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Flavonoids are found in many colorful fruits, leafy greens, 
vegetables, and citrus. They are generally associated with 
the defense system of the plant and protect the plant from 
hungry herbivores and disease. There are over 5,000 
various forms of � avonoids identi� ed throughout the world 
which are generally found in the leaves, roots, and stems. 
In cannabis, the highest concentrations are present in the 
leaves, stems, and pollen.1 There are approximately twenty 
� avonoid compounds found in cannabis including two that
are wholly unique to the plant, cann� avin A, and cann� avin
B. The � avonoids exhibiting the highest concentration in
cannabis include kaempferol, quercetin, apigenin, luteolin, 
vitexin, isovitexin, and orientin. Cannabis research involving 
� avonoids has indicated activation of both CB1 and CB2
receptors2 in addition to playing a role in the THC metabolism
pathway. These discoveries indicate that � avonoids
competitively bind to both the CB1 and CB2 receptors3

and provide a more therapeutic experience. Adding to
the entourage effect is not the only positive attribute of
� avonoids. They also contribute a wide range of overall health
bene� ts including anti-cancer, anti-aging, DNA repair, and
anti-in� ammatory4 qualities just to name a few.

As consumers of cannabis become more aware of 
the full capacity of the plant, analysis of the entourage 
compounds associated with the various strains should 
become commonplace. In an effort to provide the end 
user with a more complete experience, Hamilton Company 
has developed a method to con� rm the 7 most common 
� avonoids found in cannabis utilizing the PRP-1 5 µm HPLC
column. The polymeric stationary phase used in the PRP-1 
column yield good peak shape while adding value to the 
identi� cation. Sample preparation is kept to a minimum with 
only a 15 minute sonication extraction using ethanol:water 
3:1. After centrifugation, the sample is injected. There is no 
need to � lter the sample, allowing faster analysis with the 
dilute and shoot sampling protocol while still maintaining 
consistent results. This method utilizes tetrahydrofuran 
and formic acid as mobile phases and provides baseline 
separation for all the components in under twelve minutes.

1 ) Flores-Sanchez, I; Verpoorte, R. Phytochem Rev (2008) 7:615–639.
2 ) Barrett, M; Scutt, A; Evans, F. Experientia. (1986) 15;42(4):452-3.
3 ) Pollastro, F; Minassi, A; Luigia-Grazia, F. Curr Med Chem . 2018;25(10):1160-1185. 
4 ) Seelinger G, Merfort I, Schempp CM. Planta Med. 2008 74(14):1667-77.

Column Information

Packing Material PRP-1, 5 µm

P/N 79444

Chromatographic Conditions

Gradient

0.0 – 1.0 min 5% B
1.0 – 1.5 min 5 – 30% B
1.5 – 8.0 min 30% B
8.0 – 13.0 min 30 – 65% B

Temperature 35 °C

Injection Volume 5 µL

Detection UV at 360 nm

Dimensions 150 x 4.1 mm

Eluent A 10 mM Formic Acid

Eluent B Tetrahydrofuran

Flow Rate 1.0 mL/min.

Compounds:   1. Isovitexin 2. Orientin 3. Vitexin
4. Luteolin 5. Apigenin 6. Quercetin 7. Kaempferol

0 2

1

2

43 5
6 7

4 6 8 10 12 14

0 2

1

2
4 5 6 7

4 6 8 10 12 14

Hemp Extract

Author: Adam L. Moore, PhD

Cannabinoid’s Wingman?
Determination of Flavonoids in Hemp by Reversed-Phase HPLC

©2020 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. L80114 — 10/2020

For more information on Hamilton HPLC columns 
and accessories or to order a product, please visit
www.hamiltoncompany.com or call (800) 648-5950
in the US or +40-356-635-055 in Europe.

HAM1650_LCGC-Ad-Determination-of-Flavinoids-in-Hemp_R1-FNL.indd   1HAM1650_LCGC-Ad-Determination-of-Flavinoids-in-Hemp_R1-FNL.indd   1 10/27/20   9:51 AM10/27/20   9:51 AM

http://www.hamiltoncompany.com
http://www.hamiltoncompany.com


cannabis science and technology®  |  vol 5. no. 2 cannabissciencetech.com8

Cannabis’ Progress Over the Past Five Years 

THIS ISSUE of Cannabis Science and Technology® marks 
our 5th anniversary since launching in 2018. In our short 
history, we have expanded our coverage but continued 
to stick to our core values and mission of advancing re-
search, quality, and education in the cannabis industry. 
Over the last f ive years, we have seen the stigma sur-
rounding cannabis begin to change directions and be-
come more accepted. Research on cannabis has shown 
that the plant has more to offer than what meets the 
eye. Studies performed using cannabis and various 
cannabinoids have revealed that the plant has many  
medicinal properties. 

Despite these very real benefits, there is still more 
work and education that needs to be done in the canna-
bis industry, particularly regarding quality control, meth-
od development, standardized testing, and regulations—
just to name a few. As we keep our eye on the cannabis 
industry, we’ll continue to bring you the latest informa-
tion on testing methods, technology, and best practices 
for cultivation, extraction, and more. 

In this issue, we go back to basics in some of our regu-
lar columns. “Cannabis Analysis” focuses on an introduc-
tion to Beer’s Law, its history, and the theory behind the 
equation. The evolution of solventless extraction methods 
and the differentiating characteristics that may be driving 
its market growth are presented in “Extraction Science.” 
“Tech Innovations” takes a closer look at the latest devel-
opments on the manufacturing and processing side of the 
industry. Finally, “Cannabis Crossroads” shares an in-depth 
interview with Professor Richard van Breemen on his re-
search regarding cannabinoids and COVID-19. 

Our peer-reviewed article focuses on a step-by-step 
optimization of commercial scale preparative HPLC pu-
rification of cannabinoids, specifically cannabidiol (CBD), 
starting with stationary reversed-phase screening, fol-
lowed by method optimization. One of our feature ar-
ticles takes a look at how cell viability can be used to 
determine dose/response effects, which are important 
in understanding toxicities and to detect differences in 
similar hemp products. Our final feature discusses five 

factors to help select the best growing media for your 
cannabis and hemp plants. 

No anniversary issue would be complete without a spe-
cial recap, which our Group Editorial Director, Meg L’Heu-
reux, provides in “High Five: Cannabis Science and Tech-
nology Celebrates 5th Anniversary.” In that piece, we look 
back at some of our top content over the years and check 
in with some past authors. Some top level statistics from 
the last five years include:

• 29 regular issues published
• 1810 print pages created
•  5 editions of the Cannabis Science Conference Show 

Guides published
• 6 dedicated columnists appearing throughout the year
• 22 editorial advisory board members
• 32,303 Print/Digital subscribers
• 20,000 e-Newsletter subscribers
• 56,788 monthly page impressions (website)
• 866 Tweets
• 320 Instagram posts

We also recently announced the acquisition of the Can-
nabis Science Conference (1). We're thrilled to have its 
founder and CEO, Josh Crossney, join us at MJH as the new 
Director of Cannabis Events. Josh Crossney and the Can-
nabis Science Conference will help our cannabis portfolio 
expand and continue our mission of educating the can-
nabis industry through valuable content, both in person 
and print!

We’re very excited to share our 5th anniversary issue 
with our readers—and of course, we hope you’ll stick with 
us for the next five and more. Enjoy! 

Mike Hennessy, Jr.
PRESIDENT & CEO, MJH LIFE SCIENCES®

 
Reference 
(1)  https://www.prnewswire.com/news-releases/mjh-life-sciences-

announces-acquisition-of-cannabis-science-conference-301486572.html.
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cannabis analysis

The Most Important Equation  
in Potency Analysis is Beer’s Law: 
An Introduction 
By Brian C. Smith

When I started this column se-
ries in the fall of 2018, my in-
tent was to cover the ba-
sics of analytical chemistry 

for an audience that might be new to 
the topic. However, as you may have no-
ticed, I have observed a lot of deficien-
cies in the quality and quantity of test-
ing in the cannabis industry. Therefore, 
I have devoted a number of columns to 
railing against these problems and have 
used this platform to passionately advo-
cate for more and better cannabis test-
ing. Frankly, I have run out of things to 
rail against. The industry knows how I 
feel about a number of topics and point-
ing out the same problems and solutions 
over and over in column after column is 
pointless. Hence, it is time to return to 
the original mission of this column: an-
alytical chemistry. Here and in a few up-
coming columns I will introduce you to 
Beer’s Law, the most important equation 
in cannabis potency analysis.

What is Beer’s Law?
A little history first. Beer’s Law is some-
times called the Beer-Lambert Law or 
the Beer-Lambert-Bouguer Law (1). Long 
story short, Beer, Lambert, and Bouguer 

all contributed to our understanding of 
the relationship between the amount of 
light absorbed by a sample, analyte con-
centration, and sample thickness, and all 
three are deserving of having their name 
appended to this law. However, for the 
sake of convenience I will use the term 
“Beer’s Law” for short going forward. 
And yes, over the years in the analytical 
chemistry courses I have taught I have 
had smug students comment on how 
they “study Beer’s Law every night.” To 
be clear, the Beer in Beer’s Law is named 
after a guy, not the intoxicating beverage.

Since we are speaking of light absorb-
ance here, Beer’s Law relates to the sci-
ence of spectroscopy, which is the study 
of the interaction of light with matter 
(2,3). To measure the amount of light ab-
sorbed by a sample we use an instru-
ment called a spectrometer, which meas-
ures a spectrum, which is a plot of light 
intensity on the y-axis versus some 
property of light on the x-axis (2). Typ-
ical x-axis units used in spectra include 
microns, nanometers (nm), and wave-
number (cm-1), and typical y-axis units 
used in spectra include absorbance and 
percent transmittance (%T) (2). People 
who practice the art of spectroscopy are 

called spectroscopists, and as you may 
have figured out from my past columns 
extolling the virtues of infrared spec-
troscopy for potency analysis, your au-
thor is a spectroscopist—which is a dif-
ficult profession to explain to people at 
cocktail parties.

Since Beer’s Law relates the amount 
of light absorbed by a sample to the 
concentration of molecules (technical-
ly I should say “chemical species” here, 
but for the purposes of cannabis po-
tency analysis we are detecting mol-
ecules) in that sample, Beer’s Law is 
what makes spectroscopy quantita-
tive. It is then true to say that spectros-
copy is a quantitative technique. Since 
Beer’s Law involves spectroscopy, how 
is Beer’s Law relevant for potency anal-
ysis? First, there exist potency analyz-
ers that use infrared spectroscopy to 
measure potency in cannabis biomass, 
extracts, distillates, and tinctures (4–
9). Second, most high performance liq-
uid chromatography (HPLC) potency 
methods use ultraviolet-visible (UV-
vis) spectroscopy detection (10,11), 
which uses Beer’s Law to measure the 
amount of light absorbed by cannabi-
noids in solution as they leave an HPLC 

Whether you are using high performance liquid chromatography (HPLC) or infrared spectroscopy to measure 
potency in cannabis samples, you are using Beer’s Law. Beer’s Law relates the amount of light absorbed by a 
sample to the concentration of molecules in that sample. This equation has a long history of use in analytical 
chemistry and is used in laboratories around the world every day to perform quantitative analyses. In this 
introduction to Beer’s Law, I will review its use, history, and begin to cover the theory behind the equation.
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column. Please note here that Beer’s 
Law works regardless of the wave-
length used. Thus, it is incorrect to say 
as some chromatographers have assert-
ed to me, that UV-vis spectroscopy is 
quantitative while infrared spectrosco-
py is not. Beer’s Law can work at  
any wavelength.

A typical Beer’s Law experimental set up 
is illustrated in Figure 1 (3).

To the left in Figure 1 a beam of 
monochromatic (single wavelength) 
light with wavelength λ and intensity 
I0 is impinging upon a sample of thick-
ness L. Spectroscopists call the sam-
ple thickness that a light beam passes 
through the pathlength. To the right in 
Figure 1, we see the light beam leaving 
the sample still with wavelength λ but 
now with intensity I. The intensity of 
the light beam has decreased because 
some of the light has been absorbed by 
the sample. The setup in Figure 1 is re-
ferred to by spectroscopists as a trans-
mission experiment, which means the 
light passes through the sample, and 
it is the light that has been transmit-
ted through the sample that is focused 
upon the spectrometer's detector to 
measure a spectrum.

Beer’s Law has the following form (3), 
found in equation 1:

     [1]

where A is the absorbance; Ɛ is the 
absorptivity; L is the pathlength; and C 
is the concentration.

Absorbance is a unitless quantity that 
measures the amount of light absorbed 
by a sample. It is calculated from the fol-
lowing equation 2:

     [2]

where A is the absorbance; I0 is the 
measured light intensity before the light 
beam enters a sample; and I is the mea-
sured light intensity after the light beam 
has exited a sample.

The nature of I and I0 are illustrat-
ed in Figure 1. Note that equation 2 con-
tains a base 10 logarithm. Also note that 
since equation 2 contains the ratio I0/I 
and because I is the denominator, the 
less light leaving the sample the high-
er the absorbance. Again, the sample ab-
sorbing light causes less of it to leave the 
sample than entered it.

The absorptivity, Ɛ , is the proportion-
ality constant between absorbance and 
concentration. It is a fundamental physi-
cal constant for a pure molecule at a giv-
en wavelength, temperature, and pres-
sure. For example, the absorptivity of 
pure acetone at 1715 cm-1, 25 °C, and 1 at-
mosphere of pressure is a molecular 
constant for acetone. This absorptivi-
ty is, in effect, a measure of how much 

light a sample of pure acetone will ab-
sorb under standard conditions at a giv-
en wavenumber, which has been found 
to be a constant. Note that since Ɛ de-
pends upon wavenumber, this quanti-
ty will vary for the same molecule. For 
instance, the absorptivity of acetone at 
1715 cm-1 is not the same as for acetone 
at 1220 cm-1. Also, the absorptivity can 
vary from molecule to molecule. Hence, 
the absorptivity of acetone at 1715 cm-1 is 
different than that of water at 1715 cm-1. 
This is all I will say about the absorptiv-
ity for now, but I will have a lot more to 
say about it in upcoming columns. 

As mentioned above, L is the path-
length or thickness of the sample seen 
by the light beam. The concentration, C, 
is typically in units of moles/liter (moles 
per liter). These units are fine for analyz-
ing liquids, but it is often hard to know 
the moles/liter for solids. In this case, we 
often use weight percent in Beer’s Law 
instead. Weight percent is the unit typi-
cally used in cannabis potency analyses.

