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Cannabis Science and Technology®’s Editorial 
Advisory Board is a group of distinguished 
individuals assembled to help the publication 
fulfill its editorial mission to educate the legal 
cannabis industry about the science and 
technology of analytical testing and quality 
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functions, such as suggesting authors and 
topics for coverage, reviewing manuscripts, and 
providing the editor with general direction and 
feedback. We are indebted to these individuals 
for their contributions to the publication and 
to the cannabis community as a whole.

Tackling Laboratory 
Accreditation and Quality Control 

Issues in the Cannabis Industry
THE US CANNABIS industry still has plenty to learn and pro-
cesses to adapt. Over time as cannabis becomes more re-
spected and recognized, we might witness big changes in 
how the manufacturing and processing guidelines become 
more structured and clarified. Consumers look to receive safe 
products that are guaranteed to contain accurate informa-
tion such as, tetrahydrocannabinol (THC), cannabidiol (CBD), 
and other major cannabinoid percentages, and also free of 
metals, mold, bacteria, and other contaminants. It is hoped 
by many cannabis scientists that the US Food and Drug Ad-
ministration (FDA) will look into regulating the cannabis mar-
ketplace to ensure that the safety of consumers is protect-
ed. Currently, most regulations are set up individually by the 
states where it is legalized. Laboratories all over the country 
are structured through varying sets of standards and rules to 
work by. Due to the different frameworks, this can lead to lab-
oratory testing data inaccuracies. If cannabis is to get the rec-
ognition it rightly deserves, there should be more importance 
placed on how the plant is analyzed, especially in the cases 
where products are going to consumers. As the cannabis mar-
ketplace continues to boom, perhaps this issue can be real-
ized and enacted upon.

In the latest issue of Cannabis Science and Technology, 
readers will delve into the inner workings of the cannabis in-
dustry. This month's "Cannabis Analysis" column highlights 
the issues surrounding cannabis testing variation. In our 
"Cannabis Crossroads" column, David Heldreth, founder and 
CEO of Panacea Plant Sciences, discusses the growing inter-
est in cannabis and psychedelics. Also in this issue, we look 
at bacterial and fungal contamination, cleaning solutions for 
extraction and processing equipment, and exploring the more 
technical aspects of cultivation such as the impact of how the 
light spectrum affects plant growth. Finally, we delve into the 
technical side of the endocannabinoid system in a new series 
called "Cannalingo."

We hope you enjoy the September 2021 issue of Cannabis  
Science and Technology!

Mike Hennessy, Sr
CHAIRMAN AND CEO

 from the 
chairman
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Laboratory Accreditation:  
Is It Enough to Guarantee Your 
Samples Are Analyzed Correctly?
By Brian C. Smith

As the cannabis industry evolves, 
more and more cannabis laborato-
ry certification programs are pop-
ping up. However, work by myself 

and others clearly shows the ongoing in-
ter-laboratory variation problem in this in-
dustry still exists, which means laboratory 
certification is a necessary, but not suffi-
cient, condition to guarantee your samples 
are analyzed properly. Here, I offer sugges-
tions to help improve the situation.

What is Laboratory 
Accreditation?
Laboratory accreditation is the process 
by which an ideally unbiased, indepen-
dent 3rd party is used to certify the 
operations of laboratories, including 
cannabis analysis laboratories. Examples 
of entities providing this service include 
private companies (1), nonprofits (2,3), 
and of course state governments (4). The 
list in the references is not exhaustive, 
and one should perform an internet 
search or use other means if desiring to 
obtain laboratory accreditation.

The goal of most laboratory accred-
itation bodies is to get your laboratory 
to conform to what is called ISO 17025 
standards (5). ISO stands for the Inter-
national Organization for Standardiza-
tion (6), who develop and publish inter-
national standards across a wide range 
of industries. The purpose of the ISO 
17025 standard is for “General Require-
ments for the Competence of Calibration 

and Testing Labs” (5). The process of 
achieving ISO 17025 accreditation is a 
lengthy one and involves writing down 
standard operation procedures, estab-
lishing quality control procedures, vali-
dating and calibrating methods, and in-
suring management and technicians are 
properly trained amongst other things.

What is the role of the United States 
Federal government in accrediting can-
nabis analysis laboratories? The Food 
and Drug Administration (FDA) has is-
sued some guidance on cannabidiol 
(CBD)-containing materials and has ap-
proved some CBD preparations for use 
as medicines (7). However, since mate-
rials with greater than 0.3 weight % to-
tal tetrahydrocannabinol (THC) are 
still illegal at the federal level, the FDA 
cannot legally regulate the production 
and testing of marijuana and its deriva-
tives. The 2018 Farm Bill (8) and Final 
Rule (9) tasked the United States De-
partment of Agriculture (USDA) with 
developing a testing program to deter-
mine if cannabis plant material is le-
gal hemp, that is 0.3% total THC or be-
low, or illegal marijuana. The USDA 
in turn has asked each state to submit 
proposals as to how testing laboratories 
in that state will be operated and reg-
ulated. From my own discussions with 
USDA management and scientists, they 
have made it crystal clear that they do 
not accredit any specific laboratories 
or analysis methods, again all they do 

is approve state programs. Federal law 
does require hemp analysis laboratories 
to be registered with the United States 
Drug Enforcement Agency (DEA) (10). 
However, this does not mean DEA eval-
uates and accredits laboratories. All 
DEA registration means is that a lab-
oratory has filed the paperwork and 
has proven that they store, use, and ac-
count for controlled substances proper-
ly. The United States National Institute 
of Standards and Technology (NIST) 
(11) is another government agency in-
volved in promulgating standard refer-
ence materials and methods that aid in 
laboratory calibration and validation 
work. NIST is in the process of work-
ing on standard reference materials for 
cannabis analysis (12). However, again 
since marijuana is illegal at the Federal 
level this means they are emphasizing 
hemp standards over marijuana. At the 
end of the day then, there is no United 
States Federal government agency ac-
tively involved in accrediting cannabis 
analysis laboratories.

Are Specific  
Cannabis Analyzers  
or Methods Accredited?
As some of you know my day job is as 
CEO and Chief Technical Officer of Big 
Sur Scientific, who manufacture and 
sell a mid-infrared spectroscopy-based 
analyzer (13). A question I am frequently 
asked by potential customers is if the 
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FDA, DEA, or USDA have “certified” the 
analyzer. To the best of my knowledge, 
no government agency certifies specific 
makes and models of analyzers. In the 
pharmaceutical industry, the FDA will 
review methods for analysis of specific 
analytes in specific matrices, for example, 
the measurement of the amount of ace-
tylsalicylic acid (the active pharmaceuti-
cal ingredient or API) in an aspirin tablet 
by high pressure liquid chromatography 
(HPLC). The FDA has in its employ 
technical experts who will read through 
methods and carefully go over calibration 
and validation data. If a method is found 
lacking, the FDA has the power to force 
companies to improve their analytical 
methods until they pass muster, can 
prevent a medicine from being approved, 
and can even shut down manufacturing 
if they believe a poor analytical method 
is putting the public at risk. If the FDA 
accepts a method, this is not a blanket 
acceptance of a specific analyzer or 
analyzer technology, it only means this 
method is fit for purpose, that is, for the 
analysis of a specific analyte in a specific 
matrix. Thus, the acceptance by the FDA 
for an HPLC assay for the amount of ace-
tylsalicylic acid in aspirin does not mean 
they have certified HPLC generally or the 
make and model of a chromatography 
system being used. 

I have had in person discussions 
with USDA technical staff about hemp 
analysis methods. They have made it 
crystal clear that the USDA does not 
analyze hemp and they do not cer-
tify hemp analyzers or hemp analy-
sis methods. Again, they leave it up to 
state governments to generate test-
ing plans that they will then approve. 
The USDA’s final rule on hemp testing 
(10) does contain the words “gas chro-
matography” and “liquid chromatog-
raphy,” however these are only men-
tioned as examples of methods that are 
in use. By no means does Federal law 
require that you use chromatography 
to analyze hemp.

The FDA cannot legally regulate the 
marijuana side of the cannabis industry 
and seems to be taking a wait and see 
attitude (to a point) on regulating hemp 
and CBD. The USDA and DEA are not in 
the business of certifying cannabis ana-
lyzers or methods. Thus, like laborato-
ry accreditation, there is no federal gov-
ernment agency overseeing the overall 
quality of cannabis testing.

At the moment, it is state govern-
ments that bear the brunt of regulat-
ing cannabis laboratories and analytical 
methods. I can’t possibly review all of 
them here because there are 50 different 
states with 50 different sets of regula-
tions. My reading of them is that in gen-
eral most states require cannabis labora-
tories to obtain ISO 17205 certification, 
and the state may request that other re-
quirements be met as well. The problem 
here of course is lack of uniformity. The 
same cannabis bud may be determined 
legal in one state but not another and 
this, of course, is not fair. There needs to 
be comprehensive regulation of the can-
nabis industry at the federal level, but 
that is grist for another column.

What Can Laboratory 
Accreditation Do  
for the Cannabis Industry?
In a perfect world laboratory accredita-
tion means that there will be a written 
procedure for everything a laboratory 
does. This means there need to be 
standard operating procedures (SOPs) 
for everything from choosing and 
vetting analyzers, sample preparation, 
calibrating and validating instruments, 
training technicians, and management 
best practices. There are even SOPs for 
amending SOPs. As part of the labora-
tory accreditation process laboratories 
are required to produce all these SOPs, 
show where they are stored and how 
they are accessed, and show that these 
procedures make sense and are in use.

Ideally, all this paperwork ensures 
that qualified analysts use calibrated 

and validated analyzers to perform 
analyses in a standard, reproducible 
way yielding accurate and precise meas-
urements. Now, accrediting bodies also 
do not bless specific analyzers or analy-
sis technologies. Like the FDA, if a spe-
cific method passes their muster, it is 
acceptable to for use by that laboratory 
in that specific analysis. This says noth-
ing about whether the same analyzer or 
technology will work well at any other 
laboratory, or in any other application.

Ideally, if laboratories are accredit-
ed, such as with ISO 17205 certifica-
tion, they should get the same results 
on the same samples. In other indus-
tries we insure this by having standard 
reference materials of known composi-
tion analyzed by many laboratories in a 
round robin fashion. Laboratories that 
meet some acceptable level of accura-
cy and precision on these samples are 
good to go. Those laboratories that do 
not pass these tests can lose accredita-
tion unless they improve.

In non-cannabis industries standard 
reference materials are frequently provid-
ed by NIST (11). However, again NIST ref-
erence standards for our industry do not 
yet exist, and ones for marijuana or its ex-
tracts and distillates may never exist un-
less current federal law changes. This 
means it is difficult to compare results 
across cannabis laboratories because we 
do not have a full suite of standard refer-
ence materials for doing so.

The Reality:  
Inter-Laboratory  
Variation Is Still with Us
Others and I have researched and writ-
ten extensively on the inter-laboratory 
variation problem in cannabis analysis 
(14–19). Briefly, the problem is that 
different laboratories consistently get 
different results on the same samples. 
As an example, I draw your atten-
tion to one of my own papers, which 
I believe was the first peer-reviewed 
paper published in Cannabis Science and 
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Technology (14). In that work, we took a 
batch of marijuana distillate, known to 
be pesticide free from multiple analyses, 
and spiked it with known amounts of six 
different pesticides. We then submitted 
these samples in duplicate to five ISO 
17205 certified, state licensed labora-
tories in California. The false negative 
rate, that is the percentage of the time 
pesticide was present, but the labora-
tories said it wasn’t, was 78% (14). The 
results are seen in Table I (14). 

These results are appalling, and mean 
the public is being poisoned by canna-
bis products containing illegal amounts 
of pesticides.

In the same study we submitted the 
same batch of marijuana extract in dupli-
cate to the five laboratories for cannab-
inoid profiles. The THC values for these 

samples obtained varied widely as seen 
in Table II (14).

The measured concentrations of THC 
varied from 77.83% to 94.46%, a range of 
over 16 wt.%. The distillate was a simple 
sample, contained a high amount of ana-
lyte, thus the wide spread in values should 
not have been observed. What the five 
laboratories had in common is that they 
all measured the THC values by HPLC. 

Mid-infrared (IR) analysis of the same 
samples gave a much narrower spread of 
values as seen in Table III (14).

Note that the data range here is 
4.52 wt.% THC, indicating that the dis-
tillate sample was homogeneous. This 
means the wide spread of THC values 
as measured by HPLC seen in Table II 
was not due to the sample, but real vari-
ations amongst the laboratories. We also 

concluded that since the spread in the 
HPLC data is 3.7 times greater than for 
mid-IR, that mid-IR is more precise for 
distillate analysis than HPLC (14). 

Remember, all of these laboratories 
were licensed and accredited. Why did 
we get such variable results? Shouldn’t 
ISO 17205 and other accreditations 
protect us from results like this. In 
theory yes, but in reality, they don’t for 
several reasons:
1.  For true laboratory-to-laboratory 

standardization we need not only 
pure solutions of cannabinoids or 
pesticides in solvent, we need what 
NIST calls matrix reference materi-
als (MRMs). These are actual can-
nabis biomass, extract, and distil-
late materials with known amounts 
of analytes in them. The importance 
of matrix reference materials is that 
it allows us to test how sample ex-
traction affects results. Analyzing 
a solution of pure molecules skips 
the actual sample extraction pro-
cess and thus tells us nothing about 
it. As I have pointed out before, we 
do not yet have a good set of MRMs 
for cannabis laboratories to use, and 
hence no way to compare results 
from different laboratories to pro-
mote standardization (15,16). This is 
why I recommend never comparing 
results from different cannabis  
analysis laboratories. 

2.  Just because a laboratory has an SOP 
does not mean it will be used. Just 

Table I: Results of round robin study of pesticide spiked cannabis distillates from five laboratories (all values in PPM)

Pesticide CA Action Limit Amt. Spiked V1 V2 W1 W2 X1 X2 Y1 Y2 Z1 Z2

Myclobutanil 0.1 0.18 0 0 0 0.18 0.24 0.25 0.2 0.2 0 0

Paclobutrazol 0 0.044 0 0 0 0 0 0 0 0 0 0

Pyrethrin 0.5 0.75 0 0 0 0 0.21 0.13 0 0 0 0

Imidacloprid 5 0.04 0 0 0 0 0.08 0.08 0 0 0 0

Spiromesifen 0.1 0.54 0 0 0 0 0.4 0.36 0.3 0.3 0 0

Abamectin 0.1 0.02 0 0 0 0 0 0 0 0 0 0

Table III: THC concentrations (Wt.%) of distillate batch measured by mid-IR

90.35 89.76 92.25 90.83 92.78

92.82 91 88.84 91.26 92.61

92.85 91.5 91.33 91.21 90.77

91.17 91.56 93.36 92.69 91.01

Table II: Results of round robin study of THC in distillates (all values in Wt.%)

Lab V Lab W Lab X Lab Y Lab Z

77.83 81.17 88.53 82.57 83.77

79 84.99 94.46 82.65 82.46

78.66 83.1 90.46 85.58 85.36

82.96 83.33 88.6 85.89 85.67
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because a laboratory has an SOP does 
not mean that for a given analysis the 
analyst will follow the SOP correctly. 
People make mistakes, and in the ab-
sence of constant supervision it is im-
possible to eliminate them.

3.  I have been involved in several lab-
oratory certification and audit pro-
cesses. My observation is that the 
people sent to perform the certifica-
tion or audit process, though they are 
definitely smart and mean well, are 
generally not experienced analytical 
chemists. These people can ensure 
that all required SOPs exist on pa-
per, that they are in a correct format 
and readily available. That is, these 
people can make sure a laboratory 
has SOPs, but they are not capable 
of ascertaining whether those SOPs 
are scientifically sound. For exam-
ple, ISO 17205 certification does not 
guarantee that a laboratory extracts 
cannabis biomass correctly, or that 
all laboratories do it the same way, it 
just certifies that a specific laborato-
ry has a written extraction procedure 
in place. Until people with better 
qualifications are hired for laboratory
accreditation, inter-laboratory varia-
tion will continue to be a problem.

