylation of
THCA and CBDA. The reaction order, ko, and the activation energy (EA) of acid -> neutral decarboxylation
has been determined over specific temperatures and
times in C. sativa flowering buds (3). Chemical testing
can also influence cannabinoid acid decarboxylation if
the testing system exposes the sample to heat (4) as in
the injection port of a gas chromatography (GC) system. Liquid chromatography–mass spectrometry (LC–
MS) systems also expose the acid phytocannabinoids
to heat in the electrospray ionization (ESI) source region. To our knowledge, the effect on acid decarboxylation as a function of temperature in the ESI source
region has not been reported. In fact, a PubMed query of “phytocannabinoid decarboxylation in the ESI
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source” and related queries yielded zero results. One
study evaluated the changes in chemical profiles of
extracts at ambient temperature versus decarboxylation at a series of temperature ranges (5). Our study
used ESI LC–MS in both positive and negative modes
to determine the effect of electrospray source temperature on the stability of acid phytocannabinoids in
neat solutions.

Experimental
We make the following assumption: under the conditions
of a high performance liquid chromatography (HPLC)
method, decarboxylation is mitigated and acid phytocannabinoids are stable under the time frame of the analysis as they transport across the column stationary phase.
The null hypothesis states the acid phytocannabinoids are
equally stable and remain relatively unchanged in the ESI
source. To reject the null hypothesis, we must observe
a decrease in the relative abundance of the carboxylated species with a commensurate increase in the relative
abundance of the decarboxylated analogues. To make
this determination, we used electrospray ionization in
both positive and negative modes under chromatographic and flow injection analysis (FIA) conditions. In the various experiments, the drying gas temperature was varied from 75 °C through 350 °C and we monitored (M+H)+
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and (M-H)- pseudomolecular ions and
(M+Na)+ adducts specific to the carboxylated and decarboxylated chemical species.
Standards and Reagents
THCA, THC, CBDA, and CBD were
obtained from Cerilliant. All cannabinoid reference standards were obtained in U.S. Drug Enforcement Administration (DEA) exempt format at
1.0 mg/mL in organic solvent. LC–MS
grade methanol, acetonitrile, and formic acid were obtained from Agilent
Technologies. Millipore de-ionized
(DI) water was used for the aqueous
mobile phase.
Analytical Instrumentation
Low Resolution LC–MS Experiments
An LC–MS system (Agilent Technologies) equipped with a diode array
detector (DAD) and a nebulizer ESI
source was used. The mass spectrometer was operated in ESI+ and
ESI- modes over the mass range of
100–500 m/z. For each experiment,
the drying gas temperatures were
100 °C, 150 °C, 200 °C, 250 °C, and
300 °C. The LC–MS conditions are
shown below.
LC Conditions:
Column: Agilent InfinityLab Poroshell
120 EC-C18, 3.0 × 50 mm, 2.7 μm
Mobile Phase: A) 0.1% (V/V) formic
acid aqueous phase; B) 0.05% (V/V)
formic acid organic phase
Flow rate: 1.0 mL/min
Column temperature: 50 °C
Injection volume: 5 µL
Diode array detector: 230 nm and
270 nm
iQ LC/MSD Parameters:
Drying gas flow: 13 L/min
Nebulizer: 55 psig
Vcap: 3500
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Table I: UHPLC mobile phases and quaternary gradient
Time

A (100% H2O + 0.1%
(v/v) Formic Acid)

B
(100% Acetonitrile)

C
(100% Methanol)

D
(100% H2O)

4.51 min

25.00%

70.00%

0.00%

5.00%

12.30 min

0.00%

0.00%

95.00%

5.00%

LC Mobile Phase
Time (min)
0		
1.0		
7.0		
8.2		

Gradient:
%B
60
60
70
95

High Resolution Accurate
Mass (HRAM) FIA Experiments
A quadrupole time-of-flight (QTOF)
mass spectrometer (Agilent Technologies) equipped with a dual ESI
source was used. The QTOF was operated in ESI+ mode over the mass
range of 100–500 m/z. Samples were
directly infused into the electrospray
source with a syringe pump at a rate
of 200 µL/h. The drying gas temperature was incremented stepwise at
50 °C intervals from 100 °C through
350 °C. The QTOF parameters and
drying gas temperature program are
shown below.
QTOF LC–MS Parameters:
Drying gas flow: 12 L/min
Nebulizer:30 psig
Vcap: 4000
Fragmentor: 150
Skimmer: 65
Acquisition rate: 1 Hz
Drying Gas Temperature Program:
0.0 to 1.5 min, Hold 100 °C
1.5 to 2.5 min, Gradient to 150 °C
2.5 to 3.5 min, Hold 150 °C
3.5 to 4.5 min, Gradient to 200 °C
4.5 to 5.5 min, Hold 200 °C
5.5 to 6.5 min, Gradient to 250 °C
6.5 to 7.5 min, Hold 250 °C
7.5 to 8.5 min, Gradient to 300 °C
8.5 to 9.5 min, Hold 300 °C
9.5 to 10.5 min, Gradient to 350 °C
10.5 to 11.5 min, Hold 350 °C

www.CannabisScienceTech.com

Table II: LC-TOF parameters
Parameter
Drying gas flow
Nebulizer (psig)
Vcap

Value
8 L/min
30
3500

Fragmentor

175

Skimmer

65

Acquisition rate

1 Hz

Reference mass

Yes

HRAM Chromatographic
Confirmation Experiments
An ultrahigh-pressure liquid chromatography (UHPLC) system and
time-of-flight (LC/TOF) mass spectrometer (Agilent Technologies)
equipped with a dual ESI source
was used. The column was an Agilent Poroshell 120 EC-18 3.0 mm
x 50.0 mm, 2.7 µm particle size
(PN 699975-302). The flow rate
was 0.5 mL/min. The injection
volume was 5 µL. The TOF mass
spectrometer was operated in
ESI- mode over the mass range of
100 –1000 m/z with reference mass
on. For each experiment, the drying gas temperatures were 75 °C,
100 °C, 175 °C, 200 °C, and 250 °C.
The LC/TOF conditions are given in
Tables I and II.
Sample Preparation
Low Resolution LC–MS
Confirmatory Experiments
For the ESI+ mode experiments,
solvent standards containing CBDA,
CBD, TCHA, and THCA were prepared at 250 µg/mL in acetonitrile.
For the ESI- mode experiments, a
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Table III: In ESI- mode, THCA and THC relative abundances and ratios each indicating a
loss of THCA and an increase in THC abundance as the drying gas temperature is increased
Temperature (°C)
100