Since the absorbance is a unitless quan-
tity, when the units of the absorptivity, 
pathlength, and concentration are multi-
plied together they must cancel. How does 
this happen? The units of the concentra-
tion are in moles/volume. Remember that 
volume has units of width x height x width, 
which is length cubed, or L3. The units of 
the pathlength are simply length. When 

Figure 1: A typical experimental setup for using Beer’s Law to perform quantitative spectroscopy.
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we multiply the units out in Beer’s Law the 
results are seen in equation 3:

    [3]

Since the product of (length)(mole/
length3) is mole/length2, the units of the ab-
sorptivity must thus be length2/mole to can-
cel to make A unitless. The absorptivities’ 
units of length2/mole may seem physical-
ly counterintuitive. Length2 is an area, and a 

mole measures number of molecules. How 
can a molecule have a property that is units 
of area per amount of stuff? As promised 
above, all will be revealed about the myste-
rious absorptivity in a future column.

Building Calibrations  
with Beer’s Law
The point of Beer’s Law is that by using 
it to build a calibration, we can use spec-
troscopic absorbance measurements to 

predict the concentration of analytes in 
an unknown sample. Why, you may ask, 
would one use spectroscopy instead of 
chromatography for cannabis potency 
analysis? Because as I pointed out in 
numerous peer-reviewed papers, spec-
troscopy will always be faster, cheaper, 
and easier than chromatography (4-9). 
The first step in building a spectroscop-
ic calibration is to generate standards, 
which are samples with known amounts 
of the analytes of interest in them. For 
HPLC, where the analyte is extracted 
from the sample into a solution, cer-
tified standards of known amounts of 
the analyte in solution are used to build 
calibrations. For infrared spectroscopy 
the samples are normally analyzed in the 
sample matrix as is without extraction. 
In this case to build a calibration you 
need matrix reference materials, which 
are samples of the actual sample matrix 
with known amounts of the analyte in 
them. In this case, the known concentra-
tions in matrix reference materials can 
be determined, for example, by gas or 
liquid chromatography.

To determine the concentration of an-
alyte in an unknown sample we can re-ar-
range equation 1 to solve for the concen-
tration of analyte in the unknown sample, 
Cunk, as seen in equation 4:

     [4]

where all the quantities appearing in 
equation 4 have been previously defined.

Thus, to determine the concentra-
tion of analyte in our unknown, Cunk, we 
need to know its pathlength, absorptiv-
ity, and absorbance. The pathlength is 
usually a known quantity, for example it 
is the thickness of a sample cell for liq-
uids, such as used in UV-vis detectors for 
HPLC. The absorbance of the unknown 
sample is what we measure with a spec-
trometer, so the only quantity left that 
we need to find to predict concentration 
in unknown samples is the absorptivity.

Figure 2: A Beer’s Law calibration line for isopropyl alcohol dissolved in water.
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Figure 3: Isopropyl alcohol dissolved in water peak for the five standards used  
to generate the calibration line seen in Figure 2. The vertical line shows where  
the peak height at 2973 cm-1 was measured for the samples. Analyte concentration 
varied from 10% to 70% by volume.
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The entire purpose of building a 
spectroscopic calibration is to deter-
mine the absorptivity for the analyte 
of interest, at the wavelength of inter-
est, in the sample matrix of interest. For 
simple single analyte Beer’s Law quan-
titative determination, the calibration 
process is as follows:
1.  Generate standards with known

amounts of analyte in the matrix
of interest.

2.  Measure the absorbance of the
standards at the wavelength
of interest using a spectrome-
ter. This will typically be a peak
height or area (more on this in
later columns).

3.  Plot the measured absorbance ver-
sus the known concentration of
analyte in the standards. This is
known as a Beer’s Law Plot.

4.  Beer’s Law has the form of a
straight line. A comparison of
Beer’s Law and the equation for a
straight line (3) is seen in
equation 5:

  [5]

where Y is the y-axis data value; m is the 
slope of a line; x is the x-axis data value; 
and b is the y-intercept.

For a Beer’s Law plot, Y would be the 
measured absorbance, X would be the 
known concentration, and the slope 
would be ƐL. Ideally, a plot of absorb-
ance versus concentration produces a 
straight line, from which the slope and 
hence ƐL can be calculated.

An example of a real-world Beer’s 
Law plot, which I will call a calibration 
line going forward, is seen in 
Figure 2 (3).

The matrix of interest is isopropyl al-
cohol (also known as IPA or rubbing al-
cohol) dissolved in water, the analyte of 
interest is IPA, and the absorbance data 

plotted in Figure 2 was determined by 
the peak height at 2973 cm-1 as illustrat-
ed in Figure 3.

Figure 3 shows the spectra of 5 IPA in 
water standards in the 3000–2940 cm-1 
range, and the vertical line represents 
where the peak height at 2973 cm-1 was 
measured for the five samples. As you 
can see, the absorbance (peak height) in-
creases from small to large across the 
five samples as the concentration of IPA 
in the samples increased.

The equation of the calibration line 
in Figure 3 is seen at the top and is 
equation 6:

    [6]

where the slope is 0.165. This is the ƐL 
value that we would use in equation 4 
along with the measured absorbance to 
determine the concentration of analyte 
in an unknown sample. A measure of cal-
ibration quality is called the correlation 
coefficient and is measured on a zero to 
one scale. For a calibration line like that 
seen in Figure 2, a figure of one would be 
a perfect calibration where all the data 
points fall dead center on a straight line. 
This of course never happens, but the 
correlation coefficient for the calibration 
line in Figure 2 listed at the top and has 
a value of 0.999, very close the perfect 
score of 1. This is your final proof that 
spectroscopy is a quantitative technique.

Conclusions
Beer’s Law is used to perform quantita-
tive spectroscopic analyses and relates 

the amount of light absorbed by a sample 
to the concentration of analytes in that 
sample. This equation is used by both 
infrared spectroscopy and HPLC to 
measure cannabinoids in cannabis sam-
ples. The details behind Beer’s Law were 
presented, how to obtain Beer’s Law cal-
ibration lines, and how to use these lines 
to determine concentrations in unknown 
samples were discussed.
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Solventless Extracts: An Overview
By Lo Friesen

Cannabis has been part of human 
history for thousands of years, as 
seen in ancient Chinese artifacts. 
The late Frenchy Cannoli dedi-

cated much of his life sharing the magi-
cal history of hash, the tradition of con-
suming hash, and the art of producing 
hash. We can attribute much of the can-
nabis industry’s understanding of tradi-
tional hash culture and hash processes 
to Frenchy. Traditionally, the canna-
bis plant has been consumed by smok-
ing the flower, ingestion, or used for fib-
er for thousands of years. It seems as 
though consumers are becoming more 
conscious of the concerns around sol-
vents like ethanol or butane. CO2 ex-
traction and mechanical separation are 
continuing to be highlighted as some of 
the safest extraction methods in the in-
dustry. However, there is record of can-
nabis extraction first emerging through 
the production of charas and eventu-
ally hashish by collecting what we now 
know as the trichomes of the plant. Col-
lecting trichomes can be as simple as 
handling the dried plant and collecting 
the resin that sticks to your hands. The 
resin can then be ingested or smoked. 
While this historic “by-hand” method 
is not scalable, it represents the begin-
ning of cannabis extraction. Now, oth-
er methods of separation are used to 
selectively extract and preserve the res-
in-filled trichomes of the plant by using 
sieves, solvents, or presses.  

Extraction is the act of separating a 
substance from a matrix. There are mul-
tiple methods of extraction including us-
ing chemical solvents such as ethanol 
or hydrocarbon. Extraction can also be 
done using physical or mechanical sep-
aration methods such as filtration or a 
press. Physical or mechanical separation 
is done without a solvent, which in the 
cannabis industry has been coined “sol-
ventless extraction.” Solventless extracts 
have attracted some operators and con-
sumers due to the absence of solvents 
and the craft nature of the method. Sol-
ventless extracts have grown significant-
ly in the cannabis market over the past 
few years and continue to capture con-
sumer interest and market share.

Hash is a product that can be produced 
using water or solid-solid separation 
methods. Ice water hash is one of the most 
common solventless extraction methods. 
In this method, cannabis flower is placed 
in a fine mesh bag with ice and water and 
agitated. The centrifugal motion and in-
teraction with the ice forces trichome 
heads to physically separate from the can-
nabis flower. The trichome heads pass 
through a series of sieves of distinct pore 
sizes, capturing trichomes of various size 
and structure. After the desired trichomes 
have been collected, they are placed into a 
freeze dryer to delicately evaporate any re-
sidual water. This ensures there is no wa-
ter present when the product is heated and 
consumed. In addition, this minimizes the 

risk of bacterial growth or contamination. 
Lower water activity results in lower risk. 

Operators either sell the product af-
ter the freeze-drying process or contin-
ue processing it to a wide variety of end 
products. One of the most popular and 
in-demand products in the solventless ex-
tract category is hash rosin. This product 
is defined as mechanically separated live 
rosin from the trichome heads of flash 
frozen freshly harvested cannabis flow-
er. This is achieved by using a mechani-
cal press to apply pressure and heat to the 
trichome heads. This method crushes the 
trichome heads and forces the resin to 
separate from the trichomes. The result 
is a viscous liquid that is rich in terpe-
nes, cannabinoids, and other minor plant 
compounds found in the trichome heads. 

The cannabis plant produces a wide 
variety of material that can be used for 
extraction and each of these varieties 
produce a wide range of extract quality. 
It is vital to use freshly dried or frozen 
cannabis with a high concentration of 
trichomes to optimize the production 
of solventless extracts. Traditionally, 
dried, untrimmed cannabis flower and 
leaf was used in the hash making pro-
cess. However, as cannabis extraction 
has developed and access to high-qual-
ity cannabis has increased, extractors 
have honed in on their sourcing proto-
cols. Now, solventless extractors are us-
ing freshly cured or freshly frozen can-
nabis flowers with dense concentrations 

Solventless extracts have rapidly consumed the attention of many cannabis connoisseurs. In this article, we will 
explore the evolution of solventless extraction methods and the differentiating characteristics that may be driving 
its market growth.
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of trichomes. This enables the extraction 
process to be more successful with high-
er trichome extraction efficiency relative 
to the undesirable plant material that 
gets left behind. In addition, extractors 
using freshly frozen materials can take 
advantage of the vastly different terpene 
profile that freshly harvested canna-
bis has versus dried cannabis. There are 
more solventless extract options availa-
ble to consumers than ever before.

Despite many developments in the ex-
traction process, operators must still 
maintain good manufacturing, safe, and 
hygienic practices. Solventless extracts can 
have residual water activity which, without 
proper handling and storage of the prod-
uct, can result in microbial growth. This 
is a consumer safety risk that should not 
be taken lightly. Regulated markets man-
date final product testing with accredit-
ed laboratories to ensure dangerous levels 
of microbial growth or mycotoxins are not 

present in the product. It is vital to con-
sumer safety to produce solventless ex-
tracts under the right conditions as well as 
test the product to verify its quality.

There is a bottleneck in solventless ex-
traction methods—scalability. This type 
of process is difficult to scale and has 
more art than science involved in pro-
duction. In addition, there are no stand-
ard large-scale equipment options avail-
able for this process. Instead, custom 
units are required to scale up the tradi-
tional solventless extraction and process-
ing steps. The cost to scale, the high cost 
of cannabis input material, and relatively 

low yields means that this method results 
in a high-cost product. This is reflected in 
the retail price of solventless extracts and 
they will continue to remain one of the 
most expensive products on the market. 
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The cannabis industry continues 
finding new ways for consumers 
to enjoy an extracted, processed 
cannabis product, whether for 

medical or recreational purposes. New 
ideas from such mainstream sources as 
agriculture tech for growing and pro-
cessing, and new technology enabling 
functional food concepts for consump-
tion, have been adopted to the gener-
al acceptance of growers and consum-
ers alike. This part of the industry has 
been experiencing huge growth over 
the last five years. Powder and Bulk Sol-
ids (PBS), an industry publication, es-
timates that there were 11,097 licensed 
or permitted cannabis manufacturing 
firms in the US as of May 2021. Found 
in that group, an estimated 6253 are 
cannabis manufacturing firms, and 
4844 are hemp manufacturing firms. 
PBS’ 2021 estimate indicates the num-
ber of cannabis manufacturing firms 
has grown by about 212% over the last 
five years (1). However, there is a dark 
cloud over processed cannabis product 
development, in large part because of 
e-cigarettes and related vape products 
being pushed out by the black mar-
ket. These products are generally made 
with dangerous chemicals. That has 
put the cannabis industry on notice 
with regulators who have to decipher 

the product offerings: What is a good, 
safe cannabis vape; what is not; and 
who ultimately decides—the consumer 
or the regulator?

This installment of the “Tech In-
novations” column discusses ongoing 
problems with black market vape prod-
ucts and what that means to legitimate 
cannabis processors. In this article, 
you will also gain insight into cannabis 
processing innovations that had their 
roots in other industries, such as candy 
manufacturing; plus, a look at new ide-
as in recycling cannabis waste materi-
als as the industry leans into sustaina-
ble production techniques to limit the 
carbon footprint of their operations.

Obstacle: The Vaping Crisis
The vaping crisis that peaked in Sep-
tember 2019, according to the Centers 
for Disease Control and Prevention 
(CDC) (2), continues to drive con-
sumer confusion over what is a good 
cannabis concentrate or oil, and what 
is not. Industry regulators and cannabis 
industry activists continue to work on 
changing the scenario for the better. 
Their efforts appear to be paying off. 

The 2019 CDC report cited tetrahy-
drocannabinol (THC)-containing 
e-cigarettes and vape pens from “in-
formal sources like friends, family, or 

in-person or online dealers (i.e., black 
market),” as being linked to most lung 
injury cases, and that those sources 
played a major role in the outbreak (2). 

Most research suggested vitamin E 
acetate, used as a cheap additive to ef-
fectively water down the THC or nico-
tine in vape products and drive profits, 
was the real culprit. 

In any case, the cannabis industry 
felt the effects. “We definitely felt the 
vaping crisis,” said Mark Unterbach, 
CEO of Procan Labs, a family-owned, 
state-of-the-art cannabis processing 
and manufacturing facility in Concord, 
California and one of the first large 
scale ethanol extraction companies in 
the state (3).

In December 2019, Unterbach chal-
lenged California regulators who had 
prohibited the sale of all vape prod-
ucts without understanding the role 
the black market played in creat-
ing and selling tainted cannabis vape 
products (4).

When the vaping crisis hit, Procan 
saw a drop-off in terms of the quanti-
ty of oil that their clients were buying. 
“The industry has expanded in some 
areas, and consolidated. Because we’re 
such a niche, and because our product 
is such a commodity right now, and be-
cause we don’t do white label, we don’t 

The new processed cannabis products continue to attract consumers—but black market influence causes hesitancy.

More Innovative Cannabis 
Products Emerge Amidst 
Ongoing Processor Issues 
By David Hodes



17

 manufacturing/processing / tech innovations

cannabissciencetech.com march 2022   |  cannabis science and technology®

put product into the market,” he said. 
“We make oil, and we sell that oil to 
the manufacturers.”