At the end of the day then, laboratory 
accreditation is necessary but given the 
current state of the industry it is not 
sufficient to guarantee all customers 
will get precise and accurate results.

An Interim Solution
We need more and better matrix reference 
materials and laboratory accreditors. Until 
that happens, what should we do? Let’s 
restrict our discussion to cannabinoid 
analysis by HPLC. In each state, for exam-
ple, in California, the state government 
should vet HPLC methods until they have 
a method they trust, which we will call 
the “golden method.” They then should 
insist that all chromatographs in that state 

use this golden method, and make each 
laboratory prove that its chromatographs 
get the same results as the golden method. 
This will tide us over until the bigger prob-
lems outlined above are solved.

Conclusions
Cannabis laboratory accreditation pro-
grams exist and require cannabis labora-
tories to have written SOPs. The federal 
government has done little to accredit 
laboratories, and state governments vary 
as to how they do things. Ideally, labora-
tory accreditation means customers will 
obtain precise and accurate data, and 
that different laboratories will get the 
same results on the same samples. The 
reality is that inter-laboratory variation 
is still with us and has several causes 
including a lack of matrix reference 
materials and the use of accreditors who 
are not experienced analytical chemists. 
Until these problems are solved, adop-
tion by states and accrediting bodies of a 
“golden” method may suffice.
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Microwave Digestion and Trace Metals Analysis 
of Mixed Cannabis and Hemp Products 

S A M U E L  H E C K L E  A N D  L E A N N E  A N D E R S O N ,  C E M

CERTAIN HEAVY METALS CAN cause  
adverse effects on human health. Toxic 
heavy metals such as arsenic, cadmium, 
lead, and mercury are persistent once re-
leased into the environment and can accu-
mulate in cannabis plants. Since hemp is a 
strain of cannabis that contains very little 
THC, it is susceptible to bioaccumulation of 
heavy metals like its THC containing coun-
terparts. Cannabis-based products such as 
foods, oils, tinctures, and lotions should be 
tested for the presence of heavy metals to 

ensure consumer safety and product qual-
ity. Cannabis and CBD infused products 
have grown in popularity in states that allow 
medicinal and recreational use of cannabis 
and hemp. This application note details the 
digestion and analysis of various forms of 
hemp and cannabis products for determi-
nation of trace metals content.

INSTRUMENTATION
A CEM MARS™ 6 microwave digestion 
system was used to digest varied can-
nabis and hemp sample types. The  
MARSXpress™ Plus vessels uses a vent and 
reseal design, which allows for acid vapors to 
be exhausted while maintaining the sample 
integrity and elements within the vessel. The 
110 mL vessel volume provides for a larger 
headspace, allowing a larger sample size for 
a more homogenous sample. The MARSX-

press Plus vessel design uses only three 
pieces that are easily assembled and placed 
in a 24-position turntable, prior to placing 
into the MARS 6 system. 

All samples were analyzed by ICP-MS on 
a Shimadzu ICPMS-2030.

PROCEDURE AND METHOD
A variety of 11 hemp and hemp containing 
samples were obtained from local retailers. 
Samples ranged from edibles to lotions to 
plant material. Solid samples required mini-
mal particle size reduction in order to obtain 
a representative sample. Liquid and semi- 
liquid samples were digested as received.

A 0.5 g sample was weighed into a MARSX-
press Plus vessel taking care to deposit the 
entire sample onto the bottom of the vessel. 
A combination of 9 mL HNO3 and 1 mL HCl 
was added to each vessel before the vessels 

In 1970, marijuana was designated a Schedule 1 drug, under the Controlled Substances Act, making it nearly impossible for laboratories to perform cannabis 
research. However, medicinal use of cannabis is now legal in Canada and 37 US states plus the District of Columbia, with more joining every year. With the 
passage of the Farm Bill in 2018, it is now federally legal to grow and process hemp in all 50 states. All of this interest in medical cannabis and CBD has 
highlighted the need for good analysis methodology in this relatively young market. Cannabis analysis is still developing standardized protocols, requirements, 
and acceptable testing practices. Typical testing requirements for cannabis and its products include heavy metal analysis, pesticide residue, and the potency 
of active ingredients such as tetrahydrocannabinol (THC). The terpene content of cannabis is also important. Terpenes have been shown to have beneficial 
uses for treatment of conditions ranging from cancer and inflammation to anxiety and sleeplessness. It is believed that the combination of terpenes and 
cannabinoids in cannabis produce a synergistic effect with regards to medical benefits, further elevating its popularity worldwide.

FIGURE 1: Samples selected for 
digestion and analysis.

TABLE II: Spike recovery results

    7 5A s 1 1 1C d 2 0 0H g 2 0 8P b

Blank Mean value n.d. n.d. n.d. n.d.

RSD (n = 3) --- --- --- ---

Fortified blank Mean value 5.23 5.23 5.1 5.08

RSD (n = 3) 2.03 0.76 3.57 1.59

Recovery (%) 105 105 102 102

Hard candy Mean value n.d. n.d. n.d. 0.0116

RSD (n = 3) --- --- --- 1.79

Fortified hard candy Mean value 5.12 4.92 5.05 5.13

RSD (n = 3) 3.51 1.68 0.19 1.74

Recovery (%)   102 98 101 102

Granola bar Mean value n.d. 0.125 n.d. 0.0186

RSD (n = 3) --- 1.63 --- 3.02

Fortified granola bar Mean value 4.55 5.07 5.09 5.06

RSD (n = 3) 13.53 1.61 1.58 1.15

Recovery (%) 91 99 102 101

TABLE I: Shimadzu ICPMS-2030 
operational conditions

PARAMETER SETTING

Radio freq. power 1.20 kW

Sampling depth 5.0 mm

Plasma gas 8.0 L/min

Auxiliary gas 1.10 L/min

Carrier gas 0.70 L/min

Mix gas 0.00 L/min

Cell gas 6.0 mL/min

Cell voltage -21 V

Energy filter 7.0 V

Chamber temp. 5 °C



were sealed and placed into the microwave. 
Using the preprogrammed Cannabis One 
Touch Method, the samples were digested at 
210 °C for a total run time of 45 min including 
a 20 min ramp to temperature, a 15 min hold at 
210 °C, and a 10 min cool down. Upon comple-
tion of the run samples were diluted to 50 mL 
with DI H2O. All samples were run in duplicate 
with duplicate blanks.

A second batch of samples was run iden-
tically to the first except for the addition of 
a spike solution containing 5 ppb Pb, As, Cd, 
and Hg to all samples, duplicates, and blanks. 
FIGURE 1 shows the 11 samples analyzed in 
this study.

All samples were analyzed on a Shimadzu 
ICPMS-2330 to determine spike recoveries 
and actual sample content of the “big four” 
heavy metals of As, Cd, Hg, and Pb. Instru-
ment conditions are shown in TABLE I.

RESULTS AND DISCUSSION
The MARS 6, with MARSXpress Plus vessels was 
able to successfully digest all 24 samples and 
blanks in a single batch. All of the samples were 
completely digested, yielding clear and particu-
late-free solutions upon dilution with deionized 
water. The MARS 6 is an ideal digestion system 
for the cannabis industry because it is able to 
successfully digest batches of mixed materi-
als, including foods, oils, tinctures, creams, and 
plant materials, in as little as 45 min.

The clear and particulate-free digestate 
solutions that were analyzed by ICP-MS 
showed excellent spike recovery and RSDs, as 
shown in TABLE II, indicating complete matrix 
decomposition by microwave digestion.

CONCLUSIONS
The MARS 6 with MARSXpress Plus vessels 
was able to digest a wide variety of canna-
bis and hemp samples in mixed batches 
producing digestate that was suitable for 
analysis. Analysis of all samples showed 
excellent spike recovery and repeatability. 
Labs faced with a large number of samples 
will be able to confidently digest a mixed 
batch of samples in under 1 h.

TABLE II (continued): Spike recovery results
7 5A s 1 1 1C d 2 0 0H g 2 0 8P b

MCT oil Mean value n.d. n.d. n.d. n.d.

RSD (n = 3) --- --- --- ---

Fortified MCT oil Mean value 5.39 5.04 5.13 4.94

RSD (n = 3) 1.36 1.54 1.24 1.89

Recovery (%)   108 101 103 99

Ghee Mean value n.d. n.d. n.d. n.d.

RSD (n = 3) --- --- --- ---

Fortified ghee Mean value 5.46 5.05 5.15 5

RSD (n = 3) 3.8 2.01 1.19 1.73

Recovery (%)   109 101 103 100

Hemp oil Mean value n.d. n.d. n.d. 0.0723

RSD (n = 3) --- --- --- 1.6

Fortified hemp oil Mean value 5.27 5.18 5.2 5.09

RSD (n = 3) 11.91 1.53 2.1 1.5

Recovery (%)   105 104 104 100

Lotion Mean value n.d. n.d. n.d. n.d.

RSD (n = 3) --- --- --- ---

Fortified lotion Mean value 4.96 5.09 5.16 5.03

RSD (n = 3) 11.08 1.21 3.12 2.62

Recovery (%) 99 102 103 101

Froggy Mean value n.d. n.d. n.d. 0.0407

RSD (n = 3) --- --- --- 0.66

Fortified froggy Mean value 4.76 4.9 4.83 5.07

RSD (n = 3) 0.95 0.74 1.46 1.92

Recovery (%)   95 98 97 101

Hemp flower Mean value 0.0231 n.d. n.d. 0.163

RSD (n = 3) 6.07 --- --- 1.09

Fortified hemp flower Mean value 4.81 5.05 5.11 5.15

RSD (n = 3) 9.68 1.22 0.6 1.48

Recovery (%)   96 101 102 100

Beef jerky Mean value n.d. 0.0482 n.d. 0.057

RSD (n = 3) --- 0.77 --- 1.65

Fortified beef jerky Mean value 4.81 5.07 5.06 5.22

RSD (n = 3) 7.54 1.17 1.25 1.86

Recovery (%)   96 100 101 103

Peanut butter Mean value n.d. 0.111 n.d. 0.0511

RSD (n = 3) --- 3.92 --- 1.32

Fortified peanut butter Mean value 5.22 5.28 5.13 5.11

RSD (n = 3) 5.32 1.08 1.45 2.93

Recovery (%)   104 103 103 101

Conc. CBD oil Mean value n.d. n.d. n.d. 0.0662

RSD (n = 3) --- --- --- 0.78

Fortified Conc. CBD oil Mean value 5.41 5.17 4.93 5.05

RSD (n = 3) 10.43 0.7 2.03 2.74

Recovery (%)   108 103 99 100

C E M C O R P O R AT I O N  
3100 Smith Farm Road,  
Matthews, NC 28104 
Tel. (800) 726-331 
Website: www.cem.com

https://www.cem.com/
https://www.cem.com/
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cannabis crossroads

A Closer Look at the Rise of Psychedelic 
Medicine and Panacea Plant Sciences
By Josh Crossney

Decades ago, a relentless cam-
paign of stigma and misinforma-
tion was unleashed upon can-
nabis. By coming together and 

sharing our personal journeys as well as 
medical and scientific findings we have 
begun to reposition cannabis as a me-
dicinal, natural product. However, there 
still remains a very deep and pervasive 
stigma surrounding many other psycho-
tropic natural products such as psilo-
cybin mushrooms, ahayhuasca, mesca-
line, and peyote. There has been such an 
amazing increase in interest in psyche-
delic medicine that the Cannabis Sci-
ence Conference is adding a Psychedel-
ic Science Track for CSC West in Long 
Beach, CA (February 2–4, 2022). Join 
us and a group of key opinion leaders 
in psychedelic medicine to learn more 
about this emerging market.

For this installment of “Cannabis 
Crossroads” I sat down with David Hel-
dreth, Founder and CEO of Panacea Plant 
Sciences. Heldreth is a scientist, inno-
vator, educator, and explorer helping to 
move psychedelic medicine and science 
forward. We discuss everything from the 
rise in interest in psychedelic medicine 
and his company, Panacea Plant Scienc-
es, to the interesting parallels between 
cannabis and psychedelics. Heldreth also 
shared advice for those interested in get-
ting into this emerging industry. 

Q:

We have seen a rise  
in interest in psychedelics 
over recent years. Why has 
psychedelic medicine become 
a hot topic recently?

A:
I think there has been an 
ever-increasing openness to 

speak about the current public health 
crisis surrounding mental health and 
addiction in our society. This is due to a 
combination of factors, but it faces all 
facets and pieces of society—from PTSD 
in veterans from war to LBGTQ+ victims 
of hate crimes or a worker at a lumber 
mill who had a back surgery and is 
addicted to the opiates the doctors over 
prescribed. These problems are difficult 
to treat and often resist the current 
treatment regiments. This has led people 
to seek new answers such as 
psychedelics. At the same time there has 
been a renaissance in scientific research 
on these very subjects. I believe the 
COVID outbreak has galvanized both of 
these topics at the same time with a 
large push to research something new in 
medicine and to treat the mental health 
consequences of quarantines. Society is 
hungry for new answers.

Q: How did you get involved  
in psychedelic medicine? 

A:
My history with medicinal 
psychedelics mirrors my history 

with medical cannabis. I have had many 
surgeries and nerve pain issues from 
past injuries. Additionally, I have faced 
my own anxiety, depression, and PTSD 
issues due to things from my childhood. 
Cannabis, mescaline, psilocybin-
containing mushrooms, LSD, DMT, 
ketamine, and MDMA at different times 
in different ways provided what I needed 
in addition to therapy and group, family, 
and friend support. As such I was able to 

quit utilizing all the medications I was 
prescribed as a child and young adult 
from opiates, muscle relaxers, and 
related items for the pain-related issues 
along with quitting all benzodiazepines 
and other medications for the PTSD, 
anxiety, and other conditions. 

These profound experiences and 
treatments led me to want to under-
stand how these items worked. With a 
background in marine biology and aer-
onautical engineering, I began applying 
myself to learning what research did ex-
ist and then cultivating and exploring 
these medicines directly. Over time this 
led me to form companies, develop tech-
nologies, and create methods to treat 
mental health and other medical condi-
tions and also improve methods to cre-
ate these medicines.

Q:

How is Panacea Plant Sciences 
helping advance psychedelic 
science? Which psychedelics 
are you interested in? Are 
there any special projects that 
you are involved in that  
you wish to highlight?

A: Panacea Plant Sciences' (PPS) 
goal is to be the intel inside for 

psychedelics and natural medicines. PPS 
has developed a variety of technology 
and IP around the cultivation, 
extraction, isolation, packaging, 
shelf-life, and medical formulation uses 
of cannabis and psychedelic plants, 
fungi, lifeforms, and compounds. We are 
currently working with universities to 
develop unique non-heated delivery 
methods among other projects. 
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Panacea Plant Sciences is not fo-
cused on a single compound, plant, 
fungi, or treatment, but rather at be-
ing ahead of the pack in all of the fields 
and compounds with a goal to prepare 
the research, patents, and IP that oth-
er groups will then take to a final com-
mercial use. We have projects relating 
to mescaline, DMT, psilocybin, MDMA, 
ketamine, LSD, and Shulgin com-
pounds among others in motion.

I am most proud of our work with in-
digenous reciprocity. We have stated 
that we will work within the principles 
of the Nagoya Protocol, which is an in-
ternational treaty to protect biodiver-
sity and indigenous rights. Canada and 
the US are some of the only non-signa-
tory nations. This is due to a desire to 
allow US companies to steal and pirate 
lifeforms from other countries. 

Beyond this PPS has designated in 
perpetuity that 32% of our equity will be 
preferred shares that can only be held by 
indigenous groups and 401c3's which are 
associated with them or related environ-
mental groups. These preferred shares 
have voting rights and 10x divided rate 
so that they can hold them and draw 
funds from dividends for any projects 
they see fit in their communities. The 
money will also help fund environmental 
work to protect the species involved. 

