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Hawaii Allowing Any Out-of-State 
U.S. Medical Card Holder Access
to Cannabis Dispensaries

David Hodes

Any qualifi ed out-of-state medical cannabis patient trave-

ling to Hawaii can now buy medical cannabis legally after 

applying for a temporary medical card up to 60 days be-

fore their visit.

On March 5, the Hawaii Department of Health (DOH) 

began allowing out-of-state residents to purchase a med-

ical cannabis card—called the 329 card—for $49.50 online 

only. Travelers with cards can purchase up to four ounces 

of cannabis at any licensed dispensary in the state. Cards 

are good for 60 days, and can be downloaded or stored on 

a visitor’s smartphone or tablet. Applications for the medi-

cal card are often approved on the same day, according to 

a DOH news release (1).

“Having the out-of-state program will open the opportu-

nity of coming to Hawaii to many people,” said Pedro Haro, 

executive director of the Hawaii Educational Association 

for Therapeutic Healthcare (HEALTH), the trade association 

for Hawaii’s licensed dispensaries. “It’s really not a choice 

to have to make . . . to go without medication, particularly 

when it’s helping them.”

The DOH’s Harm Reduction Services Branch Medical 

Cannabis Registry Program team expedited the implemen-

tation of amended Hawaii administrative rules and devel-

oped the IT system enhancements needed to put the out-

of-state patient registration system in place in less than 

eight months. Governor David Ige signed the amended 

medical cannabis law permitting the program to establish 

a process for registering out-of-state patients in July 2018 (1).

According to Pete Whiticar, chief of the Harm Reduc-

tion Services Branch of the DOH, the electronic registration 

cards contain the same verifi able information as the hard 

copy cards that they have issued since 2015. “But we’ve tak-

en a major step forward to modernize the process and im-

prove the patient experience,” said Whiticar. “We can now, 

for the fi rst time, invite qualifi ed out-of-state patients to ap-

ply up to 60 days prior to their visit to Hawaii and get their 

cards online prior to arrival” (1).

Currently, 32 other states, the District of Columbia, and 

four U.S. territories allow the use of cannabis for medicinal 

purposes. Medical cannabis patients coming to Hawaii and 

applying for a temporary medical card have to certify that 

they use cannabis for one of the 11 conditions recognized 

by the state, including post-traumatic stress disorder (PTSD), 

cancer, glaucoma, lupus, epilepsy, multiple sclerosis, HIV, 

and any chronic diseases or medical conditions that cause 

pain or nausea (2).

While this is good news for visitors, they need to be aware 

that Hawaii is still working out some of the sticky details of 

their medical cannabis program. For now, only four of the 

eight Hawaiian islands—Hawaii, Maui, Kauai, and Oahu—

have medical cannabis dispensaries (a total of nine so far) (3).

Federal regulations prohibit transporting any cannabis 

from island to island, and recreational cannabis is still ille-

gal in the state (4). Additionally, international medical canna-

bis registration cards are not accepted at this time, and the 

DOH needs other information from certain states to pro-

cess the temporary card (New York is one) (5). But there is a 

light at the end of the tunnel for all cannabis consumers and 

island visitors— a bill that would legalize recreational canna-

bis is currently gaining traction in the state’s legislature (6).

References

(1) https://health.hawaii.gov/news/files/2019/03/19-012-On-
line-registration-for-out-of-state-med-cannabis-pt.pdf.

(2) http://health.hawaii.gov/medicalcannabisregistry/provid-
ers/debilitating-medical-conditions/.

(3) https://health.hawaii.gov/news/files/2019/03/19-
014-DOH-approves-second-dispensary-on-
Hawaii-Island-NR-FINAL-030719.pdf.

(4) http://health.hawaii.gov/medicalcannabisregistry/.

(5) https://medmj.ehawaii.gov/medmj/welcome.

(6) http://www.hawaiinewsnow.com/2019/02/07/bill-legalize-
recreational-marijuana-hawaii-is-still-very-much-alive/.

Arcadia Biosciences Announces New 
Business Unit Dedicated to Cannabis

Arcadia Biosciences, Inc. (Davis, California), an agricultural 

food ingredient company that is known for leveraging ad-

vanced, proprietary breeding techniques to improve the 

quality and nutritional content of wheat and soybeans, an-

nounced that they will apply their expertise to cannabis. 

With the establishment of Arcadia Specialty Genomics, the 

company is reportedly dedicating a fi rst-of-its-kind strate-

gic business unit to the optimization and standardization of 

cannabis plant content, quality, climate resiliency, and yield. 

Arcadia Specialty Genomics intends to conduct its business 

only in federal and state markets in which cannabis is legal. 

The company will initially focus on the hemp market with 

Chief Financial Offi cer Matt Plavan as president.
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Inter-Lab Variation in the Cannabis Industry, 
Part I: Problem and Causes

Too often, cannabis laboratories get different results on the same sample. There are a number of 
causes and solutions. In this installment, the problem is presented along with its causes. In the 
second part of this series, potential solutions will be discussed.

Brian C. Smith

I
n the fi rst installment of this col-

umn series, I stated one of my 

goals was to teach the basics of 

chemical analysis for those in the 

cannabis industry that are new to the 

fi eld (1). I started by writing columns 

on precision and accuracy (2) and 

representative sampling (3). Normal-

ly at this point in a course on analyt-

ical chemistry I would proceed onto 

a topic such as the basics of chroma-

tography. However, one of my oth-

er goals for this column is to address 

important issues facing the cannabis 

analysis industry. There now exists 

an issue so important in this indus-

try that I feel the need to interrupt 

your regularly scheduled cannabis 

analysis column for this important 

message: inter-laboratory variation 

is a serious problem in our industry. 

I feel it is so important that I will be 

devoting this and the next column to 

this topic.

Cannabis is Medicine…

Test it Like Medicine!

The U.S. Food and Drug Administra-

tion (FDA) is now on record stating 

that cannabidiol (CBD) has medici-

nal uses (4). Here is an excerpt from 

their announcement: “Marketing 

unapproved products, with uncertain 

dosages and formulations can keep 

patients from accessing appropriate, 

recognized therapies to treat serious 

and even fatal diseases.” Thus, the 

FDA has set itself the goal of insur-

ing cannabis medicines contain cor-

rect dosages.

One of my mantras is, “Cannabis 

is medicine . . . test it like medicine!” 

(This phrase was in the running to be 

the name of this column series, but I 

thought “Cannabis Analysis” was eas-

ier to say and remember.) The point 

is that the cannabis industry needs 

to adopt the testing regimen of the 

pharmaceutical industry to produce 

safe and effective medicines, and the 

FDA agrees with me. This means per-

forming what I call cradle-to-grave 

testing: Analyzing raw materials for 

identity and purity, monitoring eve-

ry step of the chemical manufactur-

ing process to make sure it is done 

according to standard operating pro-

cedures; testing fi nal products for 

correct amounts of active pharma-

ceutical ingredients (APIs) and ex-

cipients; and testing for compliance 

with any applicable laws and regula-

tions. Many cannabis businesses are 

dependent upon third party cannabis 

analysis laboratories for some or all 

their testing.

Inter-laboratory variation is the 

problem of different laboratories ob-

taining statistically different results 

on the same sample. It is a well docu-

mented phenomenon in the cannabis 

industry (5–8). One of the best papers 

on this topic is surprisingly found in 

the pages of the prestigious Journal 

of the American Medical Association

(JAMA) (5). The authors purchased 

84 CBD containing products over 

the internet from 31 different com-

panies, and had their potencies an-

alyzed by an independent laborato-

ry. More than 69% of these products 

were mislabeled. One of the likely ex-

planations for this problem is inter-

laboratory variation—the laborato-

ries who analyzed these products for 

label claims incorrectly measured the 

amount of CBD in the samples. Based 

on this study, it sounds like the FDA 

has its work cut out for it trying to in-

sure cannabis patients get the right 

dosage of CBD.

In addition to the JAMA article, lo-

cal news teams have been on the hunt 

investigating inter-laboratory varia-

tion in the cannabis industry (6,7). In 

one study (7), the same homogenized 

http://www.CannabisScienceTech.com


ZZZ�%LJ6XU6FLHQWLƓF�FRP��������������������LQIR#ELJVXUVFLHQWLƓF�FRP

No Sample Preparation!

Save Time and Money
by Doing Your 
Own Analyses!

831.205.3203
Fast and Easy

Push-button operation gives results 
in under 2 minutes

Determine
&DQQDELQRLG�SURƓOHV�LQFOXGLQJ�7+&$��7+&��

&%'$���&%'��&%*$��&%*�	�&%1

7HUSHQH�3URƓOHV�LQFOXGLQJ�0\UFHQH��
&DU\RSK\OOHQH��+XPXOHQH��3LQHQHV��

/LPRQHQH��	�/LQDORRO

,Q�ŴRZHU��WULP��RLOV��H[WUDFWV��GLVWLOODWH��
VKDWWHU��UHVLQ��	�URVLQ

Accurate
:LWKLQ�����RI�UHIHUHQFH�ODE�YDOXHV

No Sample Preparation
1R�JULQGLQJ��ƓOWHULQJ��RU�VROYHQWV�UHTXLUHG

1R�6DPSOH�6DFULƓFH
2QO\�D�IHZ�PLOOLJUDPV�RI�VDPSOH

DUH�QHHGHG�SHU�DQDO\VLV

The BSS 2000 Cannabis Analyzer

Big Sur Scientific
Bringing Science to the Art of Cannabis

http://bigsurscientific.com/
mailto:info@bigsurscientific.com
http://bigsurscientific.com/


14 Cannnabis Annalyysis

B
L

A
B

LO
1
0

1/
S

H
U

T
T

E
R

S
T

O
C

K
.C

O
M

CANNABIS SCIENCE AND TECHNOLOGY | www.CannabisScienceTech.com VOL 2 • NO 2 • MARCH/APRIL 2019

14 Cannnabis Annalyysis

B
L

A
B

LO
1
0

1/
S

H
U

T
T

E
R

S
T

O
C

K
.C

O
M

CANNABIS SCIENCE AND TECHNOLOGY | www.CannabisScienceTech.com VOL 2 • NO 2 • MARCH/APRIL 2019

cannabis oil sample was delivered by hand to 10 different 

cannabis testing laboratories in California. The range of 

measured potencies was from 64% to 83%. There is no oth-

er explanation for these results but inter-laboratory varia-

tion. An internet search will turn up other such studies with 

similar results.

Some colleagues and I recently performed a round-

robin study of fi ve California cannabis laboratories (8). 

We took a sample of distillate known to be free of pesti-

cides, spiked it with known amounts of six different pes-

ticides, and hand delivered the samples in duplicate to 

the laboratories on the same day. The false negative rate 

was 78%. That is, 78% of the time the laboratories failed 

to detect pesticides known to be present in the distil-

late. Our results probably mean pesticide tainted prod-

ucts have made it into the hands of California cannabis 

patients and consumers.

Additionally, we submitted homogenized distillate sam-

ples from the same batch in quadruplicate to the fi ve dif-

ferent laboratories (8). The range of the 20 potency meas-

urements received was 77% to 94%. Again, the cause here 

must be inter-laboratory variation. We proved via mid-in-

frared (IR) spectroscopy that the sample was homogene-

ous (8). I am sure many of you have heard of or experienced 

the inter-laboratory variation problem yourselves.

Let’s review the results here: 

1. 69% of CBD products mislabeled 

with the wrong dosage.

2. Measured potency range of 64% to 83% measured 

on the same sample by 10 laboratories.

3. Pesticide false negative rate of 78%.

4. Measured potency range of 77% to 94% measured 

on same sample by fi ve laboratories.

These results are shocking and unacceptable. Can you 

imagine the uproar if 69% of a company’s pills sold to 

the public were found to have the wrong amount of API? 

Can you imagine the controversy that would result if we 

found out that 78% of the food we eat contained pre-

viously undetected pesticides? There would be reams 

of bad press, a raft of lawsuits, congressional investiga-

tions, companies going bankrupt, and maybe even peo-

ple going to jail. This will happen to our industry if we 

don’t fi x the inter-laboratory variation problem.

Press reports of this problem shake the public’s confi -

dence in our industry and make it look like we don’t know 

what we are doing, that we might be selling tainted or 

dangerous products, or, worst case scenario, that we are 

frauds and crooks. I am sure it is a long cherished goal 

of many in this industry to see medical or recreational 

cannabis legalized at the federal level in the United States. 

To achieve this, we must convince the public that we sell 

a safe, effective product, and that our business practices 

are above board and beyond repute. The inter-laboratory 

variation problem and its associated bad publicity makes 

achieving our goal that much harder, to the detriment of all 

in the cannabis industry.

The inter-laboratory variation problem makes it hard 

for cannabis businesses, our clients, to make ration-

al business decisions. For example, I have seen a distil-

late batch worth hundreds of thousands of dollars be de-

clared pesticide free by a cannabis laboratory hired by 

the seller but tested above legal limits by another labo-

ratory hired by the potential buyer. The buyer nixed the 

deal, causing the seller signifi cant fi nancial heartache. 

What is a cannabis business to do in this situation? Who 

are we to believe? How can a cannabis business stay in 

business, when whether or not they can legally sell their 

product is a crapshoot?

Causes of the Problem

As with any complex problem, there are multiple causes to 

the cannabis industry inter-laboratory variation problem. 

Here are my observations.

Lack of Standard Methods

In the U.S., the analysis of pharmaceuticals is regulat-

ed by the FDA. This industry can also turn to the Unit-

ed States Pharmacopeia (USP) for standard methods 

and reference materials. In the food industry, the As-

sociation of Official Analytical Chemists (AOAC) prom-

ulgates standard methods for things like testing the 

fat and protein content in what we eat. Because can-

nabis is still illegal at the federal level in the U.S., this 

precludes our FDA from getting involved in regulating 

the cannabis industry. I have heard that there are peo-

ple at the USP working on cannabis analysis standard 

methods, and I know there are hard working volunteers 

at the AOAC that have formed committees and work-

ing groups, and have issued calls for cannabis analy-

sis methods. However, all of this takes time and, at the 

moment (in my observation), there has yet to be prom-

ulgated clear guidance on methods that all canna-

bis analysis laboratories can use. I believe the day of 

standard cannabis analysis methods will come. But in 

the meantime, the problems caused by inter-laboratory 

variation will continue. I hope my pointing out the prob-

lem in this column will cause more people to become 

involved in obtaining a solution.

http://www.CannabisScienceTech.com
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Sample Inhomogeneity

I addressed this issue in detail in my last column (3). The 

problem is that cannabis samples, particularly plant ma-

terial, can be so inhomogeneous that different aliquots 

of the same material batch can have different chemical 

compositions. When these samples, assumed to be the 

same, are tested by different laboratories, and they get 

different results, we are all left scratching our heads.