Time and market share, he said, 
have done more to diminish the vap-
ing crisis than anything. “Our busi-
ness in terms of volume is up signif-
icantly, and our top clients are also 
buying more oil and putting more 
vape cartridges out there.”

Unterbach said that the price of can-
nabis oil back in 2016 and 2017 was so 
high that unscrupulous sellers were 
compelled to find ways to make it more 
profitable. “Back then, I think people 
were using some garbage that might 
have been harmful. But now that we’re 
a few years into it, I don’t think a lot 
of that product exists. I think it’s all 
washed out of the market,” he said. 
“You can still buy black market car-
tridges out there for $10. I don’t know 
what’s in it, but I would like to think 
that because oil has come down in 
price so much that that $10 now has a 
much larger margin than it did before 
when you had to put junk into it.”

California, for example, is strict in 
terms of what is in the product when 
it gets to the consumer. For instance, 
California currently requires test-
ing for 66 pesticides in all legal can-
nabis products (5). “We don’t have to 
test our oil going out. It gets tested on 
the front end and it gets tested by the 
final product manufacturer,” Unter-
bach said. “It’s on the front end to pro-
tect us to make sure that we don’t buy 
anything that’s got pesticides in it. 
And then on the back end, it’s a bit of a 
marketing thing to make sure that peo-
ple know Procan’s always got good oil 
as opposed to saying, you test it, it’s 
not our problem.” 

It’s the ongoing black market vape 
product sales that continue to drive 
the fear and hesitation about vaping 
products. But more stringent regula-
tory actions are slowly changing that 

paradigm. “We are so heavily tested at 
every level that the odds of the legal 
market being a part of that problem is 
very, very slim,” Unterbach said.

With all the regulations catching up 
on the cannabis vaping issue since 2019 
to mandate what is in it, the industry 
has mostly been given a green light to 
continue making a product that sur-
veys indicate have become consum-
er favorites. Cannabis vape sales rose 
in 2020, but quickly declined once the 
pandemic hit, as consumers once again 
became concerned about lung health, 
according to one report (6).

Innovation: Cannabis  
as Functional Food
Keith Woelfel, research and develop-
ment director for Denver-based Ripple 
Brands, came to Colorado in 2016 after 
20 years as a senior food scientist with 
Mars Wrigley, Inc. Ripple Brands are the 
makers of cannabis-infused Ripple Dis-
solvables and Ripple Quick Gummies, 
with offices and manufacturing sites 
throughout Colorado and Michigan.

Woelfel is a guy with multiple 
mouth-watering confectionary prod-
uct patents (one example: “a fat-
based confection possessing a smooth 
and creamy mouth-feel and a ther-
mally generated f lavor and suitable 
for use in candy-shelling” [7]) who 
added another patent for unique can-
nabis products at Ripple Brands: pow-
dered cannabis, called Ripple Dis-
solvables (8), along with a full line of 
gummy products including recently 
launched sleep-assistive gummies.

Woelfel mentioned that he start-
ed the company to answer the ques-
tion: How do you deliver cannabis 
as a functional food? “I was very im-
pressed with the founder’s innova-
tive mindset, approaching canna-
bis as a functional food. If you’re 
using a functional food for relaxa-
tion, the world’s most popular is tea, 

which became the founding product 
of the company,” Woelfel said. “But 
you can’t just put cannabis in tea. It’s 
not mixable. So that became a driving 
problem for us to solve: How do you 
create cannabis with tea in a format 
that consumers can use and get a ben-
efit from, while making it stable and 
commercially scalable? To do that, 
you must make it water-soluble, be-
cause cannabis isn’t water-soluble.”

The process began by taking can-
nabinoids, which are oil based, and 
converting it into a water-based for-
mat: The oil-based THC was convert-
ed to a stable water-based emulsion, 
and dried into a solid sheet. It was 
then broken into granules and mixed 
with tea. In the process of breaking the 
powder into granules, a fine powder 
residue of the sheet was also created in 
significant amounts. Then he had his 
“a-hah” moment. “The water-soluble 
fine powder became its own separate 
thing,” he said. “So that was the gene-
sis of Ripple.”

Ripple uses a two-step process to 
create its water-soluble THC powder. 
First, a THC oil in water emulsion is 
created, forming many tiny fat drop-
lets. The tiny THC and fat droplets are 
then coated with a food-grade emulsi-
fier and dispersed into water. Second, a 
proprietary process is used to dry the 
emulsion into a flowable powder that 
is cold water-soluble. The process cre-
ates a surface morphology that has a 
high degree of surface area (for exam-
ple, similar to a bunch of grape versus 
a smooth balloon surface), which helps 
drive water solubility. The powder rap-
idly dissolves without “floaties,” oil 
slicks, or sedimentation.

Woelfel discovered that the Ripple 
powder could be added to just about 
anything such as coffee, water, sports 
beverages, or even as a topping on piz-
za. “The other part of it from a busi-
ness perspective is that it can be 
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leveraged in both its powder format and 
liquid format as well,” he said.

Since it’s a powder, dry mixes can be 
made with it. “For example, you could 
make a protein shake that had cannabis 
in there in the powder format. You can 
turn the same powder and put it into 
capsule formats or tablet format.”

Woelfel said that he looks at cannabis 
health benefits that are possible through 
a wide range of different cannabinoids. 
“The technology we have means we can 
work with THC, cannabidiol (CBD), can-
nabigerol (CBG), cannabinol (CBN), or 
tetrahydrocannabivarin (THCV). So, 
a whole host of cannabinoids would be 
one of the main platforms that will con-
tinue to work in Ripple.”

Working for Mars was invaluable to 
his work in cannabis, he explained. “My 
work for Mars was extremely helpful 
to understand product development on 
many facets. From formulation, scaling 
up to process, quality control, and qual-
ity assurance—all those were very valu-
able,” he commented.

One process that led him to create 
powdered cannabis was working with 
cocoa flavanols as bioactive compounds 
with potential benefits in the preven-
tion of chronic diseases associated with 
inflammation and promoting healthy 
blood flow (9).

Similar to cannabis, there were some 
bitterness and solubility challenges. 
“I’ve seen things such as when we take 
cocoa powder, in its native form, just 
floats to the top of milk or water. So, 
there’s a series of technologies that you 
can use to really drive the water solubil-
ity,” he explained. 

It was the diverse formulations and 
scale up experiences within these for-
mats and others that led to the techni-
cally creative strategies to make Ripple.

With cannabinoids, there will be 
more sophisticated products to come. 
“I can see over the next couple of 
years, starting now, a trend where the 

product designs and delivery systems 
become much more sophisticated,” 
Woelfel said. “There’s a lot more clini-
cal research to validate how well these 
products are providing an array of  
consumer benefits.”

Caliper Foods has conducted four 
separate clinical research studies to 
understand how to make Ripple, both 
from a formulation and process stand-
point, to how well it’s being absorbed.

“It’s not predictive,” Woelfel said. 
“You actually have to do the work to 
make the product, test it in humans, 
and then measure the blood levels of 
cannabinoids to establish the pharma-
cokinetics. If the human body is not ab-
sorbing the cannabinoids, you’re not 
getting the benefit. By doing clinical re-
search and doing the design work, you 
can create products that have very pre-
dictable onset time to consumers and a 
very predictable experience.”

There’s no end in sight for innova-
tion to continue in the functional food 
space, he said, whether it be a powder 
format or a liquid format. “Because if 
you want cannabis for health and well-
ness, you don’t want an inhalable. You 
want an edible. If you want an edible, 
you want to make sure it tastes good, 
it’s versatile and dependable. You also 
want to be able to trust it to provide the 
benefits you expect.”

Progress: Sustainability
Bokashi Cycle (10), makers of a waste 
pulverizer machine coupled with a 
fermenting system, is involved in taking 
any type of green waste—food waste, 
dairy manure, yard waste, or anything 
that comes from a plant, including 
cannabis—ferment the material and 
convert it to a bioactive product in 
about two weeks. 

That bioactive product, which is kind 
of a mush, can then be separated into 
what is called a cake, and reused in the 
grow operation. “The big advantage of 

this process is that not only is it easy 
and fast, but it does something that’s 
very unusual and very different from 
any other kind of recycling,” said Larry 
Green, a research scientist and founder 
of Bokashi Cycle. “It creates bioactive 
end products and microflora that are 
highly beneficial to the soil. So, you can 
take out that waste that you produce, 
and you can feed it back into your soil, 
without the need to use any fertilizers.”

The fermentation process, in addition 
to expanding the number and diversity 
of micro flora going back into the soil, 
is also producing bioactive materials 
called cytokinins, Green explained. Cy-
tokinins are a class of plant-specific hor-
mones that play a central role during 
the cell cycle, promoting cell division in 
plant roots and shoots (11). “If you’re a 
cannabis grower, and you’re spending a 
lot of money on nutrients, you can re-
duce your costs almost immediately the 
minute you start recycling your green 
waste that you’re producing and putting 
back into your grow,” he said.

The other benefit of the ferment-
ing process is that it kills all the path-
ogens, so a processor doesn’t get coli-
form bacteria or other pathogens. “In 
fact, as we start fermenting, anything 
that was in (that waste) that was con-
taminating it is destroyed because of 
the enzymatic activity.”

Green said that his company has green 
waste recycling machines in use now, 
mostly in Canada, California, Colora-
do, and some East Coast grow and pro-
cessing operations. “But the reality is we 
didn’t start into this process because we 
were interested in cannabis,” he said. “We 
got involved because the cannabis situa-
tion presented a very unusual opportuni-
ty. There was clearly a high demand for a 
waste recycling solution,” he said.

The other reason why the company 
got involved in the cannabis space was 
because grow and process operators 
have the problem of what to do with 
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their waste, generally requiring load-
ing up tons of it, and transporting it 
to another facility for waste manage-
ment, while still maintaining chain of 
custody requirements. 

All those expenses of the required 
tracking of the product can be a real has-
sle. “One of the advantages of using one 
of our machines is that it takes very lit-
tle space, and you can do it right on site,” 
Green said. “It can be done indoors. It’s 
electric, relatively quiet, and works on a 
single-phase 240 volt system.”

Cannabis is very tough material, es-
pecially the root balls and the stems 
that need to be pulverized and granu-
lated. “Most recycling machines can’t 
tolerate that and break down quickly,” 
he mentioned.

The Bokashi Cycle system is de-
signed using Hardox 450, an abrasion 
resistant steel (12), as the metal for the 
cutting media, with seven blades run-
ning through eight gates at about 1000 
revolutions per minute.

Growers were amazed at the out-
come of recycling their grow waste 
back into the soil. According to Green, 
some growers claimed that, when they 
did the THC and CBD measurements 
from grows using recycled waste, they 
were 30% above what they were able 
to get on an indoor controlled envi-
ronment. “I’ve had other people report 
similar results,” he said. 

His machines can currently process 
1-2 tons of green waste an hour, but he
is working on a system that can handle 
50 tons a day. He figures someone could 
go into business for themselves, recy-
cling the cannabis waste and then selling 
it to growers. “Once it’s been fermented, 
it’s no longer active with any cannabis 
material in it that is going to get you into 
trouble. You can sell it to anyone.”

He is seeing a sort of transition now 
where food waste is presenting the 
same environmental issues as the can-
nabis waste industry. “With the food 
waste industry, you can actually pro-
cess it with our system, and take the 
cannabis waste and process it together 
with the processed food waste that has 
gone through the fermentation cycle.”

Conclusion
New ideas in the cultivation and 
processing of cannabis are being both 
shared with and driven by mainstream 
agricultural technologists. All are 
working to get the most energy efficient 
production possible given the limita-
tions and the demands of this compli-
cated plant, especially in where and 
how it is grown. Cultivating cannabis 
presents unique opportunities for those 
working in that part of the cannabis 
business in that they must strive harder 
to reduce the carbon footprint of their 
operations more than many other 
agricultural operations. But cannabis 
is also a plant under strict regulations 
that create obstacles in planning and 
carrying out cultivation and processing, 
which makes it a completely different 
agricultural product from seed to sale. 
It's these opportunities, and these 
obstacles, that open up methods to 
explore, or solutions to try, in cannabis 
cultivation. The motivation to succeed 
is strong—cannabis is still one of the 
biggest cash crops in the world, with 
great potential for a bigger future.
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In the sixth and final part of this series, Cannabis Science 
& Technology sat down with Anthony Macherone, 
senior scientist and cannabis technical lead for Agilent 
Technologies, to speak with Christophe Deckers, a sample 
prep application scientist, and Jean-Francois Roy (JF), an 
MS application scientist at Agilent Technologies, about 
quantifying cannabinoids in edible products. 

MACHERONE: We hear many labs complain about potency testing in fatty samples like 
chocolates, brownies, and cookies. What do you recommend for these types of samples for 
accurate and repeatable potency testing? 
DECKERS: When customers complain about fatty samples, they usually say, “I have high backpressure, or 
my LC column doesn’t last as long as I want.” They also say they get strange results that are not reproducible, 
or “We sent our edibles to different testing labs, and they come back with different results.” This is interesting, 
so in our Montreal Center of Excellence, we investigated this growing consensus in the scientific community 
that lipids are responsible for those problems. In essence, the more lipids you have, the less accurate your 
quantification can be, both by liquid chromatography (LC)-UV and LC mass spectrometry (MS/MS).

How can we remove those lipids without losing cannabinoids because they are fat-soluble? We found a way 
to simplify the grinding and filter those lipids out without losing our cannabinoids using a technology called 
Captiva enhanced matrix removal (EMR)-Lipid. Our results have been published in an application note.

MACHERONE: For these fatty-type samples, can we still use high-performance liquid 
chromatography (HPLC) with UV detection for analysis?
ROY: Yes, LC-UV can be used, but we have a few recommendations. The first is to do what’s called matrix-
matched calibrators. In other words, use a non-infused matrix and spike it with known concentrations of the 
cannabinoids you are trying to quantify. Make sure the calibration curves reflect the matrix you are analyzing 
as well as the sample preparation used to treat that matrix. The fact that edibles are made from matrices 
that are easily purchased in stores without being infused makes matrix-matching somewhat easy.

The second recommendation is to evaluate your existing LC-UV method: do you clean your column and 
system enough toward the end of the gradient? We repeatedly hear from customers, “My method used 
to work, but after a few months, the results were wrong, reproducibility was down, and the accuracy was 
bad.” We’ve found that, in most cases, the LC-UV method was not adapted to the reality of the edible 
matrix. By cleaning an LC system and LC column—i.e., increase the amount of time high organic content 
is pumped through the column toward the end of the gradient—you remove a lot of undesired matrix 
components that accumulate after each injection. Those are our two main recommendations for potency 
testing and edibles matrix-matching for calibrants and enhanced cleaning of the LC column and system.