For mescaline projects we are cur-
rently working and speaking with Sia. 
Sia is the Mother Church of the Coman-
che Native American Church 1918 Char-
ter Association (NAC). NAC and related 
groups are allowed to possess and uti-
lize Lophophora williamsii under federal 
law. Sia was founded by Wahathuweeka 
William Voelker and Kwihnia makwetsoi 
okweetunia: aka Troy. Sia: The Coman-
che Nation Ethno-Ornithological Initi-
ative is a traditional NAC organization 
whose mission is the preservation of the 
Eagle and Peyote through cultural un-
derstanding in history, science, and spir-
it. Sia is a cultural breeding center with 

many world firsts in natural and artifi-
cial breeding. All molted feathers go to 
the only feather tribal repository in the 
US to promote indigenous spiritual sov-
ereignty for 574 tribal nations. Sia is the 
official repository and archive for the 
history, culture, and spirit of the Coman-
che and Numunuh people. 

We are also lucky enough that we have 
Dr. Martin Terry as an advisor. He is cur-
rently licensed by the DEA for work with 
Lophophora williamsii. Dr. Terry has been 
a leading researcher for Lophophora wil-
liamsii for several decades.

Q:

Psychedelic science faces 
stigma similar to cannabis. 
Do you see this changing 
over the next decade? What 
will need to happen to make 
psychedelic science more 
accepted and respected?

A: Similar to my own path, I believe 
that cannabis and psychedelics 

have many parallels. I think that working 
on getting decriminalization bills, as well 
as legalization bills passed across the 
country in states and cities is going to be 
key. At the same time research, and even 
more directly research with human 
patients, I believe will be a big part in 
changing the narrative. As people see 
others become healed by these 
medicines it changes their view of them. 
Just recently Texas passed a bill or law 
that will begin research for psychedelics 
and PTSD. This is the kind of thing I 
think will spread across the country and 
lead to the changes we want.

Q:
Do you have any advice for 
others looking to get into the 
psychedelic science space?

A:
Be patient and don’t expect 
anything to happen quickly. 

Research and read as much as you can 
about the industry and the science. I 
recommend Google Scholar (scholar.
google.com) and Sci-Hub as resources for 
anyone wanting to learn about the 
science in the cannabis or psychedelic 
spaces. Pick a path as well. What do you 
want to do in psychedelics? Are you a 
grower, extractor, formulator, doctor, 
facilitator, marketer, web designer? There 
will be needs for many types of people 
and roles. Once you figure those pieces 
out, be persistent and then lobby and 
advocate at your local, state, and federal 
government. That is how we protect 
psychedelic medicines and how you 
connect with others who are like minded.

Q:

We just announced  
a Psychedelic Science Track  
at our 2022 Cannabis Science 
Conference West in Long 
Beach, CA, and we hope  
you will join us and share 
your data!

A: I hope that we have some early 
data from some of our projects 

to present with you in 2022. The DEA 
and governments are slow, so parts of 
this are out of our hands. However, 
currently things are moving at light 
speed for this industry!

Psychedelic medicine is a quickly 
emerging industry and I’m excited to 
see more advancement in this field. I’d 
like to thank David for sharing a closer 
(and personal) look at the rise of psy-
chedelic medicine and science. I believe 
this is a topic that we’ll be seeing a lot 
more information and data on soon. 
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A s access to commercial can-
nabis continues to gain pop-
ularity and acceptance in 
America, it becomes neces-

sary to understand microbiologi-
cal behavior for the proper devel-
opment of Hazard Analysis Critical 
Control Point (HACCP) and quali-
ty assurance protocols. The concept 
of quality assurance in this industry 
has yet to be widely accepted, par-
tially due to the absence of relevant 
scientific research. Currently, mi-
crobiological standards are based on 
comparison and anecdotal informa-
tion often from non-scientific sourc-
es (1–7). Yet, many states have select-
ed specific limits of a small number 

of microbiological species (1,2), of-
ten declaring strict guidelines. As a 
result, the microbiological safety of 
cannabis remains obscure along with 
hazard and risk criteria needed for 
quality assurance development (8).

The current study records broad 
spectrum, presumptive microbiologi-
cal information and provides long 
term data on microbial loads com-
monly occurring on California can-
nabis and cannabis products. These 
long-term data offer preliminary in-
sights and guidance for the establish-
ment of more meaningful scientific 
studies and quality assurance proto-
cols for safe commercialization of 
legal cannabis.

Experimental:
Acquisition of  
Cannabis Samples
Samples of cannabis and cannabis-in-
fused products were collected from 
Northern California growers, distrib-
utors, and dispensaries between 2012-
2019. Flower and shake samples were 
collected in sterile whirl-pak bags or 
in retail package containers.

Sample Preparation  
and Controls
Bacterial and fungal fail rates were 
selected and modified based upon 
widely accepted food standards for 
milk and dairy products detailed in 
AOAC 986.33 Aerobic Plate Count 

Cannabis and cannabis-related samples were collected from state regulated dispensaries  
in Northern California over a seven-year period and tested for bacterial and fungal contaminations 

using culture-based technologies. Data indicates that most bacterial contaminations of flowers 
occur post-harvest caused by poor hygiene and handling protocols, whereas solvent created oils 
and waxes are mostly bacteria free. High bacterial numbers occur in water-based concentrates 

and kief (plant trichomes). Yeast and mold numbers were common on dried flowers as these 
organisms occur naturally on cannabis. This study offers guidance to establishing meaningful 

quality standards for the commercialization of cannabis and cannabis-related products.

Microbiological Implications  
of Commercial Cannabis in 

Northern California: 
A Survey of Bacterial  

and Fungal Contamination
B Y  R O B E R T  W .   M A R T I N ,  K E N D R A  W H E E L E R ,  C H A R I S S E  M .  M A C D U L A ,  

J O R G E  J A C O B O ,  A N D  E M I LY  R .  S A V A G E
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(APC), AOAC 991.14 Coliform/E. 
coli/Pseudomonas, and AOAC 997.02 
Yeast and Mold. Next, 1000 mg of 
each sample was placed into 9 mL 
of sterile Butterfield’s Phosphate 
Buffer (3M). Following 10 min, a 
1 mL inoculate was pipetted onto 
an APC Petrifilm, an E. coli/coliform 
petrifilm, and a yeast and mold 
petrifilm (3M) and spread over the 
plate using a plate spreader. Aero-
bic plate count and E. coli/coliform 
petrifilms were incubated at 35 ± 
2 °C for 48 ± 6 h, removed from the 
incubator, and enumerated according 
to manufacturer's instructions. 
The yeast and mold petrifilms were 
incubated at 20–25 °C for 72 ± 6 h. 
Colonies were enumerated deviating 
from the manufacturer’s instructions 
by dividing the colony number 
by a factor of 20. This division is 
necessary to accommodate for the 
removal of the additional buffer step 
suggested by the manufacturer. Yeast 
and mold colonies were differentiated 
based on morphological features: 
those exhibiting grey, blue, or green 
color with small, circular shapes 
displaying no filamentous features 
were counted as yeast. Colonies 
exhibiting black, grey, green, yellow, 
red, or other coloration and large, 
filamentous morphology were 
counted as mold. ATCC 9027 Pseu-

domonas aeruginosa, ATCC 10145 
Pseudomonas aeruginosa, ATCC 8739 
Escherichia coli, ATCC 11775 Esche-
richia coli, ATCC 13047 Enterobacter 
cloacae, and ATCC 6962 Salmonella 
enterica Newport were used as bac-
terial positive controls. ATCC 10231 
Candida albicans and ATCC 16888 
Aspergillus niger were used as yeast 
and fungal positive controls. Blank 
controls were plated daily.

Results and Discussion
A total of 59,088 samples over a broad 
spectrum of sample types submitted 
to CW Analytical for microbiological 
quality assurance testing were includ-
ed in this study. Of these sample types, 
28,483 dried flowers, 354 loose dry 
leaves (shake), 253 pre-rolled cannabis 
cigarettes, 1991 hashes, 533 kiefs, 10,313 

solvent-processed concentrates, and 
17,925 infused edible products such as 
infused oils, tinctures, liquids and bev-
erages, infused fats and butters, and 
other edible products were tested.

Flowers
The bacterial fail rate (samples 
exhibiting >100,000 CFU/g) of dried 
flowers was measured at 14.48% of 
the total sample of flowers (Table I). 
Generally, cannabis flowers exhibit 
low bacterial loads during cultivation 
(observational data) (see note below). 
In most cases, flowers exhibiting high 
bacterial loads have been subjected to 
contamination post-harvest (observa-
tional data) (see note below). [Note: 
This has been observed from survey 
and conversation with cultivators 
via discussion of their test results. 

Table I: Aerobic bacteria loads of California cannabis and cannabis products

Sample Type N <50,000 CFU/g 
(%)

50,000–99,000 
CFU/g (%)

100,000–499,000 
CFU/g (%)

≥500.000 CFU/g (%) Fail Rate % 
(>100,000)

Concentrate (eCart/
Wax/Sauce/Crum-

ble/Rosin/Crystals)

10313 99.62 0.16 0.12 0.10 0.22

Edible 17496 95.91 1.24 0.69 2.20 2.89

Flower 28156 80.19 5.33 3.78 10.70 14.48

Shake 351 61.82 8.83 8.83 20.51 29.34

Pre-rolled joint 248 53.63 10.08 10.48 25.81 36.29

Kief 533 42.78 12.95 12.20 31.52 43.71

Hash 1991 36.21 5.17 9.29 49.22 58.51

Table II: Detection of E. coli in California cannabis and cannabis products

Sample Type N Detection (%)

Concentrate (eCart/Wax/Sauce/
Crumble/Rosin/Crystals/ Oil)

8559 0.05

Edible 16224 0.13

Pre-rolled joint 246 1.63

Flower 23514 3.16

Shake 307 5.86

Kief 532 8.08

Hash 1991 14.41
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Additionally, this has been observed 
on cultivation facility walkthroughs 
and execution of remediation and 
good manufacturing practices.] It is 
postulated that the multiple ter-
penes, endophytic organisms, and 
possibly the cannabinoids themselves 
produced by cannabis may act as an 
antibacterial compound, keeping 
bacterial loads lower during the plant 
life cycle (9–14). This is supported in 
this study by unpublished data show-
ing low bacterial loads on growing 
plants and >500,000 CFU/g found on 
plant material suspected to be poorly 
handled post-harvest. Subsequent 
testing to sample failures indicated E. 
coli detection on only 3.16% of dried 
flower, 6.71% detection of coliforms, 
and 5.14% detection of Pseudomo-
nas, further supporting secondary 

contamination origins (Table II–IV). 
We postulate that contaminations 
originate post-harvest from unclean 
rooms, poorly cleaned tools, or poor 
personal hygiene of operators. 

The yeast and mold fail rate (sam-
ples exhibiting >10,000 CFU/g) for 
f lowers was measured at 15.83%  
(Table V). Fungal species are known 
to routinely inhabit cannabis species 
(15–17). Late season fungal growth 
can cause a great deal of spoilage to a 
cultivation and decrease crop yields 
(18). However, the presence of fungal 
spores does not indicate that a spe-
cific fungal species is actively grow-
ing on the sample in question. The 
higher detection rate measured in cul-
ture may indicate a higher probabili-
ty of positive growth; further study is 
needed to confirm this hypothesis.

Water Derived Concentrates
Mechanically processed concentrates 
such as bubble hash or kief exhibit 
higher microbial loads. The bacteri-
al fail rate of hash was measured at 
58.51% of the total hash sample. Hash 
is typically produced by cold water 
filtration of leaves and flowers through 
a series of smaller filters and therefore 
should be considered a product of the 
Earth, with expected high bacterial 
loads. The detection of presumptive E. 
coli (14.41%), coliforms (45.71%), and 
Pseudomonas (1.81%) support the cor-
relation between cleanliness, hygiene 
and lower microbial numbers (Tables 
II–IV). We suggest that the low yeast 
and mold loads (≥10.000 CFU/g) at 
2.78% exhibited are caused by repeated 
water flushing, which may reduce the 
number of fungal spores per batch by 
dilution, or mechanical trapping in the 
filters (Table V). 

Similarly, the bacterial fail rate of 
kief was measured at 43.71% of the to-
tal kief sample collected (Table I). 
Kief consists of concentrated plant 
trichomes that are removed from the 
surface of flowers and leaves through 
physical processes. Like hash, kief 
exhibits detection rates for E. coli 
(8.08%), coliforms (28.20%), and Pseu-
domonas (2.56%) that are higher than 
cannabis products processed by sol-
vents, high temperatures, or pres-
sure. Yeast and mold fail rates in kief 
at 8.18% were higher than hash (2.78%) 
possibly from the mechanical trapping 
of fungal spores from the environment 
by this adhesive-like plant material 
during processing (Table V). 

Solvent, Temperature,  
and Pressure-Based 
Concentration
The bacteria fail rate of resin, crystals, 
waxes, e-cartridges, and sauces, pro-
cessed by solvent, temperature, or high 
pressure-based processes was measured 
at just 0.22% of the total sample, and 

Table III: Detection of coliforms in California cannabis and cannabis products

Sample Type N Detection (%)

Concentrate (eCart/Wax/Sauce/
Crumble/Rosin/Crystals)

8559 0.09

Edible 16224 0.47

Pre-rolled joint 23514 6.71

Flower 246 10.57

Shake 307 16.29

Kief 532 28.20

Hash 1991 45.71

Table IV: Detection of pseudomonas in California cannabis and  
cannabis products

Sample Type N Detection (%)

Concentrate (eCart/Wax/Sauce/
Crumble/Rosin/Crystals)

8559 0.04

Hash 1991 1.81

Edible 16224 1.89

Kief 532 2.26

Shake 307 3.91

Flower 23514 5.14

Pre-rolled joint 246 5.28
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the yeast and mold fail rate (samples 
exhibiting >10,000 CFU/g) was measured 
at 0.00% (Tables I and V). Solvents 
(butane, ethyl alcohol, propane, hexane) 
are typically used in the production of 
these concentrates, and may be combined 
with pressure and temperature extremes 
(heat, LN₂, CO₂). It is thought that these 
treatments effectively inhibit all microbi-
ological species, and that increased han-
dling or processing post-manufacturing 
leads to higher chance of contamination. 

Cannabis-Infused Edibles
The bacterial fail rate of infused-edibles 
was measured at 2.89% of the total in-
fused-edible sample (Table I). Detec-
tion of E. coli in edibles were calculated 
at only 0.13%, coliforms at 0.47%, and 

Pseudomonas at 1.89% (Tables II–IV), 
while yeast and molds in loads exceed-
ing 10,000 CFU/g were detected at just 
0.39% (Table V). This data represents 
a number of edible forms including 
chocolate, cookies, brownies, gummies, 
capsules, tablets, mints, and a myriad 
of other food matrices. The low failure 
rates in this category may indicate that 
most producers understand the impor-
tance of hygiene and cleanliness during 
the manufacturing and produce tem-
peratures that either clean or pasteurize 
the products. 

Conclusion
Tables I and V illustrate the typical 
microbial load on cannabis cultivated 
and manufactured in Northern Califor-

nia. The current data, compared to the 
rare and anecdotal reports of microbial 
infections linked to cannabis (19–22), 
suggests that the vast majority of canna-
bis and cannabis products are microbi-
ologically safe for human consumption. 
This study illustrates possible quality 
assurance thresholds and limits, based 
on what is typically encountered, and 
what level of microbial load is atypical 
to the majority of what is being sold 
on the market (23–26). This study is 
limited by the utilization of plating as a 
primary testing practice, indicating only 
presumptive organism identification. 
Correlations with technologies such as 
MALDI-TOF MS, PCR, selective growth 
agars, and biochemical characterization 
need to be included in the future for 
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proper validation. Continued areas 
of research include: the identity and 
frequency of particular organisms 
(bacterial and fungal), sources of 
microbial contamination and pathways 
to mitigation of contamination, and the 
beginnings of understanding plant-mi-
crobe interactions specifically related 
to cannabis cultivation. Investigation 
into how these cultivation parameters 
relate to the occurrence of organisms 
will be crucial for setting future quality 
assurance measures, managing pesti-
cide and chemical residue applications, 
and refining sustainable cannabis  
cultivation practices. 
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Table V: Fungal loads of California cannabis and cannabis products

Sample Type N 1000–5000 CFU/g (%) 6000–9000 CFU/g (%) ≥10,000 CFU/g (%)

Concentrate 9003 0.53 0.04 0.00

Edible 17925 1.97 0.17 0.39
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Kief 501 5.99 1.20 8.18

Flower 28483 53.64 10.78 15.83

Shake 354 47.18 13.56 27.97

Pre-rolled Joint 253 37.15 20.95 33.20
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Is Dry Batch Trimming the Future  
of Automated Trimming?