Lack of Appropriate Standards

Another industry that deals with the analysis of inho-

mogeneous plant material is the tea industry. In the 

U.S., the National Institute of Standards and Technol-

ogy (NIST), a part of the federal government, issues 

standard reference materials (SRM) for industry. In the 

case of green tea, they have issued a standard refer-

ence material (9) that can be used for method devel-

opment and laboratory round-robin studies to measure 

inter-laboratory variation. In the U.S., cannabis stand-

ard reference materials issued by NIST do not yet exist 

because of the federal illegality problem. To the best 

of my knowledge, there does not yet exist a standard 

cannabis bud or standard reference cannabis oil, ex-

tract, or distillate. We can’t develop standard methods 

across laboratories and track inter-laboratory variation 

if we can’t guarantee that every laboratory is analyzing 

the same sample.

Sample Preparation Variability

I have been involved in cannabis analysis since soon 

after recreational cannabis became legal in Colorado, 

and have visited dozens of cannabis laboratories. In my 

observation, the biggest variable from laboratory to 

laboratory is sample preparation. Variances in amounts, 

grinding, solvents, shaking, vortexing, centrifuging and 

so forth, can lead laboratories to extract analytes from 

samples with different efficiencies causing part of the 

inter-laboratory variation problem. The most common 

ways of determining potency and pesticides in canna-

bis samples are gas chromatography (GC), high perfor-

mance liquid chromatography (HPLC), mass spectrome-

try (MS), and combinations thereof (10–12). To calibrate 

these standard solutions with known amounts of can-

nabinoids, terpenes, and pesticides that are sold and 

analyzed, instruments that are capable of amazing feats 

of accuracy and precision are used. However, our cli-

ents do not submit solutions of pure compounds to us 

for analysis. They submit inhomogeneous plant materi-

al, gooey brown stuff, or complex matrices like brownies 

and cakes. To prepare samples for these analyses they 

must be prepared in such a way that the analytes end 

up in the right concentration range in solution. You may 

have an instrument whose calibration line construct-

ed using pure standards has a correlation coefficient of 

0.999 and accuracy to the second decimal place. But if 

the sample is not prepared properly or does not have 

reproducibly, that accuracy is meaningless.

Sample Instability

It has been shown that cannabis samples of various 

types lose potency over time (13–17). One study using 

mid-IR spectroscopy found that cannabis oils lose to-

tal tetrahydrocannabinol (THC) via a first order mecha-

nism with a half-life of 7.9 months. Because of this mech-

anism, potency loss is the greatest early on (17). Thus, 

when doing a round robin study, if laboratories get the 

same sample on different dates, they may be analyzing 

samples that are measurably different from each oth-

er. This means that for cannabis oils, and perhaps for 

other cannabis samples, potency values can measura-

bly change in as little as a week. As a result, laborato-

ries analyzing the same sample at different times may 

get different results.

Large Factor Dilutions

Modern chromatographs and mass spectrometers 

are incredibly sensitive, capable of measuring pesti-

cides in the parts per billion level. However, when we 

need to measure potencies some samples contain 

THC amounts greater than 90%. Therefore, concentrat-

ed samples must be diluted by signifi cant amounts to 

keep from overwhelming our sensitive instruments. Di-

lutions by factors of 100 times or more are not uncom-

mon. When making these large factor dilutions, a small 

amount of analyte containing solution is dissolved in 

large amounts of solvent. It is not always easy to meas-

ure out small amounts of liquid reproducibly. If you lit-

erally have to dissolve one drop of analyte solution in 

100  mL of solvent, getting that drop size exactly right 

each time is nontrivial, and small error is magnifi ed when 

diluting by a large amount. I believe part of the explana-

tion for the distillate potency variation discussed above 

(8) may be problems with large level dilutions.

Treating Analytical Methods as Intellectual Property

In my own attempts to establish standard methods in 

our industry, I ask laboratory proprietors to share their 

methods with other laboratories. Too often the answer 

http://www.CannabisScienceTech.com
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is “no way.” These laboratories are under the mistaken 

belief that their in-house developed method has some 

important difference than all other laboratories, and to 

disclose that difference would put them at a competi-

tive disadvantage. I can assure all laboratory owners that 

I have observed enough methods being run at enough 

laboratories to tell you that no one has a “magic trick” 

that will set them head and shoulders above the rest. Al-

most all laboratories are fi lled with smart people and 

state-of-the art equipment. We are all trying to solve 

the same problem and, chances are, we all will arrive at 

essentially the same solution. There is no need to be se-

cretive. Worse yet, by not being forthright with methods, 

it makes it impossible to develop and implement stand-

ard methods across the industry, meaning the inter-lab-

oratory variation problem will never be solved.

Human Error

Last but not least is good old-fashioned human error. 

Despite training, adherence to standard operating pro-

cedures, and our best intentions, we are all human and 

we make mistakes. For example, I once had a laborato-

ry report back to me that a sample contained 234% tet-

rahydrocannabinolic acid (THCA). That mistake should 

have been recognized by the analyst, or their supervisor, 

and never allowed to leave the laboratory. Undoubtedly, 

similar screw ups contribute to the inter-laboratory var-

iation problem.

Conclusions

The inter-laboratory variation problem in the cannabis 

analysis industry is real and threatens the health and 

safety of consumers and the future of our industry. It 

has a number of causes, including a lack of standard 

methods and reference materials. These problems are 

exacerbated by the lack of marijuana legality at the fed-

eral level in the United States. Potential solutions to this 

problem will be offered in the next column.
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Cultivating with LEDs: 

Past, Present, and Future
Driven by the need to save energy and reduce operational costs, indoor growers are turning to alternative 
means of illuminating their cannabis crop. In more and more indoor grows, high-intensity discharge lamps 
(HIDs) are being swapped out for light-emitting diodes (LEDs). The reasons to do so are numerous, not 
just energy savings, but the increasing ability to tailor the light spectrum for getting the most out of the 
plant. LEDs will play an important role in grows of the future, where networked lighting and environmental 
sensors are integrated into a comprehensive cultivation platform. The time to try LEDs is now.

Roger Kern

A
s I discussed in the last in-

stallment of this column (1), 

an important part of a canna-

bis cultivator’s environmental obliga-

tion is minimizing our grows’ energy 

consumption. It’s not only good for 

the planet, but also for the balance 

sheet. There is more to the selec-

tion of a light source than just pick-

ing the low-cost option, so some-

times to save money you must spend 

money. Although light-emitting di-

ode (LED) fi xtures are more expen-

sive, they can pay for themselves in 

electrical cost savings in three years 

or less. Also, because I believe light 

is the fi rst nutrient of the plant, your 

selection shouldn’t rely entirely on 

fi nding the most energy-effi cient fi x-

ture but also the one with the right 

spectrum. There are a large number 

of LED horticultural lighting options 

out there. I have chosen to focus on 

three major brands—Lumigrow, Illu-

mitex, and Fluence Bioengineering—

as examples of the industry. Rath-

er than just relying on manufacturers 

claims, I have spoken to the growers 

themselves who are cultivating with 

these LEDs to gain insights into how 

to best use these examples of the 

current state of the art in indoor can-

nabis lighting. My goal here is not to 

recommend one product over anoth-

er; rather it is to share my insights to 

help cultivators successfully transi-

tion to this energy effi cient technolo-

gy and further optimize the yield and 

quality of their production strains.

Science the “Bleep” Out of It

I consider light to be the fi rst nutri-

ent of the plant. It provides the ener-

gy needed to absorb and process all 

the other nutrients of the plant. Be-

fore we go any further, it is impor-

tant to lay down the defi nitions of key 

terms used when discussing lighting 

for cultivation. Bear with me here, be-

cause it can get a little heavy going 

with these terms. However, once you 

learn them, you will use them with 

ease and be an impressive expert in 

lighting terminology.

Light levels for residential, com-

mercial, and industrial applications 

are expressed in terms of lumens. 

This term is intended to quantify light 

brightness as seen by the human eye. 

I won’t go into the scientifi c unit, be-

cause all you really need to know is 

“lumens are for humans.” A lumen is 

the brightness of one birthday candle 

located one foot away from you. Nor-

mal lighting in a room for your home 

is about 1000 lumens. While we need 

to know this because it is an everyday 

term, we need to become more spe-

cifi c about lighting and lighting meas-

urements for plants and plant growth. 

These are discussed below.

It’s diffi cult to describe light in lay-

man’s terms; however, for simplicity, 

sometimes we refer to light behav-

ior in terms of a wave and sometimes 

we refer to it as behaving more like a 

particle. For the purpose of explain-

ing, photosynthetically active radi-

ation (PAR) using the notion of light 

as a wave provides the best tool for 

understanding PAR. First, you have 

to think of the spectrum as the en-

tire rainbow of colors from infrared 

through reds, yellows, greens, blues, 

violets, and ultraviolet wavelengths. 

PAR is the part of the light spectrum 

absorbed by a plant’s pigments, such 

as chlorophylls and carotenoids. It 

drives the formation of glucose—the 

energy-rich end product of photosyn-

thesis. PAR covers the range of wave-

lengths, from 400 to 700  nm, where 

chlorophyll absorption can occur, 

with peak absorption effi ciency oc-

curring in the red (665 nm) and blue 

(465 nm) parts of the spectrum. While 

other parts of the spectrum are use-

ful to the plant, they are not directly 

involved in photosynthesis. When we 

http://www.CannabisScienceTech.com


21

VOL 2 • NO 2 • MARCH/APRIL 2019 www.CannabisScienceTech.com | CANNABIS SCIENCE AND TECHNOLOGYVOL 2 • NO 2 • MARCH/APRIL 2019 www.CannabisScienceTech.com | CANNABIS SCIENCE AND TECHNOLOGY

talk of the quality of the LED spectrum, we are referring 

to the relative ratios of light in the PAR range of the spec-

trum. Equally important is the intensity of the light. This is 

best understood by thinking of light as a particle (called a 

photon), not a wave. When discussing the effects of light 

upon the plant canopy, I fi nd the most useful term to be 

photosynthetic photon fl ux density (PPFD). PPFD is the 

number of photosynthetically-active photons falling on a 

given area each second, with measurement expressed as 

micromoles per square meter per second. A micromole is 

one-millionth of a mole—and a mole is an extremely large 

number, approximately 6.02 X 1023. A mole is a unit for 

measuring amounts in chemistry and is not something to 

worry about, but you can bring it out at the next party and 

impress the crowd with your detailed knowledge. When 

choosing a lighting fi xture, look for one delivering to the 

top of the canopy a PPFD of at least 700 micromoles per 

square meter per second (2).

PPFD also allows the calculation of another important 

number: daily light integral (DLI), which is a measure of 

the total number of photons falling on the canopy over a 

24-h period, expressed as moles/square meter/day (3). Ex-

pert cannabis growers like to see their plants receive 30 to 

40 moles of light a day, sometimes even higher. Translated, 

this means they want to see a DLI of 30–40.

So, just to recap: knowing these three measurements—

PAR, PPFD, and DLI—for your growing situation will help 

you determine the best lighting system to maximize 

health and yield.

LEDs: From Space Science to Cannabis Science

A brief history of LEDs can explain why they’re now com-

ing to the fore in the cannabis industry and indoor and 

greenhouse cultivation in traditional horticulture (vegeta-

bles and ornamental fl owers).

One of the fi rst cultivators to use LEDs were National 

Aeronautics and Space Administration (NASA) scientists 

performing ground-based research for future fl ight ex-

periments. The scientists wanted LEDs on spacefl ight be-

cause of their benefi ts compared to other types of lighting. 

For one, LEDs are comparatively small, which is essential 

on a spacecraft where room to operate is limited. Also, 

the diodes are shatterproof, eliminating the fear of an ex-

ploding light sending slivers of glass into a zero-gravity en-

vironment. LEDs run on direct current (DC), which is im-

portant because spacecraft run on DC power. Lastly, for 

greater control over photosynthesis in plant experiments, 

LEDs can be manufactured to emit a specifi c spectrum. 

(On a personal note, I fi rst became familiar with LEDs in 

plant-growth systems, working with them for space exper-

iments in the mid-1990s.)

Eventually, the horticulture industry, with cannabis 

growers among them, took note of LEDs. However, early 

adopters found the technology to be underpowered and 

expensive. As a result, growers were skeptical of the value 

of LEDs to improve their crop performance.

Enter Haitz’s Law for LEDs, which is similar to Moore’s 

Law. Just as the latter observation accurately has forecast 

the increase in computing power over the years, the late 

scientist Roland Haitz predicted that every decade the 

amount of light generated by an LED would increase by 

a factor of 20 while the cost would drop by a factor of 10. 

Haitz’s Law has held up over the years, and if there’s any in-

accuracy it underestimates the rates of progress. 

In short, LEDs are less expensive and brighter than when 

they fi rst became available to growers—a combination 

that has piqued the interest of today’s cannabis cultiva-

tors. Today’s LED fi xtures are every bit as powerful as the 
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high-intensity discharge lamps (HIDs) 

they are starting to replace. The LED 

fi xtures are roughly 40% more effi -

cient than their HID counter parts.

A Change in Lighting 

System Means Careful 

Planning and Time to Adjust

LEDs can be great, but adapting the 

crop growing conditions to them re-

quires some forethought and de-

tailed planning. When a lighting 

“change-out” occurs in grow rooms, 

the differences between LEDs and 

traditional lighting systems are sig-

nifi cant enough to cause a rethink-

ing of the cultivation protocols in 

even the most meticulously de-

signed and monitored grow rooms. 

Successful growers have had to re-

educate themselves and adjust their 

tried and true cultivation approach-

es. In short, you just can’t replace 

the fi xtures and expect the same or 

better results. You have to take some 

time to prepare, plan, test, and im-

plement your system in a methodi-

cal and careful manner to achieve 

the results that you desire.

For example, LEDs produce far 

less radiant heat than their HID cous-

ins. This means that adjustments in 

the cultivation environment must be 

made to ensure crop health. With-

out the radiant heat generated by 

HIDs, the temperature of the grow 

room and the leaf surfaces drops sig-

nifi cantly—and lower temperatures 

means higher relative humidity in 

the grow room. When the plants en-

ter a night cycle, the reduced heat in-

put reduces nighttime transpiration 

and slows the plant growth rate. A 

grower can address this two-fold is-

sue: 1. Heat the grow room to reduce 

the relative humidity, resulting in an 

increase in the water saturation lev-

el of the air, or 2. Increase the HVAC 

system’s dehumidifi cation capability. 

Some growers choose to do both.

To have a deeper understanding 

of how this can impact the plant, I 

need to introduce a concept called 

vapor pressure defi cit (VPD) (4). This 

is a calculated value based on three 

parameters: air temperature, relative 

humidity, and leaf temperature. Eve-

ry professional grow room should 

always have the fi rst two measure-

ments visible. For reading leaf tem-

peratures, those pistol-like infrared 

thermometers cost less than $100. (As 

an aside, a healthy leaf’s temperature 

should be lower than the air tempera-

ture by about 4.2 °F/2 °C with the dif-

ference due to the cooling effect of 

transpiration.) Once cultivators know 

those three measurements, they can 

fi nd free online VPD calculators that 

will tell them the difference between 

the level of water vapor in the leaf (al-

ways 100%) and the water vapor in 

the grow room’s air. Because this is 

a measurement of a pressure differ-

ence, the standard unit is kilopascals 

(kPa); for reference, the pressure of air 

at sea level is 101.3 kPa.