MACHERONE: Let’s move to hard candies and gummies, which don’t have a lot of fat in them. 
Do you need to perform a similar sample preparation for these samples?
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DECKERS: Gummies are low in fat, but they’re sticky, and they don’t melt very well 
in acetonitrile or methanol. Most labs use methanol for edibles, but high sugar 
edibles don’t melt. We found water melts candies, and if you use warmer water or 
sonicate, they melt even faster. Although water helps, it’s not that simple.

Some candies have difficult chemical mixtures—some are made from gelatin 
and pectin, others are made from starch, for example, non-translucent 
gummies in raspberries or peach—and react differently in solvents. To 
make things even more challenging, candies or gummies are sanded—they 
have sugar around them, or they have coconut or palm oil, carbowax, 
and beeswax—which interferes with the quality of your analysis. So, we 
recommend taking the inside of the gummy and dissolving it in water. Then 
add acetonitrile and a QuEChERS extraction salt, shake it, and it creates two 
layers: the bottom layer has the water and starch (if you used a starch-based 
candy), and the top layer has the cleaner acetonitrile extract with all the 
cannabinoids. Next filter it and inject it onto your LC system, and that’s it—a 
simple procedure specifically for those high-sugar analytes. If you have a 
hard candy, crush it first with a hammer or pestle and use this procedure. 

ROY: I would complement your comments by stressing the importance of 
matrix-matching the calibrants. Here, non-infused gummies or hard candies 
are readily available. Gummies are often not uniform due to sanding with 
sugar or oiling, so talk with the manufacturer to adapt your reporting units.

Often, we see milligrams of cannabinoid per candy. The issue is when 
weighing multiple candies from a lot, there is a lot of variation in the 
weight, which calls for accurate weighing of the gummy or the gummy 
portion you’re analyzing. Also, make sure the reporting units of your assay 
are relevant to the manufacturing process of the product you’re analyzing.

DECKERS: One final thing to note is the impact of high pH. Gummies, 
especially pectin gummies, need low pH to solidify. To our surprise, we had 
a faster and a homogeneous dissolution when we used 2% ammonia to 
dissolve the gummies. The pH is high during the shaking time, so it melts 
the gummy, but when you add the extraction salt, there’s a buffer. I don’t 
know if it’s powerful enough to neutralize it completely, but I’ve seen a 
change in color, meaning that it does neutralize the pH. We also found 
stability in our results over time, as pH is the key element to ensuring the 
stability of the analytes, accuracy, and precision. Over eight days in those 
pH conditions, we did not see any variation in the concentration of those 
different cannabinoids. 

MACHERONE: THC- or CBD-infused beverages can be challenging. Is 
LC-UV sensitive enough for those samples because they usually have 
lower concentrations?
ROY: Yes, LC-UV is sensitive enough. But again, sample preparation needs to 
be fully aligned with the nature of the matrix. With beverages, you’re dealing 
with a water-based matrix in which we solubilize molecules, CBD and THC, 
that are not soluble in water.

When Christophe and I worked on stability and potency testing for 
beverages, we looked at the content of those beverages, especially 

the nano-emulsifier agents that are used to keep CBD, THC, and 
other cannabinoids in solution. For efficient extraction, separate the 
cannabinoids from the fatty emulsifying agents, making sure you don’t 
dilute a lot of the beverage. Your sample preparation should reflect the 
nature of the beverage and the presence of those nano emulsifying agents. 

DECKERS: Our customers tell us they thought beverages would be easy to 
work with, but they complain about the back pressure increasing in their 
systems and unreproducible results because the emulsifiers build up on 
the instrument and cause inaccuracy in the quantification of THC.  Some 
drinks use ethyl alcohol or Tween 80, modified palm oil, or lecithin. But when 
we remove those emulsifiers, the UV signal goes up right away, which is a 
testament to the accuracy of the method we developed.

It is simple: start with 10 mL of your drink. Sonicate at 50 - 60° degrees C – this 
helps to start to break down those emulsifiers. Then add 10 mL of acetonitrile, 
shake for a few minutes, and the original Agilent QuEChERS salt that is 
unbuffered. Shake that for a minute, spin it, and you have two layers: The 
bottom layer has the water, sugars, and some emulsifiers; the top layer has 
acetonitrile with cannabinoids, but also, unfortunately, some fatty emulsifiers. 

That top layer is cleaned up on an EMR cartridge. It works as a filter—pour it 
in with a bit of water and all the emulsifiers are gone. You’re ready to inject 
and use right away. You have that robustness back. The strange results are 
gone, and you have more confidence in the results you generate.

MACHERONE: One other question about beverages, what about 
carbonated beverages? Do you have to remove the CO

2
, sonicate or 

something similar, before you start to break down the emulsion?
DECKERS: We found that decarbonation is regularly done in labs that 
test carbonated beverages. That’s why we also included a 20-minute 
sonication ahead of time in our procedure because it decarbonates. It’s 
good practice to sonicate first and to degas, so you don’t have that extra 
variability in your analysis.

MACHERONE: Have you worked with lotions and balms—these types 
of topicals?
DECKERS: I have personally not worked with them, but we heard quite a 
deal about them. It’s one of the next things we’ll be working on. We hear 
even the physical consistency is challenging: The balms are harder at room 
temperature, and the lotions are thicker. You wonder how you can work with 
that on a very sensitive instrument such as a UV-VIS or an LC-MS/MS. The 
answer is that we do have an existing procedure for sunscreen/sunblock. It’s 
designed to work for small molecules in sunblock. Some cosmetic labs need 
to track some of those compounds and balms, lotions, etc. We used that 
existing application note with some of our customers, and they came back 
with successful results for potency testing. We’re looking forward to those 
collaborations and maybe one day making an application note on that.

You need to warm your sample with water and then extract and pass it 
onto EMR technology that selectively removes lipids but not cannabinoids. 
The key is to get that robustness and accuracy back. 

DE44343.6254513889
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/country law.
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DECKERS: Gummies are low in fat, but they’re sticky, and they don’t melt very well 
in acetonitrile or methanol. Most labs use methanol for edibles, but high sugar 
edibles don’t melt. We found water melts candies, and if you use warmer water or 
sonicate, they melt even faster. Although water helps, it’s not that simple.

Some candies have difficult chemical mixtures—some are made from gelatin 
and pectin, others are made from starch, for example, non-translucent 
gummies in raspberries or peach—and react differently in solvents. To 
make things even more challenging, candies or gummies are sanded—they 
have sugar around them, or they have coconut or palm oil, carbowax, 
and beeswax—which interferes with the quality of your analysis. So, we 
recommend taking the inside of the gummy and dissolving it in water. Then 
add acetonitrile and a QuEChERS extraction salt, shake it, and it creates two 
layers: the bottom layer has the water and starch (if you used a starch-based 
candy), and the top layer has the cleaner acetonitrile extract with all the 
cannabinoids. Next filter it and inject it onto your LC system, and that’s it—a 
simple procedure specifically for those high-sugar analytes. If you have a 
hard candy, crush it first with a hammer or pestle and use this procedure. 

ROY: I would complement your comments by stressing the importance of 
matrix-matching the calibrants. Here, non-infused gummies or hard candies 
are readily available. Gummies are often not uniform due to sanding with 
sugar or oiling, so talk with the manufacturer to adapt your reporting units.

Often, we see milligrams of cannabinoid per candy. The issue is when 
weighing multiple candies from a lot, there is a lot of variation in the 
weight, which calls for accurate weighing of the gummy or the gummy 
portion you’re analyzing. Also, make sure the reporting units of your assay 
are relevant to the manufacturing process of the product you’re analyzing.

DECKERS: One final thing to note is the impact of high pH. Gummies, 
especially pectin gummies, need low pH to solidify. To our surprise, we had 
a faster and a homogeneous dissolution when we used 2% ammonia to 
dissolve the gummies. The pH is high during the shaking time, so it melts 
the gummy, but when you add the extraction salt, there’s a buffer. I don’t 
know if it’s powerful enough to neutralize it completely, but I’ve seen a 
change in color, meaning that it does neutralize the pH. We also found 
stability in our results over time, as pH is the key element to ensuring the 
stability of the analytes, accuracy, and precision. Over eight days in those 
pH conditions, we did not see any variation in the concentration of those 
different cannabinoids. 

MACHERONE: THC- or CBD-infused beverages can be challenging. Is 
LC-UV sensitive enough for those samples because they usually have 
lower concentrations?
ROY: Yes, LC-UV is sensitive enough. But again, sample preparation needs to 
be fully aligned with the nature of the matrix. With beverages, you’re dealing 
with a water-based matrix in which we solubilize molecules, CBD and THC, 
that are not soluble in water.

When Christophe and I worked on stability and potency testing for 
beverages, we looked at the content of those beverages, especially 

the nano-emulsifier agents that are used to keep CBD, THC, and 
other cannabinoids in solution. For efficient extraction, separate the 
cannabinoids from the fatty emulsifying agents, making sure you don’t 
dilute a lot of the beverage. Your sample preparation should reflect the 
nature of the beverage and the presence of those nano emulsifying agents. 

DECKERS: Our customers tell us they thought beverages would be easy to 
work with, but they complain about the back pressure increasing in their 
systems and unreproducible results because the emulsifiers build up on 
the instrument and cause inaccuracy in the quantification of THC.  Some 
drinks use ethyl alcohol or Tween 80, modified palm oil, or lecithin. But when 
we remove those emulsifiers, the UV signal goes up right away, which is a 
testament to the accuracy of the method we developed.

It is simple: start with 10 mL of your drink. Sonicate at 50 - 60° degrees C – this 
helps to start to break down those emulsifiers. Then add 10 mL of acetonitrile, 
shake for a few minutes, and the original Agilent QuEChERS salt that is 
unbuffered. Shake that for a minute, spin it, and you have two layers: The 
bottom layer has the water, sugars, and some emulsifiers; the top layer has 
acetonitrile with cannabinoids, but also, unfortunately, some fatty emulsifiers. 

That top layer is cleaned up on an EMR cartridge. It works as a filter—pour it 
in with a bit of water and all the emulsifiers are gone. You’re ready to inject 
and use right away. You have that robustness back. The strange results are 
gone, and you have more confidence in the results you generate.

MACHERONE: One other question about beverages, what about 
carbonated beverages? Do you have to remove the CO

2
, sonicate or 

something similar, before you start to break down the emulsion?
DECKERS: We found that decarbonation is regularly done in labs that 
test carbonated beverages. That’s why we also included a 20-minute 
sonication ahead of time in our procedure because it decarbonates. It’s 
good practice to sonicate first and to degas, so you don’t have that extra 
variability in your analysis.

MACHERONE: Have you worked with lotions and balms—these types 
of topicals?
DECKERS: I have personally not worked with them, but we heard quite a 
deal about them. It’s one of the next things we’ll be working on. We hear 
even the physical consistency is challenging: The balms are harder at room 
temperature, and the lotions are thicker. You wonder how you can work with 
that on a very sensitive instrument such as a UV-VIS or an LC-MS/MS. The 
answer is that we do have an existing procedure for sunscreen/sunblock. It’s 
designed to work for small molecules in sunblock. Some cosmetic labs need 
to track some of those compounds and balms, lotions, etc. We used that 
existing application note with some of our customers, and they came back 
with successful results for potency testing. We’re looking forward to those 
collaborations and maybe one day making an application note on that.

You need to warm your sample with water and then extract and pass it 
onto EMR technology that selectively removes lipids but not cannabinoids. 
The key is to get that robustness and accuracy back. 

DE44343.6254513889
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/country law.
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Cannabinoids and COVID-19:  
An Interview with Professor Richard  
van Breemen of Oregon State University 
By Josh Crossney

Dr. Richard van Breemen from the 
Department of Pharmaceuti-
cal Sciences in the Oregon State 
University College of Pharmacy 

is an expert in biomedical mass spec-
trometry with a focus on natural prod-
ucts. He researches the discovery of 
drugs from botanicals and investigates 
the safety and efficacy of botanical di-
etary supplements. He has been named 
one of the top 100 analytical scientists 
from around the world. 

Dr. van Breemen and a team of col-
laborators made headline news recently 
showing that specific hemp compounds 
demonstrated the ability to prevent the 
virus that causes COVID-19 from en-
tering human cells. Findings of this 
groundbreaking study were published 
in the Journal of Natural Products. I sat 
down with Dr. van Breemen to discuss 
this study as well as future research.

Q:

Can you please tell Cannabis 
Science and Technology  
readers how, when,  
and why the Oregon State’s 
Global Hemp Innovation 
Center was conceived? What  
is the mission of this center?

A:
Industrial hemp has a long 
history in Oregon. Oregon State 

University (OSU) hosted a national hemp 
research center from the 1880s until 1936. 
With the passage of the 2018 Farm Bill, 
the Global Hemp Innovation Center at 
Oregon State was initiated and officially 

launched in January 2020. The mission of 
the center is to provide expertise and 
leadership to enhance hemp production 
and post-harvest industries.

Q:

You found that a pair  
of cannabinoid acids (can-
nabigerolic acid [CBGA] and 
cannabidiolic acid [CBDA]) 
bind to the SARS-CoV-2 spike 
protein, preventing entry into 
cells. Why did you begin to 
focus on COVID-19, and what 
were the major challenges 
early in this study?

A:
In response to the COVID-19 
pandemic during 2020, Oregon 

State University converted its classes to 
remote learning and curtailed most in 
person laboratory research. Those 
laboratories carrying out essential 
research, such as COVID research like 
ours, could remain open providing 
measures were put in place such as 
masking and social distancing. The 
major early challenges were funding and 
reduced staffing that was mandated by 
social distancing.

Q: Can you tell us more about 
how this study was conceived?

A:
For many years, the research in 
my laboratory has addressed 

the discovery of natural product 
therapeutic agents and the safety and 
efficacy of botanical dietary supple-
ments. Including hemp natural 

products in our studies became 
possible only since the launching of the 
Global Hemp Innovation Center. The 
first step during infection of human 
cells by SARS-CoV-2 is binding of the 
viral spike protein to the human cell 
surface protein called angiotensin 
converting enzyme-2 (ACE2). Antibod-
ies, which are large proteins produced 
by the immune system to combat 
viruses, neutralize SARS-CoV-2 by 
binding to the spike protein. We 
hypothesized that small molecule 
ligands from botanicals like hemp, if 
bound to the right location of the spike 
protein and with sufficient affinity, 
could also inhibit cell entry of SARS-
CoV-2 and prevent infection. 

Q:

The chemical screening 
technique used in this study 
was invented at OSU.  
Can you tell us a little  
about this technology, how  
it was developed, and what 
benefits it has compared to 
other screening approaches? 