THCA (Area)

THC (Area)

THC/THCA
(% Area Ratio)

4,780,524

18,504

0.3871

150

7,518,961

44,183

0.5876

200

9,846,418

118,728

1.2058

250

11,807,299

280,290

2.3739

300

12,663,971

515,932

4.0740

solvent standard containing THCA
was prepared at 500 µg/mL in LC–
MS grade acetonitrile.
HRAM FIA Experiments
A 100 µg/mL solution of THCA was
prepared in LC–MS grade acetonitrile.
HRAM Chromatographic
Confirmation Experiments
A solvent standard containing CBDA
and THCA was prepared at 500 µg/
mL in LC–MS grade acetonitrile.

Results

Figure 1: Decarboxylation of phytocannabinoids. THCA (top left) spontaneously
decarboxylates to THC upon exposure to heat. Similarly, CBDA (lower left) spontaneously
decarboxylates to CBD.

Figure 2: ESI+ mode and DAD chromatograms at 100 °C drying gas temperature.
From top to bottom: EIC for CBD and THC, EIC for CBDA and THCA, and DAD signal at
230 nm. Note 230 nm discriminates against the noncarbonyl containing CBD and THC.
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Low Resolution
LC–MS Experiments
In ESI+ mode, CBDA, CBD, THC,
and THCA are observed at the
proper retention times and the
DAD signal remains relatively constant over the five injections of increasing drying gas temperature.
No CBD or THC are observed under the CBDA or THCA peaks at any
drying gas temperature. Figures 2
and 3 illustrate the ESI+ mode LC–
MS and DAD chromatograms at
100 °C and 300 °C, respectively.
In ESI- mode, there is an inverse
correlation between the relative
abundance of THCA and drying gas
temperature while the relative THC
abundance is positively correlated with increasing drying gas temperature. Figures 4 and 5 illustrate
the 359.2 m/z and 315.3 m/z ESI-extracted-ion chromatograms (EICs)
for THCA and THC at 100 °C and
300 °C, respectively. Table III demonstrates the absolute area counts
and relative ratios for the loss of
THCA and the increase of THC as
the temperature of the drying gas
is increased.
HRAM FIA Experiments
The FIA temperature program was
bracketed into three regions:
1. Low temperature range:
0.0 min to 3.5 min, 100 –150 °C

VOL 3 • NO 3 • APRIL 2020

3/30/20 4:01 PM

Peer-Reviewed Article

37

Table IV: FIA HRAM relative ion abundances for each observed chemical species. Decreasing THC/THCA ion ratios indicate
THCA is relatively stable in ESI+ mode up to 350 ºC.
THCA (M+Na)+
Abundance

THCA (M+H)+
Abundance

THC (M+H)+
Abundance

THC/THCANa+ Ion Ratio

THC/THCA-H+
Ion Ratio

Low

5085

1412

216

0.0425

0.1530

Mid

5870

1597

110

0.0187

0.0689

High

36321

3647

0

0.0000

0.0000

Temperature
Range

2. Mid temperature range:
3.5 min to 7.5 min, 150–250 °C
3. High temperature range:
7.5 min to 11.5 min, 250 –350 °C
FIA high resolution accurate
mass EIC chromatograms specific for THCA and THC were extracted within each region. In this study,
the THCA (M+H)+ pseudomolecular ion and (M+Na)+ adduct were
observed with exact masses of
359.2217 m/z and 381.2036 m/z, respectively. THC was observed as
the (M+H)+ pseudomolecular ion
at 315.2319 m/z. The mass accuracy, molecular formula generation
(MFG) from the empirical spectra, and the isotopic fidelity were
measured for each chemical species. These data are shown in Figures 6 and 7 for the mid-temperature range of 150 –250 °C.
Table IV illustrates the relative
HRAM EIC ion abundance for each
chemical species representing
THCA and THC and their respective
ion ratios. In FIA ESI+, the decreasing THC/THCA ion ratios reveal the
fact that little to no acid phytocannabinoid decarboxylation is occurring under these conditions. This
suggests the ESI+ pseudomolecular ion of THCA is relatively stable
and does not undergo significant
decarboxylation over the temperature range of 100 °C through 350 °C.
HRAM Chromatographic
Confirmation Experiments
In ESI negative mode, THCA is observed at the proper retention time

VOL 3 • NO 3 • APRIL 2020

CNST0420_34_Macherone (Gsalas@mdmag.com).indd 37

Figure 3: ESI+ mode and DAD chromatograms at 100 °C drying gas temperature. From
top to bottom: EIC for CBD and THC, EIC for CBDA and THCA, and DAD signal at 230 nm.

Figure 4: ESI- EIC of THCA at 100 °C. Top, 315.2 EIC for THC. Bottom, 359.2 EIC
for THCA.

and THC is observed under the
THCA peak at all drying gas temperatures. The relative abundance
of the acid is reduced with commensurate increase in the relative
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abundance of THC as the drying
gas temperature is increased from
75 °C through 250 °C with complete loss of the acid compounds
at 200 °C and 250 °C for CBDA and
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Figure 5: ESI- EIC of THCA at 300 °C. Top, 315.2 EIC for THC. Bottom, 359.2 EIC for
THCA. Note the relative abundance of THC increases approximately 28-fold compared
to the drying gas temperature at 100 ºC.