Managing VPD over the course of 

the cannabis life cycle is critical to 

getting the most out of the plant. If 

the VPD is too high, the transpiration 

rate will not be enough to keep the 

leaves from drying out, which stress-

es the plant. Ultimately, the plant’s 

response is to shut down its transpi-

ration rate and diminish the fl ow of 

nutrients, compounding the problem. 

If the VPD is too low, transpiration will 

be slowed, resulting in less cooling 

of the leaves and less uptake of nutri-

ents, which means slower growth and 

lower yields. To get the best outcome, 

it’s essential to maintain the optimal 

VPD range over the lifecycle of the 

plant. For propagation and the ear-

ly part of vegetative growth, the VPD 

should be kept between 0.4–0.8 kPa. 

During late vegetative and early fl ow-

er growth, the VPD should be main-

tained at 0.8–1.2  kPa. Finally, VPD is 

increased further during mid- and 

late-fl ower growth at 1.2–1.6 kPa. Yes, 

VPD management comes at a cost of 

a bit more energy, but the value of 

doing so is well worth the price.

Allison Justice, vice president of 

cultivation at OutCo in San Diego, 

Figure 1: Photosynthetically important part of the solar spectrum.
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California, uses fi xtures from Fluence Bioengineering to il-

luminate their indoor cultivation facility, cutting costs sig-

nifi cantly. However, she cautions that the 40% savings in 

electricity use for lighting was negated partially by the 

need for dehumidifi ers to be in the grow room. In my esti-

mation, actual energy savings of the overall LED based cul-

tivation operations are closer to 30%. 

Additionally, cultivators quickly may learn just how much 

their plants needed the radiant heat from the HIDs to grow 

as desired. Then it’s a matter of compensating by raising 

the air temperature in the grow room, although experts 

disagree by how much—or if it’s even needed. Dr. Dan-

iel Hopper, chief cultivation offi cer at Nevada’s Silver State 

Relief dispensary in Sparks, Nevada, using Lumigrow lights, 

said when he compared plants grown in a room kept at 

82 °F/27.8 °C with only LEDs versus 78 °F/25.6 °C, he no-

ticed no difference. But Justice said to raise the plants’ 

temperatures she runs LED rooms warmer than rooms 

equipped with high pressure sodium (HPS) lights, perhaps 

into the low 80s during the vegetative stage.

Another factor often overlooked following a conversion 

is light intensity. After cultivators realize they’re no longer 

at risk of burning their plants from a too-close HID, some 

bring the LED right next to the leaves. This, of course, 

cranks up the PPFD—which some genetics can handle 

while others can’t. Justice said one of OutCo’s best strains, 

Grape Pie, starts to foxtail once the PPFD reaches 900 mi-

cromoles, and when the PPFD crosses the 1000-micro-

mole threshold, the fl owers start to change morphology 

and look “fi nger-y” and not as “trichome-y.” In fact, she 

noted, the resulting plant takes on a shade of brown, as 

if it was grown outdoors. However, the lack of aesthetics 

is made up for by a higher yield and greater potency. On 

the other hand, she added, the strain “Tangimal” can take 

1200 micromoles without ill effect. You need to optimize 

each strain to get the most out of your LED lighting fi xture.

Many growers fi nd it is easier to over-water LED grown 

plants than HID grown. Growers often modify their nutrient 

formulations when growing under LEDs. The nutrient mix 

is often run at a higher mineral salt concentration (electric 

conductivity [EC]) than they were using before. Tom Haff-

ly, director of production at Temescal Wellness in Worces-

ter, Massachusetts, using Illumitex lighting, said he’s found 

success from increasing salt in the nutrient content, bump-

ing EC from 2.0 to 2.7. Haffl y also raises the carbon diox-

ide levels when using LEDs compared to HPS, going from 

800–950  ppm to 1000–1200  ppm. While Haffl y has seen 

some growers boost their CO2 levels to as high as 1500, he 

doesn’t believe yields increase once past 1200–1300 ppm.

View application details

www.kromasil.com/cannabinoids

>PLQ@� � � � � � �

�

�

�

�

�

Analysis of medical cannabinoids

with Kromasil

The use of cannabinoids for medicinal

purposes requires robust and reliable

methods for research, quality control and

manufacture of these compounds.

Kromasil Classic C18 has shown

extraordinary peak shape in the

identification and confirmation of key

compounds in cannabinoid samples.

http://www.kromasil.com/cannabinoids
http://www.CannabisScienceTech.com
http://www.kromasil.com/cannabinoids


24

CANNABIS SCIENCE AND TECHNOLOGY | www.CannabisScienceTech.com VOL 2 • NO 2 • MARCH/APRIL 2019CANNABIS SCIENCE AND TECHNOLOGY | www.CannabisScienceTech.com VOL 2 • NO 2 • MARCH/APRIL 2019

Optimizing the spectrum during the vegetative stage 

can change the overall morphology of a plant that’s 

tall and lean, with a weak stem and not many leaves to 

a smaller more robust plant that is better suited to pro-

duction. This can be accomplished by using a fi xture that 

is relatively high in the blue part of the spectrum. Dur-

ing fl owering, a relatively high level of red light helps the 

growth of large, dense buds. (Of course, if a cultivator is 

growing cannabis for a product that doesn’t need pho-

togenic buds [for example, concentrates or edibles] then 

the absence of red light is not of consequence.) Silver 

State found that fl owers given a “No Red” light treatment 

in the fi nal three days of production showed an increase 

in terpenes with almost no effect on the fi nal cannabi-

noid content.

But in a macro sense, different genetics simply react dif-

ferently to LEDs versus HIDs. Hopper said his grow rooms 

with a “checkerboard” pattern of the two types of lights 

are good for the strains Bio-Diesel and Pineapple Express, 

while doing better in the all-LED rooms are, among others, 

White Widow, J1, and Durban Poison.

Haffl y has his own lists of which strains do well under 

LEDs (Sour Candy, Jelly Sherbet, Blue Dream, as well as all 

Punch and Platinum genetics) and those that don’t (Super 

Silver Sour). But for the latter category, he notes, it may be 

less a matter of plants reacting poorly to LEDs than those 

plants needing different environmental parameters (for 

example, temperature, CO2
 levels, and concentration of 

nutrients) while under LEDs.

Lighting the Path Forward

I expect over time the cost of LED lighting fi xtures will 

continue to drop and, based on theoretical consider-

ations, there is room for them to improve dramatical-

ly in effi ciency. In short, LEDs are here to stay and I ex-

pect them to capture the lion’s share of the market in 

the not too distant future. But I expect these fi xtures 

may evolve into more than just a light; we may be able 

to establish a fully-sensored lighting platform. What has 

me, and others, excited about LEDs is how they can be 

integrated into the grow rooms of the future. Imagine a 

set-up in which the lighting, irrigation, and climate con-

trol are networked with these fi xtures that can also host 

tiny cameras and sensors surveilling every plant for wilt-

ing, foxtailing, mildew, pests, and other signs of dis-

tress. With everything connected, an alert can trigger 

an immediate and appropriate response by the cultiva-

tion system as a whole. With enough computing horse-

power, such a platform can use the collected data to be 

predictive, enacting proactive solutions rather than re-

active fi xes.

Specifi c to lighting, LEDs will be fi nely tuned to direct 

cannabinoid profi les, with the goals of delivering con-

sistent results harvest after harvest or bringing out com-

pounds subtler than tetrahydrocannabinol (THC).

In my estimation, the time to switch to LEDs is now. If 

you are operating a facility, start by purchasing a few fi x-

tures for one room and learn how to grow with them be-

fore embarking on a total conversion of your facility. Ed-

ucation is key, understand you will have to modify your 

environmental parameters: temperature, humidity, nutri-

ent concentration, and watering rate. You may even want 

to change the strains you grow to optimize your produc-

tion under LED lighting. In the end, this will result in ener-

gy savings and higher yields of more potency that will help 

your bottom-line grow.
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Right From the Grow: A Look at Sampling 
and Sample Preparation Methods of Solid 

Cannabis for Analysis
Scientifi c testing is perceived as a straightforward process that involves grabbing a pinch of a 
sample, running it through an instrument, and immediately out comes the exact answer. More 
often than not, laboratories are challenged with highly regulated and diffi cult sample schematics, 
sample preparation, extraction, and testing procedures that try to ensure accuracy and precision 
of testing. Accuracy in analytical testing starts at the very beginning with sampling and sample 
preparation prior to testing. If the initial sample collection and preparation are fl awed then the fi nal 
answers will be biased. The basis of accuracy of sampling and testing often rests on two inter-related 
and fundamental concepts: representative samples and homogeneity. Representative samples are 
selected to accurately refl ect the larger group and should represent the characteristics of the group 
as a whole. Ideally representative samples are homogeneous or similar in nature, but when that is 
not possible the best attempts must be made to achieve samples that represent the majority of the 
characteristics of the larger grouping.

Patricia Atkins

A
gricultural samples can be some of the most dif-

fi cult samples in the world to sample, prepare, and 

analyze because of their heterogeneous nature and 

complex matrices. Luckily for most of the agricultural test-

ing world, the industry is equipped with detailed methods 

for operations, collection, and testing. Sampling for a crop 

farmer is a defi ned process of removing samples at designat-

ed intervals and testing those samples for the prescribed list 

of chemical and biological targets. Unfortunately, the canna-

bis grower has had limited guidance to refer to for managing 

operations, sampling, and testing. There is also diffi culty in 

the fact that cannabis is a very complex plant.  

There have been more than 500 compounds identifi ed in 

cannabis (many of which are unique to the Cannabaceae fam-

ily). The distribution of these compounds is highly depend-

ent on individual strains, the gender of the plant, and the lo-

cation on the plant (1,2). The distribution and concentration 

of these compounds can also be effected by environmental 

conditions such as soil, water, and light (1–3). To further com-

plicate the analysis of chemicals in cannabis is the fact that 

different amounts of compounds can occur in different lo-

cations within the plant. In some cases it has been reported 

that higher tetrahydrocannabinol (THC) concentrations are 

found in buds located high on the plant as opposed to buds 

located lower in the plant (2). Different growing conditions, 

seasons, environmental, and chemical exposure can also al-

ter the chemical composition between growing cycles as 

well as the chemical distribution within an individual plant.

In addition to a lack of guidance and a complex hetero-

geneous nature, there is the added concern that the crop 

itself is a commodity of high economic value, which inher-

ently forces the grower to limit the amount of samples sub-

mitted for testing while individual states have begun to man-

date sampling minimums (4,5). Sampling of cannabis brings 

into question how much and what type of sample is enough 

to conduct representative sample testing, and what are the 

criteria for sample homogeneity. Many sample preparation 

and test methods depend on the foundation of representa-

tive samples and homogeneity to provide accurate results. If 

sampling schematics are not designed to ensure representa-

tion and homogeneity of the entire crop through to the fi nal 

analytical sample, then the testing will be biased.  

The idea of a sample and sampling is commonplace to 

most of us. A sample is a small part of something which 

represents a larger whole or grouping. We take a sample of 

food and judge the taste of the dish based on one bite. We 

sample a few notes or bars of a song and decide if we like 

the music. Our minds often make an assumption of same-

ness or homogeneity based on a sample and the percep-

tion of the larger whole. We estimate the size of our sample 

http://www.CannabisScienceTech.com
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based on our bias and perception. 

But what if the perception causes us 

to take too small of a sample to get 

all the different or heterogeneous ele-

ments? What happens when a sample 

is taken from a heterogeneous part 

and is not representative of the entire 

portion or population? Imagine taking 

a sample of some spicy chili and your 

fi rst and only bite contains a whole hot 

pepper! Maybe you should have tak-

en a bigger bite with more than just 

that pepper, or maybe you should 

have found a different bite to sample.

The concepts of big and little, same 

and different are introduced very ear-

ly in all of our lives. We ask a child to 

pick out the big ball and they zero in 

on the largest ball in the group. We 

ask for the child to fi nd which item in 

a set is different and they do. As we 

grow older, we start to understand 

that big and little, same and differ-

ent are concepts that depend on fo-

cus, perspective, and often purpose. 

Those concepts change with our 

reasons for defi ning them and the po-

tential bias that can be included in the 

choices made. It is important to look 

at sampling from the grow through to 

the laboratory to examine where the 

focus and perspective should be to 

ensure that cannabis sampling at eve-

ry stage of the process represents the 

whole we are trying to characterize.

Into the Field

The key concepts on the larger scale 

or the grow side are: population, sam-

pling frame, and representative sam-

ples. A population is the entire pos-

sible group of objects that are being 

sampled or a subset of those objects. 

A sampling frame is a possible source 

material taken from the population 

where samples will be obtained (Fig-

ure 1). So if a single variety of canna-

bis in a crop of multiple varieties is to 

be harvested, then the population can 

be seen as the entire crop of all varie-

ties and the sampling frame is all the 

harvested plants of a single variety 

or strain. The sampling frame is com-

posed of primary samples which in turn 

are composed of sample units. Sample 

units are the smallest discrete portions 

that are taken to form the whole or part 

of a primary sample. For the cannabis 

industry, the population or sampling 

frame could be as large as an entire 

crop, just one variety within an oper-

ation, or as small as selected trimmed 

buds from specifi c plants, varieties, or 

just areas of growth, depending on the 

purpose for the sampling.

There are two basic types of sam-

pling: probability sampling (random) 

and nonprobability sampling. Proba-

bility sampling is when each unit of a 

population or a whole has the same 

chance of being selected to make up 

a sample and the probability of be-

ing selected can be calculated. Non-

probability sampling is when samples 

are collected in a process where some 

samples are purposely selected and 

the selection processes do not give all 

the possible samples an equal chance 

of selection.   

Probability sampling has four prima-

ry methods of selection (see Figure 2): 

simple random selection; systematic 

selection; stratifi ed selection; or clus-

ter selection. Simple random selection

is, by its own title, a random process 

which sometimes can use a random 

number generator or table to obtain 

samples (Figure 2a). Systematic selec-

tion uses a collection method where 

every nth member (that is, the sampling 

interval [κ] of a population or sampling 

frame is taken as a sample (Figure 2b). 

The sampling interval (κ) selected to 

use is dependent on the size of the 

population or sampling frame and the 

number of samples to be collected. To 

calculate the sampling interval (κ); the 

total population size (N) is divided by 

the targeted sample set size (n) or κ = 

N/n. For example, if a grower has 100 

plants and wants to have a sample size 

Figure 1: Examples of statistical sampling units.
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Building effective and robust cannabis testing solutions 

through collaborative development.

A
s sweeping legalization brings cannabis out of the shadows, it is shining a spotlight 

on the cannabis category in ways that have never been seen before. This is especially 

true in California’s massive market, where green is the new gold. The state’s regulatory 

landscape remains dynamic, however the cannabis flower as a matrix poses unique analytical 

challenges that laboratories have not much encountered. If this budding industry hopes to 

meet the high quality and safety standards that “going mainstream” sets, it must put premier 

analytical testing methods into practice—and quickly. Cannabis Science and Technology (CST) 

sat down with Swetha Kaul, PhD, chief scientific officer, Cannalysis, to learn how Cannalysis, 

SCIEX, and Phenomenex have united their analytical sweet spots to help the cannabis testing 

market do just that.