A: Central to our research has been 
the application of mass spec-

trometry and especially affinity selec-
tion-mass spectrometry (AS-MS). Mass 
spectrometers are analytical chemistry 
instruments that weigh molecules and 
are unsurpassed in their combination of 
sensitivity, selectivity, and speed. In this 
COVID-19 research, we applied the 
AS-MS methods we had pioneered called 
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pulsed ultrafiltration (PUF) AS-MS and magnetic microbead 
affinity selection screening (MagMASS). AS-MS is ideal for the 
discovery of small molecules, such as those in botanical 
extracts, that bind to drug targets like the spike protein of 
SARS-CoV-2. In contrast, most pharmaceutical companies test 
individual compounds in drug discovery assays and hardly ever 
consider natural products or complex mixtures such as 
botanical extracts. We published our AS-MS assay for ligands 
to the SARS-CoV-2 spike protein in the Journal of the American 
Society for Mass Spectrometry at the end of 2021. 

Q: Were you surprised to see such strong binding
by two specific cannabinoids (CBDA and CBGA)?

A:
Hemp is an understudied and rich source of botanical
secondary metabolites like cannabinoids, many of 

which are unique to this plant. CBD has already been approved 
by the US Food and Drug Administration (FDA) as an anti-con-
vulsant drug, and I expect that additional compounds in hemp 
will gradually be shown to have therapeutic value. From this 
perspective, finding compounds in hemp that bind to the viral 
spike protein was not too surprising. However, our follow-up 
discovery that CBDA and CBGA can prevent SARS-CoV-2 cell 
entry was exhilarating. 

Q:

Your data show CBDA and CBGA are effective 
against two COVID-19 variants. These compounds 
can be derived easily from hemp. There are  
so many directions in which you could take this 
research—from clinical trials with these cannabi-
noids to new studies of blocking virus/receptor 
interactions for other diseases. Can you tell  
us what’s next, or give us some ideas of what 
new avenues this research has opened up for 
other researchers?

A:
Building on what is already known about the safety and
bioavailability of CBDA and CBGA, clinical research 

should be able to advance quickly to clinical trials that can add 
to our knowledge of pharmacokinetics, safety, and efficacy of 
these cannabinoids. We hope to contribute to these studies.

Q:

We look forward to seeing you present this work 
and updates at the analytical keynote address  
at the 2022 Cannabis Science Conference in Long 
Beach, CA on May 20th. In closing, is there anything 
that you would like to share with our readers?

A:
I would like to thank my collaborator Tafesse Fikadu
and his team at Oregon Health & Science University 

who generously carried out the testing of CBDA and CBGA 
using live virus. This research was funded by university sources 
and donors to our laboratory. In addition to our donors, I 

would like to thank Shimadzu Scientific Instruments for 
high-resolution mass spectrometry support and EmerTher for 
providing the magnetic microbeads used for screening.

About the Interviewee  
RICHARD VAN BREEMEN received 
his BA in chemistry from Oberlin 
College and PhD in pharmacology 
from Johns Hopkins University. 
After post-doctoral research in 
biomedical mass spectrometry at 
Johns Hopkins, he taught at North 
Carolina State University and the 
University of Illinois before joining 
Oregon State University in 2018.
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THIS ISSUE OFFICIALLY marks the 5th anni-
versary since the launch of Cannabis Science 
and Technology®! It’s often said that this indus-
try moves at lightning speed. We have seen a lot 

of things change during the last five years: increased legal-
ization across the US and other countries; higher scruti-
ny on product quality and consistency; and moves toward 
creating uniform testing standards and best practices. 
While there is still a long way to go in many of these are-
as in the cannabis industry, we thought it would be fun to 
look back at some of our High Fives from the last 5 years. 
We also checked back in with some of our top authors to 
get their insight on how their articles resonated with read-
ers and where the cannabis industry is headed. Below we 
hear from:

•  Laura Breit, MS, PE, LEED AP, Managing Principal and 
CEO,ColeBreit Engineering, author of “Understanding VPD 
andTranspiration Rates for Cannabis Cultivation Operations” 

•  Bob Clifford, PhD, General Manager of Shimadzu 
Scientific Instruments, author of “Starting a QC 
Cannabis or Hemp Laboratory: Testing Requirements, 
Initial Expenses, and ROI” 

•  Josh Crossney, Director of Cannabis Events, MJH Life 
Sciences, author of “‘Amazon’ John Easterling and Olivia 
Newton-John-Plant Medicine: A Personal Healing Journey” 

•  Lo Friesen, Founder and CEO, HeyLo Cannabis, author of 
“The Evolution of Ethanol Extraction Methods in Cannabis”

Q: Can you tell us what prompted you to submit 
your article to Cannabis Science and Technology?

A:
Laura Breit: We were continuing to deal with 
misconceptions amongst our clients regarding 

transpiration rates, especially that the transpiration of 
cannabis plants will affect the relative humidity within a 
grow room.

Bob Clifford: Science is about research, development, 
and communicating the information for further advance-
ment in an efficient manner. With the large and focused 
circulation of Cannabis Science and Technology, it appeared 
to be the most appropriate vehicle to achieving this goal.  

Josh Crossney: When I first heard Amazon John East-
erling and Olivia Newton-John’s personal healing jour-
ney, I was simply amazed. It is a journey far more beauti-
ful and exciting than any tale that I have ever heard. It is 
a true story that involves everything from the search for 
the lost cities of gold, Rocky Mountain Spotted Fever, and 
identifying the true treasures of the rainforest, to ayahuas-
ca visions, full spectrum cannabis tinctures and, most im-
portantly, finding true love and growing stronger togeth-
er. Amazon John’s “bioharmonic tonic” is a very unique 
product in the cannabis industry—a blend of probiotic mi-
crobes that increase plant growth and yield in a very nat-
ural way. It is Amazon John’s rich history of “lost knowl-
edge” learned from the rainforest and his journey with 
Olivia that I felt must be shared with Cannabis Science 
Conference attendees.

Lo Friesen: Cannabis Science and Technology (CST) has 
the readership that is looking for more technical informa-
tion on cannabis extraction and refinement process and 
methodology. I regularly write for CST as it is a great fit for 
the technical articles that I enjoy writing.

Q: Why do you think your article resonated  
so well with our readers?

A: Laura Breit: Vapor pressure deficit and transpira-
tion rates are known to affect the growth of plants, 

but the understanding of why wasn’t clear to many. It’s 
critical to understand this concept to ensure the environ-
ment is appropriately controlled for effective plant growth.

High Five: 
Cannabis Science and 
Technology Celebrates 
5th Anniversary
BY MEG L’HEUREUX

anniversary

78c36e
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Bob Clifford: Although cannabis has 
been around for 10,000 years, the laws 
and regulations related to cannabis have 
changed and continue to change. This cre-
ated an emerging market and, with it, a de-
mand for knowledge on many levels, includ-
ing how to set up and run a profitable lab.

Josh Crossney: Firstly, I think every-
one knows and admires Olivia New-
ton-John. She is loved the world over and 
her beautiful voice brings happiness to 
all. In this regard, she is a healer that has 
helped the entire world. I believe CST 
readers want to know more about her 
personal journey with cannabis. Also, 
while we have learned so much about 
cannabis, we really have only just begun 
to understand, as Amazon John says, 
“how cannabis interfaces with our physi-
ology and initiates healing responses.”

Lo Friesen: Ethanol extraction con-
tinues to expand as a leading extrac-
tion method in the cannabis industry. As 
more states legalize cannabis and hemp, 
the amount of cannabis biomass on the 
market is multiplying. As operators plan 
to enter the industry or look for ways 
to preserve their harvest, ethanol ex-
traction is a relatively easy solution that 
scales very quickly. This article is a great 
starting point for anyone interested in 
ethanol extraction for their business. 

Q:
Do you think the industry has 
a better understanding of the 
topic you covered now or is 
more education still needed?

A: Laura Breit: While we are seeing 
that the industry is maturing, 

there is always room for more education.

Bob Clifford: The industry has cer-
tainly become more educated over time. 
In the early stages, there were investors 
who thought that you could just buy lab 
equipment for cannabis analysis and 
cash in on the riches. Not understand-
ing how to run a lab efficiently and in 
accordance with applicable regulations 
resulted in some bad characters falsify-
ing data. Most of those labs are now out 
of business and the honest, knowledgea-
ble, and profitable ones remain.

Josh Crossney: I think Amazon John 
and Olivia’s journey is a very person-
al and unique one that not many peo-
ple were aware of. Olivia shared her 
thoughts on how cannabis tinctures 
helped her with sleep, stress, and pain, 
and she clearly articulated her opinion 
that cannabis “should be encouraged 
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for everyone who is in pain to reduce 
or eliminate opiates.” I do believe 
that Amazon John’s bioharmonic ton-
ic results in happier, healthier plants 
that, in turn, produce healthier, natu-
ral remedies. More research is needed 
here. I am fascinated by the way Am-
azon John uses gemstone harmonics 
to activate the full power of microbes, 
and I think academic researchers need 
to look closer at his products and in-
vestigate the mechanisms and cellular 
processes involved.

Lo Friesen: This article offers a 
broad foundation for readers to under-
stand how ethanol has been used for 
extraction in the past, how it is cur-
rently used, and potential future im-
provements to the process. I believe 

there is an opportunity for more edu-
cation, but this is a good foundation.

Q:
How do you think  
the cannabis industry  
has changed since 2018?

A:
Laura Breit: The industry is 
becoming more commoditized, 

there is more specialization, and 
cannabis is generally more accepted. 

Bob Clifford: The recent emerging 
market of cannabis became popular be-
cause of the easing of laws as well as the 
anecdotal evidence of its medicinal val-
ue. People who self-medicate and pa-
tients use different chemovars to treat 
the same condition with varied results 
because of inconsistencies in the prod-
ucts. There are 500-plus compounds 

in cannabis. Making products that are 
more similar will improve the repro-
ducibility of the effect. Thus, analytical 
testing will increase as new products 
and delivery systems are developed for 
inhalation, ingestion, oral absorption, 
and topical.

Josh Crossney: Overall cannabis has 
changed from illegal to essential. While 
we have all come a long way in fighting 
the undue stigma placed on this plant, 
we still have a very long way to go. Most 
academic researchers still do not have 
access to quality cannabis samples. 
If people do not continue to stand up 
and fight for their rights, it could all be 
taken away in a heartbeat. One nega-
tive thing that has happened since 2018 
is that the adult use or “recreational” 
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4.  “Starting a QC Cannabis or Hemp Laboratory: Testing 
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market has eclipsed the medical pro-
grams. Breeding plants to be high in 
THC reduces the potential therapeutic 
benefits from the other cannabinoids, 
and I would like to see a stronger focus 
on full-spectrum products as well as in-
vestigations into the health benefits of 
the more esoteric cannabinoids (and 
terpenes, bioflavonoids, and so on). 
Cannabis is used to combat anxiety and 
stress, and that makes it the most pow-
erful medicine on the planet. But there 
is so much more to cannabis than just 
THC. We must all work to move science 
forward and learn from the plant rather 
than exploit it.

Lo Friesen: Since 2018, cannabis 
has been legalized for recreational use 
in nine states. This has been hugely 
impactful in creating access to regu-
lated cannabis, opportunity for entre-
preneurs in this industry, and many 
jobs. The industry has also ramped up 
access to education for new and vet-
eran cannabis consumers, which em-
powers consumers to find the right 
products for their needs. All of this 
has helped the cannabis movement 
impart change on more than just the 
cannabis industry. The cannabis in-
dustry is calling to action racial and 
gender diversity in business leader-
ship and ownership, helping liber-
ate those incarcerated for marijuana 

offenses, and consumer safety with 
regulated products.

Q:
What do you hope to see 
happen in the cannabis 
industry in the next 5 years?

A:
Laura Breit: We hope that 
federal legalization opens up 

financing options, which will ensure 
that utilizing efficient HVAC systems 
will become easier to utilize when 
designing and constructing pur-
pose-built cannabis facilities.  

Bob Clifford: Within the next 5 
years, cannabis will be legal and there 
will be federal oversight for labeling 
and contamination. For quality con-
trol (QC) testing labs looking to en-
gage in interstate commerce, the feder-
al regulation will make it much easier 
as the states will no longer have differ-
ent laws. As a result, some of the larger 
laboratories will consume some of the 
smaller labs.

Josh Crossney: I hope to see con-
tinued growth, advancing science, 
more doctors educated on the func-
tion of the endocannabinoid system 
and all cannabis related jail sentenc-
es commuted. I’d like to see more di-
versity in the cannabis industry. The 
lack of diversity at some cannabis 
companies and conferences is alarm-
ing. Amazon John leaves readers with 

a perplexing thought at the end of his 
interview . . . “What if cannabis itself, 
when the population reaches a cer-
tain density, also has a quorum signa-
ling trigger that initiates chemical sig-
naling communication between the 
thousands of cannabis gardens every-
where? Maybe we’ve reached that 
“trigger” and that would account for 
the tsunami of change we’re seeing in 
the cannabis world as humans carry 
out the directive of the cannabis initi-
ators.” We could sure use a tsunami of 
(positive) change right now!

Lo Friesen: I hope to see:
•  Solutions implemented for the 

inequities that are and are not 
already being addressed

•  More states legalize cannabis and 
regulations founded in science 
prioritizing consumer safety

•  Consumers seeking out educational 
resources to empower them, which 
goes hand in hand with the growth 
of the conscious consumer

Closing
It’s been an exciting start for Cannabis 
Science and Technology during the last 
five years and we are thrilled to contin-
ue our mission of advancing research, 
quality, and education in the industry. 
Please join us in celebrating what we’ve 
all accomplished thus far and what we 
hope to achieve in the future!
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The recent surge of cannabinoids in medical, cosmet-
ic, and nutritional applications requires high puri-
ty product and good manufacturing practices. The 
most challenging aspect of cannabinoid purifica-

tion from plant-based extraction is maintaining the integ-
rity of the natural products while still complying with the 
strict regulations. This specifically relates to levels of the 
cannabinoid tetrahydrocannabinol (THC), which is well 
known for its psychotropic effects. Recent developments 
in processing technology have increased the number of 
possible techniques to extract and purify cannabinoids, 
but chromatographic purification has proven to be the 
most cost-effective process that yields the highest purity 

product. The chromatographic purification process can be 
optimized depending on the specific objective by using a 
basic set of parameters. In particular, the downstream pu-
rification steps are the key in obtaining a white, crystalline 
product that is required for pharmaceutical or nutraceu-
tical applications. The US Food and Drug Administration 
(FDA) recently started introducing guidelines for stand-
ardized tests (1), because slowly but surely the use of can-
nabidiol (CBD) and other cannabinoids are finding their 
way into clinical trials and pharmaceutical research (2). 