THCA, respectively. Figure 8 is the
series of HRAM EICs representing
CBDA and CBA over the drying gas
temperature range of 75°C through
250 °C. Figure 9 is the series of
HRAM EICs representing THCA
and THC over the drying gas temperature range of 75 °C through
250 °C. In both cases, the relative
abundance of the acid phytocannabinoids is reduced while the relative abundance of the decarboxylated analogues CBD and THC are
increased as the drying gas temperature is increased. This is evidence of in-source decarboxylation
of the acid phytocannabinoid.

Discussion

Figure 6: FIA HRAM spectrum over the mid temperature range. The mass accuracy for
the (M+H)+ and (M+Na)+ ions indicative of THCA is < 1 ppm, and the MFG score is 99.74.
The red outline is the predicted isotope ratio. The empirical isotopic ratios and spacing
data agree extremely well theoretical prediction.

Figure 7: FIA HRAM spectrum over the mid temperature range. The mass accuracy

for the (M+H)+ ion indicative of THC is > 5 ppm, and MFG score is 58.43 and the
red outline is the predicted isotope ratio. Although the empirical isotopic ratios
and spacing agree well theoretical predictions and the correct chemical species
is generated, a poor mass accuracy is a result of poor ion statistics at this low ion
abundance.
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In this study, we used TOF, QTOF,
and single quadrupole LC–MS systems in ESI+ and ESI- modes to
evaluate the effect of temperature
in the source region on the stability
of acid phytocannabinoids. We initially used a chromatographic approach with a single quadrupole
LC–MS coupled with a diode array
detector. Under these conditions,
we putatively determined that no
decarboxylation of the acid phytocannabinoids THCA and CBDA
occurs over the drying gas temperature range of 100 °C through
300 °C in ESI+ mode. However, under the same chromatographic
conditions and temperature range,
the in-source loss of the relative
abundance of THCA with commensurate increase of the relative
abundance of THC was observed.
The increase in the percent area ratio of THC/THCA taken from Table
III is exponential.
We next used FIA on a LC-QTOF
system in ESI+ mode to remove
any effects of chromatography and
confirm the absence of THCA decarboxylation under these conditions. Lastly, using a LC-TOF system
with chromatography in ESI- mode

VOL 3 • NO 3 • APRIL 2020

3/30/20 5:43 PM

Peer-Reviewed Article

39

Figure 10: ESI+ mode (M+H)+ pseudomolecular ion for THC.

Figure 8: HRAM EICs for CBDA decarboxylation in ESI- mode. Each temperature is
paired as A and B, where A is the exact mass of CBD (313.2173 m/z), and B is the is the
exact mass of CBDA (357.2071).

Figure 11: ESI- mode decarboxylation
mechanism of THCA -> THC. See reference 2.

Figure 9: HRAM EICs for THCA decarboxylation in ESI- mode. Each temperature is
paired as A and B, where A is the exact mass of THC (313.2173 m/z), and B is the is the
exact mass of THCA (357.2071).

we injected a mixture of CBDA and
THCA over the temperature range
75 °C through 250 °C. Through this experiment, we confirmed post-chromatographic, in-source decarboxylation of the acid cannabinoids as
evidenced by the observation of CBD
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and THC under the CBDA and THCA
chromatographic peaks. Under these
conditions, complete loss of the acid
cannabinoids is observed at 200 °C
and 250 °C for CBDA and THCA, respectively. This observation agrees
with data from reference 3.

www.CannabisScienceTech.com

Given these observations, we
propose the (M+H)+ pseudomolecular ions and (M+Na)+ adducts
of acid phytocannabinoids are stable in ESI+ mode and the energetics of decarboxylation are not favorable under these conditions.
Figure 10 illustrates the putative
(M+H)+ pseudomolecular ion for
THC. Conversely in ESI- mode, the
(M-H)- species readily decarboxylates as a function of drying gas
temperature in the source through
the mechanism shown in Figure 11.

Conclusion
With chromatography, the mass
spectral detection of CBD or THC
under the chromatographic CBDA
and THCA peaks, respectively, confirms post-chromatographic decarboxylation in the source
region. When using ESI+ with chromatographic or FIA conditions,
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decarboxylation of the acids are
not observed. However, ESI- mass
spectra data reveal the acid phytocannabinoid decarboxylation exponentially increases as the drying
gas temperature of the ESI source
is increased. We therefore reject
the null hypothesis for ESI- LC–MS
analyses and posit acid phytocannabinoids fully decarboxylate in
ESI- mode with source temperatures • 200 °C. These data highlight a potential concern for the
quantitation of acid phytocannabinoids using ESI- mode LC–MS
technologies.

Disclaimer
Agilent products and solutions are
intended to be used for cannabis
quality control and safety testing in
laboratories where such use is permitted under state or country law.
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Cannabis Cultivation is More Math
than Science: The Role of Data in
A Successful Grow Operation
The key to being successful in cannabis cultivation is a numbers game—it’s about percentages and
squeezing an extra 2–5% out of everything you do in your grow. So it’s about math, not just science.
Cannabis cultivation management platforms are designed to track that data for you and make
recommendations based on intelligence and logic discerned from the numbers. Here’s how they
work and why accurate data is critical within each function of the operation.
Brett Strauss