CST: How have the changing California 
regulations impacted your testing 
workflow?
Kaul: The changing California regulations 

have been a challenge because there have 

been so many iterations. We started off with 

the emergency regulations last year, and 

then within six months, we had to readopt 

emergency regulations. A few months later, 

we received the draft of the final regulations, 

and in January 2019, we received the final 

draft of the final regulations.

So along the way, there were small tweaks 

in the testing section that actually had a 

significant impact on method development 

strategies. For instance, with residual 

solvents, we were supposed to pass or fail 

analytes based on the limit of detection and 

limit of quantitation for Category One, and 

then they instituted specific action limits of 

1 ppm. This means you need a strategy for 

going after a specific analytical method that 

can tackle a wide dynamic range. Now, we 

have action limits all the way from 1 ppm 

to 5,000 ppm, so our strategy was to go 

with a dual detector, and we instituted gas 

chromatography–flame ionization detector 

with a mass spectrometer. That was an 

interesting strategy to go with, and it has 

been very effective.

Swetha Kaul, PhD  
Chief Scientific Officer  

Cannalysis
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CST: What are the biggest challenges in analytic 
method development to meet California’s regulations?
Kaul: The biggest challenge in this industry is sample prepara-

tion because the cannabis matrix is just such a dirty matrix 

in the sense that there are so many different compounds in 

it. We’re talking about a biological compound, so it is difficult 

to tackle all the different detections and separate it from all 

the matrix effects.

The other challenges are regulatory related. We have to 

aim for recoveries of 70–130% for all quality control samples 

including matrix spikes. When you don’t know the matrix 

effects and you’re trying to achieve such a high recovery, it 

makes it a specifically hard challenge.

In addition, some of the pesticides we are going after—

specifically, the chlorinated pesticides—tend to add an 

additional challenge because they’re a bit harder to detect with 

traditional liquid chromatography triple-quadrupole methods 

of mass spectrometry. So, you have to do a slightly different 

technique to try to detect them.

CST: How has collaborating with Phenomenex and 
SCIEX been particularly helpful in keeping your analytic 
needs current and effective?
Kaul: The biggest help from Phenomenex and SCIEX has 

been collaborating with analytical experts on both teams. 

It’s nice that we have access to chromatography and mass 

spectrometry experts at our fingertips. We can collaborate 

and discuss experiences from other laboratories and different 

industries. A lot of our techniques are based on food industry 

testing standards and EPA’s testing standards. So, to be able 

to share and discuss all of our shared experiences has been 

really helpful.

CST: You have previous experience in pharma. How has 
that helped shape your perspective in cannabis testing?
Kaul: Yes, I worked at Allergan for quite a bit of time. The 

pharmaceutical industry has deep experience with regula-

tory processes and navigating high-throughput workflows. 

They have the luxury of dealing with a specific API; it is quite 

different in this industry because you have a complex, often 

dirty matrix with a lot of different compounds. So, we are 

able to translate some experience from pharma, but there are 

obviously other challenges we still have to overcome.

CST: What other unexpected challenges did you face in 
this new analytical testing space?
Kaul: The major challenge has been that since this is such a 

new and exciting industry, it’s still in the phase where people 

are innovating new products and coming up with all kinds 

of matrices.

In our laboratories, we’ve seen everything from bath bombs 

and lip balms and bacon infused with CBD to all kinds of pills 

and tinctures, as well as lotions and topicals. That has been 

a challenge because we’re trying to figure out a good sample 

prep that lets you extract all the analytes of interest, but at the 

same time is broad enough to cover a wide range of products.

The other challenge has been that we do not have stan-

dardized packaging within the industry, and we are starting 

to find that certain types of packaging might have an impact 

on testing. For instance, the paper that people use in pre-rolls 

might have trace amounts of solvents or heavy metals if it’s 

printed with some kind of lettering.

CST: What current bottleneck are you finding most 
difficult to remove?
Kaul: The biggest bottleneck right now is probably in whatever 

is manual. I think every laboratory should be automated or 

at least be looking into automation, trying to figure out what 

processes in their workflow they can automate because that 

is what will give the most efficiency and accuracy.

Unfortunately, there are certain parts of our prep methods 

that are still very manual. And one of them is weighing out 

samples. The reason for this is that if you’ve ever seen can-

nabis concentrate or crude extract, it’s extremely sticky. We’re 

talking about something that’s 1,000 times more viscous than 

honey. It’s really hard to automate weighing out something like 

that, so you still need a tech who will get into that and weigh 

it manually, which is a big bottleneck.

CST: Looking ahead, what future challenges do you 
anticipate, and—more importantly—what strategies 
are you using to meet them?
Kaul: The biggest challenge is trying to improve throughput 

and run time while also maintaining accuracy. One criticism 

of the cannabis-testing lab space is inconsistent results. So, 

trying to be on top of your proficiency testing program and 

your ISO accreditation while still maintaining the requirement 

of high throughput and fast turnaround times is one of the 

biggest challenges.

The other issue is ensuring that whatever sample prepara-

tion method we’re working on is flexible enough to deal with a 

variety of matrices. We don’t want to come up with numerous 

types of preps for each product type because that’s going to 

be confusing, hard to keep track of, and hard to standardize. 

And automation, again, will be one of the biggest strategies 

for maximizing those high throughput times.
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of 20, then they would have to sample 

100/20 = 5; or every 5th plant. 

The third type of probability sam-

pling is stratifi ed sampling which is 

when the population or sampling 

frame is divided into subsets or stra-

ta. This type of sampling can be used 

to differentiate between samples of 

different types such as different spe-

cies or varieties within one popula-

tion. Once the strata are established 

then another random selection pro-

cess is used to select samples (Figure 

2c). The fi nal type of probability sam-

pling is cluster sampling where physi-

cal areas or geography are designat-

ed into clusters that are then sampled. 

Cluster sampling is best used when 

there is an extremely large population, 

such as a national forest or a popu-

lation of a state, which must be ex-

amined (Figure 2d). Focusing on re-

ducing the sample frames down to 

smaller groups reduces the amount of 

time, energy, and money to represent 

the target population.

In contrast to probability sam-

pling, there is nonprobability sampling 

where a nonrandom selection pro-

cess for the purpose of obtaining tar-

geted data or results can intentional-

ly or unintentionally create bias. The 

four applicable general types of non-

probability sampling methods that are 

most often used for obtaining analyti-

cal samples are seen in Figure 3. They 

include convenience sampling, con-

secutive sampling, quota sampling, 

and purposive or judgement sampling. 

Figure 2: Probability sampling methods: (a) Random sampling. (b) Systematic sampling where there is a method where every nth sample 
is chosen. (c) Stratifi ed sampling in which samples are grouped and randomly sampled. (d) Cluster sampling is used when the population 
is very large and divided up by physical or geographical areas and all units within subset are sampled.

Figure 3: Nonprobability sampling methods: (a) convenience; (b) consecutive; (c) quota sampling where there are strata but the samples 
are not picked randomly; and (d) judgement sampling in which samples selected to be sampled to obtain a certain result or bias, for 
example, if plants in the northeast corner had the highest THC content historically, and the grower wanted to establish the highest THC 
of the most concentrated plants, then those northeast plants would be targeted for sampling.

http://www.CannabisScienceTech.com
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Convenience sampling means that the 

sampler takes samples with easy ac-

cess (Figure 3a). Convenience sam-

pling is easy, cost effective, and fast 

but it can produce bias by under-rep-

resenting the overall population. Simi-

lar to convenience sampling is consec-

utive sampling, where the samples are 

selected consecutively within or be-

tween units (Figure 3b), and in a typi-

cal crop, selection setting is essential-

ly the same as convenience selection. 

Quota sampling is similar to stratifi ed 

sampling by dividing into strata, but 

the selection is not random (Figure 3c). 

Finally, there is judgement or purpo-

sive sampling where the sample is cho-

sen based on what the sampler or re-

searcher thinks is needed for the study. 

This technique is used for research in a 

small group or fi eld to create a specifi c 

population and is biased to the select-

ed purpose. For example, if a grow-

er wants to know the highest concen-

tration of THC found in his crops, and 

the grower knows that a certain area of 

the crop, or certain parts of the plants, 

have traditionally the highest THC con-

centration because of variety, environ-

ment, water access, and other con-

ditions, then sampling of only those 

areas have a purpose to create data on 

the population of the plants with the 

highest THC concentration (Figure 3d).

Each method of sampling we have 

examined so far has both advantag-

es and disadvantages. There are plac-

es for each type of sampling method 

and the choice of sampling method 

often comes down to purpose and in-

tent. In some cases, different methods 

of sampling may be combined at dif-

ferent points in a process to achieve 

either an overall representative sam-

ple, or a sample with a specifi c pur-

pose and intent. Most commercial ag-

ricultural operations do not perform 

sample collection for testing direct-

ly from the fi eld but wait until harvest 

to partition and sample their batches 

or lots. The methods for post-harvest 

sampling remain the same as pre-har-

vest sampling, just some of the termi-

nology changes. Instead of defi ning 

population and sampling frame, there 

is a harvest of all or portions of a crop. 

That harvest yields bulk material to be 

The success of your analysis depends 

upon the quality of your reference 

standard. Agilent ULTRA chemical 

standards are rigorously tested and 

manufactured under ISO 9001,  

ISO 17025 and Guide 34 certifications. 

Calibrate with confidence and  

maximize accuracy. 

For more information,  

contact Neta Scientific today. 

Call (800) 343-6015 or email 

sales@netascientific.com.

Maximize confidence in your results with  
Agilent ULTRA chemical standards!

Safeguard natural resources with Agilent  

ULTRA chemical standards 

Successfully measure environmental 

contaminants

Secure the integrity of the food supply chain  

and meet regulatory requirements 

Detect pesticides, verify origin and measure  

fatty acids

mailto:sales@netascientific.com
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processed either at one time or in sep-

arate manufacturing events. 

The U.S. Food and Drug Administra-

tion (FDA) defi nes a batch as a specifi c 

quantity of a material that is intended 

to have uniform character and qual-

ity produced during a single manu-

facturing cycle (6). The California De-

partment of Food and Agriculture’s 

Cannabis Cultivation Branch defi nes a 

cannabis batch as “a specifi cally iden-

tifi ed quantity of dried fl ower or trim, 

leaves, and other cannabis plant mat-

ter that is uniform in strain, harvested 

in whole, or in part, at the same time, 

and, if applicable, cultivated using the 

same pesticides and other agricultur-

al chemicals” (7). A lot is a very similar 

and somewhat interchangeable term 

which is defi ned by the FDA as a batch 

or specifi c portion of a batch that has 

uniform character and quality pro-

duced by a continuous process within 

a unit of time of quantity that assures 

having uniform character and quantity 

(6). However, in Oregon, the terms of 

batch and lot are reversed in which the 

batch can be a defi ned portion of a lot 

and there are designations between a 

harvest lot and a process lot. A harvest 

lot is “a specifi cally identifi ed quanti-

ty of marijuana that is cultivated utiliz-

ing the same growing practices, har-

vested within a 72-hour period at the 

same location and cured under uni-

form conditions.” A batch is a quanti-

ty from a lot (4).

In the harvest and processing of 

cannabis material, the samples are no 

longer grouped by which plant is sam-

pled or area is sampled, but by which 

parts of the harvested and processed 

materials are sampled and the method 

by which the samples and units are se-

lected. The same methods of sampling 

still apply, for example, if systematic 

sampling is used—instead of sampling 

every 5th plant, every fi fth container of 

harvested buds has to be sampled, or 

every 5th bud processed is taken, de-

pending on the sampling plan design.

Once the lot is sent for testing, the 

material is subdivided many times ac-

cording to the laboratory or state 

regulations to create representative 

samples for testing (Figure 4). Prima-

ry samples can be taken from the lot 

and composited together to create 

a bulk testing sample. The laborato-

ry samples can either be processed at 

this point—or extracted, ground, and 

so forth, depending on fi nal testing—

and purpose or the material can be fur-

ther subdivided, processed, and sam-

pled for individual analytical samples, 

such as portions and aliquots. In each 

step where there is further subdivision 

of the material, an appropriate sam-

pling method must be used to try and 

achieve the homogeneous representa-

tive sample of the lot. 

Sample Material Processing 

Challenges for Cannabis

Laboratory or analytical samples 

must be processed into a form that al-

lows for analytical, instrumental, and 

chemical testing. Most of the time, 

this process involves grinding the 

samples for homogeneity and extrac-

tion into a suitable matrix for analysis. 

At each subdivision of material, the 

samples get smaller and smaller until 

by the fi nal step only a small amount 

of material is actually tested. This fact 

raises the questions of how much and 

what type of sample is enough to 

conduct representative sample test-

ing, and what are the criteria for sam-

ple homogeneity. It can be diffi cult in 

the cannabis industry to determine if 

what is thought to be representative 

by the state regulations actually fi ts 

the bill scientifi cally for accurate re-

sults. In the January/February 2019 

issue of Cannabis Science and Tech-

nology, Dr. Brian C. Smith warned 

of representative samples and test-

ing that, while some states dictate 

minimum representative samples for 

analysis, that does not mean that the 

number is analytically suffi cient for 

accurate results (8). If sampling sche-

matics are not designed to ensure 

scientifi cally valid sample representa-

tion and homogeneity of the lot, then 

the end testing will be biased. 

Figure 4: Sample divisions for analytical testing.
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An important issue in sample prep-

aration methods for cannabis is homo-

geneity. By its very nature, dried plant 

material is not particularly homogene-

ous. In sampling methods, where the 

sample being tested is a high-value 

commodity, sample size matters, and 

laboratories are often tasked with pre-

paring smaller samples to meet all the 

testing demands. Small samples, how-

ever, increase potential bias and error 

unless it can be reasonably assured 

that the samples are homogeneous.

The most common method for ob-

taining a homogeneous sample is 

grinding or comminution. Grinding 

samples has many benefi ts for sam-

ple preparation since it increases ho-

mogeneity, increases surface area, 

and decreases particle size, which im-

prove extraction effi ciency. Grinding 

samples also allows for a reduced sam-

ple size to increase accuracy and de-

crease uncertainty. In a study by Thiex 

and colleagues, it was shown that the 

smaller the particle size, the less sam-

ple was needed to achieve a lower 

amount of uncertainty in a sample (9). 

A particle size of 5 mm is about the size 

of a pencil eraser. If a particular labo-

ratory needed to have results within 

5% uncertainty, they would have to use 

500 g of material for testing. But, if the 

laboratory reduced the particle size to 

less than 0.5 mm (the size of a fi ne point 

pen tip), the amount of sample needed 

to ensure 5% uncertainty would drop 

to less than 0.5 g (Table I) (9).

The grinding of cannabis plants 

and products produce a fair amount 

of challenges in regards to the phys-

ical state and effi cient grinding. The 

plants are very fi brous and resist 

methods that use cutting or they may 

clog fi lters and screens. The bud ma-

terial contains high amounts of wax-

es and oils which would stick to grind-

ing media. Cannabis edibles could 

also be sticky and have diffi culty in 

most grinding apparatus. The mois-

ture content can vary greatly with the 

type of product as would its melting 

or softening temperature. 