There are a wide range of publications and application 
notes on analysis and the chromatographic separation of 
cannabinoids focusing on CBD (3), cannabidiol acid (CBDA) 

The downstream processing of natural cannabinoids for pharmaceutical, nutraceutical,  
and cosmetic applications is increasingly challenging when targeting purities as high as >98%  

for different cannabinoids. Such a high purity can only be achieved with chromatography, which 
 is a highly effective, but costly separation process. Therefore, the high efficiency of this 

chromatography step is crucial for the overall production costs. This study focuses on a step-
by-step optimization of commercial scale preparative high performance liquid chromatography 

(HPLC) purification of cannabinoids, specifically cannabidiol (CBD), starting with stationary 
reversed-phase screening, followed by method optimization. Comparison of various reversed-

phase stationary phases characterized by standard Tanaka-testing reveals a strong dependency 
of CBD on hydrophobic interactions in contrast to cannabichromene (CBC) and cannabinol (CBN). 

The optimized method gives high purity CBD (>99%) in a reasonable yield (77%) and is capable of 
tetrahydrocannabinol-isomer (THC-isomer) isolation on the preparative scale. This study also aims 

to answer: How to interpret the characteristic dimensionless chromatography parameters, such  
as selectivity? When is a change of the value an actual optimization and not just a deviation? 

Development, Optimization, 
and Process Performance for 
Preparative Chromatographic 
Purification of Cannabinoids 

U R S  L E N G W E I L E R ,  A N A  S T O J A N O V I C ,  A N D  V I C T O R I A  B . F.  C U S T O D I S
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(4), and other cannabinoids (5), most of which focus on either 
analytical purification or only result in 80% purity (3-5). Alter-
natively, the large-scale purification systems show high yield 
and purity but use methanol or acetonitrile and formic acid 
as additives to achieve a better performance (6). In scale-up 
the use of toxic solvents, such as acetonitrile may result in ad-
ditional challenges, such as the removal of acetic acid requir-
ing extra processing steps. Faced with large-scale processing 
constraints the preparative method should only use ethanol as 
mobile phase without any additive in the final chromatograph-
ic purification step. A robust, scalable chromatographic purifi-
cation method is developed using standard comparison meth-
ods. The use of ethanol as mobile phase at a concentration 
above 50% (V/V) restricts to reversed-phase chromatography. 
In this study, first we tested the hydrophobicity of different 
C8 and C18 stationary phases characterized by standard Tana-
ka-testing (7). The best performing column is further used for 
general chromatography method optimization, while respect-
ing the production process constraints (8,9).

Experimental and Methods
All methods were performed and optimized with respect to the 
downstream processing constraints: the mobile phase used was 
pure ethanol (96% EtOH and water) without any buffer salts or 
additives. Cannabinoid oil is only soluble in an ethanol concen-
tration larger than 50% (V/V) with respect to water.

For preparative scale HPLC with columns of the size 80 x 
500 mm a Labomatic HD5000 with DAD 5600 UV-vis detec-
tor was used at a flowrate of 100 mL/min unless stated other-
wise. For analytical HPLC (4.6 x 250 mm) a Dionex Ultimate 3000 
HPLC with MWD detector was used at a flowrate of 1 mL/min un-
less stated otherwise. The CBD crude was provided by Schibano 
Pharma AG, diluted in ethanol (96%) with a ratio of 1:1 (V/V) and 
spiked with uracil as dead-time marker with a final concentration 
of 0.1 mg/mL. For standard tests, the wavelength 254 nm was used 
and for the analysis of cannabinoids additionally the wavelength 
of 284 nm. Standard injection amounts of the crude were 2 mL or 
6 µL in preparative and analytical scale, respectively. 

The standard gradient method used was a standard pre-
parative run starting at 70% A (96% ethanol), increased up 
to 90% A within 90 min, and held at 90% A for 10 min before 
going back to 70% A. Equilibration time between runs is at 
least 30 min at preparative scales. 

The standard analytical method for quantification of can-
nabinoids used was isocratic methanol-water (60:40) with 
0.1% acetic acid on 100 Å C8 5 µm 4.6 x 250 mm column. 

The standard reversed phase test used was at isocratic con-
ditions of 74% A (96% ethanol) a mixture of 0.15 mg/mL uracil, 

1.5 mg/mL phenol, 4.0 mg/mL diethyltoluamide (DEET), and 
10 mg/mL toluene. Flowrates were 1 mL/min in analytical HPLC 
and 100 mL/min in the preparative setup. Tanaka tests (phe-
nylbenzene, butylbenzene, caffeine, and phenol) were per-
formed according to the original literature (7) in 80% and 30% 
methanol in water, respectively, only in analytical conditions. 

The stationary phases used were Nucleosil 100 Å C8 in 4.6 x 
250 mm and 80 x 500 mm format columns and ZEOsphere 100 Å 
C18 / 10 µm 4. 6 x 250 mm and 80 x 500 mm format columns. All 
materials are silica based spherical functionalized beads with an 
average pore size of 100 Å and 10 µm average particle size.

Retention factors k’ stated always refer to uracil as dead 
time marker and are calculated according to the following 
formula (Equation 1): 

                         [1]

Selectivity of two compounds is the ratio between their re-
tention times and was calculated using their retention fac-
tors (Equation 2):

                       [2]

Results: Comparison of  
Stationary Phases C8 Versus C18
Packing quality was determined with a standard re-
versed-phase test in conditions close in line with the sepa-

Table I: Overview of column and packing material  
characteristics

C8 C18

Packing  
Quality*

4.6 x 250 mm

Deadvolume (mL)
Number of plates (-)

Porosity ε (-)
Peak symmetry (-)

2.2
5390
0.53
1.2

2.5
5420
0.60
1.1

Packing  
Quality†

50 x 800 mm

Deadvolume (mL)
Number of plates (-)

Porosity ε (-)
Peak symmetry (-)

2100
2950
0.84
1.8

1600
9990
0.63
1.1

Surface  
Quality‡

Hydrophobic retention k’(-)
Hydrophobic separation αp/b
Hydrogen bonding capacity 

αC/P (-)

1.02
1.27
0.67

2.92
1.51
0.37

*Reversed-phase test analytical scale: isocratic in 74% A (1 mL/min) with uracil, phenol, 
DEET, and toluene; number of plates and peak symmetry taken from last eluting com-
pound: toluene; †reversed-phase test preparative scale: isocratic in 74% A (100 mL/min) 
with uracil, phenol, DEET, and toluene; ‡Tanaka test (7) in 80% methanol or 30% methanol 
using pentylbenzene, butylbenzene, caffeine, and phenol.
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ration conditions in 74% A. There is a substantial difference 
between the porosity of the C8 phase in analytical and 
preparative scale (> 30%) and the reversed-phase test results 
in prep-scale indicate the poor packing of this column (N < 
3000). Therefore, further comparison of this C8 phase is only 
considered from the analytical column. 

For separation efficiency of the stationary phase, the se-
lectivity between CBD and THC based on their retention fac-
tors was evaluated (10). THC and its derivatives (∆9- and ∆8-
THC) are indeed the critical impurities in this preparative 
separation process. Other selectivity’s, such as CBD-CBN, 
correlate linearly with the CBD-THC selectivity (see Figures 
A1 and A2 in the appendix available online). 

Looking at the selectivity of CBD and THC (Figure 2) and 
the dependency on the hydrophobic selectivity of the sta-
tionary phase, it is clear that the high hydrophobicity of the 
end-capped C18 phase is required in this case and within the 
given constraints C18 is the phase to go for in all scales.

The poor retention factor of the C8 80 x 500 mm column 
is another proof that the packing of this larger column is not 
satisfactory. The high dead volume (Table I) of 0.5 L more 
than the standard packing shows that the preparative C8 col-
umn has collapsed for unknown reasons. This finding em-
phasizes the importance of regular standard tests to deter-
mine packing quality, dead volume, and the general state of 
the column before the application testing.

In an extensive screening sequence, we compared dif-
ferent C8 and C18 reversed phases under the given condi-
tions (Figure 3) and tested how the cannabinoid selectivity 

behaves with standard Tanaka-test based characteristics (7), 
such as hydrophobic selectivity, hydrogen bonding capacity, 
and shape selectivity. The highest variation (steepest parame-
ter increase) is visible with the hydrophobicity of the station-
ary phase and the selectivity between CBD and THC, which is 
shown in Figure 3. The phase with the highest hydrophobic se-
lectivity also shows the highest selectivity between all can-
nabinoids. Thus, the highly hydrophobic stationary phase is 
best suitable using ethanol-water as mobile phase.  

Additionally, this helps us choose the selectivity between 
CBD and THC, even though they are not neighboring elutes, 
as parameter for optimization, because it indicates the high-
est sensitivity during the testing. 

Method Development and Optimization 
The process constraints in the larger scale are use of ethanol 
as mobile phase without additives at a concentration of at 
least 50% ethanol (V/V). At the lower ethanol concentrations, 
the cannabinoid-oil is not soluble anymore and separates as 
liquid phase. 

Since the dimension of the preparative column and the choice 
of mobile phase are fixed, what can be optimized further? 

In the following section, the different chromatographic 
tools for selectivity improvement are investigated and opti-
mum separation conditions are determined. 

Reproducibility Determination
Since we will be comparing dimensionless factors, such as se-
lectivity and retention factors, it is important to define when 

0.50

1.00

1.50

2.00

2.50

3.00

100Å  C8 4.6x250mm 100Å C8
80x500mm

100Å  C18
4.6x250mm

100Å C18 80x500mm

se
le

ct
iv

ity
 α

or
 r

et
en

tio
n 

fa
ct

or
 k

'[
]

stationary phases

k' CBD selectivity α CBD-THC

Figure 1: Selectivity between CBD and THC and the retention factor of CBD of different C8 and C18 phases and different 
scales using the same gradient method in 70-90% A.  
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the change is significant and when it is just variation within 
standard deviation of the system. This is best done while we 
investigate the reproducibility of the chromatographic sys-
tems. All our experiments have been performed multiple times 
and the collected data gave the following standard deviations 
(absolute) as shown in Table II.

Table II shows the average retention factors and selectiv-
ities and their standard deviations. We chose to show the 
factors with the highest absolute standard deviations in this 
table. Any change in selectivity α larger than 0.15 is signifi-
cant and is not caused by the preparative HPLC system. In 

this simple summary we can additionally show that both 
system scales, analytical and preparative, are well compara-
ble, since the selectivities are within the defined  
standard deviation.

Optimization of the Gradient
The gradient change of the eluent during the separation has 
a big impact on selectivity and efficiency (runtime) of the 
process. Using the gradient can potentially increase selectivity 
and peak purity. Different gradients have been tested within 
the same runtime by variation of the ethanol starting concen-

Figure 2: Cannabinoid selectivity (analytic scale, 74% A isocratic, 1 mL/min, 6 µL injected)  versus hydrophobic  
selectivity determined by Tanaka testing.
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Figure 3: Comparison of retention factor and selectivities in preparative scale (80 x 500 mm column) using 100 Å C18 
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tration and the selectivities and the retention factor of CBD 
are shown in Figure 3. The isocratic conditions at 70% ethanol 
show the best selectivity between CBD and THC. With the least 
steep gradient starting at 75% ethanol the runtime (k’ CBD) 
can be decreased, but the selectivity is still significantly lower 
(αisocratic = 2.21 versus α75-90%EtOH= 1.93) than isocratic conditions. 

In both scales (Figure 3), the selectivity increases with high-
er ethanol starting concentrations and less steep gradients. 
This leads to the conclusion that isocratic conditions may be 
indeed beneficial for this separation. With higher ethanol con-
centrations the retention factor of CBD decreases. Theoreti-
cally, in an efficient separation process the retention factors 
of target molecule should be between k’ >= 2 <= 5. A k’>2 guar-
antees a stable process (11,12). Thus having the higher ethanol 
starting concentration than 75% would further decrease k’[CBD] 
and increase the risk of an instable process, since the molecule 
is not properly retained on the stationary phase anymore. 

Why is the impact of the gradient on the selectivity with 
the C18 much bigger than the C8? This may be because the in-
teraction of the C18 stationary phase with the cannabinoids 
is much greater which leads to higher retention times. Conse-
quently, the impact of concentration change in the eluent is 
also greater.

Optimization of Injection
The separation selectivity with a gradient method can be 
improved by compressing the sample onto the column or the 

opposite, so-called injection equilibration. During injection 
equilibration the starting concentration of the mobile phase 
(in this case 70% pure ethanol) is held constant for a certain 
amount of time before the gradient starts. 

The first option, compression, would increase locally the 
sample concentration and lead to liquid-liquid phase separa-
tion, thus this is not applicable. The latter—injection equi-
libration—is tested in dependence of a factor of the column 
volume as shown in Table III. In these experiments, the eth-
anol concentration is isocratic at the beginning and followed 
by the standard gradient method to 90% A within 90 min. 

In both scales—analytical and preparative—the selectivi-
ty is not much influenced by an equilibration time larger than 
the column volume. All changes of selectivity are within the 
reproducibility tolerances (Table II).  

Optimization of the Flowrate
From previous tests we concluded that isocratic conditions 
show the beneficial effect on the selectivity, we can base the 
future optimization on this isocratic separation. Now the 
question arises if we are running at the optimal flowrate. In 
the following, the isocratic separation method (74% A) varied 
in flowrates from 0.05 mL/min–3 mL/min and 60–220 mL/
min in the analytic and preparative setup, respectively. In a 
chromatographic separation, mass transfer effects, diffusion, 
and intermolecular interactions are dependent on the flowrate 
v (13). The Van Deemter Equation summarizes the following 
dependencies of non-retained species (Equation 3):

                           [3]

where A is the constant eddy diffusion; B is the longitudinal dif-
fusion alongside the column (impact decreases with flowrate); 
C is the mass transfer between stationary and mobile phase—
increases with flowrate and pressure; HETP is the height equiva-
lent to a theoretical plate should be minimal for the best sepa-
ration efficiency and is calculated by the number of theoretical 
plates N and taking the column length into account. 

HETP in each case is calculated with the total number of 
plates and the length of the column (13,14). HETP, however, 
only takes mass transfer due to diffusion and flow into account 
and no chemical interactions such as repulsion or absorption. 

The resolution parameter R—in contrast to HETP—is ad-
ditionally taking into account the chemical interaction of the 
cannabinoids with the stationary phase. The peak resolution 
Rs is an estimate for the separation efficiency of the system 
and calculated according to the following Equation 4  

Table III: Comparison of selectivities with varying  
equilibration times

Equilibration time at 70% EtOH CBD-THC selectivity

0 min 1.59 (± 0.04) 1.71 (± 0.08)

5 / 0.8 min (1/3 cv) 1.62 1.70

10 / 1.6 min (2/3 cv) 1.60 1.70

20 / 3.3 min (4/3 cv) 1.56 1.76

Table II: Selectivity and retention factors of toluene  
in the standard reversed phase test in 70% ethanol  
under isocratic conditions with 100 Å C18 10 µm based  
on n=24 and n= 8 in analytical and preparative  
conditions, respectively 

Reversed-phase test in ethanol 4.6x250 mm 80x500 mm

Retention factor k’(toluene) 1.45 ± 0.04 1.66 ± 0.01

Selectivity α (phenol-toluene) 6.92 ± 0.04 6.76 ± 0.08
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tRi being the retention time and wb being the peak width at 
10% peak height. 