“WHEN YOU CONSIDER the trim quality, versatility, and 
price to capacity ratio on these machines, it just seems like a 
no-brainer to transition your harvest to this style of trimming.” 
- Karl Lundgren, VP of Marketing at CenturionPro Solutions

The debate has raged for years on whether to trim wet or dry, but 
the emerging trend of dry batch trimming is undeniable.  Tradition-
ally reserved for small scale operations, trimming equipment man-
ufacturers have started to take notice of the need to scale up this 
method of trimming.  

CenturionPro has developed the market’s highest capacity and 
most versatile line of dry trimmers.  Whisper quiet, these machines 
were developed specifically for trimming delicate dried cannabis or 
hemp and streamline processes while safeguarding standards.  Avail-
able in 5 models, the DBT line expands on CenturionPro’s vision of 
a trimmer for every harvest.  From home growers to large commer-
cial grows, there is a CenturionPro dry batch trimmer to suit their trim-
ming needs.  “With this new comprehensive line of dry batch trimmers, 
I could see this becoming the trimming standard in the next 3 to 5 
years”, says Karl Lundgren, VP of Marketing at CenturionPro Solutions.

 Through their unique Soft Tumble Technology, the DBT Trim-
mers produce a hand trim quality without the use of a blower suc-
tion system or lubricants.  This reduces agitation, trichome loss 
and produces the highest quality machine trimmed flower pos-
sible.  Also, the Adjustable Angle Stand that comes included with 
DBT Models 3 to 5, makes loading and unloading a breeze.

 Customers can make sure that nothing goes to waste by add-
ing the Kief Filter Screen upgrade to any DBT model machine.  This 
upgrade essentially gives the customer two machines in one.  Just 
swap out the DBT tumbler for the Kief Filter Screen tumbler and 
use the machine to filter and separate the kief from the trim.  The 

150-micron mesh screen is made of medical grade stainless steel, 
resulting in perfectly separated flower, trim, and kief, all customer 
ready, and all from just one machine.

 CenturionPro has a history of ground-breaking innovation, re-
inforced by unparalleled support and industry leading warranties.  
Backed by a 3-year warranty, the DBT machines are breaking barri-
ers as the first dry trimmers to offer Speed Control, which is avail-
able on all DBT Models except the DBT Model 1.  This provides en-
hanced versatility as Speed Control empowers growers to better 
trim a wider variety of strains, regardless of flower size, shape, or 
density.  Additionally, the DBT Model 4 and 5 both feature a timer 
dial, so users can set it and forget it and multi-task while they trim.

 The CenturionPro Dry Batch Trimmers offer great value and 
trimming capacity, ranging from the Model 1 at 10 lbs/hr for just un-
der three thousand dollars all the way up to the Model 5 at 216 lbs/
hr for over thirty thousand dollars.  “When you consider the trim 
quality, versatility, and price to capacity ratio on these machines, it 
just seems like a no-brainer to transition your harvest to this style 
of trimming.”

For cultivators that want the versatility of a machine that can 
trim both wet and dry, CenturionPro offers a full line of hybrid trim-
mers as well.  This style of machine trimming has been the stand-
ard for nearly two decades.  Regardless of which direction the in-
dustry sways in the future, there will always be cultivators resistant 
to change.  Only time will tell, but it’s nice to know that Centurion-
Pro has a machine to suit every harvest style and size.

For more information: cprosolutions.com

CenturionPro
1-855-535-0558
11476 Kingston Ave, Maple Ridge,
BC, V2X 0Y5, Canada
www.cprosolutions.com

http://www.cprosolutions.com
http://www.cprosolutions.com
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TABLETS COMPRISE THE largest group of de-
livery systems for the pharmaceutical and dietary 
supplement industries. This technology offers an 
opportunity to the cannabis industry to allow oral-

ly administering a consistent and defined amount of canna-
bidiol (CBD) or tetrahydrocannabinol (THC). Common types 
of tablets include immediate release, modified release, oral-
ly disintegrating, effervescent, chewable, lozenges, and bilayer. 

Advantages include ease of accurate dosing if developed prop-
erly, physical and chemical stability, elegant appearance for 
distinctive identification, competitive production costs, and a 
high level of patient acceptance and compliance. Tablets are a 
complex drug delivery system, and their design, development, 
and manufacture should not be underestimated or signifi-
cant problems will arise at some stage of the process. There is 
no doubt that many tableting problems occur because of the 

Developing a tablet dosage form for the cannabis or hemp industry offers many advantages for 
consumer compliance and manufacturers alike. The consumer can now administer a known 
concentrated amount of tetrahydrocannabinol (THC) or cannabidiol (CBD) in different tablet 

forms including a lozenge with flavors like a mint candy, orally disintegrating tablets (ODT, orally 
disintegrating in less than 30 seconds), a bilayer tablet with one layer as immediate release and 

the other with extended release, an effervescent form to disintegrate in water as a flavored 
beverage, and many more delivery options. A tablet form also offers elegant shapes and sizes 

for product branding, ailment identification, concentration amount, and more. Manufacturers 
benefit from the high output rates from tablet presses up to millions per hour, if developed 
properly. The process of developing a THC or CBD tablet form is the same as developing a 

pharmaceutical tablet with an active pharmaceutical ingredient (API). The API (THC or CBD 
concentration) must be uniform within tolerance for every single tablet manufactured. This 

development process is both a science and art form. The tablet development process requires 
the appropriate selection of excipients. The API (THC or CBD) amount is only a fraction of 
the formula and the excipients are inactive functional ingredients that provide the bulking 

agent, binding agent, dissolution, flow agents, powdered lubricants, flavors, colors, and more. 
Furthermore, THC and CBD are typically in a distillate form and require loading to a carrier 

material. All of these materials must be mixed into a homogeneous manner with acceptable 
particle size distribution and high compactibility on the tablet press. A series of experiments 

are carried out in the laboratory including powder micromeritics, compaction profile studies to 
understand the mechanical robustness, and its failure points. These fundamental studies are 
critical processes to ensure successful manufacturing of THC and CBD tablet dosage forms.

Cannabis and Hemp
 Tableting Challenges 

BY ROBERT SEDLOCK AND DEVANG PATEL 



cannabissciencetech.com september 2021  |  cannabis science and technology® 23

manufacturing & processing / feature

failure to fully understand the properties of the raw materials 
and how they behave on the tablet press. 

Discussion
There are three main processes used in the tablet manufactur-
ing industry for developing high quality tablet forms: Direct 
compression (DC), dry granulation or roller compaction (RC), 
and wet granulation (WG) which can be high shear, low shear, 
and fluid bed technologies. RC and WG processes are typi-
cally used to improve the powdered formula’s flowability by 
increasing its particle size and density. Flowability is a critical 
attribute for tableting and high-speed tablet presses require 
acceptable flow properties to uniformly fill the die cavity. If 
the proper excipients are chosen and the blending process is 
properly followed, then granulation can be omitted from the 
process. This is true if the cannabinoid is already in powder 
form (that is, isolate), but if the cannabinoid is in oil or crude 
form then loading the oil on a carrier is needed; a common 
way to load the oil is through a low shear process. The carrier 

material must be able to hold a significant amount of oil and 
many carriers are available including maltodextrin, silica, and 
phosphates. Saturating the carrier with oil can impact the 
flowability and compactability, so a series of laboratory tests 
can ensure the proper amount for successful tableting. 

Carrier Evaluation
In the comparative study described here, three common oil 
loading material classes were used with CBD distillate contain-

Table I: IB blend 

Item # Ingredients % w/w Batch Qty (g)
1. CBD distillate 11.23 2.25

2.

Maltodextrin

88.77 17.75Tricalcium phosphate

Silica

Total 100.00 20.00

Conductivity,  Resistivity,
TDS, pH,  ORP,  Salinity,
ISE,  Flow, Pressure,
with Touchscreen LCD
+more!

900 Series

Compatible with Android
and iOS Devices.

Ultrapen PTBT Series

Grow Better Flowers

    with Better Water

www.myronl.com
760-438-2021

TM

http://www.myronl.com
http://www.myronl.com
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ing 89.03% w/w CBD concentration. A 10% drug load at 89.03% 
CBD potency was 11.23% w/w distillate loading and 88.77% w/w 
carrier material were mixed using a low shear mixing process. 
The carrier materials included maltodextrin, tri-calcium phos-
phate, and silica (see Table I). The final tablet formulation 
will then include Mannitol (see Table II), which is the bulking 
agent, and a vegetable-based magnesium stearate was used for 

the lubricant. The carrier material or intermediate blend (IB) 
and the Mannitol were then screened with a #30mesh sieve 
and blended in a tumble mixer for 3 min. Finally, the magne-
sium stearate was screened using a #40mesh sieve and blended 
with the formula in a tumble mixer for an additional 2 min. 
Screening the raw materials is a critical process to break up 
any agglomerates and ensure a more homogeneous blend. This 
will ultimately improve powder flow into the die cavity and 
help provide consistent tablet weights and content uniformity. 
Also, the magnesium stearate is the powdered lubricant that 
will reduce the force required to eject the tablet after com-
pression. Overbending or an excessive amount of lubricant is a 
common issue that can lead to reduced powder flow proper-
ties, lower tablet strengths, tablet capping (which is a fracture 
along the horizontal plane of the tablet), and surprisingly, 
punch face sticking. Adding more lubricant to the formulation 
may initially help reduce sticking but an excessive amount, 
sometimes higher than 1.0% w/w or over blending will weaken 
the particle-to-particle bonding under compaction which can 
cause the particles to adhere to the punch faces instead. 

Before compacting these formulas on the tablet press it is 
prudent to evaluate the micromeritics. Micromeritics is the 
science and technology of small particles. In the tableting 
arena, we focus on particle size and size distribution, particle 
shape, volume and surface area, density, flow properties, and 
porosity. At the very least particle size, distribution, density, 
and flow should be evaluated before tableting. 

Particle Size Distribution
Particle size distribution can be measured by several meth-
ods including sieving, microscopy, sedimentation techniques, 
optical and electrical sizing zone method, and laser light 
scattering techniques. We will focus on a simple method called 
sieving where we used an atomic sonic sieve sifter at 10 min of 
run time. Six sieves were stacked on top of each other where 
each lower sieve has a smaller aperture size than that of the 
sieve above it. Sieves can be referred to as their aperture size in 
micrometers (µm) or by their mesh size which is the number 
of wires per linear inch. The test we used for this experiment 
utilizes 850, 600, 250, 150, 125, and 75 µm sieves. The sample 
material is poured onto the 850 µm screen, and the sieve sifter 
provides cycles of vibration and pulsing to separate the parti-
cles. Any material that passes through a 75 µm screen is consid-
ered fine materials. Table III depicts the percentage of materials 
that were separated by the screen sizes. 

The maltodextrin blend provided the best particle distri-
bution results with more than 66% of the blend held on the 
250 µm sieve and less than 9% under the 75 µm sieve. We 
look for a unimodal curve and less than 15% fine materials. 

Table III: Particle size distribtuion data

Mesh # NAT-01A NAT-01B NAT-01C

Carrier Maltodextrin
Tri-calcium 
Phosphate

Silica

20 (850µ) 4.07% 0.00% 0.04%

30 (600µ) 4.23% 0.04% 0.10%

60 (250µ) 66.25% 3.90% 3.43%

100 (150µ) 10.80% 13.75% 6.20%

120 (125µ) 5.70% 12.57% 11.69%

200 (75µ) 8.96% 42.04% 45.58%

Pan 0.00% 27.71% 32.96%

Figure 1: Die fill with large particles.

Table II: Tablet formulation

Item # Ingredients % w/w mg/Tablet Qty for 20 
Tablet (g)

1 IB Blend 50.00 100.00 15.00

2 Mannitol 49.50 99.00 14.85

3
Magnesium  

stearate, veg
0.50 1.00 0.15

Total 100.0 200.0 30.00
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A bimodal curve will show two peaks, a peak with large par-
ticle sizes and a peak with small particles. This causes an is-
sue with possible segregation, high tablet weight variations, 
and potential content uniformity issues. An extreme example 
of this is like trying to blend marbles and sand and when the 
tablet press starts up the vibration caused from the machine 
will separate the marbles from the sand and the resulting die 
fill from the tablet press will not be uniform  
(see Figures 1 and 2).

The silica and tri-calcium phosphate blends did provide a 
unimodal distribution curve, but an excessive number of fines 
were found for both blends. The excessive number of fines 
could cause powder flow issues and could lead to tablet robust-
ness issues and potential sticking to the tablet press tooling 
punch faces. As mentioned above, less than 15% fines is desir-
able for tableting. A small number of fines will allow filling of 
the air voids between particles, but an excessive amount causes 
inter-particulate bonding issues during the compaction event 
which is needed to produce robust tablets for shipping and han-
dling during manufacturing and to the consumer. 

Compressibility and Flow Characterization 
Measuring the formula’s bulk and tapped density is another 
test to evaluate the micromeritics. The bulk density is the 
apparent powder density under defined conditions and the 
tapped density is the apparent density obtained under stated 
conditions of tapping. The bulk density is valuable because 
this will allow the formulator to understand if the required 
mass of the final tablet will fit into the dosing depth fill that 
is available on the tablet press (see Equation 1). The tapped 
density as compared to the bulk density will allow the evalua-
tion of the compressibility or the ability to reduce in volume, 
which classifies the flowability characteristics.

       

The bulk density of a powder is the ratio of the mass of an un-
tapped powder sample and its volume including the contribution 
of the interparticulate void volume. Hence, the bulk density de-
pends on both the density of the powder particles and the spatial 
arrangement of particles in the powder bed (see Equation 2). 

             

The inter-particulate interactions influencing the bulk-
ing properties of a powder are also the interactions that 

interfere with the powder f low. A comparison of the bulk 
and tapped densities can give a measure of the relative im-
portance of these interactions in a given powder. The com-
pressibility index and Hausner ratio are common ways to 
evaluate f low characteristics (see Equations 3 and 4 as well 
as Table IV).

Figure 2: Die fill with small particles.

Table V: Flowability data

Parameters NAT-01A NAT-01B NAT-01C

Carrier Maltodextrin
Tri-calcium 
Phosphate

Silica

Bulk Density 0.364 0.473 0.234

Tapped Density 0.466 0.619 0.322

Hausner Ratio 1.28 1.31 1.38

Compressibility 
Index

22 24 27

Table IV: Flow characterization chart

Compressiblity 
Index (%) Flow character Hausner ratio

<10 Excellent 1.00-1.11

11-15 Good 1.12-1.18

16-20 Fair 1.19-1.25

21-25 Passable 1.26-1.34

26-31 Poor 1.35-1.45

32-37 Very poor 1.46-1.59

>38 Very, very poor >1.60

[2]

[1]
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Table V depicts the three carrier formulations with their 
bulk and tapped densities, Hausner ratio, and compressibili-
ty index. The maltodextrin blend resulted as “passable” flow, 
the tri-calcium phosphate blend also resulted as “passable,” 
and the silica blend resulted as “poor” flow. Formulas that 
are characterized as “poor” still can produce quality tablets, 
but these formulas typically have more challenges during 
manufacturing and production rates are reduced to compen-
sate for the poor flow characteristics. 