The glass state of a material or the 

glass-transition temperature (Tg) is 

the range of temperatures over which 

amorphous materials or semi-crystal-

line materials transition from a viscous 

or rubbery state to a hard and brittle 

glassy state. The process of a viscous 

liquid or semi-solid transitioning to a 

glass state through super cooling is of-

ten referred to as vitrifi cation. Moisture 

level in products affects a material’s 

glass-transition temperature. Tg de-

creases with increased moisture lev-

els. A study of food products includ-

ing cassia showed that water in the 

food had a plasticizing effect, which 

resulted in needing lower tempera-

tures to achieve the glass-transition 

temperature in food items with higher 

water content (10,11). In cannabis prod-

ucts with high moisture content, it be-

comes especially important to negate 

the effect of the moisture to ensure ef-

fi cient grinding.

The second area where cryogen-

ic applications to sample prepara-

tion can aid in laboratory analysis is 

in the stability of materials and the re-

tention of important labile or volatile 

compounds or elemental species. As 

has been discussed previously, canna-

bis products have a multitude of vola-

tile compounds that must be retained 

during sample processing. The ap-

proach to the sample preparation and 

grinding of cannabis should mimic an-

other similarly economically valuable 

group of products—spices. Spices are 

full of the same highly aromatic com-

pounds as cannabis (terpenes, volatile 

oils) which contribute to taste, aroma, 

and medicinal attributes. Some spices 

and cannabis can be degraded by high 

temperatures and oxidation. In ambi-

ent temperature spice grinding pro-

cesses, heat and energy are generat-

ed, which can raise the temperature of 

spices to almost 100 °C and cause loss 

of critical aromatic components (12).

Studies of ground spices showed 

that spices ground under cryogen-

ic grinding conditions contained al-

most 40% more volatile compounds 

and essential oils than ambient grind-

ing (13). The low temperatures prohib-

ited the breakdown of volatile com-

pounds. In one study, it was found that 

grinding black pepper under cryogen-

ic conditions showed better retention 

of monoterpenes (myrcene, limonene, 

and pinene) than grinding at ambient 

temperature. These monoterpenes 

are the same primary monoterpenes 

in many cannabis varieties (14,15). Cry-

ogenic grinding reduces compound 

loss and the vaporization of the liquid 

nitrogen creates an inert environment 

to reduce oxidation (6). In addition, the 

extreme low temperatures generat-

ed by solutions, such as liquid nitro-

gen, solidifi ed the fats and oils, allow-

ing for a more fi nely ground sample of 

consistent particle size with increased 

surface area allowing for better extrac-

tion and increased homogeneity dur-

ing further sample processing. 

Table I: Effect of particle size on amount of material needed to ensure various uncer-
tainty levels for representative sample (9)

15% 10% 5% 1%

5 mm 56 125 500 12,500

2 mm 4 8 32 400

1 mm 0.4 1 4 100

0.5 mm 0.1 0.1 0.5 12.5
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Another group of compounds that can be damaged 

by heat and oxidation are pesticides. While most growers 

would be happy that pesticides were degraded during sam-

ple preparation and analysis, the practice of good science 

cannot allow critical areas of analysis to be damaged by sam-

ple processing. Many pesticides that are commonly used 

and monitored for cannabis analysis are easily degraded by 

high temperatures and oxidation. In cases where potential-

ly important compounds (that is, terpenes, THC, volatile oils, 

or pesticides) could be lost to processing, it becomes neces-

sary to be able to prevent the loss and calculate for the loss 

by using standards.

Conclusion

Everything about the new cannabis industry is challeng-

ing from the actual structure and chemistry of the plant it-

self down to how samples are chosen and transported for 

testing. Despite all the complexity, the approach to sam-

ple collection, processing, and testing still must remain 

along the same lines as other similarly complex agricul-

tural products (such as hops and spices). The rational for 

sampling, processing, grinding, extraction, and testing of 

these similar products can be used as a roadmap for the 

cannabis sampling and processing methods. The simplis-

tic early sampling approaches of just grabbing a sample for 

the laboratory must be discarded in favor of good science. 

Good science can be diffi cult to achieve in an industry 

faced with uncertainties and lack of validated methodol-

ogies for a complex and valuable commodity. Sometimes 

the pursuit of a good scientifi c result (or adequate samples 

for representative sampling, sample volumes for homoge-

neity, and quality certifi ed reference materials and stand-

ards) is hindered by physical, legal, and economic stum-

bling blocks which seem to fi ght against good science. 

Accurate sample analysis starts with the two fundamen-

tal concepts of representative samples and homogenei-

ty. In the end, the development of sampling plans—sam-

ple preparation methods that understand the importance 

of these concepts—will ultimately be the most important 

step in achieving good analyses.
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Hemp Science Takes Root at 
Morgan State University

In this installment of “Cannabis Crossroads,” we take a closer look at the hemp revolution, and 
more specifi cally, academic hemp research. Here Dr. Jiangnan Peng, Assistant Professor in the 
Department of Chemistry at Morgan State University, discusses the pioneering efforts in hemp 
information sharing going on at Morgan State. 

Joshua Crossney

I
n this installment of “Cannabis 

Crossroads,” we take a closer 

look at the hemp revolution, and 

more specifically, academic hemp 

research. I had the honor of inter-

viewing Dr. Jiangnan Peng, Assis-

tant Professor in the Department 

of Chemistry at Morgan State Uni-

versity (MSU). MSU is pioneering ef-

forts in hemp information sharing. 

Hemp requires minimal care and 

grows in most climates, whereas 

medical cannabis is nurtured in a 

much more controlled environment. 

Additionally, hemp applications 

span from paper, textiles, clothing, 

biodegradable plastics, body care 

products, paint, insulation, biofu-

el, food, semiconductors, and auto-

mobile parts to animal feed. In fact, 

hemp seeds, bast fi bers (fi bers that 

may be stronger than steel), and 

hurds (soft inner core material) are 

proposed to have more than 25,000 

applications (1).

There seem to be many opinions 

related to hemp, but almost every-

body agrees that hemp has the po-

tential to become a massive mar-

ket within the next few years. Hemp 

is vastly different from medical or 

recreational cannabis in terms of 

its cultivation and application. De-

spite these differences, there has 

been much confusion and many 

misunderstandings which result-

ed in hemp being grouped with all 

cannabis as a Schedule I Drug until 

the 2018 Farm Bill was introduced 

and passed.

Can you describe what makes the 

2018 Farm Bill and the cultivation of 

hemp so important to the U.S.?

Dr. Jiangnan Peng: Hemp is a mir-

acle economic plant that can pro-

duce a wide variety of products, 

from textiles and building materials, 

food and health products to indus-

trial products such as fuel. Howev-

er, the 1937 Marihuana Tax Act and 

the 1970 Controlled Substances Act

banned the production of hemp in 

the U.S. The 2018 Farm Bill could 

unleash a hemp renaissance in the 

coming years. Some analysts esti-

mate that hemp could grow into a 

$20 billion industry by 2022. It ben-

efi ts our farmers and entrepreneurs. 

It also benefi ts the public, not only 

by providing a large number of jobs, 

but also by producing various new 

products, which may include con-

struction material made from hemp, 

cosmetic products containing hemp 

ingredients, biofuel from hemp, and 

new medical applications for the 

treatment of unmet diseases. These 

products may have signifi cant im-

pact on our daily life. In addition, 

hemp is an environmentally friend-

ly and sustainable crop.

How important is hemp research, 

and where do you see research 

advances in the coming years? 

Any comments on some of the 

challenges that we will need to 

overcome?

Peng: The enormous opportunities 

in hemp research is in the fi eld of 

new biomedical application, nutri-

tion, material, and biofuel. The suc-

cess of hemp renaissance depends 

on the breakthrough of research in 

these fi elds to provide better cost-

effective products. In the com-

ing years, new seeds and strains of 

hemp will be bred to provide better 

yield in cannabidiol (CBD), oil, pro-

tein, fi ber, and biomass. Many bi-

oactivities, which may be used for 

the treatment of diseases or im-

prove health conditions, will be dis-

covered. Technologies to remove 

or totally block the biosynthesis of 

tetrahydrocannabinol (THC) and 

generate strains totally free of THC 

will be needed.

What excites you most about the 

future of hemp science?  

Peng: More than 600 compounds 

have been identifi ed from hemp, in-

cluding the cannabinoids, terpe-

nes, fl avonoids, and so on. Howev-

er, most of these compounds have 

not been properly characterized for 

their biological activities. The can-

nabis plant could be called a “ne-

glected pharmacological treasure 

trove.” In June 2018, the fi rst CBD 

prescription drug, Epidiolex, was 

approved by the U.S. Food and Drug 

http://www.CannabisScienceTech.com
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Administration (FDA) for the treat-

ment of two rare types of epilepsy. 

More applications of CBD and oth-

er components from hemp and can-

nabis for the treatment of different 

diseases are under investigation in 

clinical trials. As a medicinal chem-

ist, I am most amazed and excited 

about the diverse bioactivities and 

the potential medical use of those 

types of compounds from hemp. I 

am very optimistic that more appli-

cations of CBD and THC containing 

new drugs derived from hemp will 

be approved by the FDA.

You will be speaking about the 

hemp industry and opportunities 

for science programs at the 2019 

Cannabis Science Conference 

(April 9–10). Can you share with us 

a little teaser of what you will be 

presenting? 

Peng: We have seen great oppor-

tunity and potential of industri-

al hemp. However, there are many 

challenges to boost the hemp in-

dustry to a tens or even hundreds 

of billions of dollars industry with 

sustainable development. My pres-

entation will focus on the scientif-

ic challenges, which deal with the 

quality control, medical and health 

protection applications, optimiza-

tion of seeds and agriculture condi-

tions, fi ne product production, and 

potential biofuel production, and 

so on.

MSU is championing information 

sharing related to the hemp 

industry. Is there anything that 

you would like to add regarding 

MSU and any future plans for hemp 

science advancement? 

Peng: MSU plans to facilitate the in-

dustrial hemp economy in Maryland 

in three aspects. First are the edu-

cational programs. MSU will devel-

op interdisciplinary academic hemp 

training programs at several levels—

bachelor, master, and certifi cation 

programs—in the areas of medicinal 

plant science, chemical analysis, nu-

trition, and entrepreneurship. Sec-

ond is the MSU research program. 

Our research plan includes the dis-

covery and development of new 

biomedical applications of hemp; 

development of methods for bet-

ter quality control; better agricul-

ture; better production of fi ne prod-

ucts; and biofuel production. Third 

is the service program. MSU is ap-

plying for a pilot research program 

to collaborate with Maryland farm-

ers to grow hemp.  Lastly, in collab-

oration with Shimadzu, we will build 

up a platform to analyze hemp and 

related products, and provide as-

sessment service to the Maryland 

hemp industry.

Conclusion

Thank you to Dr. Peng. We look for-

ward to your presentation, as well as 

Dr. Willie May’s also of MSU, at the 

2019 Cannabis Science Conference 

in Baltimore on April 9th and 10th!

Dr. Jiagnan Peng will be giving 

a talk entitled, “Challenges and 

Opportunities Towards Revitali-

zation of Industrial Hemp—Scien-

tifi c Perspectives” on Wednesday, 

April 10th at 9:50 a.m. in the Ana-

lytical Session. Dr. Willie May will 

give the keynote address entitled, 

“Facilitating an Industrial Hemp 

Economy Within the State of Mary-

land” just prior to Dr. Peng’s presen-

tation at 9 a.m.

Reference

1)  https://ministryofhemp.
com/hemp/.

Figure 1: Dr. Jiangnan Peng, Assistant Professor in the Department of Chemistry, in his 
laboratory at Morgan State University.
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Making Sense of Cannabis Strains Through 
Chemometrics in Review

The cannabis industry is constrained by the continued use of acronyms and nonstandard abbreviations 
for strain naming in lieu of a scientifi c-based standardized classifi cation convention or lexicon. 
The rapidly expanding industry is evolving towards an evidence-based model of medicine where 
cannabis cultivars’ chemical and genotypic profi les can be correlated with sensory perception and 
pharmacological activities using multivariate analysis. Applying chemometric tools can result in not 
only the authentication of a given cannabis cultivar but also provide a quality control mechanism for 
both cannabis fl ower and any resulting cannabis-based drugs. Using chemometrics on cannabinoid 
and terpenoid expression data to segregate accessions into clusters provides the initial model 
on which to support targeted sequencing based on cosegregation of genetic markers associated 
with key agronomical and pharmacological traits. Such authenticated cannabis products command 
higher prices at both the wholesale and retail level.  

Cindy Orser and Philippe Henry 

T
he over-proliferation of cannabis strain names following 

the establishment of cannabis complicit-states in the U.S. 

has led to confusion and resulted in a lack of transparen-

cy for the consumer at the dispensary.  There are many contrib-

uting factors as to why we fi nd ourselves in this current state of 

disorganization, but primarily it is a consequence of the cov-

ert nature of the industry for the past 70 years where amateur 

plant breeders have been busy at work creating undocument-

ed hybrid strain heritage resulting in a largely indefensible 

distinction between indica and sativa even though the vast 

majority of cannabis sold in dispensaries still hold on to this in-

supportable demarcation. 

Beyond the vernacular conventions, the genus Cannabis

harbors immense genetic diversity that is thought to segre-

gate into four main gene pools (Figure 1): Narrow Leaf (Euro-

pean) Hemp (NLH; C. sativa sativa), Broad Leaf (Chinese) Hemp 

(BLH; C. sativa chinensis), Narrow Leaf Drug-type (NLD; C. sati-

va indica), and Broad Leaf Drug-type (BLD; C. sativa afghanica). 
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Support for this proposed clustering 

into sub-species has recently gained 

support from investigations using ge-

netic markers suitable for within species 

comparison, such as single nucleotide 

polymorphisms (SNPs) (1–4) and micro-

satellites or simple sequence repeats 

(SSRs) (5). Such endeavours have yield-

ed some congruent patterns, but in a 

general sense, all authors agree on the 

fact that cannabis strains found in the 

current medical and recreational mar-

kets in North America (referred to here-

on as MJ strains) are extensive hybrid-

ized plants (four-way poly-hybrids) with 

NLD and BLD ancestry and with high 

cannabidiol (CBD) varieties incorporat-

ing some portion of the pool of the Eu-

ropean or Chinese hemp or novel mu-

tants in cannabinoid synthesis pathways.

Further complications caused by 

the black-market of cannabis breed-

ing over the past century has caused 

much speculation as to the origins of 

particular traits (such as the origin of mi-

nor cannabinoids, for example, cannabi-

chromene [CBC], tetrahydrocannabiva-

rin [THCV], and cannabidivarin [CBDV]). 

Of particular note, accessions of diver-

gent origins may display similar traits as 

a result of intense selective pressures im-

posed by cultivators. One such example 

is the fact that modern drug-type can-

nabis has accumulated multiple copies 

of the tetrahydrocannabinolic acid syn-

thase (THCAS) gene, thus potentially re-

sponsible for the increasing expression 

of THC in commercial cannabis acces-

sions compared to heirloom varieties (6).  