                       [4]

The calculation only using HETP indicates an optimum 
flowrate with minimal plate height for toluene at a flowrate of 
0.1–0.2 mL/min. The resolution (Figure 4) was determined 
between the neighboring cannabinoids CBD and CBN, which 

is eluting directly after CBD. All major cannabinoids of this 
crude (CBD, CBN, ∆9-THC, and CBC), however, behave sim-
ilarly. Appendix Figures A1 and A2 show the trends in selec-
tivity and plate height of all of them (available online). 

Figure 4 shows the dependence of resolution on the line-
ar flowrate, which is comparable for both preparative and ana-
lytical systems. The linear flowrate is independent on the col-
umn diameter. The analytical column with an inner diameter 
of 4.6 mm was tested between 3 and 0.01 mL/min, which trans-
lates into 18 to 0.3 cm/min linear velocity. The preparative 

Figure 4: Resolution between CBD and CBN in dependence of linear flow velocity. 
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system was tested from 60 to 220 mL/min, which is in between 
1.2 and 4.4 cm/min, thus well within the same range. 

There is obviously no maximum in resolution as the resolution 
increases drastically with lower flowrates. Both scales, analytical 
and preparative, show the typical pay-off between productivity 
(flowrate) and purity (resolution). The optimal flowrate is there-
fore not determined by a particular maximum of resolution, but 
by the best productivity comprising runs per hour/day, loading 
of the crude onto the column, and recovery of solvent. 

Increasing the Sample Load
Since we are interested in preparative purification of CBD the 
next step is to see how the purification performs at higher con-
centrations and ultimately how much sample can be loaded per 

separation run, which is called loadability. In the previous exper-
iments in preparative setup, we injected 2 mL CBD oil in ethanol. 
Figure 5 shows the chromatogram of the higher injection: 50 mL 
of crude oil sample been separated and the collected fractions 
have been analyzed and quantified with standardized analyt-
ical method. Injecting 50 mL of the ethanol diluted crude oil 
represents a loading of 2wt.% onto the HPLC column (80 x 500 
mm). Table IV gives the purity and size of the major fractions. 

At higher loading there is no baseline separation anymore, 
however, >77% of the fractions (each 100 mL) contain pure CBD. 
First fraction still contains cannabigerol (CBG). We state puri-
ty >99%, since only known impurities are included in this anal-
ysis due to unknown response factors of unknown impurities. 
The usual yield-purity payoff starts to show at this loading: High-
er loading may increase throughput, but at the cost of number of 
fractions that achieve the required purity. For crystallization of 
the pure cannabinoid only fractions with >99% purity is used. 

Conclusions 
In this study, we compared and optimized chromatographic 
reversed-phase separation of cannabinoids and investigated sep-
aration efficiency of CBD and THC. The first screenings showed 
superiority of the C18 compared to C8. Both the analytical system 
(with a standard sized 4.6 x 250 mm column) and the preparative 
HPLC system (with an 80 x 500 mm column) shows good repro-
ducibility and comparability. 

After choosing the best performing stationary phase, we opti-
mize the preparative chromatography process using pure etha-
nol as mobile phase with a minimum concentration of 50% (V/V) 
in water. These process constraints result from the upstream and 
downstream processing of pure cannabidiol at large scale. We 
looked at different ethanol-water gradients, the injection method 
and how the flowrate impacts peak resolution. Best selectivity be-
tween THC and CBD was obtained using standard isocratic con-
ditions at 70% ethanol. This method even achieved baseline sep-
aration between the isomers of ∆9-THC and ∆8-THC. With this 
optimized separation process a higher load of crude (50 mL) on 
the C18 phase yielded in seven out of nine (77% yield) with a CBD 
purity greater than 99% and without any known impurities. This 
purity criteria is mandatory for pharmaceutical use of CBD. In 
the next step, we would determine the loadability with even high-
er loading than 50 mL of crude oil (2wt.%), which then defines 
the economics of this separation process. 

Appendix
The online version of this article includes Appendix Table A and 
Figures A1 and A2. Please view the appendix at: www.canna-
bissciencetech.com/view/development-optimization-and-pro-

Table IV: Fraction collection and quantification of the 
preparative separation of 50 mL crude (Figure 5)  

Fraction Purity  
CBD

Purity  
CBN

Purity  
THC-∆9

Purity  
CBC

1 77.6%

2 >99%

3 >99%

4 >99%

5 >99%

6 >99%

7 >99%

8 >99%

9 10.6% 89.3%

10 >99%

11 >99%

12 27.4% 22.2%

13 2.5% 44.7%

14 >98%

15 >98%

16 >98%

17 94.1%

18 91.1%

19

20 >98%

21 >98%

https://www.cannabissciencetech.com/view/development-optimization-and-process-performance-for-preparative-chromatographic-purification-of-cannabinoids
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feature

TESTING FOR THE efficacy of cannabinoid 
chemicals has not kept pace with the rapid ad-
vances in chemical detection. There are count-
less cannabidiol (CBD) products on the market, 

both in the US and internationally, with various well-
ness claims. However, basic research data on how these 
products interact in the human body is lacking. Canna-
bis plants produce a unique and diverse assortment of sev-
eral hundred chemicals that include cannabinoids, ter-
penes, flavonoids, phenols, ketones, aldehydes, and fatty 
acids. Cannabis plants have complex genetics and there 

are thousands of genetic combinations that are able to 
produce individual and specific profiles for each culti-
var. Modern gas chromatography (GC) and liquid chroma-
tography (LC) systems coupled with mass spectrometers 
(MS) can fingerprint the full spectrum of oils present in 
each cultivar (1). For reasons not yet fully understood, var-
ious cultivars have different effect profiles.

Effect profiles is a field of research not sufficiently ex-
plored. Until quite recently, there has been minimal re-
search undertaken in an attempt to understand and explain 
what has been described as the “entourage effect” (2,3). 

Gas and liquid chromatography coupled to mass spectrometry allow the precise 
fingerprinting of cannabinoids, terpenes, and flavonoids in different hemp cultivars. 
However, little is known about how these cultivars or cannabidiol (CBD) products, in 

general, affect human cells. Techniques in modern cell biology allow for cannabis dosage 
and toxicity determinations, the study of genetic and protein pathways, apoptosis 

pathways, and chemical screening in a variety of well-characterized cells. There can 
be significant utility in using living cell culture systems in the evaluation of hemp 

products. For example, it is demonstrated in this paper that cell viability can be used to 
determine dose and response effects that are important in understanding toxicities and 
to detect differences in similar hemp products. It is also shown that inflamed peripheral 
blood mononuclear cells (PBMC) produce large amounts of inflammatory cytokines and 

that the addition of CBD inhibits this cytokine production. It is clear that cell culture 
experiments can contribute to understanding the effects of hemp oils in humans.

Human Cells Can  
Be Used to Study  

Cannabinoid Dosage  
and Inflammatory  

Cytokine Responses
ANTHONY R.  TORRES,  VIRGIL D.  CALDWELL,  SHAYNE MORRIS,  AND RACHAEL LYON
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This is important research to pursue as 
the synergy between terpenes and can-
nabinoids are thought to enhance the 
therapeutic benefits of the plant’s indi-
vidual components in the treatment of 
pain, inflammation, depression, cancer, 
and other disorders (4).

It is common in the cosmetic (5,6), 
pharmaceutical, and medical fields 
(7,8) to examine the effects of drugs or 
chemicals on living human cells. A sig-
nificant benefit of cell culture assays 
is the avoidance of most human and 

animal testing while providing rap-
id and valuable information about cel-
lular viability, repair, potencies, tox-
icities, and inflammatory responses 
under controlled conditions (9).

A research group in Israel, us-
ing four different neuroblastoma 
cell lines, measured cell viability as 
a function of CBD dosage (10). Their 
research demonstrated that higher 
CBD doses, up to 50 µg/mL depend-
ing on the neuroblastoma cell line, 
suppressed cell viability to around 

50%. The words of Paracelsus—a 
Swiss-German Scientist—written 
more than 500 years ago have proven 
to be true for cannabidiol: “Poison is 
in everything, and no thing is without 
poison. The dosage makes it either a 
poison or a remedy.” 

Using cell viability experiments, it 
is shown that high purity CBD has a 
typical dose/response curve with po-
tencies in the microgram–milliliter 
range (Figure 1). The same cell viabil-
ity tests can detect subtle differences 

Figure 1: Cell viability as measured by the XTT assay with different concentrations of CBD on confluent neuroblastoma 
(CHP-212) cells for 48 h. The x-axis is discontinuous between 10 and 20 ng/mL.
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present in similar hemp products (Fig-
ures 2a and 3a). CBD also has striking 
effects on decreasing inflammatory cy-
tokines when examining inflamed pe-
ripheral blood mononuclear cells (PB-
MCs) (Figures 3b and Table I).   

Experimental
Materials and Methods
Pure cannabidiol (99% CBD, no detect-
able terpenes) was obtained from Can-
na Hemp. Terpenes (β‐caryophyllene, 
humulene, limonene, and myrcene) 
were obtained from True Terpenes. 
Various culture media, chemicals, fetal 
bovine serum (FBS), dimethyl sulfoxide 
(DMSO, LC-MS grade), phytohemag-
glutinin (PHA), and epidermal growth 

factor (EGF) were purchased from 
Thermo Fisher Scientific. Flat bottom 
96-well plates and disposable culture 
ware were purchased from Southern 
Labware. Suppliers for CBD products 
are unnamed as the goal of this paper 
is to show how to use cell culture 
techniques to study hemp products 
and not highlight or criticize specific 
companies. Products from supplier #1 
were used for experiments depicted in 
Figures 2a and 2b and products from 
supplier #2 were used for experiments 
in Figures 3a and 3b. 

All human cell lines were pur-
chased from American Type Cul-
ture Collection (ATCC). The T84 cell 
line (colorectal carcinoma, ATCC 

#CCL-248) was cultured in Dulbec-
co’s Modified Eagles Medium (DMEM) 
with Glutamax/F12 in a 1:1 ratio sup-
plemented with 5% FBS. HIEC-6 cells 
(normal small intestine-epitheli-
al, ATCC #CCL-3266) were cultured 
in Minimum Essential Media (MEM) 
with Glutamax supplemented with 
10 ng/mL EGF and 5% FBS. The CHP-
212 cells (brain neuroblastoma, ATCC 
#CRL-2273) were cultured in equal 
parts MEM and Glutamax/F12 and 
supplemented with 10% FBS.

Stock cell cultures of the ATCC cell 
lines were grown in 25 cm2 (T25) flasks 
and subcultured in 200 µL of complete 
media into flat bottom 96-well plates. 
All cultures were incubated at 37 °C 

Figure 2: Cell viability as measured by the XTT assay. (a) Two products (blue and gold) containing CBD and added 
terpenes were examined in cell culture using T84 intestinal carcinoma cells at different CBD concentrations (2-16 µg/
mL). The sample depicted in brown is high purity CBD that shows a typical curve (cell viability falling off between 
8-16 µg/mL). The sample depicted in blue at 8 µg/mL CBD has 56 ng/mL of β-caryophyllene, 16 ng/mL of humulene, 
and 14 ng/mL of limonene. The sample on the right in yellow contains 8 µg/mL CBD, 20 ng/mL β-caryophyllene, 92 ng/
mL geraniol, and 15 ng/mL limonene. (b) The control experiment contains 4 µg/mL CBD and 4 µg/mL CBD plus 14 ng/
mL β-caryophyllene. This data shows the cell viability inhibition of β-caryophyllene.
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in a humidified atmosphere contain-
ing 5% CO2. During the incubation pe-
riods the cultures were examined daily 
for contamination and morphological 
changes with an Olympus IMT-2 in-
verted phase-contrast microscope at 
100X and 150X magnification. 

Human PBMCs from individu-
al donors were purchased from Cellu-
lar Technology Limited (CTL). PBMC 
contains a mixture of cells including: 
T-cells, B-cells, NK cells, monocytes 
(blood macrophages), and dendritic 
cells. Culture reagents for PBMC were 
obtained from CTL and their proto-
cols were strictly followed. The PBMCs 
were stored in the vapor phase of liq-
uid nitrogen until the day of use. A vial 

of PBMCs contains about 1 x 107 cells, 
which were plated in quadruplicate at 
2 x 105 cells/well in CTL media. PBMC 
cells were inflamed with 10 µg/mL 
PHA, which binds to toll-like-receptor 2 
(TLR2) on T-cells and macrophages.  

All cell culture experiments had a fi-
nal concentration of 0.1% DMSO as the 
solvent for CBD, terpenes, or commer-
cial hemp products. Culture superna-
tants (absent of cells) from complet-
ed experiments were sent overnight 
on dry ice to Quansys Bioscience for 
evaluation of cytokines and matrix 
metalloproteases (MMP) concentra-
tions by an enzyme-linked immuno-
sorbent assay (ELISA) chemilumines-
cent immunoassay.  

Viability Assay
The XTT assay (Biotium) was used to 
evaluate cell viabilities at the end of 
culture experiments. XTT is a col-
orimetric detection assay utilizing 
tetrazolium dye to measure cell viability 
by enzymatic activity of the mitochon-
dria in living cells. T84, HIEC-6, and 
CHP-212 cells were plated at a density 
of 105 cells per well in 200 µL of the 
appropriate media in flat bottom 96-well 
culture plates in quadruplicate, which 
reached confluency in 48 h. At the end 
of this incubation, the cultures were 
dosed with CBD (99%) as a control or 
CBD products containing other hemp 
oils and incubated for 24 h. After the 
appropriate incubation time, 100 µL of 

Figure 3: Panel (a) is the PBMC cell viability at 24 h after PHA stimulation (10 µg/mL).  All samples except the PHA 
control had 4 µg/mL CBD. The CBD control (no terpenes) suppressed 10 µg/mL PHA stimulation. Products 1-6 were CBD 
hemp products containing a spectrum of hemp oils plus added propriety terpenes. Conditions for products 1-6 were 
normalized to contain 4 µg/mL CBD from supplier #2 based on the Certificate of Analysis. (b) Measurement of TNFα in 
PBMC cell culture media at termination of 24 h incubation (from Figure 3a). All conditions contained 10 µg/mL PHA. The 
PHA control expressed high levels of TNFα (5936 pg/mL) and the CBD control strongly suppressed TNFα production to 
173 pg/mL. Hemp products 1-6 were normalized to contain 4 µg/mL CBD calculated from COAs. Products 1 and 5 had 
strong suppression of TNFα production, whereas products 2, 3, and 6 showed less suppression.