© RABBITHOLEPHOTO / ADOBESTOCK.COM

T

he key to being successful in cannabis cultivation is a
numbers game—it’s about percentages, and squeezing an extra 2%, 3%, or 5% out of everything you do in
your grow. So, contrary to traditional agricultural thinking, it’s
not just about science: It’s about math.
For example, say your grow plans to harvest 30,000 plants.
What if you could increase the average grams per plant by
just 1 g? That could translate to an additional $360,000 in retail
sales based on nearly zero additional cost. When you don’t
maximize your yields, you leave money on the table.
Whether your operation is indoor or outdoor, small or large,
simple or complex, investing in a cannabis cultivation management system (CCMS) will increase your success exponentially. These platforms are designed to track data on even the
most minute aspects of your grow. Using this data, a CCMS
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makes recommendations based on intelligence and logic that
will help you operate a more successful and financially stable
cultivation program.
Cannabis customers can be demanding and fickle in this
nascent industry. Wholesalers seem to want it all—they want
what they want when they want it, in a wide range of strains,
with quality and consistency. At the same time, cultivators are
often juggling multiple strains at multiple stages of growth,
each exposed to different growing conditions (soil, light, nutrients, temperature), which means a grow manager is tasked
with tracking a whole bunch of data, and tracking all of the operation’s employees on top of that.
Whiteboards and logbooks are the old-school method of tracking this information, especially among those who
were growing plants long before it was legal. But it’s virtually
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impossible to track all the different data
points manually, not to mention the
monumental task of assessing the data
and understanding its results and implications. Factor in the potential for human error and your grow could see dollars circling the drain.
A cultivation management platform
designed specifically for cannabis that
provides real-time grow analytics will
give you the power to maximize efficiency, lower costs, and increase your
yields and profits. It’s time to trade in
those whiteboards for a dashboard.

Incorporating
Data into Your Grow
While your whiteboards may be telling
you what you want to hear, interpreting
those results and making shifts in your
strategy is totally subjective. When data
is used, coupled with AI technology
such as IBM Watson, the numbers don’t
lie. Collecting more data, and collecting quality data, will give your organization information that will directly translate to the bottom line.
Cannabis is inherently a tech-averse
industry, but setting up your grow to collect valuable data and make predictive
analyses and forecasts is relatively easy.
Let sensors and high definition cameras
do the work for you. When properly installed, these tools are working 24/7 to
capture the inputs, outputs, and milestones in every aspect of your operation. The data gathers history over time
and is able to make assumptions and
recommendations, giving you a solid
overview of your operation. And while
sensors are gathering data, they’re also
monitoring the operation for problems
and potential risks—and most have the
ability to notify your team via instant cell
phone alerts. Another important factor is the ability to use radio-frequency identification (RFID) tracking on plant
tags. There’s also an increased use of
smartphones for visual data collection
including reporting deficiencies, pests,
and other abnormalities.
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Grows that opt to simply gather
data in the primary functions of their
operation are leaving money on the
table. There’s no doubt about it: continuous and comprehensive data monitoring produces the best plants and
the biggest profit.

Establishing Data Points
Most grows are organized by stage of
growth. Every plant, every room, every table is subject to ever-changing conditions. Add dozens of different strains
and different pot sizes to the equation,
not to mention variable water tanks and
nutrient systems, and you’ve got a very
complex working environment. Add in
lighting and other environmental factors
and it becomes mind boggling. There’s
just simply no way to manage it manually.
When you’re relying on whiteboards and
personal observation, the risk for human
error and subjectivity is great and costly. Most people don’t realize the sheer
number of variables they’re dealing with.
Multiple factors across multiple rooms
exponentially increase the risk, but also
the potential reward.
The only way to measure this is
through data. Real data will give you the
numbers, now and long term, that can
have a marked impact on profits.
Let’s look at some of the specifics of
what this data can track. Assume a grow
operation is working with 20 different
strains and has 100 plants within each
strain. You may have multiple rooms, one
for each stage of plant growth—let’s say
four rooms. So, you already have 8000
different data points. Now let’s look at
the environmental conditions for each
plant: lighting, nutrition, water, humidity,
pH level, airflow, temperature, and more.
You see the problem presented? It’s just
humanly impossible to track it all, much
less mine the data to improve your results going forward.
Investors may ask, “Which room has
the best growing conditions and produces the healthiest, heartiest plant at
each stage? What is the energy usage
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cost per room? Where can you reduce costs without impacting margin?”
Grow managers may ask, “When was
this room of plants last watered? What
was the water temperature? What’s the
soil composition of these plants versus
those that may have impacted growth?
Which cocktail of nutrients yields the
healthiest and most robust plants?
What lighting works best for each strain
within each stage of growth?”
See, the questions are endless. A
CCMS can help do the work for you and
keep track, set reminders, and make
recommendations by strain for each
stage of growth. For example, as lighting becomes more sophisticated, tracking its impact on the health and growth
of plants could become one of the most
significant investments you make.

Predictive Analysis
and Forecasting
When you’re working with such high
value crops, it’s critical to understand
which strains are the most profitable to
your business. Think of your strain portfolio like your stock portfolio. Which
ones are working the hardest for you
and which ones should you consider
eliminating or replacing?
But it’s what you do (or don’t do) with
that data that helps maximize the efficiencies of your organization. That’s the
beauty of these platforms and their algorithms that are capable of automatically learning from data and making
predictions based on data.
Your CCMS will be taking thousands
of measurements each day, monitoring
how plants are reacting to the myriad
conditions. Those results are plugged
into the platform’s algorithms to give
you insights, recommendations, and
course corrections. All in the name of
efficiency and profit.
Built-in A/B testing lets you compare and contrast different environmental situations. The math gives you
the confidence that you are doing the
best job possible. The overall goal is
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predictability. If you grow this strain, using these tasks, using this feed, using
these lights, in this room, at this temperature, at this humidity level, at this
CO2 level, on this table, while being
managed by this team member, you will
make the maximum amount of revenue
possible for that strain. That’s how you
maximize your yields at the strain level.
You also need to pick the best strains.
The best strain is the one that grows the
most grams per plant in the least number of days, sells for the highest price
per pound, and sits on your shelf the
least amount of time. That’s the goal.
When you do identify this “perfect”
strain, it should be the largest yielding
percentage of your crop.
A good CCMS should also be able to
track strain genetics in a “generational” format. You can track and monitor
cuts taken from mother plants over the
course of many generations and document results. Did your third round of
cuttings from that mother perform better than your second round of cuttings?
If so, what were the variables along the
way and how will setting those standards improve your bottom-line results?
Here’s another example: Sativas can
take 30% longer to grow than indicas, meaning they cost more in terms
of rent, electricity, HR, legal, and so
on. They are generally less profitable
to grow than indica strains. But customers demand variety when they are
shopping in the dispensary. So, which
strains are your most profitable? Are
you on track to produce enough to
meet market demand? A CCMS can
help with these projections so your
grow schedule is synchronized with
what retailers and consumers want.
Being able to negotiate better rates
from buyers, based upon consistent
quality and quantity, can only happen
if you maintain a deep understanding
of how to deliver both.
Controlling costs is paramount to
running a profitable grow. Data can
be utilized to lower energy costs,
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reduce waste, and yield a higher return on investment (ROI).
The advanced reporting function of a
CCMS can predict and inform crop profitability. Analyzing historical crop data
can help a grow operation maximize
revenue. Investors and other stakeholders can see exactly what your crop’s value is at any point in time.
There’s one aspect of cannabis cultivation where growers are leaving money
on the table—their consumables inventory. They’re relying on random physical
counts of the products and organic materials they have on the shelf and, too often, these products hit their expiration
date before they’re used, resulting in
wasted time, money, and materials.