North American cannabis strain nam-

ing is in need of adoption of a structured 

classifi cation scheme based on horti-

cultural and agronomic standards. The 

cannabis industry is being constrained 

by the lack of a scientifi c-based stand-

ardized classifi cation convention and 

the continued use of acronyms and non-

standard abbreviations. The ramifi ca-

tions include a lack of quality control of 

product, a hit and miss process based 

on the sophistication of the entity and 

specifi c state regulations, and enforce-

ment of those regulations. Therefore, 

the cannabis consumer patient of-

ten times has no real idea of the com-

position, consistency, or comparability 

of the cannabis product that they pur-

chase. In today’s sophisticated world, 

the persistence of the current vernacu-

lar nomenclature combined with clas-

sifying cannabis chemovars as sativa or 

indica is scientifi cally indefensible based 

on peer-reviewed fi ndings (1).

In these scientifi c times, exceptional 

investigative data analytic tools are 

available to bring defi nition to canna-

bis strains and clear the way to provide 

meaningful enlightenment including 

the basis for intellectual property. The 

rapidly expanding acceptance of legal 

cannabis in the U.S. on a state-by-state 

basis and the current Canadian-wide le-

gal pot industry has seen new serious 

scientifi c attention drawn to address 

this fl agrant deception at the consum-

er level. Data analytic tools include high 

resolution mass spectrometry to deter-

mine the chemical profi le of cannabis 

strains, principle component analysis 

(PCA) to analyze the data (7,8), and gen-

otyping to identify unique SNPs associ-

ated with the particular chemical profi le 

of a given cannabis cultivar and coming 

soon, sensory profi ling (9).  

The opportunity now exists to con-

nect the human experience of sensory 

perception via our olfactory receptors 

with the quantifi able chemical pheno-

type of individual cannabis cultivars 

from analytical chemical analysis and 

as verifi ed through genotyping and to 

one day arrive at an identifi able physio-

logical endpoint. As Mendocino Coun-

ty, California seeks to establish cannabis 

appellations based on soil and microcli-

mate in the same vein of viniculture (10), 

it is imperative today to apply validated 

scientifi c principles to assign a standard 

lexicon with concise descriptors. It will 

no longer be enough to apply only one 

descriptor to identify a cannabis cultivar; 

chemical analysis combined with geno-

typing and human smell will complete 

the denomination and eliminate mis-

conceptions and worse, consumer fraud.

The rapidly expanding world canna-

bis market, which is growing at a much 

faster pace than the state-by-state 

adoption in the U.S., should be motiva-

tion for cannabis cultivators to adopt a 

uniform cannabis classifi cation. As U.S. 

states are starting up cannabis pro-

grams one-by-one with little coopera-

tion or standardization, entire countries 

are doing so with economic effi ciency 

Figure 1: Map of the geographical distribution of the cannabis gene pools. Boxed la-
bels indicate area of origin from which the cannabis plant spread alongside humanity. 
North American drug-type varieties (MJ) are likely stabilized poly-hybrids of BLD (C. sa-
tiva afghanica) and NLD (C. sativa indica).
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at the same pace. Globally, about 2.25% 

of the population consumes cannabis. 

Both medical and recreational canna-

bis make up a multibillion-dollar glob-

al industry. Lawful medical cannabis 

programs have already been imple-

mented in Canada, Mexico, the United 

Kingdom, the Netherlands, Australia, 

Germany, Italy, Israel, Poland, the Czech 

Republic, Spain, Greece, Colombia, 

Uruguay, Peru, South Africa, and many 

other countries in quick pursuit regard-

less of global drug policy, which the 

World Health Organization is poised to 

re-evaluate in 2018.

Why Do We Need This?

The main barrier to the adoption of a 

new cannabis nomenclature will be 

changing human behavior, given that 

cannabis variants have been intro-

duced, named, and hybridized at will 

until now. The motivating event for 

adoption of a new nomenclature will 

occur in Canada and California, where 

legal, regulated cannabis came on-

line in 2018. California will be the larg-

est cannabis recreational market in the 

biggest agricultural economy in the 

United States, and Canada is already 

a global cannabis exporter. Cannabis 

cultivation will rapidly mature and a 

cannabis registry will be one important 

part of that process as the industry rap-

idly evolves toward big agriculture ver-

sus boutique cannabis growers; in both 

instances, cannabis cultivar authentica-

tion will be key to success, and an im-

portant means of keeping market share.

An added value of having authenti-

cated raw cannabis material is to help 

progress our understanding of the 

medical benefi ts of a particular canna-

bis chemotype, with the ultimate goal 

of correlating chemotypes with spe-

cifi c pharmacological outcomes. Ulti-

mately it will not be the cultivar name 

that will be sought out, but the chem-

oprofi le it produces, and the senso-

ry perception that it elicits, at which 

point cultivars sharing the same 

chemoprofi le could be combined pri-

or to extraction and formulation.

The Approach and Challenge

Regulators should institute broad-

er chemical profi ling, genotyping, and 

mandatory cannabis cultivar registra-

tion with specifi c criteria required prior 

to ever growing the cultivar. Currently, 

only Nevada and Massachusetts require 

terpenoid analysis on every cannabis 

sample. Further confounding the situ-

ation for the recreational cannabis con-

sumer and medical marijuana patient is 

the sole reliance placed on tetrahydro-

cannabinol (THC) content to establish 

the inherent value of fl ower, rather than 

taking the entirety of the pharmacolog-

ically active chemoprofi le of the plant 

into account. Both state regulators and 

cannabis testing laboratories can help 

relieve the growing uncertainty. And 

those cannabis testing laboratories that 

go beyond simply quantifying cannabi-

noid potency and quality assurance are 

in a unique position to demystify canna-

bis strains through expanded chemo-

metrics, genotyping, and consumer ed-

ucation. Both approaches are aimed to 

give cannabis consumers more confi -

dence in what they are purchasing. On 

the upside, fi ndings indicate that canna-

bis consumers are willing to pay a premi-

um for genotyped, authenticated fl ower.

Although considerable chemopro-

fi ling data have been gathered by vari-

ous cannabis laboratories and groups, 

because of the lack of standardization 

in analytical methods used to collect 

chemoprofi le data, one can never be 

fully confi dent with cross analyses. Like-

wise, because of nonstandardized se-

quencing approaches in genotyping, 

not all genetic sequence data are com-

parable. Standardization of analytical 

methodologies is urgent.  

What is Chemometrics?

Chemometrics is the use of statistical 

and mathematical methods to improve 

our understanding of chemical data (11). 

For the statistical analysis of chemical 

data, one often looks at multiple varia-

ble inputs (chemical components) and 

their interaction. Classic model assump-

tions are often not fulfi lled by chemi-

cal data, for instance there will be less 

observations than variables, or correla-

tions between the variables occur. For 

this purpose, multivariate data analy-

sis, which is the simultaneous observa-

tion of more than one characteristic for 

a set of data, is particularly interesting 

and well suited for exploratory analyses 

to interpret patterns in the data and de-

velop models. These models can then 

be routinely applied to future data to 

predict the same parameters of interest 

whether it is to discriminate the analysis 

of edible oils and fats by fourier trans-

form-infrared (FT-IR) spectroscopy (12) 

or to detect the adulteration of virgin ol-

ive oil using mid-IR spectral chemomet-

ric data (13), the models are applicable 

to data obtained from any of a number 

of analytical instruments. 

Classical Applications 

of Chemometrics

Principal component analyses (PCA) is 

one of the most common and simplest 

means to reduce information from 

multiple variables (for example, can-

nabinoid and terpenoid profi les) into 

synthetic variables (principal compo-

nents) that summarize and encompass 

the variation and explains a certain 

percentage of the observed patterns. 

Cluster analysis (CA) provides another 

classic means to separate samples into 

groups that share a common proper-

ty. These popular methods have been 

applied to clinical data for disease di-

agnostic (14), as an effi cient and pow-

erful tool for quality control and au-

thentication of different herbs (15), the 

identifi cation of the origin of consum-

er goods (16), and the classifi cation of 

cannabis cultivars into chemovars (17). 

To take it one step further, one could 

model the observed clustering or 

structure based on chemical profi les 

http://www.CannabisScienceTech.com
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to derive stable methods of naming 

taxonomic or pharmacological groups.  

Chemometrics has been applied 

for the past two decades for many di-

verse purposes including the classifi-

cation of river water samples in Poland 

for pollution monitoring (18), to iden-

tifying adulterants in freeze dried cof-

fee (19), and to identify the authenticity 

of food based on quality attributes (20). 

The application of chemometrics to can-

nabis has been a natural extension. Be-

cause chemical constituents can vary 

for any crop group depending on grow-

ing environment, harvest time, and sub-

sequent drying and curing conditions, 

it seems reasonable to apply any of a 

number of analytical techniques avail-

able. Those techniques include high 

performance liquid chromatography 

(HPLC) coupled to mass spectrometry 

(MS) and gas chromatography (GC) cou-

pled to MS, which can be used to estab-

lish the profile of cannabis-based chem-

icals through chemotyping to assure 

the repeatability and quality of pharma-

cologically active compounds in a giv-

en formulation. The concept of equiva-

lence in herbal formulations was started 

in Germany (21) to establish clinically 

proven reference material.

Chemometrics 

Applied to Cannabis Breeding

Classical approaches to breeding are 

based on the selection of particular 

traits of interest in a large set of germ-

plasm. The objectivity of the selection 

pressure exerted by plant breeders 

will depend on the techniques availa-

ble to decipher cryptic traits. Chemi-

cal expression is temporarily cryptic for 

volatile compounds, such as terpenoids, 

and permanently cryptic in the case of 

cannabinoids that do not have perceiv-

able odors. As such, the ability to detect 

particular molecules at early stages has 

the potential to speed up breeding ef-

forts and reduce financial burden of ex-

tensive breeding experiments. 

A prime example of a targeted 

breeding effort in cannabis was un-

dertaken by Napro Research (22). 

Starting from a foundational breed-

ing program developed by Ryan Lee, 

and using only conventional breed-

ing techniques, the team select-

ed from thousands of individuals 

plants and from a large set of varie-

ties to develop high terpenoid and 

resin producing lines. These plants 

were initially screened for cannabi-

noids and terpenoids, and about 20 
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varieties of interest were thus select-

ed for particular breeding goals, in-

cluding rare traits and high, or inter-

esting essential oil production. Using 

scaled metrics, the authors prior-

itized breeding pairs and followed 

the offspring through several gen-

erations to stabilize the traits of in-

terest. They were the fi rst to demon-

strate the ability to produce cannabis 

accessions with divergent cannabi-

noids chemotypes with type I, II, and 

III plants expressing identical terpe-

noid profi les. The ability to modulate 

cannabinoid ratios while maintaining 

stable essential oil production offers 

many promises for both the medical 

and recreational markets. This infor-

mation was further refi ned into color 

coded archetypes based on the full 

chemical profi le of each variety and 

can be found online (47).

Application of Chemometrics 

to Cannabis Everyday

Besides the hopes to accelerate target-

ed breeding programs, insight into the 

chemical expression of individual can-

nabis varieties offers great promise to 

reach a consensus in terms of product 

nomenclature. Categorizing and nam-

ing biodiversity is an artifi cial agreement 

humanity has decided upon, using ob-

jective metrics such as chemical profi les 

that provide a repeatable means to clas-

sify organisms below the species level.

As large state- or nation-wide data-

sets containing chemical information of 

cannabis varieties from a large number 

of cultivators emerge, so does our ca-

pacity to synthesize this information into 

statistically supported groups. At the 

consumer level, this will translate into 

a meaningful system relying on multi-

ple lines of evidence such as genetic lin-

eage and chemical expression of ter-

penoids with given pharmacological 

properties that will help guide the end 

user and the medical professional to-

wards an enhanced understanding of 

the cause-effect relationship between 

chemical profi le and intended pharma-

cological effects.

Basis for Proprietariness

Assigning a chemoprofi le and associ-

ated genotype to a cannabis cultivar 

would enhance the value of that cultivar 

and enable the ability with genotyping 

to acquire proprietary status through 

cultivar registration, trademarking, and 

patenting. In that vein, a number of util-

ity patent applications have been fi led 

with regards to specialty cannabis, their 

chemical profi le, and processes used to 

generate them (23–25). Other plant pat-

ent applications have also been fi led for 

hybrid (26–28) and heirloom (29) varie-

ties, making claims for particular can-

nabinoid or terpenoid expression pro-

fi les, such as the variety Avidekel with a 

high amount of CBD (16.3%) and a very 

low amount of THC (0.8%). 

Besides making for more defensible 

intellectual property (IP), having a chem-

ical and genetic fi ngerprint of a cultivar 

would allow for authentication of the 

product at any time in the future and 

cultivar registration would prevent the 

reuse of the same cultivar name. Stand-

ardized analytical methods and data an-

alytics are required to routinely char-

acterize the large range of biologically 

active secondary metabolites made by 

the cannabis plant. Because the chem-

ical profi le can be infl uenced by the 

growing conditions and environment, it 

is important to also trace unique genet-

ic markers associated with the desired 

chemotype. The associated genetic 

markers can be acquired from genotyp-

ing data and are required for the future 

breeding of cultivars specifi c for phar-

macological use, fi ber, food, or fuel. 

Terpenoids as 

Distinguishing Analytes

Since the vast majority of cannabis be-

ing grown in the U.S. is drug-type I de-

fi ned as having a cannabidiolic acid 

(CBDA)–tetrahydrocannabinolic acid 

(THCA) ratio of <0.5%, various efforts 

have been underway to make sense of 

cannabis strain names through the use 

of data analytics on broader cannabis 

fl ower chemoprofi les. It turns out that 

cannabis terpenoids not only imbue 

pharmacologically important attrib-

utes, but uniquely provide a basis for a 

secondary nomenclature after estab-

lished cannabinoid content. We, and 

others, have shown that while unique 

terpenoid chemoprofi le patterns exist 

and can be assigned to a cannabis cul-

tivar, the absolute amounts of any giv-

en terpenoid can be infl uenced by ge-

netic, epigenetics, environmental, and 

cultivation factors (30–33).

Terpenes, or more accurately terpe-

noids, contribute the aromatic proper-

ties of cannabis and essential oils from 

many other plant species. The particu-

lar terpenoids associated with any given 

plant species turns out to be fairly spe-

cifi c; for example, limonene in lemons, 

beta-myrcene in mangoes, and so on. 

In cannabis, there is a range of potential 

terpenoids based on the genetics and 

expression profi les of a given cannabis 

cultivar. Terpenoids can also modulate 

the medicinal or recreational attributes 

of a given cannabis cultivar.

State-mandated cannabis testing 

regulations have resulted in a large da-

tabase from the analysis of thousands 

of individual cannabis fl ower samples 

from artifi cially restricted geographi-

cal regions including terpenoids. The 

resulting detailed chemical database 

can serve as the basis for the develop-

ment of a chemotaxonomic classifi ca-

tion scheme outside of conjectural culti-

var naming by strain. Of the roughly 140 

identifi ed terpenoids in cannabis, there 

seems to be consensus in the literature 

that between 17 to 19 are the most use-

ful in defi ning a cannabis chemotype 

(34–36) and perhaps as few as three 

(33,37). Terpenoid content in the cured 

fl ower can range from 0.5% to 3% (36). 