Moisture Content 
Moisture content analysis is another important factor to con-
sider for successful tableting. Excessive moisture can adversely 
impact the physical properties of the tablet, which in turn affect 
the chemical reactivity and binding properties that define the 
product’s shelf-life. In some cases, the presence of moisture 
effects the consistency and stability of the tablets. Too much 
moisture will cause agglomeration of the powder particles and 
will affect the flowability. Too little moisture can cause binding 
issues resulting in a poorly compacted tablet with very low 
tablet strength. Generally speaking, less than 1% moisture can 
be too low causing very low tablet strengths and greater than 
4% is too moist causing flow issues which turns into weight 
consistency and content uniformity issues. Effervescent tablets 
are hydroscopic in nature and tend to absorb the environmental 

Figure 3: Tabletability profile.
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 STEPS TO MEASURE BULK DENSITY:
• Pass approximately 100 g of powder through a sieve 

with an aperture greater than or equal to 1.0 mm to 
break up any agglomerates that may have formed 
during storage; this must be done gently to avoid 
changing the nature of the material. Then gently 
introduce approximately 100 g (0.1% accuracy) of 
sieved material to a 250 mL dry graduated cylinder. 
Carefully level the powder without compacting and 
read the unsettled apparent volume (V0) to the nearest 
graduated unit. 

STEPS TO MEASURE TAPPED DENSITY:
• Secure the graduated cylinder with the bulk powder 

(V0) in the tapped density apparatus. Carry out 10, 
500, and 1250 taps and read the corresponding 
volumes V10, V500, and V1250 to the nearest graduated 
unit. If the difference between V500 and V1250 is less 
than or equal to 2 mL, V1250 is the tapped volume. If 
the difference between V500 and V1250 exceeds 2 mL, 
repeat increments in 1250 taps until the difference 
between succeeding measurements is less than or 
equal to 2 mL.

[4]

[3]
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moisture from the air. Hydroscopic materials must be processed 
in a controlled environment with a recommended relative 
humidity not to exceed 40%. The moisture content for all three 
formulas were found to be acceptable. The maltodextrin blend 
resulted in 4.17%; the tri-calcium phosphate blend resulted in 
1.25%; and the silica blend resulted in 3.00%. 

Tabletability
The compaction study described below was performed on the 
NP-RD10a single station tablet press and AIM data acquisition 
system. Whether your machine is a single station or rotary tablet 
press the powdered materials still undergoes compressive forces 
in a confined space, causing a reduction in volume. At first, the 
low applied pressure cases particles to rearrange and pack more 
closely, and porosity thus decreases. As pressure increases, the 
dimensions of the particles change. They can either fracture 
into smaller discrete particles (fragmentation) or they undergo 
a temporary (elastic) or permanent (plastic) deformation into 
new shapes. At higher pressures, the particles that fracture could 
further rearrange and undergo additional deformation. 

Materials that undergo fragmentation are typically less 
sensitive to weakening when powdered lubricants (that is, 
magnesium stearate) are added. As mentioned earlier, lubri-
cants commonly inhibit bonding between particles, but when 
the particles fragment, new and clean surfaces are exposed, 
strengthening the bond. Particles that fragment are also 
less sensitive to the speed of the compression event. Materi-
als that undergo plastic deformation are known for creating 
high-strength compacts at relatively low applied pressures, 
which stems from the greater number of inter-particulate 
contact points during the deformation process. That strength, 
however, may decrease when lubricants are added and when 
the rate of compression increases. Elastic deformation refers 
to a particle’s partial or full recovery to its original shape af-
ter compression loading ceases. Time-dependent elastic re-
covery is called viscoelasticity, and the factors that influence 
compression time are press speed, turret velocity, compres-
sion roller sizes, and punch head dimensions. 

To conduct a compression study, select the tablet’s target 
weight and keep it fixed. We selected 200 mg for each blend 
to compress. Next, we collected samples of tablets made at 
different compaction forces (low to high) and measure their 
weight, thickness, and breaking force (also called hardness). 
Other post compaction measurements include friability, dis-
integration, and dissolution. Once this is collected you can 
then plot each attribute or characteristic as a function of the 
applied compaction pressure. Figure 3 depicts a tabletabil-
ity profile that is the tablet tensile strength as a function of 
the applied compaction pressure. This is a normalized way of 

evaluating the tablet robustness independent of its mass and 
size. Smaller and lighter weight tablets can be made at early 
development and if the size and mass changes the tabletabili-
ty profile does not change. This adds many advantages includ-
ing material sparing process to save investment costs, com-
paring tablet robustness with tablets of different sizes and 

EXAMPLE COMPARING A SMALL  
AND LARGER TABLET 

 •  A 10 mm round diameter tablet is a normal size 
compact for many industries. If your formula is not 
compactable and requires 300 MPa of compaction 
pressure, that force on a 78.5 mm² cross sectional 
area is 23.5 kN. If the same product is compressed at 
300 MPa on a 25 mm round diameter tablet with a 
cross sectional area of 490.63 mm², the compression 
force is 147.2 kN. This force exceeds the capabilities 
of many industry tablet presses. If your product 
is a larger tablet, do your homework first before 
purchasing a tablet press. 

https://www.dynamicaqs.com/
https://www.dynamicaqs.com/
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weights, and a defined process to run profiles even when you 
know little to nothing about the formulation. 

Compaction pressure can be calculated from the applied 
force and the cross-sectional area of the punch face (see 
Equation 5). This allows you to compare the loading of differ-
ent size tablets.

   

Tensile strength, which can be calculated from the break-
ing force and tablet dimensions, allows you to compare the 
mechanical strength of different size tablets. The tablets for 
the experiments summarized here were made using 10 mm 
round flat face punches and the values were calculated using 
the Fell-Newton equation (see Equation 6).

       

In this example, we compressed all three samples at 100, 
150, 200, 250, and 300 Mega Pascals (MPa). Sample tablets 
were collected at each pressure for an average tablet weight, 
thickness, and breaking force. We chose these pressures as 
they are the most common applied loads for pharmaceutical, 
dietary supplements, and candy. Typically, 100–200 MPa is 
used for pharmaceutical products whereas dietary supple-
ments and candy are typically compressed between 200–
300 MPa. When drug loads are low for pharmaceutical prod-
ucts then the compactible excipients are a high percentage 
of the formula, which will require a low compaction pres-
sure to produce a robust tablet. Dietary supplements can 
have more than 10 active ingredients in the formula, and 
they usually are not very compactable, which requires high-
er compaction pressures. Candy tablets can range in pres-
sure but when it is developed as a lozenge to suck on and 
slowly erode in the mouth, these tablets are very hard from 
the high compaction pressures. 

As the compaction pressure increases, we expect the tab-
let strength to also increase until it reaches it’s maximum 
compactability.  A robust tablet range is 1.5–2.0 MPa tensile 
strength. This strength provides a robust tablet that can sur-
vive shipping and handling. If your product is an efferves-
cent or orally disintegrating tablet, then a tensile strength of 
less than 1.0 MPa is appropriate and in some cases less than 
0.5 MPa. This is due to the fast disintegration times required 
from these products. 

In Figure 3 all three formulas increased in tablet strength 
with increased compaction pressure even up to 300 MPa of 
compaction pressure. This is encouraging as some materi-
als will reach its maximum compactability before 300 MPa 
and this can cause issues at high-speed manufacturing. After 
a product reaches its maximum compactability it reduces in 
strength with increased compaction and can cause a phenom-
enon called capping where the tablet fails across the horizon-
tal plane. This is an unacceptable condition that requires re-
formulation work. Although there are remedies that can be 
done on the tablet press and compression tools including add-
ing pre-compression force to better consolidate the particles 
before final compaction, slowing the turret speed down to in-
crease the compression times, and by modifying the punch 
head design for longer or shorter dwell times (the time in mil-
liseconds under maximum compaction force) and tapering the 
die to allow an easier path for air release. 

The tri-calcium phosphate blend provided the strongest 
tablet reaching 1.5 MPa tensile strength at only 100 MPa of 
compaction pressure. This blend will require the least amount 
of compaction pressure and force, which reduces wear and 
tear on the tablet press and punches. Since the formula didn’t 
show a plateau on tablet strength, this product has room to in-
crease force if needed when transferred to high-speed man-
ufacturing. The silica blend reaches 1.5 MPa tensile strength 
above 200 MPa of compaction pressure and the maltodextrin 
blend did not reach the target strength even at 300 MPa of 
compaction pressure. 

Conclusions 
There are many advantages for developing a cannabis product 
into a tablet form. Understanding the micromeritics of the raw 
ingredients and final blend is crucial to ensure your product 
gets to market with limited issues. Powder flow, particle size, 
particle size distribution, and moisture content are all critical 
attributes to ensure consistent quality tablets with acceptable 
content uniformity. Normalized compaction profiling data 
for pressure and tensile strength will simplify the mechanical 
strength evaluations and paint a picture of the products robust-
ness independent of its size. Performing these studies provides 
a science-based approach decision making process. 
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This article proposes alternative and effective cleaning solutions for cannabis and hemp 
processing equipment using detergents commonly used in pharmaceutical cleaning 
applications to maintain the quality of safety of the drug product and integrity of the 

equipment. This approach would eliminate the need for cleaning with ethanol which, 
when used at a large scale, has numerous limitations including storage, flammability 

concerns, and waste handling.

An Essential Element  
for Commercial Cannabis 

and Hemp Manufacturing: 
Practical Cleaning Solutions for 

Extraction and Processing Equipment
BY BETH KROEGER-FAHNESTOCK AND DIJANA HADZISELIMOVIC

THE CANNABIS AND hemp industries are 
evolving at a record pace as innovations and con-
sumer expectations have led to changes in the 
manufacturing environment. Extraction pro-

cesses are becoming increasingly prevalent in cannabis 
manufacturing operations as “users prefer to consume tet-
rahydrocannabinol (THC) via derivatives rather than smok-
ing dried flower. Derivative products include oils, capsules, 
topicals, sprays, concentrates, vapes, edibles, and infused 
beverages” (1). As derivative product demand increases for 
desirable oral dosage and edible forms, manufacturing op-
eration capacity is often increased by adopting equipment 
and processes from traditional pharmaceutical manufactur-
ing such as formulation vessels, high shear agglomeration, 
tablet coating, and fluid bed granulation and coating equip-
ment in addition to the extraction equipment.

Although cannabis manufacturing has advanced, equip-
ment cleaning processes have lagged. The focus has been 
on scale-up of the manufacturing process and testing as the 
market retail sales estimates are projected to top $25.0–
30.4 billion in the United States alone by 2023 (2). Cannabis 

and hemp extraction present various contamination con-
trol issues and cleaning challenges resulting from plant bi-
omass, waxes, and extracts. When cleaning processes are 
not optimized before scale-up, equipment cleaning may 
take significantly more time and resources than original-
ly planned, possibly impacting the manufacturing schedule. 
Unfortunately, equipment cleaning, often considered a nec-
essary evil, is not thought about until there is an issue. 

Ineffective cleaning could also lead to lost batches and 
product recalls due to microbial contamination and adulter-
ation of product from pesticides, solvents, and heavy met-
als. Pesticide residue not only lingers in soil and plants, but 
can also linger in extraction equipment (3). Biomass con-
taminated with bacteria, pesticides, or other contaminants 
could conceivably find its way into regulated infused prod-
ucts that use cannabis oils extracted from raw materials, 
which are ultimately ingested or administered topically, ex-
posing consumers to yet another health threat (4). It is im-
portant to consider all contamination sources, whether it is 
introduced through raw materials or process residue when 
assessing the cleaning process.  
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Figure 3: Stainless steel surface 
manually cleaned using formulated 
alkaline detergent, ambient conditions, 
rinsed using purified water.

Figure 2: Stainless steel surface 
manually cleaned using ethanol, 
rinsed using purified water.

The use of ethanol (EtOH) has been 
the standard for cleaning cannabis ex-
traction equipment since this may have 
been used in the manufacturing pro-
cess, recommended by the equipment 
manufacturer, or was used to clean 
the product during small-scale devel-
opment. Cleaning with ethanol may 
be ideal for small-scale cleaning; how-
ever, it is not suited for large-scale 
cleaning. Ethanol has a flashpoint of 
55 °F (13 °C), which is the lowest tem-
perature volatile organic compounds 
(VOCs) are emitted and will ignite. Ac-
cording to a document from the Cal-
ifornia EPA's Department of Toxic 
Substances Control and U.S. Environ-
mental Protection Agency (5), “Most 
of the solvents used for cleaning are 
classified as VOCs which contrib-
ute to photochemical smog, and many 
are considered toxic as well.” Reduc-
ing ethanol by eliminating the use for 
cleaning lowers the risk of explosion, 
storage, and disposal concerns.

Because of the low flashpoint, EtOH is 
considered flammable; thus, large quan-
tities of stored EtOH results in Class 
1, Division 1 (C1D1) hazardous location 
designation. Class 1, Division 1 designa-
tion requires construction and equip-
ment to meet National Fire Protection 
Association (NFPA) Publication 70, Na-
tional Electric Code (NEC) environ-
mental control measures. Requirements 
may include but are not limited to hav-
ing greater than six room air changes per 

hour and explosion-proof equipment, 
which may add substantial costs to a 
new-build or expansion project.

Once large EtOH quantities are used 
for cleaning, the spent solution must 
be recycled or treated as hazardous 
waste. In addition to the expense as-
sociated with disposal, which was esti-
mated at the time of this article to to-
tal approximately $2/gallon, reducing 
solvent waste has been one of the most 
important elements of pollution pre-
vention programs nationwide (6). 

As an alternative, formulated deter-
gents commonly used to clean pharma-
ceutical, dietary supplement, and cos-
metic manufacturing equipment were 
investigated as a low VOC, low toxicity 
option for cleaning cannabis and hemp 
extraction and process equipment. 

The term formulated detergent is com-
monly used to describe an aqueous-based 
cleaner having functional components to 
enhance certain mechanisms of a solu-
tion over water, solvents, or commodity 
cleaning agents such as sodium hydrox-
ide alone. Because of their composition, 
formulated or pharmaceutical grade de-
tergents may be more effective in clean-
ing a broader range of soils and products 
encountered in manufacturing. Certain 
characteristics are considered when for-
mulating, such as analytical detection, 
rinsability, material compatibility, sus-
tainability, antimicrobial effectiveness, 
and foam characteristics. In Validated 
Cleaning Technologies for Pharmaceutical 
Manufacturing (7), LeBlanc stated “While 
the cost as purchased per kilogram may 
be higher for the formulated cleaner, the 
overall process cost may be less due to 
time savings.” 

Some progressive equipment manu-
facturers incorporate the ability to use 
formulated detergents into their equip-
ment, such as Precision Extractions 
Solutions KPD Series Vulcan Industri-
al Extractors, which integrate a clean-
in-place (CIP) skid into the extrac-
tion equipment. The skid is fitted with 

Figure 1: Stainless steel surfaces coated with decarboxylated material. 

feature / extraction
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tanks for alkaline and acid formulated 
detergents as well as a reuse tank. Au-
tomated CIP systems allow for stand-
ardized cleaning processes rather than 
variable manual processes.  

A direct comparison was performed 
at a large cannabis manufacturing site 
where decarboxylated material was 
manually cleaned from equipment sur-
faces using ethanol. The cleaning pro-
cess required an entire 8-hour shift to 
clean and at least two operators to per-
form the manual process. Stainless 
steel test surface coupons were pre-
pared by coating with the product and 
exposing coated coupons to the same 
temperature and conditions as the 
equipment to prepare a soiled surface 
reflective of the manufacturing process 
(Figure 1). Coupons were then manu-
ally cleaned by either wiping with eth-
anol and rinsing with purified water or 
wiping with 1% formulated alkaline de-
tergent at ambient temperature, fol-
lowed by a rinse with purified water. 

Coupons cleaned with ethanol and 
purified water displayed visible res-
idue (Figure 2), where the coupon 
cleaned using formulated alkaline de-
tergent was visibly clean (Figure 3). Af-
ter a cleaning process, visual failures 
may lead to corrosion issues in stain-
less steel equipment and eventually mi-
crobial failures. Proper cleaning will 
minimize many common problems, in-
cluding clogged lines or valves, poor 
separation, and low yield. If the same 
extractor is used to run multiple strains 
(such as high CBD strains and high 
THC strains), it is best to thorough-
ly clean in between extraction runs to 
minimize cross-contamination (8). 

A dilemma facing cannabis and 
hemp manufacturing sites is the ex-
tended cleaning time when using a sol-
vent system for equipment cleaning. 
As shown in the previous example, 
the use of ethanol was not effective in 
completely removing the residue. In 
moving to formulated detergents for 

equipment cleaning, the end-user was 
able to clean in a fraction of the time. 
Cleaning process optimization through 
laboratory studies to eliminate visual 
failures and reduce lengthy cleaning 
processes is described in the following 
case study.