Personnel Management
Cannabis cultivation is a high touch industry, meaning that many of the functions performed are physical. Managing, controlling, and evaluating that
manpower is a monumental task unto
itself. But a CCMS eliminates many of
the HR functions for you.
Traditionally, cultivation employees
check the whiteboard outside of each
room to see their tasks for the day. By
moving this list to each employee’s mobile phone, your CCMS can track those
tasks down to the individual plant level. This gives the grower a better understanding of the true cost each time a
team member touches a plant.
CCMSs are pretty intuitive. Most
will have an auto enrollment feature
for scheduling employees and their respective tasks. The system will auto assign tasks to employees who are capable of doing the required tasks,
cross-referencing their skill sets with
their availability. The technology can
discern between group tasks and individual tasks. You’ll know exactly what
your team should be accomplishing for
the day and get alerts when these tasks
are, or are not, completed. Which team
member is the best at lollipopping
your pants? Is it the person that works
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the fastest? Nope. It’s the team member whose lollipopped plants have the
highest yield. Measuring the impact of
each staff member’s activities is critical
to running a tight ship. The team member who is best at performing each task
is measured in financial return, not necessarily just speed. The ability to communicate, update, and track employee activities, and get detailed analytics
about each team member’s value, is key
to running a smooth operation.

Data’s Role in Eliminating Risk
A lot of cannabis farmers say they don’t
sleep well at night worrying about what
could go wrong on their farm or indoor
grow while it’s unattended. Just imagine getting a call that a water tank is
overfilling and at risk of drowning crops.
This is where technology comes in. By
using a CCMS that’s tracking room conditions, that farmer would be notified
immediately and could turn off that water faucet remotely, without ever having
to leave home.
Cannabis cultivation is a 24/7 business. It takes a lot of manpower to continuously monitor environmental factors
like room temperatures. With a CCMS,
it can all be managed from a grow manager’s cell phone. A simple touch of a
button, even remotely, can even turn off
lights or adjust the air conditioning.
By continuously analyzing the numbers related to your crop—lighting,
feeding material and schedule, grow
and harvest time, and trimming—and
comparing them to the results of each
harvest, you’ll learn how to best use
your limited square footage to make
the maximum profit.
Precision is the key. The ability to
identify and avoid your mistakes while
continually learning from process histories is the key to success.
Brett Strauss
is the President/Founder of NetExam
in Dallas, Texas. Direct correspondence to: brett@netexam.com
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Co-Solvent Ethanol Injection
Helping CO2 Extraction
This study considers the use of ethanol as a co-solvent in a carbon dioxide extraction of
cannabinoids and its effects on extraction time and overall raw yield. A control test was initially
conducted to calculate the volumetric flow of liquid and supercritical CO 2 and to record the
amount of material collected. Additional runs were then performed with the injection of a 5%
by volume stream of ethanol, first with hops and then confirmed on cannabis. Upon separation
of the oil from the ethanol it was determined that the oil was extracted up to 300% faster and
with roughly 2% greater overall yield.
Sam Shomper

T

here is much discussion
around increasing solubility
power of a solution with the
assistance of a co-solvent, but few,
if any, studies consider the increase
in solubility of CO2 with the presence of ethanol as a co-solvent. Often, various solvents are mixed together to obtain a larger amount of
solute before it’s saturated. However, unlike many experiments involving co-solvents, CO2 as a solvent
cannot exist at room temperature
and pressure. That means, to determine if the solubility of the solution
has increased, a dynamic research
model is needed instead of the typical static models that can be used
with other solvents. An increase in
the solubility of the solution is just
one concern. The ability of CO2 to
select different cannabinoid fractions at specific times must still be
retained, proving the introduction
of ethanol can improve extraction
times without detracting from the
flexibility offered by CO2 as a solvent. Otherwise, a straight ethanol
extraction might be chosen over a
carbon dioxide and ethanol co-solvent extraction. Throughout this
study, two key factors were considered: increase solubility as measured by an increase in yield, and
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extraction selectivity as measured
by color and viscosity. The oils that
are lighter in color and less viscous
offer a decrease in post-processing
time, making them more desirable
to many end users. These more volatile components will separate out
sooner than the waxes, fats, and
chlorophylls that contribute to a
darker, thicker end product.