The obsession surrounding cannabi-

noids, in particular THC and CBD con-

tent fueled by growers and consumers 

http://www.CannabisScienceTech.com


PPeer-Reeviewed Artiicle 43

VOL 2 • NO 2 • MARCH/APRIL 2019 www.CannabisScienceTech.com | CANNABIS SCIENCE AND TECHNOLOGY

alike, has overshadowed the impor-

tance of the terpenoid profi le and con-

tent in specifi c cannabis cultivars. Today 

we know that terpenoids can be used to 

distinguish cannabis cultivars (17,33,37–

40). Terpenoids demonstrate effects on 

the brain at very low ambient air levels in 

animal studies (41) and it is conjectured 

that terpenoids contained in cannabis 

also contribute to pharmacological ac-

tivity as part of the entourage effect.

Broader chemotaxonomic classifi -

cation schemes for cannabis cultivars 

have been reported based largely on 

cannabis strains grown in restricted 

geographic regions, such as in Califor-

nia under an unregulated testing en-

vironment (36) or in the Netherlands 

from strains grown by a single grow-

er or collected from multiple commer-

cial sources (17). In the only large-scale 

study, 2237 individual cannabis fl ower 

samples, representing 204 individual 

strains across 27 cultivators in a tight-

ly regulated Nevada cannabis testing 

market, were analyzed across 11 can-

nabinoids and 19 terpenoids (32). Even 

though 98.3% of the samples were 

from drug type I cannabis strains by 

CBDA–THCA ratio of <0.5%, PCA of 

the combined terpenoid and cannab-

inoid dataset resulted in three distinct 

clusters that were distinguishable by 

terpene profi les alone, suggesting 

that just three terpenoid cluster as-

signments account for the diversity of 

drug-type cannabis strains currently 

being grown in Nevada (Figure 1). The 

inclusion of cannabinoid chemoprofi le 

data did not add any further resolu-

tion beyond the three terpenoid clus-

ters (Figure 2).

Terpenoid Clustering

In a previously published large-scale 

Nevada PCA study (33), the combined 

dataset resulted in three clusters distin-

guishable by terpene profi les alone (Fig-

ure 2) where cannabinoid content was 

of no distinguishing value (see Figure 

3). Just three to fi ve terpenoids—beta-

myrcene, beta-caryophyllene, limonene, 

terpinolene, and gamma terpinene—

were able to discriminate, which strong-

ly suggests that a further delineation 

could be made based on the manda-

tory analysis of just three to fi ve terpe-

noids by all independent cannabis test-

ing laboratories (33). Importantly, when 

focusing on individual cultivars by name, 

such as Gorilla Glue #4 or Golden Goat, 

across studies, similar trends in chemo-

profi les persist. Here we propose a fur-

ther delineation of drug type I into the 
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three subtypes based on limited ter-

pene chemoprofi ling:
• Type IA: beta-myrcene, α-pinene, 

limonene, beta-caryophyllene
• Type IB: gamma-terpenine, 

terpinolene, ocimene 
• Type IC: limonene, beta-myrcene, 

beta-caryophyllene, α-pinene (BLDT)

Others have shown that replicate-

ly-grown batches of the same cannabis 

cultivar produce remarkably consistent 

chemoprofi les (36) and that the three 

distinct genetic groups of broad leafl et 

drug type (BLDT), narrow leafl et drug 

type (NLDT), and hemp also show dis-

tinct terpenoid profi les overall (3). In the 

Nevada study, in an artifi cially restricted 

geographic region, individual cannabis 

cultivars remain remarkably consistent 

for terpenoid profi les, even across dif-

ferent cultivators, and cluster into one of 

the three groups.

It is interesting that for the past 70 

plus years of covert cannabis breed-

ing, primarily selecting for high THC 

content, the diversity and prevalence 

of terpenoids has seemingly been 

maintained. Now that the terpene syn-

thase genes and transcriptome have 

been described for Cannabis sativa 

L., focused marker-assisted breeding 

programs will be able to modulate ter-

penoid content and create cultivars 

with standardized terpenoid profi les 

with the ratio of CBDA–THCA desired 

(42) and start to fi nally address the 

long taxonomically-neglected canna-

bis plant (43).

Future cannabis data analytic stud-

ies should take care to start with estab-

lished stable genetic fi ngerprints of all 

cultivars included with precise note-tak-

ing on growth conditions to help under-

stand any inherent future variability in 

terpenoid analytical testing data.

There is currently no adopted canna-

bis classifi cation system based on ter-

penoid profi les, even though several 

scientists have promoted the idea. Fur-

thermore, we now have numerous ro-

bust datasets that clearly reveal cluster-

ing power within a handful of terpenoids 

while the existing vernacular classifi ca-

tion system, largely based on the phe-

notype of the strain, continues to be 

heavily promoted by several commer-

cial entities spreading confusion today. 

We Only Know What We Know

We can look to established agricultur-

al commodity industries as models to 

see how new research fi ndings—such 

as elucidating terpene pathways in the 

case of cannabis or introduction of pest-

resistance in the case of wheat—can 

easily be incorporated, lead to registra-

tion of a new cultivar, and only strength-

en the intellectual property position of 

specifi c cultivars. Even though we do 

not have a complete assemblage of the 

genes involved in what we believe are 

the pertinent pathways that contribute 

to the pharmacological activities of can-

nabis, nor do we have a complete pic-

ture of the human genetic variants that 

contribute to a therapeutic outcome, 

we have a starting point with terpenoids. 

Marketing and branding will require a 

more reliable experience or therapeu-

tic outcome, and, therefore, tighter con-

trols on authenticating what is actually 

being grown and processed.

Targeted SNP Assays 

to Mix and Match

Using chemometrics on cannabinoid 

and terpenoid expression data to seg-

regate accessions into clusters provides 

the initial model on which to base tar-

geted sequencing based on cosegre-

gation of genetic markers associated 

with key traits of interest. Correlating 

the expression of diagnostic terpenes 

with variation at genetic loci thus offers 

the opportunity to identify informative 

mutations or SNPs in the cannabis ge-

nome that are associated with, for ex-

ample, terpenoid expression (Figure 4) 

(4,44). These genetic markers can be as-

sayed in a time and cost-effective man-

ner using several variations of the poly-

merase chain reaction (PCR), as well as 

microfl uidic approaches to enable high 

throughput genotyping.

A recent example includes 21 inform-

ative SNPs associated with terpene ex-

pression in cannabis samples from Ne-

vada (Figure 4). The data comes from 

more than 2000 samples from 115 

strains and 37 cultivators typed at 19 

terpenoid and 11 cannabinoids mark-

ers (33). The chemotypic data, coupled 

Figure 2: Terpenoid chemovar clusters. Figure 3: Cannabinoid and terpenoid clustering.
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with genome-wide genetic data from 

70 accessions was used to constrain the 

structure of the dataset for use with the 

overfi tting discriminant analysis of prin-

cipal components (DAPC) algorithm de-

scribed by Henry (2). One can note that 

the information contained in the 21 se-

lected SNPs provide a broad means to 

classify accession into their respective 

groups based on their dominant ter-

pene expression. Seven accessions in 

total appear to be misclassifi ed into their 

inferred terpene group, fi ve of which 

(Cherry Diesel, Helen Back #2, Sour Kush, 

Outer Space, and New York Sour Diesel) 

are predicted to express terpenes not 

typically seen based on the chemotyp-

ic data alone. This discrepancy may also 

be the result of varying environmental 

factors during cultivation, since the data 

used was from plants grown in differ-

ent cultivation locations and not under 

a common-garden.

One particular advantage of us-

ing the genetic tools as a proxy for the 

above mentioned chemometric ap-

proach is that relatively simple equip-

ment can be utilized to type these mo-

lecular markers and essentially make it 

a method of choice for rapid and cost-

effective fi eld and laboratory determi-

nation of cannabis origin and key ag-

ronomical and pharmacological traits. 

Quantitative PCR (qPCR) is considered 

the gold standard for accurate, sensitive, 

and fast quantifi cation of nucleic acid 

sequences and has been established 

and validated for a broad range of ap-

plications including genotyping, patho-

gen detection, DNA methylation analy-

sis, and other applications. Laboratory 

equipment is currently available under 

$6000 for a dual channel system (48).

Upside for Cannabis Science

Most of the cannabis-complicit coun-

tries regulate cannabis as a medicine. 

Israel in particular is at least a decade 

ahead of the U.S. in instituting stand-

ardization in the cultivation, extraction, 

and formulation of cannabis for clinical 

trials, leading to patentable drugs that 

will eventually fi nd their way to the U.S. 

Food and Drug Administration (FDA) 

for approval and entry into the lucra-

tive prescription drug market in the U.S. 

Now the U.S. has its neighbor, Canada, 

not only following in the footsteps of Is-

rael but also legalizing adult use can-

nabis at the Federal level. U.S. canna-

bis companies need to play catch up 

to gain market share, starting with dis-

tinguishing cannabis cultivars from the 

staggering number of named cannabis 

strains being grown.

Steps Toward Standardization

Cannabis strain authentication entails 

both establishing a strain’s chemopro-

fi le, the chemical composition including 

cannabinoids and terpenes, if not more, 

as well as the genotype of the strain, re-

sulting in a fi ngerprinted signature. Can-

nabis testing laboratories are the path 

to strain authentication. Strain authenti-

cation is an important step toward de-

velopment of reliable, consistent whole 

plant-based medical marijuana and pa-

tient consumer confi dence, bringing le-

gitimacy to the cannabis industry.

The fi rst step toward standardization 

in cannabis strain naming would be to 

throw out the current unregulated mod-

el and replace it with the horticultur-

al and agronomic convention of culti-

var names. For example, the strain Blue 

Dream would become Cannabis sativa 

cv. Blue Dream. The second step would 

be to associate a referenced chemo-

type and genotype with Cannabis sativa 

cv. Blue Dream. The combination of the 

Blue Dream cultivar name with its chem-

otype and referenced genotype would 

authenticate it.

All stakeholders need to participate, 

from growers to state departments of 

agriculture to scientists actively working 

in this area. State regulatory agencies 

will need to be active participants in cre-

ating and overseeing a cannabis regis-

tration. There are hopeful signs from the 

Figure 4: Principal component analyses based on 21 SNPs identifi ed using the chemo-
metric model based approach described above. The 70 accessions shown were genotyped 
using Medicinal Genomics’ Strainseek V2 assay at about 10,000 SNPs, loading extraction 
was used to isolate SNPs associated with the most parsimonious chemovar classifi cation 
model based on terpene expression, with three major groups including myrcene (red), lim-
onene (blue), and terpinolene (green) dominant accessions. Several strains (7%) are misclas-
sifi ed by the model, and highlight overlaps between the primary terpene classes.
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Association of Offi cial Seed Certifying 

Agencies (AOSCA) with their interest in 

forming a varietal hemp working group 

in 2018. In Canada, a plant breeders’ 

rights certifi cate was granted to a fed-

erally licenced producer for a type I can-

nabis plant for their variety “MR2017002” 

(45), adding to the already existing re-

pository for type II hemp varieties cur-

rently registered in the country.

As the cannabis industry continues 

to grow across the U.S. at a rapid pace, 

the competition amongst growers and 

producers is also heating up. This com-

petition is refl ected in dropping pric-

es at both the wholesale and retail lev-

el. There are few options for growers to 

regain market share in the fl ooded re-

tail market space. Growers can either 

cut their costs by engaging testing fa-

cilities that provide fewer services and 

questionable testing results, or they 

can choose the high road and distin-

guish their harvests from their compe-

tition through authentication of their 

strains. Authenticated cannabis prod-

ucts command higher prices at both the 

wholesale and retail level, and the re-

quirement for strain confi rmation is an 

inevitable regulatory requirement.

Resulting Utility

Applying chemometric tools to the au-

thentication and quality control of both 

cannabis fl ower and cannabis-based 

drugs can be both effi cient and pow-

erful. The effi ciency comes from the 

ability of any cannabis testing labora-

tory or state reference laboratory to ap-

ply standardized analytical methods to 

obtain phytochemical and genotypic 

data profi les using more than one ana-

lytical method. With the hopeful advent 

of mandatory cannabis cultivar authen-

tication, cannabis science can advance 

more readily. 

Creating a new lexicon for cannabis 

cultivars based on scientifi cally quan-

tifi able values would help to advance 

cannabis research and commercial cul-

tivation benefi ting both regulators and 

consumers. A new simplifi ed vocabu-

lary that links the chemical makeup of a 

cannabis cultivar with its olfactory per-

ception could be added to the METRC 

barcode so that consumers and state 

regulators know exactly what is being 

claimed by the cultivator. And verifi ca-

tion by specifi c genotyping would pro-

vide the trifecta for cultivar registration. 

The latter would prove particularly inter-

esting to implement through blockchain 

technologies for integration into seed to 

sale tracking programs (46).

Not to be ignored is the sensory per-

ception of the chemical composition of 

a particular cannabis cultivar and the 

subconscious or conscious olfactory 

judgment that is made by the individu-

al cannabis user. We’re just starting to 

understand how aroma infl uences one’s 

discrimination of cannabis and the ap-

plication of statistical techniques to de-

scribe that olfactory experience (9). Fu-

ture studies linking olfactory perception 

with chemical profi ling, in particular ter-

penoid profi ling, will demonstrate the 

level of perception already inherent in 

humans. The vast unknown is what phys-

iological cascade of events that odorant 

sensation begets.

Empowering the Cannabis 

Industry, Cultivator, 

Regulator, and Consumer

As the industry rapidly evolves toward 

big agriculture versus boutique canna-

bis growers, cannabis cultivar authen-

tication will be a key to success and 

keeping market share in North Ameri-

ca. The cannabis industry must contin-

ue its evolution towards an evidence-

based model of medicine where 

cannabis chemical and genotypic pro-

fi les need to be correlated with their 

pharmacological activities using met-

abolic profi ling with multivariate analy-

sis requiring a reoccurring authentica-

tion, that is, a certifi cation requirement 

for cultivators to be in the game.

The current self-infl icted confusion 

within the U.S. and Canadian cannabis 

industry is an opportunity to demon-

strate scientifi c ingenuity against the 

rapidly maturing global cannabis indus-

try, where outdoor growing costs are a 

fraction of the indoor energy intensive 

grows. Throwing out unnecessary im-

pediments should be a priority, start-

ing with nonstandard strain naming in 

favor of the agronomic and horticultural 

practice of registered “cultivar” names 

based on full genome sequencing, 

broad chemometrics, and genotyping 

to allow for consistent, reproducibly-ef-

fective comparisons across the canna-

bis industry. This will enable trademark-

ing or patenting of specifi c cultivars.
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Factors Infl uencing Yields in Extraction, 
Part I: Understanding the Infl uence of 
Starting Material and Performing Extraction 

Calculations

A
n extraction’s yield, that is, the amount of compo-

nents of interest obtained from an extraction’s output, 

has three main areas of dependency. Spread across a 

three-part series, these will be discussed as follows. Here, in 

Part I, we discuss the infl uence of the starting material, per-

forming extraction calculations and examine the two main bi-

ologically-inherent starting-material infl uences: the total mass 

of input feedstock to be extracted and the component make-

up of that material. An extensive review of percent extraction 

effi ciency calculations is also presented. In Part II, we will ex-

amine the impact of material preparation and consider the 

impact of physical preparation of the feedstock material. Fi-

nally, in Part III, we will discuss optimizing an extraction and 

the associated processing parameters. We will also investi-

gate the impact of conditions of operation: total extraction 

time and processing parameters. 