Case Study 1
A large cannabis manufacturer reported 
consistent visual failures as well as long 
cleaning times. Laboratory testing of 
the final product, crude extract, and 
decarb (herb material and biomass) 
material was performed at the site 

(Figure 4). In addition to improving 
the cleaning results, the site also want-
ed to replace ethanol with a safer, more 
efficient alternative.

All coupons were coated and air-
dried at ambient temperature for 
16 hours to simulate manufacturing 
dirty hold time conditions. Cleaning 
parameters were identified by testing 
various conditions through agitat-
ed immersion. A 1% v/v cleaning solu-
tion of formulated NaOH-based al-
kaline detergent containing sodium 
hydroxide at 45 °C for 20 min cleaned 
the final product and crude extract; 

Figure 4: Images of coated coupons for laboratory cleaning study. From left 
to right: Final product, crude extract, and decarb.

Figure 5: Images of coupons during laboratory study comparing cleaning 
efficacy of ethanol and 1% formulated NaOH-based alkaline detergent on 
crude extract material. From left to right: Soiled crude extract coupon, post-
ethanol cleaning, and post formulated NaOH alkaline detergent.
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however, the decarb (biomass) residue 
required the addition of a  
detergent additive. 

Comparative testing was performed 
on the crude product using ethanol, the 
manufacturing site’s current cleaning 

product, and a formulated alkaline de-
tergent. The use of ethanol resulted in a 
significant cleaning failure, as observed 
on the center coupon versus passing re-
sults for the formulated alkaline deter-
gent (Figure 5). The image on the left in 

Figure 5 represents crude extract mate-
rial residue, the center image represents 
post-ethanol cleaning results, and the im-
age on the right represents post-cleaning 
results using 1% v/v solution of formulat-
ed alkaline detergent containing sodium 
hydroxide at 45 °C for 20 min. Switching 
to formulated cleaners resulted in reduc-
ing the overall cleaning time and better 
control over their cleaning. 

Case Study 2
One of the top 10 cannabis drug 
manufacturers in the world wanted to 
determine the optimal cleaning param-
eters for their active pharmaceutical 
ingredient (API) and oil carrier excip-
ient removal. The site visit included 
a laboratory-scale study (9) and an 
at-scale cleaning trial for a 1000 L soiled 
formulation vessel with a 35 L in-line 
API addition tank. The current cleaner, 
ethanol, used in the pilot-scale produc-
tion area, was not scalable due to safety 
considerations and high disposal costs. 

A laboratory evaluation was per-
formed at the customer site (10). Cou-
pons were coated and air-dried for 
16 hours, then cleaned by agitated im-
mersion and manual cleaning. As rec-
ommended, alkaline detergent was eval-
uated (we have generally recommended 
the same detergent for the cannabis 
market as it could serve as a cleaner 
and disinfectant) and proved effective 
across the board. It was recommend-
ed to use a 1% v/v alkaline detergent at 
60 °C for 10 min or 2% v/v alkaline de-
tergent at 45 °C for 10 min. 

The customer developed a specif-
ic wash cycle that removed the resi-
due from the API in the formulation 
tank with assistance. The site consid-
ered cleaning the API vessel out of place 
or use the CIP skid and connect direct-
ly to the CIP system and clean automati-
cally using a recommended cleaning pro-
cedure. The 3% v/v alkaline detergent 
at 60 °C for a minimum of 10 min was 
recommended to clean the API vessel 

ACCEPTANCE CRITERIA USED  
IN LABORATORY TESTING (12)  

Visually Clean - The cleanliness test is confirmed using large (typically 3-in. x 
6-in.) stainless steel coupons. After the cleaning trial has been completed, the 
coupon is rinsed with tap water for 10 seconds and observed for cleanliness. A 
coupon is considered visually clean if no residue of the sample or detergent is 
visible on either side of the coupon.
Water Break-free - A visually clean coupon is rinsed with deionized water and 
tested for water breaks. The coupon surface is coated with deionized water for 
10 seconds while at a vertical orientation, and the surface is examined as the film 
of water drains. If the surface is clean, the water will form a continuous thin film 
that uniformly coats the surface. This film will persist for as long as 30-60 seconds.
Pre- and Post-Cleaning Weights - A visually clean and water break-free 
coupon is air-dried at ambient temperature and then weighed on an analytical 
balance to determine the post-clean weight. The post-clean weight is compared 
with the pre-coating weight obtained for the dry clean coupon before coating 
with a sample. A large coupon is considered 100% clean by weight if its pre- and 
post-cleaning weights are less than 0.1 mg of each other. The coated coupon 
surface is approximately 100 cm2 for wet samples and approximately 200 cm2 for 
dry samples. The coated surface and sensitivity of the balance corresponds to 
<0.5 µg/cm2 or 1 µg/cm2, assuming a uniform distribution.

Table I: Laboratory test procedure

Step Procedure

1 Dry, clean 304 stainless steel coupons (7.5 x 15 cm size) were weighed on an 
analytical balance (±0.1 mg) to obtain the pre-coating weight.

2
Coupons were then coated with 3-5 mL of the sample. The amount of 
residue per surface area was controlled and recorded; it varied by the 

application form.

3 The samples were air-dried at ambient temperature.

4 The conditioned coupon was weighed on an analytical balance for a  
determination of pre-cleaning weight.

5 Each coupon was cleaned by agitated immersion or by manual cleaning.

6 Each coupon was removed and visually observed for cleanliness.

7 Each side of the coupon was rinsed with tap water for 10 seconds at a flow 
rate of 2 L/min.

8 Each side of the coupon was rinsed with deionized water and examined  
for a water break-free surface.

9 Coupons were dried and then weighed on an analytical balance 
 to determine the post-cleaning weight.
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effectively. The 3% v/v alkaline detergent 
was recommended for cleaning because 
the decarboxylation tank has a baking 
step at more than 170 °C for 2 hours, cre-
ating a more challenging soil.

The field trial helped the custom-
er drastically improve the API and for-
mulation tank’s appearance and pro-
vide supporting data to replace ethanol 
as the cleaning agent for production 
equipment. Minor adjustments had 
to be made by the customer to final-
ize the cleaning procedure with recom-
mended detergent.

Critical Parameters  
for Cleaning
Critical cleaning parameters have been 
well defined in the literature and include: 
time, action, cleaning chemistry, con-
centration, temperature, water quality, 
surface, soil load and condition, and 
environmental factors. Laboratory testing 
has effectively defined critical cleaning 
parameters for removing process residues 
such as cannabis (11). Laboratory testing 
involves applying the residue on a surface 
that is representative of the cannabis 
residues. The test continues by condition-
ing the applied residue on a surface to sim-
ulate the “real world” process and finally 
cleaning the surface to represent how the 
equipment is normally cleaned within the 
facility. Laboratory testing is described in 
Table I, and the acceptance criteria are 
described in the sidebar titled “Acceptance 
Criteria Used in Laboratory Testing” (12). 
The various cleaning factors to monitor 
during the laboratory testing include 
cleaning agent, temperature, time, action, 
water quality, surface material, rinsing 
method, and environmental factors.

Ethanol is commonly used as the 
cleaning agent for removing canna-
bis residues from the surface. Ethanol 
cleaning utilizes the cleaning mecha-
nism of solubility. Solubility is defined 
as the dissolution of one contaminant in 

the liquid solvent. If more than one con-
taminant present in the residue needs 
to be cleaned, then one contaminant 
might have a different solubility profile 
than another contaminant in the mix. 

There are many disadvantages asso-
ciated with using solvents such as etha-
nol. There are safety and environmental 
concerns such as flammability and vola-
tile organic compound emissions, which 
make using these solvents undesirable.

Issues with solvents include the cost 
as solvents are used “as is” (7), where-
as formulated cleaners may be very ef-
fective at relatively low use dilutions, 
for example, 1–5% v/v. When a formulat-
ed cleaning agent is used, the cleaning 
mechanisms to remove the residue from 
the surface include solubility in an aque-
ous solution, wetting, emulsification, 
dispersion, chelation, and hydrolysis. 
These additional cleaning mechanisms 
are important in removing water-insolu-
ble residue from the surface.

Conclusion
A recent article in Cleanroom Technology 
pointed to the adoption of pharmaceu-
tical technology for safer medicinal can-
nabis and stated “history has shown that 
ill-advised manufacturing controls lead to 
unknown risk, late-stage market failure, 
and crippling penalties” (13). Elimina-
tion of ethanol for cleaning cannabis 
extraction equipment minimizes safety, 
storage, and disposal concerns. For-
mulated detergents, commonly used in 
pharmaceutical manufacturing cleaning 
processes, should improve cannabis and 
hemp equipment cleaning operations by 
decreasing cleaning time using efficient 
cleaning chemistries better suited to 
large-scale operations, where good manu-
facturing practices are required.
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Sponsored by

Agilent and LSSU formed a strategic partnership to educate the next 
generation of scientists for work in the cannabis industry. Students at 
LSSU are being trained on Agilent’s pre-eminent scientific equipment 
in their coursework. Cannabis Science & Technology sat down with 
Anthony Macherone, senior scientist and cannabis technical lead 
at Agilent Technologies, to discuss managing a cannabis lab with 
Steven Johnson, dean of the college of science and environment, and 
Benjamin Southwell, assistant professor of bioanalytical chemistry, at 
LSSU, in the first installment of this six-part podcast.

MACHERONE: Do you need a Ph.D. to manage and direct a cannabis 
testing laboratory?
JOHNSON: You need someone with a strong understanding of the 
guidelines and policies within the state. Regarding instrumentation, a 
master’s level with hands-on experience would be adequate. Beyond 
a master’s degree, you want someone with leadership experience, 
good people skills, a high level of communication, and the ability to 
adapt and learn to this ever-changing environment.

SOUTHWELL: I agree with Steve: having a Ph.D. is a normal 
requirement for most analytical labs in other industries, especially the 
environmental science, agronomy, and food industries. But cannabis 
is coming from a different place—there isn’t formal regulation from 
the top down; this is a bottom-up scenario. Also, there is no Ph.D. in 
cannabis or cannabis chemistry yet. Who you want is someone with 
an analytical chemistry background and/or a lot of experience.

MACHERONE: How many staff members is adequate for opening 
day—chemists, administrators, techs, etc.? 
JOHNSON: A lot depends on whether you’re doing a full suite of tests 
to start, which would require more staff members, in addition to 
how many shifts you’re running. There’s a lot of compliance facilities, 
especially in the state of Michigan, that are running at least two, if 
not three, shifts around the clock. We are fortunate LSSU to have a 
professor in Ben Southwell that has a complete skill set. 

In addition, you need to consider the number of clients you’ll be 
working with initially. Also, how many people will be out in the field, 
are you planning to subcontract any testing to another facility?

SOUTHWELL: The ultimate goal is to produce quality data with the 
least cost to your facility but making sure you have enough staff 
members is important. In cannabis, the required testing across the 
regulatory environment is broad. You don’t have just one analyst 

Part 1: Best Practices for Hiring and 
Managing a Cannabis Testing Lab trained in one specific technological workflow—

you’re probably working on at least seven different 
technology platforms that require various trainings 
from chemistry or biology backgrounds, for 
example. It’s not easy to find someone with an 
LC-MS/MS background that is also a good at doing 
qPCR, and GC-MS is a rare skillset. But again, 
making sure you have staff that is appropriately 
trained in those areas is important.

MACHERONE: There are a lot of analytical 
techniques used in the regulatory testing labs—
what types of skillsets should employees have? 
JOHNSON: As an institution of higher learning, if we 
want someone to work with instrumentation inside 
our facility, they need to have a bachelor’s degree. 
But there are several technician roles for individuals 
who have certificates or an associate degree. 
Beyond analytical skills and degrees, many valuable 
soft skills make a laboratory more efficient such as 
communication, ethics in relation to compliance, 
detail-oriented, and the ability to work as a team. 

SOUTHWELL: Most accrediting bodies require 
proof that your technicians have some training or 
certification to support their role—making sure 
they are skilled to run the appropriate technology is 
important. Sometimes you’re able to find someone 
who has experience with both liquid and gas 
chromatography, but often it’s easier to find people 
with those individualized skills. 

One last note: Make sure your technicians pay 
extreme attention to detail. The data these labs are 
generating is being used for compliance, not only in 
medicinal fields but recreational too. The cannabis 
industry, especially, is under a lot of scrutiny from 
the public eye.

MACHERONE: There’s a lot of need for gas-phase 
expertise—as you know, many young chemists 
are electrospray-focused and LC-MS-focused—
but do you need a strong skillset in gas phase 
for cannabis testing. And what is LSSU doing to 
address that?
SOUTHWELL: We deal with gas chromatography 
in several courses. And I encourage people when 
they’re looking for staff to consider this because 
there are definite advantages to gas-phase work. I 
find that staff and students who haven’t done a lot 
of gas-phase work can easily lose analytes, especially 

when dealing with terpenes and how volatile they 
are. Poor recoveries and poor efficiencies on your 
method can show up quite readily, so knowing 
this from a staffing and method development 
standpoint can become very important.

MACHERONE: When looking for a quality 
assurance (QA) officer, what kind of skills should 
you look for, and do they need to be full time?
SOUTHWELL: First, we encourage our students to 
make sure that the lab they’re considering has a QA 
program, and that they follow it. That is indicative of the 
lab’s ethical standards and other compliance metrics—
it shows they are respectable and professional. 

Second, having a third-party independent QA officer 
is mission-critical. If you have a technician and a 
laboratory supervisor who are responsible for both 
data analysis and confirming quality control, there’s 
a potential for bias in the data. Using a third party to 
verify your data promotes rigor in the lab. 

Third, be aware of the differences between 
compliance officers and quality assurance officers—
in the cannabis industry, those terms get thrown 
back and forth even though they mean different 
things. A QA officer deals with internal lab quality 
control and making sure the method, and the 
robustness of the method, is present. Whereas 
a compliance officer in the cannabis industry 
references your state’s reporting system. 

MACHERONE: Who is going into the field, 
getting samples, and bringing them back to your 
laboratory? How do you hire someone to do that? 
What skills should they have? 

SOUTHWELL: That’s a unique element to the 
cannabis industry. Those who grow and produce the 
various extracts are not allowed to collect samples 
for compliance testing—the lab hires someone 
separate to do that. 

When hiring someone to collect samples, I lean 
toward someone who pays attention to detail with 
a strong ethical background, someone who knows 
to collect it in a way that doesn’t taint the client’s 
data, high or low. Look for someone with a botany or 
agronomy background who deals with the growing 
side of things. That’s where those staff members 
come from. 
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IN THE LAST couple of decades, plant-growth 
lighting technologies have become increasingly di-
verse in the pursuit of increased photosynthetic 
and energy efficiency. However, legacy technolo-

gies like high-intensity discharge (HID) lamps have re-
mained the tried-and-true approach for supplying or 
supplementing light to crops, regardless of innovations 
in semiconductor light sources—primarily due to initial 

capital expenditure. The majority of information availa-
ble when it comes to comparing the growth spectrum of 
these new and conventional light sources has been fix-
ated on the impact on yield, chemical profile, and ener-
gy efficiency. For commercial cannabis grow rooms, this 
only provides a narrow scope to analyze the impact light 
spectrum has on plant growth and the equipment need-
ed to condition the space. 

This article series explores some of the more technical aspects of cannabis cultivation 
that growers should understand to run their businesses more efficiently and more 
profitably. Part III explores the impact of light spectrum on plant growth and the 

equipment needed to condition an indoor cultivation operation. Light is the primary 
driving force of transpiration in plants, which means growers must equally consider 

factors like spectrum, form factor, efficiency, and intensity.

Does Light Spectrum  
Alter Plant Transpiration Rates?

BY ROBBIE BATTS AND SAMUEL BURGNER
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New companies are constantly joining the market who 
make many different claims as to why their products are su-
perior. Without equally considering spectrum, form factor, 
efficiency, and intensity, there is no way to know how each 
fixture will impact your plants and, subsequently, the condi-
tioning of your grow room. 