Experimental
This experiment was completed
with a beta co-solvent module that
consisted primarily of an ethanol
tank and pump with some instrumentation and a check valve to ensure unidirectional flow of the ethanol into the system (see Figure 1).
The ethanol tank supplied the ethanol pump with room pressure and
room temperature ethanol. The
pump would then increase the
pressure of the ethanol from atmospheric to the operating pressure of
the carbon dioxide system. A variable frequency drive would control the speed of the positive-displacement pump, and therefore the
flow rate of the ethanol, to allow for
a specific injection quantity. Volumetric percentages were chosen
based on the standard for measuring co-solvent efficiencies. Finally,
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the necessary pressure valves and
reliefs were added to connect this
module to a CO2 extraction system. The piping and instrumentation diagram of the co-solvent test
system is shown in Figure 1. A CO2
flow meter, placed in line between
the separators and the pump on
the closed loop CO2 extraction system, was used to monitor the flow
of CO2 . This returned a standard
cubic feet per minute (SCFM) for
the CO2 , used to calculate a L/min
flow rate based on liquid or supercritical CO2 at either 1200 PSI and
75 °F or 1800 PSI and 105 °Ft. The
closed loop system allowed for the
conversion of SCFM (mass flow) to
L/min (volumetric).
The connection point between
the co-solvent module and the CO2
extraction system was located just
before a temperature control heat
exchanger (red arrow in), which is
located immediately before the inlet tubing for the extractor, where
the raw material is located. This
structure would allow the ethanol
to mix with the CO2 stream, thus
avoiding a temperature drop and
ensuring the mixture was homogenized before going into the extractor. The CO2 and co-solvent mixture
would then travel through the raw
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Figure 1: Piping and instrumentation diagram for co-solvent module.

Figure 2: Carbon dioxide piping and instrumentation diagram and ethanol injection
location (red arrow).

material and collect the oil before
traveling to the separator. There
the saturated solution would be depressurized, allowing the mixture
of oil and ethanol to fall out of the
solution and allowing the gaseous
CO2 to return to be recompressed
by the diaphragm compressor.
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This experiment was performed
on both hops and cannabis, at both
subcritical and supercritical parameters. For the subcritical test, parameters of 1200 PSI and 75 °F were
used. For the supercritical test, parameters of 1800 PSI and 105 °F
were selected.
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This was done to match the standard operating parameters and capabilities of the CO2 system. Any
subcritical and supercritical parameters could have been used. Due
to the increased pressure requirements and the associated losses
in volumetric efficiency in the CO2
compressor, the main difference
between the subcritical and supercritical runs was the CO2 flow rate.
In turn, the ethanol flow rates differed. But since both subcritical and
supercritical were compared to their
control tests, and not to each other, this did not factor into the findings. The original experiment at our
facility in Ohio was done using hops
because of regulations in Ohio prohibiting testing with cannabis. The
hops used were Columbus hops. In
each test, hop pellets were ground,
their input weights recorded, and
then loaded into the extractor to
be used as the raw material. A control test was done on both sets of
data points before the co-solvent
test was run. During this test, data
samples were taken every 10 min
and weights were recorded to get
a yield curve in grams of oil versus
time for a CO2 only extraction. The
sample time started only after the
system was up to pressure and flow
had begun between the extractor
and the separator. A representative
portion of every sample was kept to
evaluate the control extraction relative to the co-solvent extraction in
terms of both color and consistency. After the control tests were completed, the same tests were replicated, with the only difference being
the addition of a 5% by volumetric
flow ethanol stream. This ethanol
stream was started only after the
system was up to pressure and flow
had begun. Samples were again taken every 10 min, with each sample
containing both botanical oil and
ethanol. The samples were weighed
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Table I: Hops run data (sample 11 was taken after an additional 3 h of run time)
Sample
Frequency
(min)

CO2
Flow Rate
(scfm)

Co-Solvent Piece

Ethanol % Goal

Motor RPM (hz)

Separator

Ethanol Flow Rate (LPM)

Pressure
(psi)

Temp.
(°F)

Orifice

10

31

330

16

32

10

18

300

32

26

10

25

5%

22.7

0.085

310

18

32

10

20

5%

14

0.049

300

37

26

Figure 3: Subcritical hops extraction curve.

Figure 4: Supercritical hops extraction curve.
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and kept apart from one another until separation of the oil from the ethanol. Each individual ethanol and oil
sample was then put through a rotary evaporator to separate the ethanol from the extracted oil. Both the
weight of the oil and the volume of
the ethanol were recorded. The ethanol volume was recorded to verify the flow rate of the ethanol pump
since there was no ethanol flow meter present during the test runs. In
the absence of an ethanol flow meter for this experiment, measurements of ethanol used were taken throughout the process to verify
that the amount used was consistent
with the pump motor speed. Once
the control and experimental hops
tests were completed, subsequent
control and experimental tests were
run in Pueblo, Colorado to verify
the results on cannabis. The cannabis strain used was a high tetrahydrocannabinol (THC) strain that had
been decarboxylated prior to the
extraction test. Test cannabis had
also been ground to approximately
100 µm for the test runs. The CO2 extraction system used in conjunction
with the cannabis test had a higher
CO2 flow rate than the one used with
the hops tests, but the ethanol flow
rate was increased to keep the volumetric percentages the same.
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Table II: Hops run data (sample 11 was taken after an additional 3 h of run time)
Yield
1 (g)

2 (g)

3 (g)

4 (g)

5 (g)

6 (g)

7 (g)

8 (g)

9 (g)

10 (g)

11 (g)

12 (g)

247.6

219.1

189

170.5

141.3

103

67.1

47.8

47.2

37.3

1365.1

155.8

113.6

86.5

87.3

73.3

64.9

57.9

58.6

51.8

45.6

1110.9

Mixture weight

209.6

784.2

1265.6

1054.7

883.8

743.5

773.9

725

863.8

7304.1

Oil weight

196.6

289.8

406.3

272.2

117.3

48.7

33

14.8

25.4

1404.1

Alcohol (mL)