0.0000

0.0500

0.1000

0.1500

0.2000

0.2500

0.3000

0.3500

0.4000

PHA CBD Product
1

Product
2

Product
3

Product
4

Product
5

Product
6

Ce
ll 

Vi
ab

ili
ty

 (X
TT

 A
ss

ay
)

Cell Viability with Hemp Products from 
Supplier #2

0.0

1000.0

2000.0

3000.0

4000.0

5000.0

6000.0

7000.0

PHA CBD Product
1

Product
2

Product
3

Product
4

Product
5

Product
6

TN
Fα

(p
g/
m
l)

TNFα Production with Hemp Products from 
Supplier #2

 [a]  [b]



cannabis science and technology®  |  vol. 5 no. 2 cannabissciencetech.com44

feature / research

the culture media from each well was 
removed for cytokine and MMP analysis 
leaving 100 µL, to which 25 µL of the 
XTT reagent was added. The XTT plates 
were incubated at 37 °C for 120 min and 
the absorbance recorded using a Tecan 
Genios plate reader that detects the 
absorption maximum (492 nm) of XTT. 

Data Analysis
All samples were done in quadruplicate 
and the raw data was transferred to ExcelR 

for statistical analysis to compare repro-
ducibility. Processed data was graphically 
plotted along with standard error of 
means bars. CBD (99% purity) was a con-
trol utilized across all experiments.  

Results and Discussion
An increase in cell viability occurs 
at lower dosages (2–4 µg/mL) while 
concentrations above 6 µg/mL CBD, the 

cell viability starts to decrease (Figure 
1). The CBD at 10 µg/mL decreases the 
viability to about 50% of the control 
and CBD dosed at 20 µg/mL decreased 
cell viability to about 20%. CBD shows 
toxicities to cells between two or three 
times the effective dose of 4 µg/mL, 
resulting in an inverted U-shaped dose 
or response curve commonly observed 
with many drugs (11). Two other cell 
lines (T84 and HIEC-6) produced simi-
lar cell viability results.

Several terpenes (β‐caryophyllene, 
myrcene, humulene, and limonene) 
were examined by XTT cell viability and 
demonstrated growth effects in the na-
nogram to milliliter range. Terpenes 
are often volatile in 37 °C culture plates 
making it difficult to get precise read-
ings, especially at higher concentrations.  

It is shown in Table I that PHA-in-
flamed PBMCs produce high levels of 

many cytokines. PHA activates T-cells 
and macrophages through binding to 
TLR2. Without stimulation, PBMCs 
show no cell proliferation or increased 
cytokine production. The Quansys Cy-
tokine Panel, which multiplexes 16 cy-
tokines in a single well, makes these 
tests possible with small volumes of cell 
culture media.

Figures 2a and 2b illustrate the anal-
yses of products containing CBD and 
terpenes in cell culture. The first sam-
ple (brown) shows a typical cell viabil-
ity curve for high purity 99% CBD (no 
terpenes) with cell viability falling off 
between 8–16 µg/mL CBD (Figure 2). 
The second and third samples (blue 
and gold, respectively) contain CBD 
and added terpenes from supplier #1. 
At a concentration of 8 µg/mL CBD in 
the second sample (blue) there is 56 ng/
mL β‐caryophyllene, 16 ng/mL humu-
lene, and 14 ng/mL limonene. The third 
sample on the right (gold) at 8 µg/mL 
CBD contains 20 ng/mL β‐caryophyl-
lene, 92 ng/mL geraniol, and 15 ng/mL li-
monene. Two control experiments con-
tained 4 µg/mL CBD and 4 µg/mL CBD 
plus 14 ng/mL β‐caryophyllene (Figure 
2b). The β‐caryophyllene control clear-
ly demonstrates that 14 ng/mL β‐cary-
ophyllene inhibits cell growth even in 
the presence of much larger amounts 
of CBD (4 µg/mL). This is of interest 
as β‐caryophyllene is a major terpene 
in many hemp cultivars. We also per-
formed experiments demonstrating the 
inhibition of cell viability by combining 
β‐caryophyllene with humulene and li-
monene (data not shown). Lavigne and 
colleagues (3) studied cannabis terpenes 
and found that geraniol, linalool, and 
β-pinene selectively enhance cannabi-
noid activity.

Figure 3a illustrates the cell viabili-
ty of PBMC inflamed with PHA (10 µg/
mL) and incubated with six different 
CBD-containing hemp products from 

Table I: Quansys cytokine panel and ELISA chemiluminescent immunoassay

Cytokine               PBMC (PHA)               PHA and CBD (4 μg/ml)
IL-6                              4852 pg/mL 66 pg/mL

IL-1 beta                        148 pg/mL           29 pg/mL

TNF alpha                    5631 pg/mL                     595 pg/mL

IFN gamma                  3835 pg/mL             90 pg/mL

IL-8                             26,453 pg/ml                      2606 pg/mL

MCP-1                         11,160 pg/mL      145 pg/mL

MIP-1 alpha                 19,696 pg/mL                1443 pg/mL

GM-CSF                      6630 pg/mL                    233 pg/mL

IFN alpha                        1.4 pg/mL                         0.3 pg/mL

IL-1RA                        1233 pg/mL                     71 pg/mL

IL-2                              1452 pg/ml                     106 pg/mL

IL-2RA                            180 pg/mL                         6.8 pg/mL

IL-10                               260 pg/mL                    11 pg/mL

IL-12 p70                           13 pg/mL                         2.1 pg/mL

IL-13                                228 pg/mL                          *(LOD)
The increase in inflammatory cytokines produced by human PBMC after inflammation with 10 μg/mL phytohemag-
glutinin (PHA). The first column lists the cytokine, second column is the concentration of each cytokine produced 
by the PBMC after PHA stimulation, and the last column is the decrease of each cytokine concentration when 4 μg/
mL CBD is added to the PBMCs stimulated with PHA. *LOD; below the limit of detection.
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supplier #2. The two control samples 
contained PHA (10 µg/mL) and pure 
CBD (4 µg/mL) with added PHA (10 µg/
mL). All six hemp products started with 
a high concentration of CBD hemp oil 
to which propriety mixtures of terpe-
nes were added. The six samples were 
normalized to examine 4 µg/mL CBD 
in each culture. Hemp products #3 and 
#4 stimulate cell growth more than the 
4 µg/mL of pure CBD or the other prod-
ucts. However, products #3 and #4, 
which stimulated PBMC growth, were 
not very effective in inhibiting TNFα 
production, an inflammatory cytokine.

Figure 3b shows the level of TNFα 
produced by the six PBMC cultures 
alongside two control samples (PHA 

and PHA plus CBD, Figure 3a). It is im-
portant to note that data in Figures 3a 
and 3b suggest that slight differences in 
added terpenes can affect cell viability 
and TNFα production. This is a strong 
indication that cellular viability experi-
ments and cytokine determinations are 
useful in detecting minor differences in 
hemp products.

It has become standard practice to 
characterize cannabis oils by LC–MS 
and GC–MS (1,12). Several companies 
market sophisticated LC–MS and GC–
MS instruments designed to detect dif-
ferent cannabinoids and many terpenes 
in the cannabis plants. Modern meth-
odology can separate and detect nano-
gram amounts of the various oils and it 

is certain that newer methods are cur-
rently being developed to detect even 
smaller amounts. Although these are 
important advances, it is time to better 
understand the effects these oils have 
separately and in various combinations 
on human cells (13). This is especially 
true for the lesser cannabinoids and ter-
pene oils. Cell culture methods should 
prove very useful in the near future as 
rare cannabinoids become commercial-
ly available: one cannot assume that all 
cannabinoids have the same potencies 
and toxicities as CBD (14).

The Israeli research group measured 
cell viability as a function of CBD dose 
using four neuroblastoma cell lines and 
clearly demonstrate a decrease of 50% 

https://emergingindustryprofessionals.com/
mailto:sales@emergingindustryprofessionals.com
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cell viability in all four neuroblastoma 
cell lines below 50 µg/mL CBD (10). Two 
of the cell lines showed a 50% decrease 
in cell viability between 5–15 µg/mL CBD, 
which is in close agreement with our 
data showing a 50% decrease in cell via-
bility at 10 µg/mL (Figure 1).

 It is a common practice to use a sol-
vent such as acetone, ethanol, metha-
nol, DMSO, Tween 80, Tween 20, β‐
cyclodextrin, dimethyl formamide, or 
polyethylene glycol when placing hy-
drophobic molecules like cannabis oils 
into cell culture media (15). Solvent 
controls should be included as it has 
been shown that solvents can cause 
proteomic and transcriptomic chang-
es in cells that appear microscopically 
normal (16,17). For the above reasons, 
one can see the benefits of completing 
cell viability responses when studying 
single cannabinoids and products that 
contain a spectrum of hemp oils.  

Table 1 shows that PHA stimulat-
ed the production of many cytokines 
in PBMC by binding to TLR2 on T-cells 
and macrophages. It is important to 
note that CBD dosed at 4 µg/mL inhib-
ited the production of these cytokines. 
Similar cytokine results were observed 
when treating PBMC with 5 mg/mL 
polyinosine-polycytidylic acid (poly 
I:C), a synthetic double stranded RNA 
(dsRNA) molecule that binds to TLR3 
on macrophages and dendritic cells, 
as do dsRNA virus (COVID-19). It has 
been shown that inflamed PMBCs pro-
duce a variety of cytokines important in 
innate immunity (18).

There are more than 100 genes encod-
ing cytokine proteins, which are divid-
ed into several classes. There are about 
33 interleukins (IL) produced mainly, 
but not exclusively, in immune cells (18). 
Complex immune reactions can be stud-
ied in PBMC; however, one should stay 
with one human donor for a study as 
there are individual differences. 

The observation that CBD can lower 
inflammatory cytokines has previously 
been reported (19). Vuolo and colleagues 
showed that CBD lowered levels of the 
inflammatory cytokines IL-6 and IL-8 in 
an animal model of asthma. A review pa-
per concluded that there is overwhelm-
ing evidence supporting the belief that 
CBD suppresses the immune system at 
several levels. Not only are inflammatory 
cytokines suppressed, but CBD directly 
inhibits various immune cells and induc-
es apoptosis in certain macrophage cells 
(20). Although the immune suppressive 
properties of CBD are well documented, 
our data contributes to this body of re-
search by showing that CBD suppresses 
a variety of cytokines in immune cells. 
The approach measuring cytokines in 
human PBMC following an overnight in-
cubation introduces a convenient way to 
study the cellular effects of hemp oils.   

For cells to divide, migrate, and re-
model tissue they must free themselves 
from the extracellular matrix (base-
ment membrane) using one or more of 
the 28 MMP (2). Abnormally high levels 
of MMP have been found in many can-
cers where they are associated with rapid 
tumor growth, invasiveness, metastases, 
and even decreased survival (21). Our 
preliminary work examining only six 
MMP showed that 4 µg/mL CBD inhibits 
MMP7 (18,670 pg/mL down to 7037 pg/
mL) in T84 cells. CBD at 4 µg/mL inhib-
its MMP9 (8154 pg/mL down to 2056 pg/
mL) in PHA-stimulated PBMC. Recently, 
it has been shown that CBD can inhibit 
MMP in skin cell cultures (9). 

Conclusion
The data presented here clearly demon-
strates that CBD has a characteristic cell 
viability response in the microgram-mil-
liliter range (Figure 1). Data indicating 
the potency (ng/mL) of certain terpenes 
greatly complicates studying hemp 
products especially when suppliers are 

adding additional terpenes (2,4). Minute 
amounts of terpenes to add flavor or 
achieve a human effect can be accurately 
determined using cell viability tests.

Hemp products are not a single oil, 
but a complicated mixture of oils that 
can have unique responses in humans 
depending on the cultivar. The ap-
proach in this paper suggests that hu-
man cell culture methods can be used 
to study these complicated hemp oil 
mixtures under controlled conditions. 
More research remains to be done with 
different terpenes and cannabinoid 
combinations to better understand the 
complicated effects on human cells. 
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Five Factors to Inform  
a Well-Grounded Growing  

Media Decision   
TOM BLAINE

CHOOSING A GROWING media might seem like 
a “one and done” decision. As with many aspects 
of horticulture, today’s growing environment is 
evolving. Supply chain dynamics and the labor 

market are just a few challenges prompting growers to re-
think various aspects of their business—including the choice 
of growing media. 

As the literal “ground floor” for successful cultivation, 
growing media influences how plants access air, water, and 
nutrients. The choice of growing media can contribute to 
precision, consistency, and repeatability from plant to plant 
and harvest to harvest. Below, we consider five factors that 
should be evaluated to inform a well-grounded choice of 
growing media.

Factor 1: Sourcing and Supply
Given significant disruptions in the supply chain affecting 
a range of inputs, the origin of a growing media should be 
considered. No cultivator wants to experience a delay in the 
growing room because essential production components are 
stuck at a port of entry. Selecting a growing media produced 
entirely in North America can help manage the risk of supply 
chain disruptions.

Factor 2: Material Design and Manufacturing 
How it’s made matters when it comes to the performance of 
a growing media. For example, the process used to manufac-
ture mineral wool can change how the material interacts with 
moisture, allowing it to either repel or retain water. For exam-
ple, insights gleaned from more than a half-century of work-
ing with mineral wool informed the development of water 
dispersion technology that was integrated into VidaWool by 
Owens Corning. The technology was engineered to support 
predictable water retention and even nutrient distribution 
throughout the plant. The sturdy nature of mineral wool also 
contributes to easy handling and simplifies the graduation of 
plants across various stages. 

Factor 3: Supporting Components  
Including Slabs, Blocks, and Wrap
Ancillary components of growing media such as slabs, 
blocks, and even the wrap encircling the block can all play 
a role in achieving consistent, repeatable results. Selecting 
a growing media with slabs that come in tight-fitting film 
can help keep water and nutrients in the desired root zone 
as opposed to collecting in the ends of packaging. Similarly, 
selecting blocks that include an ultraviolet (UV)-protec-
tion-lined film can help protect plants from threats posed by 
algae or harmful microbes. 

Factor 4: Content
As interest in environmental sustainability grows, choosing a 
mineral wool manufactured with at least 70% recycled con-
tent can help contribute to growers’ environmental  
sustainability efforts. 

Factor 5: Customer Support
As any change in operations may be accompanied by questions, 
it’s important to consider how a switch in growing media may 
affect team members working with the growing media every 
day. Selecting a growing media backed by a team of horticulture 
experts supports confidence that workers’ questions will be ad-
dressed accurately. In a competitive labor market, ease of han-
dling is essential. Selecting a growing media that can be easily 
and efficiently used in the growing room and comes equipped 
with optimally spaced precut holes can help reduce the labor 
required for set-up . A growing media based on a system ap-
proach also helps streamline the process of moving plants from 
plugs, to blocks, to slabs during the growing process. 

Considering the five factors above can help inform a 
well-grounded growing media decision. 
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