How Light Impacts Transpiration Rate 
Light is the primary driving factor for transpiration in plants. 
Keep in mind that when we refer to light, we mean radia-
tion, and not all forms are visible. As discussed in previous 
articles in this series (1,2), transpiration is also dependent on 
other variables. For example, leaf temperature impacts the 
difference in vapor pressure between the leaf ’s intercellular 
air space (leaves are up to 50% air) and the atmospheric con-
ditions outside of the leaf. However, light induces the pores 
on the leaves (stomata) to open or close, releasing this built 
up vapor pressure into the environment. This either increases 
the rate of water movement into the roots and up through 
the plant vascular tissue, or retains the moisture, building up 
pressure and facilitating cell expansion or growth. 

Light can either be absorbed as energy (for photosynthesis 
or as a heat source) or perceived as a signal. A range of wave-
lengths abundant in one light source could signal the plant 
to transpire more (light-emitting dioed [LED] fixtures with 
a high blue fraction), while another may physically heat the 
plant up causing it to transpire more (high-pressure sodium 
[HPS] lamp)—or both! These spectra are also major contrib-
utors to growth and photosynthesis, demonstrating how in-
tertwined these processes truly are. 

Forget about yield for a moment and consider the cost of 
production. If one light source caused your plants to tran-
spire 10% more than another, this could mean a considerable 
shift in how your cannabis climate control equipment is tai-
lored to reach your setpoints and maintain them consistently 
throughout light and dark periods of growth. 

Exploring the Difference  
Between Sunlight, HPS, and LED
There are some key differences between the spectral and 
physiological impacts of sunlight, HPS lamps, and LED 
fixtures on plants. When comparing LED fixtures and HPS 
lamps, we must consider not only performance in terms of 
driving plant growth and development, but also the variable 
initial costs and direct and indirect effects on energy use 
(which will also contribute to cost). 

HPS lamps have been the industry standard for sole-source 
and supplemental lighting for some time now, but LED fix-
tures offer much more flexibility in light spectrum and many 

are more efficient in terms of photon efficacy—how much pho-
tosynthetic light is emitted per joule of input energy (µmol 
PAR/J). Luminaire manufacturers can use many different LED 
chips that can be customized to emit various narrow-band or 
broad spectra, whereas HPS lamps only vary slightly depend-
ing on whether they are double or single-ended. HPS lamps 
emit high amounts of photosynthetically active radiation 
(PAR) and a large amount of infrared (IR, a form of light that 
cannot be seen without an IR radiometer or a pair of night vi-
sion goggles). Infrared does not contribute to growth directly. 
Most light output from an HPS lamp is in the green to amber 
range (500–600 nm) and tapers off in both directions along 
the electromagnetic spectrum, spiking again in the near-in-
frared range. Broad spectrum LEDs also provide this range 
of PAR, but the main difference lies in the proportion of blue 
light (400–500 nm) and the ratio of red (600–700 nm) to far 
red light (700–750 nm). 

Plants grown under LED fixtures are exposed to virtu-
ally zero direct infrared radiation, which is a novel experi-
ence compared to the conditions they are typically accus-
tomed to in nature. HPS lamps emit quite a bit of infrared 
radiation, which is why they get so hot and why you can feel 
a warming effect when you are underneath them. As men-
tioned in our first article in this series (1), infrared will heat 
the water inside of a plant, causing it to transpire at a fast-
er rate due to the intense warming effect on the vapor in 
the leaves. However, HPS lamps do not emit much blue light 
(around 3%), which is what separates them from sunlight 
and LED fixtures. Blue light induces stomatal opening in 
the plant. Sunlight emits a large amount of infrared, but the 
huge quantity of blue light signals the plants to stay cool. 
We could say that because HPS lamps lack this light frac-
tion, the temperature in most grow rooms needs to be kept 
more mild at around 24–25 °C (75–77 °F) to account for an 
increased thermal load from the lamp and a decreased sig-
naling capacity. The temperature of the canopy is far more 
important than the temperature of the air, particularly 
when the lights are on.

LEDs have a high fraction of blue light, which induces 
stomata to stay open. However, since this is paired with al-
most zero infrared, the plants stay very cool and room tem-
perature needs to be kept much higher at 27–30 °C (80–
86 °F). To make things even more complex, green light 
reverses the stomatal opening effect of blue light. More re-
search is needed in order for us to fully understand how 
this impacts transpiration directly and how this differs in 
the presence of infrared light, but it certainly seems that 
this is a contributing factor to the temperature tolerance 
differences we see in HPS and LED grow rooms. 
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Temperature  
and Light Source
Plants grown under LED fixtures 
typically have a lower leaf temperature 
relative to the room temperature, while 
those under HPS lamps will be at or 
above room temperature. Light intensity 
dissipates quickly as you move further 
away from an HPS lamp and even more 
quickly when moving further from an 
LED fixture. HPS lamps emit a mas-
sive amount of light out of one central 
source, while most LED fixtures are a 
chipboard made of many low-wattage 
diodes that do not have quite as much 
penetration into the canopy. With sun-
light—the biggest of all grow lights—the 
light intensity will be about the same 
whether your plants are grown 100 feet 
off of the ground or two because we 
exist in such a small fraction of the sun’s 
light spread (similar to a particle of dust 
floating under a grow light). Very high 
altitudes do see some difference in both 
solar spectrum and intensity.

Due to this attribute of electric 
light sources, the lower leaves of a 
plant can have a drastically different 
temperature than those closer to the 
light source. This increases the need 
for effective convective airf low in a 
grow room, which we will cover in our 
next article. It is important to note 
that when growing under high-inten-
sity electric light sources, if CO2 con-
centration is not increased, high tem-
peratures can be stressful for plants 
because it will increase oxygen solu-
bility, encouraging photorespiration 
(refer to our discussion on RuBisCO 
in our first article [1]). 

Impacts on  
Environmental Control 
The impact of light spectral changes 
on plants have large implications for 
environmental control in commercial 
cannabis grow rooms. 

HPS lamps are constantly heating 
the space and the fraction of infrared 

requires that room temperatures be 
kept cooler to avoid stressing plants. 
This means that the environmental 
control equipment needs to compen-
sate for the increased heat load in the 
space. The efficiency of heat and water 
removal is higher when the grow room 
remains at a higher temperature due to 
the nature of refrigerants and the abil-
ity of compressors to maintain low coil 
temperatures. The higher the temper-
ature of the room relative to the tem-
perature of the refrigerant, the more 
capacity for heat and moisture remov-
al the refrigerant will have. When ser-
vicing rooms at lower temperatures, 
the tonnage of the compressor must be 
sized larger to have enough capacity to 
remove the moisture and heat (which 
heats the refrigerant). This heat can 
be rejected outside, or it can be added 
back to the air to warm it back up af-
ter the moisture has essentially been 
“squeezed out,” resulting in a net re-
duction in humidity of the supply air. 

Figure 1: HPS lamps emit high amounts of photosynthetically active radiation and a large amount of infrared.  
Broad-spectrum LEDs also provide this range of photosynthetically active radiation, but the main difference lies in the 
proportion of blue light and the ratio of red to far red light.
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LED fixtures permit the room to run 
at higher temperatures, which creates 
a larger gap between the temperature 
of the refrigerant and the return air, 
allowing for a higher rate of moisture 
removal (meaning less tonnage). It is 
also important to note that LED fix-
tures usually have a higher fraction of 
blue light (there are some exceptions), 
which—as mentioned—induces stoma-
tal opening, resulting in an increased 
transpiration rate. It is possible for 
this effect to result in a higher mois-
ture removal requirement depending 
on the canopy pruning practices and 
how much leaf area is present in the 
grow room. 

There are different arrange-
ments of plant-light source separa-
tion in a grow room that can com-
pletely change the heat load inside of 
a grow space. HPS lamps need to be 
kept further away from plants rela-
tive to LED fixtures in general, but 
among different types of LED fix-
tures this tolerance can change (it 
also depends on the form factor and 
overall power). One of the largest re-
ductions in energy usage and overall 
heat load generated in a grow space 
is the usage of close-canopy light-
ing. All light sources generate heat, 
but the type of heat—be it radiant or 
simply a by-product of resistance in 
electricity-photon conversion—de-
termines the impact on a grow room. 
There are LED fixtures that utilize a 
high quantity of low wattage diodes 
spread over a large area, creating a 
very high light intensity, but the peak 
is maybe six inches from the fixture 
and—if used appropriately—can pro-
vide equal light intensity at a much 
lower wattage compared to light 
sources that emit light from a con-
centrated source. However, light re-
f lection and diffusion resulting from 

mounting fixtures far above the can-
opy improves canopy penetration and 
lower canopy and bud development at 
the cost of additional electricity.

In Conclusion 
In the end, all energy put into a sealed 
grow room—no matter what form—
will eventually become heat whether 
it is sensible (temperature increase) 
or latent (moisture increase). Photons 
lose energy every time they interact 
with a surface or object and that lost 
energy becomes heat. This concept is 
similar to how an oven stays hot even 
after it has been turned off for some 
time. The oven isn’t full of hot air that 
needs to get out, but rather the sur-
faces in the oven are full of energy and 
that energy is released as longwave 
radiation, which is infrared. 

All objects, surfaces, and organ-
isms emit infrared when they are ex-
cited with energy. This includes plant 
leaves, which—in addition to tran-
spiration—cool off by releasing ener-
gy as longwave radiation or convective 
transfer to the air. If you supply a grow 
room with only shortwave radiation, 
which only includes PAR, far-red, and 
near-infrared (NIR), those photons 
are either going to be absorbed by wa-
ter in the plant, absorbed by the plant 
for photosynthesis, or they will remain 
trapped in the room bouncing around 
from surface to surface and increasing 
in wavelength. This happens instanta-
neously relative to us since light moves 
so quickly, and environmental control 
is the only way to move it out of the 
room. LED fixtures permit lower over-
all energy input (virtually all of which 
will become heat) if they are used in 
a way that provides plants with the 
same light intensity at a lower watt-
age, which usually means close-canopy 
lighting. Infrared radiation from a light 

source heats up plants, causing them 
to transpire more. Blue light signals 
plants to transpire more, and green 
light can reverse this effect. 

In short, it is clear that light spec-
trum does alter transpiration rates. We 
are working to determine the exact dif-
ferences it creates and how that is con-
sidered when sizing equipment to con-
dition plant-growth environments. 
Cannabis grow room operators must 
take these factors into account when 
choosing equipment to optimize plant 
growth and vitality. 
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Why Should You Explore This Molecule?

THE INFLUENCE OF major molecular products 
of cannabinoid producing plants mediate their 
biological effects through two G-protein cou-
pled receptors of the cannabinoid receptor fami-

ly (CB1R and CB2R). CB1R has garnered the most molecular, 
medicinal, and research attention. This receptor is the gate-
keeper for many of the effects felt from cannabis consump-
tion and will serve as our entry point into this  
molecular journey. 

How Will This Molecule Be Explored? 
A close look will be taken at the structure of CB1R and its 
interactions with cannabinoids on the exterior of the cell. 
Then, a ride through the induced cellular signaling will 
be taken to consider how the cell changes its behavior to 
elicit the cannabis experience. During this journey, we will 

meet some of the other molecules that play a role in that 
experience, to be studied further in the series. Surprisingly, 
no variants have been characterized for CB1R that alter the 
structure of the receptor. There have been seven “silent” 
mutations discovered in humans. These variants cause no 
change in the building blocks that assemble the receptor. 
However, there have been duplications of the gene that 
encode the receptor identified in a few individuals. There-
fore, we must spend some time to unravel the mysteries 
associated with having more copies of the gene. 

What Will You Do with This Information? 
Perhaps you are working in a drug discovery laboratory 
and this will help you infer decisions on your project. 
Maybe you are interested in learning about the molecular 
messages, and how cannabinoids communicate. Or maybe 
you are simply curious. Several gene sequencing products 

Have you ever wondered why some people are more sensitive to the effects of 
cannabinoids than others? Factors such as dosing, metabolic rates, and weight influence 
these differences. But there is a more complex bustling of tiny, molecular processes that 

specifically dictate these differences in predictable ways. To gain an understanding of the 
busy, massive, yet focused interactions that dictate this process, one must wade into the 
sea of organic molecules that constantly feel and touch one another to distribute, accept, 

and receive messages to influence cellular communication within the body. I hope to 
begin this journey with you, and together we can gain an appreciation for which proteins 
decide our response to cannabinoids, and investigate how variants in our population may 

influence reactions to the cannabis experience. We begin with an in-depth exploration  
of the structure, function, and variation of cannabinoid receptor 1 (CB1R). 

Cannalingo, Part I:  
A Guided Tour Through the Influence 

of Protein Structure and Function  
on Cannabinoid Signaling

BY AUDREY SHOR



THE MOST ANTICIPATED 
EVENT OF THE CANNABIS 
BUSINESS YEAR

Oct 19-22, 2021
Las Vegas + Online
Register Now at MJBIZCON.COM
Save 10% with promo code: CSTBIZCON10

Science
SYMPOSIUM

Check Out MJBizCon’s 
Pre-Show Forum: Oct 19, 2021

This day long 
symposium  
will provide you  
with a deeper 
look at the latest 
developments  
and data that  
are advancing the 
science of cannabis.

Sponsored by:

THE MOST ANTICIPATED 
EVENT OF THE CANNABIS 
BUSINESS YEAR

Oct 19-22, 2021
Las Vegas + Online
Register Now at MJBIZCON.COM
Save 10% with promo code: CSTBIZCON10

Science
SYMPOSIUM

Check Out MJBizCon’s 
Pre-Show Forum: Oct 19, 2021

This day long 
symposium  
will provide you  
with a deeper 
look at the latest 
developments  
and data that  
are advancing the 
science of cannabis.

Sponsored by:

https://mjbizcon.com
https://mjbizcon.com
https://emeraldscientific.com


cannabis science and technology®  |  vol. 4 no. 7 cannabissciencetech.com46

feature / research

now exist for genealogy and medicinal 
purposes. Here is where consumers can 
get real use out of such services. How 
powerful could it be to know whether 
your patients or customers will respond 
to a specific cannabinoid and at which 
doses? Grasping the content of this 
series will open the door to discover-
ing the secret messages of the cellular 
signaling, or “cannalingo,” happening 
within our bodies. 

It has been more than 5000 years 
since the first evidence of cannabi-
noid use was documented in China 
for the treatment of pain and cramps 
(1). Since that time, cannabinoids have 
been used to combat a myriad of con-
ditions including blocking pain recep-
tion, inflammation, reducing the se-
verity of epileptic fits, prevention of 
nausea and vomiting, as well as recre-
ational use. Much is left to be under-
stood about our individual respons-
es to cannabinoid use and exposure. 
Summarizing what is currently under-
stood of the structure and expression 
density of CB1R will contribute to the 
appreciation of the differences in reac-
tions individuals have when exposed 
to cannabinoids. To properly explore 
the attributes of CB1R expression and 

function in cannabinoid signaling, a 
brief introduction to the central dog-
ma of molecular biology is in store. 

All but our mature red blood and 
cornified cells (such as hair and skin) 
carry a copy of our genome in the nu-
cleus of our cells. Our genomes are 
comprised of approximately 30,000 
unique genes. Many of these genes pro-
vide instructions for making the es-
timated 80,000 to 400,000 different 
proteins, and these molecules perform 
much of the work that keeps us alive 
and well. The interaction of these pro-
teins provides us with our phenotype; 
our individual characteristics includ-
ing appearance, behaviors, and cellu-
lar functions. While humans may theo-
retically express up 400,000 different 
proteins, protein expression is based 
on cell type. There are more than 250 
different types of cells that assemble 
to comprise and support our bodies. 
This creates a lot of variability in pro-
tein expression between cells. Not all 
cells express the same proteins, which 
is what differentiates one cell type 
from the other. Our genomes are com-
prised of more than 3,000,000,000 
(yes, that’s 3 billion, with a b) pairs of 
nucleotides, the building blocks of our 

deoxyribonucleic acid (DNA). These 
nucleotides (adenine, guanine, cyto-
sine, and thymine) are organized into 
23 pairs of chromosomes. We inherit 
each set of chromosomes 1 to 23 from 
our biological parents. 