100

640

1100

1025

1000

875

975

875

975

7565

Mixture weight

129.1

163.2

315.8

423.8

512.3

529.1

482.8

536.8

463.3

517.4

4073.6

Oil weight

120

103.2

105

101.3

112.7

109.1

82.9

111.7

94.6

94.4

1034.9

Alcohol (mL)

n/a

100

275

400

525

525

500

550

475

550

3900

Results and Discussion
The hops test matrix can be seen in
Tables I and II.
Sample 11 on runs 1 and 2 were
both taken after an additional hour
of running to determine the maximum amount of oil that could be
obtained. The benefits of the cosolvent were delayed because the
ethanol pump did not start until
the system was up to pressure and
CO2 flow had started. This was due
to the time it took for the ethanol
to travel through the heat exchanger and into the raw material, before
exiting the raw material to the separator. This travel time was determined by the CO2 flow rate and the
length of tubing through which the
ethanol would travel before mixing
in solution with the carbon dioxide and botanical material. This delay inspired an option in later versions to allow a terpene extraction
to occur before the co-solvent portion of the extraction takes place.
Many end users perform a CO2-only fractional terpene extraction before the cannabinoid extraction, so
this method is representative of
one common practice. The delay
in co-solvent assistance is evident
in the supercritical run as the flow
rate was much slower than the subcritical run. This can be noted in the
amount of ethanol in the run as well.
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Figure 5: Subcritical cannabis extraction curve.

Comparing the subcritical runs and
supercritical runs independently,
we can see there is an increase in
speed and, in the case of the subcritical run, an increase in the maximum amount of material extracted.
A graphical representation of these
runs can be seen in Figures 3 and 4.
During the testing process it
was clear that additional benefits
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include both the ease in collecting
and cleaning the separator when
using a co-solvent. The resulting oil–ethanol mixture was nearly homogenized and could be easily transitioned into a winterization
process without the necessary hotplate and stirrer. This benefit manifests as a reduction in energy consumption and time required for
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Table III: Cannabis run data
Run

Extractor
Pressure
(psi)

Raw
Material

Sample
Frequency

CO2 Flow
Rate

Temp.
(°F)

Co-Solvent Piece
Ethanol
% Goal

Motor
RPM (hz)

Separator

Ethanol Flow
Rate (LPM)

Pressure
(psi)

Temp.
(°F)

Orifice

1

1200

70

11,500

20

60

375

30

50

2

1800

108

11,500

20

60

325

32

37

4

1200

70

11,500

20

60

5%

47.8

0.193

375

28

50

5

1800

108

1150

20

60

5%

51.3

0.21

295

30

37

Figure 6: Subcritical cannabis extraction curve.

post-extraction processing activities. After these tests, it was determined that the presence of ethanol
increases the solubility power of
the CO2 ,and that the CO2 is still selectable even with the addition of
the co-solvent. This was clear from
the results of the supercritical test,
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as seen in the slower speed shown
in Figure 5.
The cannabis test matrix can be
seen in Table III and IV.
With the cannabis test runs, we
were able to increase the flow rates
of the CO2 to achieve a better representation of flow rates currently
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available on the market. We were
also able to increase the raw material bed to allow for a longer extraction curve for the increased flow.
Extraction curves for the above
data can be seen in Figures 6 and 7.
During these runs, the delay in
starting the ethanol pump was reduced to achieve a better overall increased extraction curve. In
this test, the co-solvent pump was
started as soon as liquid or supercritical CO2 was flowing in the lines.
This was determined by the pressure approaching 1000 PSI for each
run. Midway through the fifth pull,
the ethanol pump was stopped to
replicate previous experiments by
extracting all the oils around this
time. The extraction curve for both
super and subcritical CO2 were similar. The extraction on the subcritical was roughly 175% faster, and
extraction on the supercritical was
300% faster. Furthermore, the mixture darkened in the subsequent
samples and held a similar pattern
to that seen in hops.

Conclusions
While more testing is needed to
consider additional factors about
ethanol co-solvent runs, these
tests proved the effectiveness
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Table IV: Cannabis run data
Yield

1 (g)

2 (g)

3 (g)

4 (g)

5 (g)

6 (g)

7 (g)

8 (g)

9 (g)

10 (g)

Total (g)

242

284

202

145

123

108

72

50

18

22

1266

220.7

153

171

141

119

108

100

115

99

65

1291.7

Mixture weight

3477

4613

4598

3794

4434

1522

22,438

Oil weight

534

444

128

60

40

14

1288

1524

Alcohol (mL)

3142

4144

4444

3680

4420

Mixture weight

2979

5357

5033

4239

3745

Oil weight

442

602

196

72

1788

20

1368

Alcohol (mL)

2504

4696

4794

4118

3540

1816

21,468

of the method at these parameters. An injection of a 5% co-solvent stream can increase efficiency by more than 100%, while still
maintaining some selectivity and
adding the benefit of cutting out
homogenization from the post-processing winterization process. Ethanol being a polar solvent has its
pros and cons, but using it in solution with CO2 helps to reduce the
removal of the unwanted chlorophyll. With the addition of ethanol

68

21,968

614

23,141

to the solution, dialing into a set of
extraction parameters to extract
desirable cannabinoids and terpenes while leaving the unwanted compounds in the raw material can be accomplished not only
with pressure and temperature adjustments of the CO2 , but can now
also be adjusted by raising or lowering the concentration of ethanol
in the stream. This method of cosolvent injection is also beneficial
in that all the ethanol pumped into

the CO2 system is retained with no
loss. This is because of the saturation into the plant material, as is the
case with typical ethanol extractions, which can leave 10% or more
of the ethanol behind in the plant
material. This occurs because ethanol is soluble in liquid of supercritical CO2 , allowing for natural movement of any remaining ethanol from
the extractor to the separator during recovery.

Sam Shomper is a senior mechanical
engineer with Apeks Supercritical, a
leading CO2 extraction system manufacturer. Sam has been with the company for almost six years, after graduating from The Ohio State University,
where he got a BSME. He leads the
team innovating the co-solvent technology at Apeks and has spearheaded
several other innovative technologies
over the years. Direct correspondence
to: SamS@apekssupercritical.com.

Figure 7: Hops supercritical co-solvent run samples. Sample 1 closest.
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How to Distinguish Between Hemp and
Cannabis Plants Using Raman Spectroscopy
Dmitry Kurouski, a professor in the Department of Biochemistry and Biophysics at Texas A&M
University, discusses the groundbreaking work his team is conducting using a handheld Raman
spectrometer that can noninvasively and nondestructively identify cannabis and hemp plants.
Megan L’Heureux and Madeline Colli

S

ince the passing of the U.S. Farm Bill legalized
hemp, the need for a method or testing device to
distinguish hemp and cannabis plant material has
grown exponentially. From cultivators looking to ensure that their plants are legally hemp or when to harvest to law enforcement looking to make quick roadside
decisions regarding legal hemp or cannabis—the ability to accurately identify these plants would be a game
changer in the U.S. Dmitry Kurouski, a professor in the
Department of Biochemistry and Biophysics at Texas
A&M University, recently spoke to us about the groundbreaking work his team is conducting using a handheld
Raman spectrometer that can noninvasively and nondestructively identify cannabis and hemp plants.
In your recent article with RSC Advances (1), you presented a noninvasive and nondestructive method to
test if plant material is hemp or cannabis. Can you
tell us how you were able to achieve 100% discrimination (qualitative) accuracy for this method and if there
are any known limitations in the method that you are
aware of? Please also tell us what led you to try using
Raman spectroscopy (rather than other spectroscopic
methods) for this type of detection.?
Dmitry Kurouski: That’s a great question. The technology that we used to achieve this goal was Raman spectroscopy. In Raman, we shine laser light on a sample, and
we collect scattered photons then those scattered photons provide information about the chemical structure
and composition of the sample. We collect these photons to measure the energy change between incident
light and the photon energy. And these energies tell us
about the presence of, for example, carboxyl groups, ketone groups, aldehyde groups as well as saturated and
unsaturated bonds.
The biggest difference between hemp and cannabis is
the presence of tetrahydrocannabinolic acid (THCA). In
hemp, this compound is present in a very low quantity
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below 0.3%. In cannabis, the percentage varies from
4–12% or even 15% sometimes. Of course, we can see
the presence of THCA in our Raman spectra and by
measuring the intensity of this band, we can tell what
the quantity of THCA is in a given sample. This band is
absent in the spectrum of hemp, which is why we can
distinguish between hemp and cannabis with 100% accuracy. But in addition to the visible difference in spectrum, we also used chemometrics—advanced statistical
analysis—that allowed us to reach a very high accuracy
of diagnostics.
Now I should tell you that, in principle, THC diagnostics or differentiation between hemp and cannabis can
be done by high performance liquid chromatography
(HPLC) analysis. The problem is that HPLC is time and
labor consuming. The sample has to be homogenized
then an extract of the sample has to be purified and
managed, which is in itself pretty time consuming. All of
this essentially substantially delays the processing time
of material in forensic laboratories.
There was one recent story in the state of Texas where
a hemp driver was arrested for being suspected of carrying cannabis. It took one month to finish the analysis.
All this time, the person was in jail. The analysis came
out negative, but nevertheless, the person had to spend
the whole month in jail.
What type of representative sampling methods are required for accurate Raman analysis of a large sample set
of the cannabis plant?
Kurouski: There is not any type of sampling required. Any
sample can be used. It can be leaves, it can be buds, it
can be essentially powder because Raman does not depend on a sample type. It can be solution as well. So,
here we can work on all types of samples such as different types of creams, lotions, gels, and any other edible
materials that are used as products that contain cannabidiol (CBD) and tetrahydrocannabinol (THC).

www.CannabisScienceTech.com

|

CANNABIS SCIENCE AND TECHNOLOGY

3/30/20 4:04 PM

54

Feature

How many areas of a plant and how
many plants need to be scanned to
get an accurate reading for a particular cannabis crop or sample?
Kurouski: With the Raman methodology, only one scan is necessary to be
done. It takes 1 second to get this scan
done. So pretty much we can shine laser light on any part of the plant material
and in 1 second we can tell whether it’s
hemp or cannabis with 100% accuracy.
For quantitative analysis, how accurate is this new method in determining
the active THC and THCA levels? How
does this accuracy compare with the
accuracy needs of regulatory agencies
or law enforcement?
Kurouski: That’s a good question. Currently, the accuracy is within 1%. What
does it mean if it’s 1%? If the sample
has 5% THCA, our instrument can

show that it’s 4% or 6%. And while you
may say, hey, this is not good enough
for forensic expertise because it cannot distinguish whether it’s 0.29 or 0.31
which is wrong because here is the reality. The reality is that cannabis typically contains about 4% of THC, from
4–12%. And if the police expert, using
our technology directly in the crime
scene or on the road scans the sample
and gets from 3–5%, the forensic expert knows that this cannot be hemp. It
is cannabis. It must be cannabis.
Imagine that 80–90% of all samples
that forensic laboratories deal with
are cannabis. So, with this technology,
we can eliminate 80–90% of samples
that are currently received by forensic laboratories. And of course, if this
will happen, then the remaining 10%
or 15% can be analyzed within hours
or days in the forensic laboratory.

If, for example, the plant material
sample has 1% THC in our spectrometer its result is inconclusive and it must
be sent to a forensic laboratory. But as
I said, around 90% of those samples
are actually THCA. Our job is to catch
this big fish to eliminate 90% of the
work for forensic laboratories.
This interview has been edited for
length and clarity. To read the full interview with Dmitry Kurouski please visit:
https://www.cannabissciencetech.com/
topic/cannabis-voices.
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