When cells receive a queue from 
themselves or the environment they 
reside, a series of messages are sent 
within the cell, many of which are 
sent to the nucleus, which harbors our 
DNA. Messages received by the nucleus 
instruct changes in the expression of 
genes required to change the behavior 
of the cell. For example, these messag-
es can stimulate mental and physical 
relaxation, induce hunger, or trigger 
sleepiness. To enact these behavioral 
changes, many macromolecules (nucle-
ic acids, proteins, carbohydrates, and 
lipids) will cooperate to relax sections 
of our genomes, enabling molecular 
machinery to gain access to the genet-
ic sequence of the DNA, and producing 
copies of small sections of the genome, 
which correspond to protein-encoding 
regions. This leads to the transcription 
of a temporary, unstable copy of the 
gene in the form of messenger ribonu-
cleic acid (mRNA). After some process-
ing for maturation, this mRNA leaves 

Figure 1: Simplified illustration of a human cell. This over-simplified illustration of a human cell depicts CB1R expression 
in the plasma and organelle membranes throughout the cell. Keep in mind that thousands of other macromolecules and 
proteins are found in the membranes, throughout the cytoplasm and within individual organelles. 
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In humans, cytochrome P450 contains three 
primary enzymes involved in the metabolism of Δ9-
tetrahydrocannabinol (CYP2C9, CYP2C19, CYP3A4). 
These enzymes are mostly found in the liver, but can occur 
in other lipophilic tissues like brain, small intestine, heart, 
and lungs. THC elimination in the body is dictated by the 
accumulation of the compound in both adipose tissue and 
plasma and, due to the lipophilicity of THC, the determination 
of the concentration through excretion is diffi cult.1,2 Likewise, 
states have passed regulations allowing for the legal use of 
both medicinal and recreational cannabis while workplaces in 
those states continue to dictate safety regulations with a zero 
tolerance drug policy culminating in a urine test to determine 
compliance. With more than 100 THC metabolites, detection 
of the most abundant, 11-hydroxy-THC, 11-carboxy-THC 
glucuronide, and 11-carboxy-THC, hold the most focus. 
Typically, between 80% and 90% of the THC consumed is 
excreted as carboxylate and hydroxylate metabolites.3,4

The Hamilton PRP-C18 reversed-phase column offers 
good selectivity and peak shape when detecting the three 
major components of THC metabolites in urine. As shown 
in Figure 2, samples spiked with metabolites in urine show 
good correlation in low concentrations and rapid sample 
analysis can be achieved in under eight minutes. In addition 
to good column performance, all Hamilton columns come 
with value added features that include great chemical and 
thermodynamic stability and increased lifetime due to their 
PS-DVB backbone.
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Temperature 35°C

Injection Volume 5 µL

Detection UV at 230 nm

Dimensions 150 x 4.6 mm

Eluent A 10 mM CH3COONH4

Eluent B CH3CN

Flow Rate 2.0 mL/min

1 ) Lucas, C.J.; Galettis, P.; Schneider, J. The pharmacokinetics and the 
pharmacodynamics of cannabinoids. Br. J. Clin. Pharmacol. 2018, 84, 
2477–2482. 

2 ) Grotenhermen, F. Pharmacokinetics and Pharmacodynamics 
of Cannabinoids. Clin. Pharmacokinet. 2003, 42, 327–360.

3 ) Huestis, M.A. Pharmacokinetics and Metabolism of the Plant Cannabinoids, 
D9-Tetrahydrocannibinol Cannabidiol and Cannabinol. In Cannabinoids; 
Pertwee, R.G., Ed.; Springer: Berlin/Heidelberg, Germany, 2005; pp. 
657–690. ISBN 978-3-540-26573-3.

4 ) Harvey, D.J. Absorption, Distribution, and Biotransformation of the 
Cannabinoids. In Marihuana and Medicine; Nahas, G.G., Sutin, K.M., Harvey, 
D., Agurell, S., Pace, N., Cancro, R., Eds.; Humana Press: Totowa, NJ, USA, 
1999; pp. 91–103. ISBN 978-1-59259-710-9.

Author: Adam L. Moore, PhD

Figure 1: Most abundant THC metabolites.
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Figure 2: Urine sample spiked with 3 ng/mL of THC metabolites.

-10
0

0

60

120

10

30

50

70

90

21 43 65

200 400

87 109

Time (min)

In
te

n
si

ty
 (m

V
)

1 ng/mL 2 ng/mL 5 ng/mL 25 ng/mL Urine + Spike

y = 0.2722x + 0.7312
R2 = 0.999

Are You Still High? THC Metabolites in Urine

mailto:sales@hamiltoncompany.com
mailto:contact.lab.ro@hamilton-ce.com
https://www.hamiltoncompany.com/contacts
https://www.hamiltoncompany.com
https://www.hamiltoncompany.com


cannabis science and technology®  |  vol. 4 no. 7 cannabissciencetech.com48

feature / research

the nucleus and works with other mo-
lecular machinery in the cytoplasm of 
the cell to coordinate translating the 
mRNA into the sequence of amino ac-
ids, which are the building blocks that 
comprise the CB1R protein. Think of 
this as translating a sentence from one 

language to another using a different 
alphabet. This protein will often un-
dergo post-translational modifications 
that will enable the protein to perform 
its intended function. This induced ex-
pression and subsequent interaction 
with cannabinoids will initiate the be-
havioral change intended by the mes-
sages received by the cell. 

While the order of genes on each of 
our chromosomes is similar within our 
population, the sequence of the nucle-
otides that comprise each chromosome 
varies by ~0.1% between individu-
als. This is the source of variation that 
makes each of us unique. These varia-
tions result because of mutations, re-
visions, to the sequence of nucleotides 
within a given gene. A great metaphor 
for this can be seen in the early epi-
sodes of the most recent Marvel Cine-
ma Universe (MCU) escape, Loki. The 
main character of the series, Loki, uses 
magic to escape from captivity by trav-
eling through time. He is then consid-
ered a “Variant,” and is charged with 
the crime of wreaking havoc across the 
Sacred Timeline. Many variants may 
exist for a given gene. This causes the 
variation we see among humans. Some 
of these variants produce new traits. 
Others will result in unintended con-
sequences for the functional compo-
nent of that gene (for example, the re-
sulting protein), while others may 
cause no change in protein function at 
all. The sequence of amino acids dic-
tates the structure the protein will fold 
into. It’s the structure of the protein 
that dictates its function. Changes to 
this sequence can result in  
functional changes.

Once assembled, proteins can be 
shuttled throughout the cell using 
roadways and transport molecules 
comprised of other interacting macro-
molecules. Some proteins will remain 
within the cell (intracellular), either in 
the aqueous medium of the cytoplasm 

or organelles within the cell. They be-
come embedded within a membrane 
of an organelle or plasma membrane 
or are secreted from the cell to invoke 
changes in the extracellular matrix. 
CB1R is expressed in membrane  
structures (Figure 1).

The endocannabinoid system is a se-
ries of receptors, enzymes, and endo-
cannabinoids that cooperate to induce 
responses to cannabinoid exposure. 
We will explore variations of sever-
al key players involved in the endocan-
nabinoid system throughout this series. 
Cannabinoid receptor 1 (CB1R) is one of 
two cannabinoid receptors that contrib-
ute to the endocannabinoid system in 
humans. CNR1, the gene that encodes 
for CB1R, is located on chromosome 6 
(Figure 2). It is comprised of 24,486 
nucleotides organized into 8 exons and 
6 introns. During the process of tran-
scription, the introns are spliced, or cut, 
out of the mRNA sequence and the ex-
ons are joined. The exons can be spliced 
together to form one of two different 
isoforms (versions) of mRNA that will 
provide the instructions for assembling 
the specific sequence of amino acids 
that comprise either version of the pro-
tein. The most common form, CB1R, is 
comprised of 472 amino acids, while a 
truncated version, CB1Rb, is 33 amino 
acids shorter at 439 amino acids.   

A member of the G protein coupled 
receptor family, CB1R associates with 
G protein α subunits including Gi α-1/
GNAI3 and Go α-GNAO1 (2). The func-
tion of CB1R is wildly cell dependent 
and varies between cell types. While 
significant research remains to be 
completed to gain a greater apprecia-
tion for the vast functions of CB1R, ef-
forts have been made to begin to piece 
together the beginnings of a story. 
CB1R has been demonstrated to partic-
ipate in executive, emotional, memo-
ry, and reward processing signals upon 
stimulation by cannabinoids (3). CB1R 

Figure 2: Chromosomal mapping of 
CNR1. The CNR1 gene, which encodes 
for the CB1R protein, is located on 
chromosome 6. Duplications of this 
region of the chromosome have been 
characterized, which may influence 
CB1R expression.
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is prominently expressed in the cells 
of the central nervous system, and to a 
lesser extent in fat cells, placental, ad-
renal gland, and other cell  
types (Figure 3).  

The receptor is embedded in the 
plasma membrane that surrounds the 
cell, separating the cell from its envi-
ronment and other cells, as well as en-
dosome and lysosome membranes and 
the outer mitochondrial membrane. 
CB1Rs expressed on the cell membrane 
are suspected to play unique roles de-
pending upon which other receptors 
on the cell it engages with upon stim-
ulation. Unlike traditional G cou-
pled protein receptors, CB1R inhib-
its the formation of cyclic adenosine 
monophosphate (cAMP), a molecule 
significant to amplifying cellular sig-
nals involved in metabolic pathways 
that contribute to increasing access to 
cellular fuel reserves and ATP produc-
tion, among other things. Rather CB1R 
signaling contributes to a reduction 
of intracellular calcium levels and in-
creased MAPK signaling. Depending 

upon other contributing proteins in 
the specific cell type, MAPK activi-
ty can result in cell survival or death. 
Conversely, CB1R expressed in lyso-
some membranes initiates an increase 
of cellular calcium levels and perme-
ability. Mitochondrial CB1R signaling 
results in decreased mitochondrial me-
tabolism (respiration), and may or may 
not serve a protective role for the pow-
erhouse of our cells. 

Aside from serving a significant role 
in cannabinoid signaling, CB1R has 
been investigated as a potential ther-
apeutic target for neuropsychological 
disorders and neurodegenerative dis-
eases. The studies summarized above 
lend evidence to further research 
this possible benefit. CB1R has been 
demonstrated to modulate neurotrans-
mission and mediate neuroprotec-
tion against excitotoxity, an overstim-
ulation of neurons which often results 
in neuronal death. In fact, CB1R has 
even been suggested to be upregulat-
ed in neurodegenerative disease mod-
els, which is believed to play a role in 

compensating for aberrant neuronal 
signaling characteristic of such condi-
tions. Alzheimer’s disease models have 
demonstrated a possible CB1R activa-
tion preventative strategy in combat-
ing the toxicity induced by amyloid-β 
accumulation, whereas a reduction of 
CB1R expression has been suggested to 
occur in progressive neurodegenera-
tive diseases such as Huntington’s dis-
ease (summarized in review by Zou 
and colleauges [4]).    

The CB1R structure is comprised of 
seven alpha helices assembled to pro-
duce a transmembrane portion that 
spans the membrane, an extracellular 
domain that interacts with delta-9-tet-
rahydrocannabinol, endocannabinoids 
2-arachidonoylglycerol (AG-2), and an-
adamide (AEA), and a highly disor-
dered intracellular domain that inter-
acts with cytoplasmic components of 
signaling (Figure 4). Upon stimula-
tion by cannabinoids, CB1R will initi-
ate a cascade of reactions in the cell (or 
organelle) that lead to alterations of 
mood and cognition. 

Expression of full length CB1R dom-
inates in the brain and skeletal muscle, 
with increased expression density in 
presynaptic terminals of neurons (5,6), 
whereas the truncated version is abun-
dant in liver and pancreas (7). While 
amino acids 2–23 are required for 
transporting the protein to the mito-
chondria, amino acids 22–54 are miss-
ing from CB1Rb. The functional differ-
ences between the two isoforms has 
yet to be fully elucidated. Fortunately, 
these residues are not thought to bind 
to cannabinoids, so the truncation is 
not suspected to significantly disrupt 
binding and subsequent cell signaling 
effects. Rather, the hydrophobic pocket 
created at the apex of interacting alpha 
helices is maintained. Aside from these 
two isoforms, seven variants have 
been characterized in the literature (2) 
(high-quality and freely accessible set 

Figure 3: Relative CB1R expression by cell type. While the cells brain and central 
nervous system express the most abundant CB1R, several other cell types have 
been demonstrated to express the receptor to a lesser extent (9).
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of protein sequences annotated with 
functional information). In this article, 
we describe significant updates that we 
have made over the last two years to 
the resource. The number of sequenc-
es in UniProtKB has risen to approxi-
mately 190 million, despite continued 
work to reduce sequence redundancy 
at the proteome level. We have adopt-
ed new methods of assessing pro-
teome completeness and quality. We 
continue to extract detailed annota-
tions from the literature to add to re-
viewed entries and supplement these 
in unreviewed entries with annota-
tions provided by automated systems 
such as the newly implemented Asso-
ciation-Rule-Based Annotator (ARBA). 
These variants are not as chaotic as 
our earlier described Loki variant. All 
seven variants are silent mutations 
that do not result in changes to the 
amino acid sequence for the protein. 
While the DNA sequence may differ 
among these variants, the transcribed 
amino acid sequence and resulting pro-
tein structure are unchanged. Thus, 
CB1R is a highly conserved protein in 
our population and across species. 

What’s interesting is rather than 
demonstrating variants of protein 
structure and function among the pop-
ulation, entire gene duplication events 
have been characterized. Several du-
plications of sections of chromosome 
6 have been described in the literature 
(8). Sometimes this duplication of ge-
netic material includes one to three ex-
tra copies of the section that encodes 
for CB1R. These duplications may 
cause increased expression of the re-
ceptor. An increased expression of the 
receptor may lead to an amplified re-
sponse to cannabinoid signaling. Stud-
ies to investigate this have yet to be 
completed, and further research is re-
quired to test this hypothesis among 
individuals with chromosome 6 dupli-
cations. The implications of expression 

and response to cannabinoid exposure 
would be an interesting correlation to 
assess among the population. 

Many clues regarding the role CB1R 
plays in our responses to cannabinoid 
exposure have been revealed. Howev-
er, this is only the beginning of ful-
ly elucidating the molecular and, sub-
sequently, behavioral consequences 
of cannabinoid use. CB1R forms com-
plexes with several other receptors 
embedded within membranes. These 
unique pairings result in more com-
plex and novel signaling mechanisms. 

Further research is needed to decode 
these pairings, and better understand 
the role CB1R plays in cannabinoid 
signaling in specific cells. A consid-
eration of expression density by cell 
type, correlated with CNR1 gene du-
plication should follow suit. In addi-
tion, the diverse expression of CB1R 
within the cell provides rationale for 
investigating mechanisms that regu-
late cannabinoid permeability through 
the plasma membrane to confer intra-
cellular interactions. The versatility 
of the signaling pathways induced by 

Figure 4: Structure of CB1R (10). CB1R is a transmembrane protein that spans 
the width of the membrane it is embedded in. The extracellular (top) portion 
of the protein interacts with cannabinoids that are outside of the cell. This 
interaction changes the shape of the intracellular (bottom) portion, which 
initiates a cascade of reactions leading to the effects imparted by cannabinoid 
exposure. Alpha helices are rendered in purple, while the disordered portions 
of the protein are rendered in cyan and green. The alpha helix rendered in 
orange, denoted by (*) is missing from CB1Rb.

*
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CB1R stimulation and its widespread 
expression throughout the body serves 
as justification for supporting fur-
ther evaluation of this protein as a tar-
get for various diseases, conditions, 
and simply better understanding con-
sumer needs. Further consideration of 
the natural variants among other pro-
teins significant to the endocannabi-
noid system will improve our grasp of 
the role cannabinoids have in their po-
tential pharmacological diversity and 
expanded recreational use. To para-
phrase Loki’s handler Mobius, stud-
ying these variants among the endo-
cannabinoid system are the key to 
understanding the molecular conse-
quences cannabinoid use.
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