Infl uence of the Starting Material

Mass of Starting Material

The most intuitive variable with regards to yield is the mass 

of input material available for extraction. For example, giv-

en identical feedstock and extraction parameters, 100 kg 

of plant matter would be expected to yield around twice 

as much extract as the same extraction performed on only 

50 kg of material.

This parameter is instinctive, but it is important to realize 

that starting-material-infl uence does not stop there.

Makeup of the Starting Material

A further major infl uence of the starting material on yields 

is the makeup of the material itself. To best explain what is 

meant here, consider the cannabis fl ower.

Components of Interest in Cannabis Flower

Suppose a recipe for a bulk batch of baked goods calls 

for the cannabinoids extracted from 100  kg of fl ower. 

This is a bit of an ambiguous recipe: what mass of can-

nabinoids can be obtained from this mass of starting 

material? Intuitively, there is an understanding that it is 

not 100 kg. 

This understanding stems from basic knowledge of 

plant anatomy (Figure 1). For simplicity, the cannabis 

fl ower is divided into three contingents: the lipids, chlo-

rophylls, and cannabinoids. This multicomponent nature 

is the fi rst layer of the starting-material-makeup factor. If, 

say, the cannabinoids make up 20% of the fl ower’s mass, 

then the maximum possible mass that may be obtained 

from 100 kg of fl ower can be calculated to be 20 kg:

 total mass × fraction of mass due to component of inter-

est = total mass of component of interest                   [1]

 total mass of fl ower × fraction of fl ower mass due to can-

nabinoids = total mass of cannabinoids                  [2]

100 kg × 0.20 = 20 kg                    [3]

It follows, then, that a 100%-efficient extraction would 

recover 20  kg of these desirables from the extraction 

process. If no other material were coextracted, a test 

At a glance, modern extraction machines can seem a little mysterious: plant material is added to 
an extraction chamber, processing parameters are chosen, the extraction process is carried out, 
and an output of material is collected. Part I of this series examines the two main biologically-
inherent starting-material infl uences. These include total mass of material loaded in the extraction 
chamber at the start of an extraction and the component makeup of the material with regards to 
content of compounds of interest. An extensive review of percent extraction effi ciency calculations 
is also presented.
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of the material remaining in the ex-

tractor would see a total of 80  kg 

of residual composed of lipids and 

chlorophyll, with no trace of can-

nabinoids remaining.

Example Extraction Calculations

Calculating the percent extraction 

effi ciency (%EE) is the best standard 

against which to evaluate the success 

of any extraction. There are two var-

iations of the calculation that can be 

carried out (Figure 2). The theoretical 

%EE calculation assumes all mass of 

the component of interest extracted 

appears in the extract, with no loss; 

it is a measure of the mass of com-

ponent of interest removed from the 

feedstock. The actual %EE calculation 

measures the mass of the component 

of interest present in the extract.

To verify comprehension of this cal-

culation, consider following through 

the example extraction presented 

in Figure 2; 100  kg of cannabis fl ow-

er composed of 20% cannabinoids 

and 80% lipids and chlorophylls is 

loaded into the extraction chamber 

(Figure 2a). At the end of the extrac-

tion, 40  kg of material composed of 

5% cannabinoids and 95% lipids and 

chlorophylls remains in the extrac-

tor (Figure 2b); 60 kg of material com-

posed of 30% cannabinoids and 70% 

lipids and chlorophylls is found in the 

collection vessel (Figure 2c). 

In this example, no material is lost 

in the extraction process, and the 

results of the theoretical and actu-

al %EE calculations match, at 90%. In 

cases where loss of material would 

occur (for example, small amounts of 

residual left in the extraction equip-

ment), the actual %EE will fall below 

the theoretical %EE.

These calculations are important in 

evaluating the success of an extraction. 

They are, however, not trivial. The next 

portion of this section reviews several 

misconceptions commonly encountered 

when performing %EE calculations.

Figure 1: The cannabis fl ower is divided into three contingents: the lipids, 
chlorophylls, and cannabinoids.

Figure 2: Calculating the percent extraction effi ciency (%EE) is the best standard against 
which to evaluate the success of any extraction. There are two variations of the calculation 
that can be carried out.
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Use of Correct Parameters 

in Extraction Calculations

First, ensure use of correct parame-

ters when performing the mathemat-

ics. Note that %EE calculations are, 

very importantly, carried out with re-

spect to the yield of a component of 

interest, not as compared to the en-

tire mass of starting material. 

This relates back to determining 

how much desirable material is ac-

tually present in a sample of canna-

bis fl ower. In the above example (Fig-

ure 2), if the %EE calculations were 

instead perfomed using “100 kg” in 

the fractions’ denominators, it would 

paint a picture of having an addition-

al 80  kg of component of interest 

available for extraction. That mass 

is not cannabinoids—it is the lipids 

and chlorophylls that make up this 

80 kg portion. 

Making this distinction is crucial 

and can be tricky. The next point in 

the discussion demonstrates how 

evaluating a yield based solely on 

the total mass of extract can be 

misleading.

Using Facts, Not Feelings, 

to Evaluate Yield

The example extraction yield present-

ed in Figure 2c gives quite a substan-

tial total mass in the collection vessel: 

60 kg. This much material is likely to 

feel very substantial, and in the exam-

ple, its composition is known to con-

tain a large portion of cannabinoids, 

or 30%. Problematically, however, the 

60-kg yield of material would still feel 

as substantial were it composed of 

only 3% cannabinoids and 97% lipids 

and chlorophylls.

Building on this idea, consider 

Figure 3. Two collection vessels are 

shown, each with a different total ex-

tract mass and percent composition. 

Vessel 2 contains 20 kg more materi-

al than does Vessel 1 and would thus 

feel more substantial. It is, however, 

Vessel 1 that contains a vastly larg-

er mass of cannabinoids: 56 kg com-

pared to only 25 kg in Vessel 2.

What could cause the difference 

in yield composition described in 

this example? 

All Cannabis Flower 

Is Not Created Equal

Consider the infl uence of composi-

tional differences in the starting ma-

terial. In other words, all cannabis is 

not necessarily created equal.  

An operator’s choice of cannabis 

variety is likely to depend on more 

than just the mass of cannabinoids 

present. Suppose a newly-discov-

ered variety of cannabis is found to 

have the undisputed best antiamne-

sia properties, but a composition of 

only 7.7% cannabinoids by mass. An 

extraction with 100%-effi ciency per-

formed on 100  kg of this product 

would yield 7.7  kg of cannabinoids. 

This amount could very well feel mi-

nuscule in comparison to the 100 kg 

of starting material initially loaded 

into the extraction chamber. Even 

so, every last bit of desirable material 

available from the 100 kg of feedstock 

would have been extracted.

Comparing all the world’s canna-

bis, some varieties will contain more 

chlorophylls, have more lipids, or, 

for some strains, perhaps a combi-

nation of both. High-yielding varie-

ties would minimize these, meaning 

the feedstock mass is composed 

of a maximum amount of desirable 

components. 

Conclusions

In summary, different cannabis varie-

ties will, by their nature, contain dif-

ferent amounts of the component 

of interest; hence, it is crucial to set 

aside feelings in favor of facts when 

evaluating an extraction yield. Re-

gardless of which variety an operator 

selects, ensure yield calculations are 

evaluated with respect to each com-

ponent of interest.

The next part in the series will focus 

on how decisions made in preparing 

material for extraction affect interac-

tions between the solvent and feed-

stock matrix during extraction.

Krista Marie Kulczycki is a techni-
cal and scientific writer with Vitalis 
Extraction Technology in British 
Columbia, Canada. Aaron Godin 
is an application science manager 
with Vitalis Extraction Technology. 
Direct correspondence to: krista.kulc-
zycki@vitaliset.com

Figure 3: Two collection vessels are shown, each with a different total extract 
mass and percent composition.
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Understanding VPD and Transpiration Rates 
for Cannabis Cultivation Operations

This article explores how vapor pressure differentials (VPD) affect transpiration rates in cannabis 
plants. Transpiration is a process in which water and essential nutrients move through the plant from 
cell to cell. Understanding of VPD at different temperatures and relative humidities, and its effect 
on this process, is important to gain maximum plant growth. We also cover the impact of set points 
on growth environments as well as energy costs, along with an analysis on how data surrounding 
watering rates and transpiration can affect equipment selection.

Laura Breit, Michael Leavitt, and Adam Boyd

W
e all learned about the water cycle in junior 

high—rain, evaporation, clouds, rain, and so 

on. This cycle takes on increased importance 

in the cannabis industry because maintaining the right 

space conditions for an indoor grow is essential to the 

success of a cultivation operation. Temperature and hu-

midity play a large role in how cannabis plants will func-

tion, directly impacting both plant yield and overall qual-

ity. We must look beyond the simplifi ed precipitation 

cycle and understand that space conditions directly af-

fect a plant’s ability to sweat, or transpire.

A common misconception is that the transpiration 

of cannabis plants will affect the relative humidity with-

in a grow room. In reality, that’s backwards—using the 

 paradigm that the room conditions affect the plants’ abil-

ity to transpire rather than the plants’ transpiration affect-

ing the room condition is a good perspective to have when 

reading this article. In an ideal setting, the room setpoint 

conditions (temperature and humidity) would be held per-

fectly stable and would never deviate regardless of what 

happens in the room. Keeping the room conditions per-

fectly stable is the job of the mechanical equipment used 

to control the environmental conditions of the room. If we 

can maintain any given set of room conditions, the ques-

tion is: under what conditions does cannabis thrive?

As we will discuss, plant transpiration drives plant 

growth and vapor pressure differential (VPD) drives plant 

transpiration. Temperature and humidity both impact 
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the vapor pressure differential, a fac-

tor that must be considered when 

making decisions about facility sys-

tems—especially when it comes to 

the tricky deliberations surrounding 

heating, ventilation, and air condi-

tioning (HVAC) equipment selection. 

In order for plants to thrive in an in-

door grow space, the VPD needs to 

be at a particular level, which can be 

different for every situation and every 

stage of growth. Since the tempera-

ture and humidity affect the VPD, the 

temperature and humidity both need 

to be at the correct levels—at the 

right “setpoint”—which means heat 

and moisture are going to need to be 

added or taken away from the grow 

room at different times.

Understanding the drivers behind 

this process is key to selecting the 

appropriate HVAC system for your 

Figure 1: Example 1 and Example 2 both have similar VPDs, meaning transpiration and 
nutrient delivery between the two will be very similar. However, Example 1 has a much 
lower design temperature and relative humidity and will have a higher first equipment 
cost and a higher operating cost.
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operation. In our experience, a set-

point difference of just 10% can have 

a signifi cant impact on HVAC sys-

tem sizing, upfront cost, and ongo-

ing energy costs. It’s worth exploring 

if a small difference in design set-

point will make a large impact on your 

HVAC system costs, without having 

much impact on the product yield of 

your operation.

Understanding VPD 

and Transpiration Rates

Temperature and humidity are defi n-

ing factors for VPD, sometimes called 

vapor pressure defi cit, which is what 

truly affects the health of a canna-

bis plant. Vapor pressure is the pres-

sure at which liquid becomes a vapor. 

Here is a real-world example of vapor 

pressure in action: When you boil wa-

ter on the stove, you heat the water, 

increasing the pressure to a point at 

which it reaches the vapor pressure 

of the atmosphere around it and be-

comes steam. In cannabis cultivation, 

VPD refers to the difference between 

vapor pressure within a plant and the 

vapor pressure of the air surrounding 

the plant. VPD is responsible for driv-

ing a process in the plant known as 

transpiration, which directly impacts 

plant health.

Transpiration is a process in which 

water and other essential nutrients 

move through a plant from cell to 

cell. It is also how plants regulate their 

own temperature and obtain the car-

bon dioxide they need out of the air. 

VPD drives transpiration and the nu-

trient uptake from the roots of a plant 

to the upper area of a plant. Water 

movement occurs as a result of plants 

releasing water vapor into the air 

through openings called stomata—

almost as if they are sweating.

If VPD is too small, peak growth 

rates are not achieved, and problems 

like mold or root rot can become an 

issue. If VPD is too large, the plant 

stomata will close in an attempt to 

limit transpiration, which can result 

in issues like tip burn and leaf curl. 

VPD can be directly calculated from 

the temperature and relative humidi-

ty (RH) of both the plant and the grow 

room. Both of these concepts are ex-

plained in detail below. The surface 

temperature of the plant and the dry 

bulb temperature of the room are ap-

proximately the same, but since the 

plant has water forming, the plant 

surface will be at 100% RH when it is 

transpiring. For a given design tem-

perature, we can modulate the VPD 

by changing the RH of the grow room. 

A VPD range of 0.8–1.1 (kPa) is com-

monly known as ideal in the vegeta-

tive stage, while a VPD range of 1.0–

1.5 (kPa) is commonly known as ideal 

in the fl owering stage. Tables I and II 

show that the same ideal VPD range 

can be obtained at different temper-

atures and relative humidities.

To put it simply: Consistent tem-

perature and relative humidity in the 

space A consistent vapor pressure 

defi cit A plant transpiration A plant 

growth.

This concept is further illustrated in 

Figure 1 on the psychrometric chart, 

which is a commonly used tool that 

graphically illustrates the relationship 

between air temperature and relative 

humidity as well as other properties.

What Are the Metrics? 

As explained above, maintaining 

proper setpoints of indoor grow 

rooms is essential to the success of 

an operation, but what do we meas-

ure and how do we measure it? There 

are a few things to understand about 

measuring temperature and humidity 

and determining VPD:
• Wet and dry bulb temperature 

readings: Dry bulb temperature 
is the temperature reading 
most of us are familiar with; the 
temperature that is shown on the 
thermostat in a home. Wet bulb 
temperature is the temperature 
that a thermometer reads when 
its bulb is wrapped in a moist 
cloth. The wet bulb temperature 
indicates how much moisture is 
present in the air. When relative 
humidity is at 100%, the wet and 
dry bulb temperatures are equal. 
If the difference between the 
dry and wet bulb temperatures 
is small, there is a large amount 
of moisture in the air. There is so 

Table I: Vapor pressure differential by room dry bulb temperature and RH setpoint. Purple boxes indicate that the VPD is in the ideal 
range of 0.8 to 1.1 (pKa) for the vegetative state. Other boxes are outside the ideal range for the vegetative state

Room Temp. 

Setpoint (°F)

Room Relative Humidity
Room Temp. 

Setpoint (°C)75% 70% 65% 60% 55% 50% 45% 40%

60 0.4419 0.5303 0.6187 0.7071 0.7954 0.8838 0.9722 1.0606 15.6

65 0.5271 0.6325 0.7379 0.8433 0.9487 1.0541 1.1595 1.2650 18.3

70 0.6263 0.7515 0.8768 1.0020 1.1273 1.2526 1.3778 1.5031 21.1

75 0.7415 0.8897 1.0380 1.1863 1.3346 1.4829 1.6312 1.7795 23.9

80 0.8747 1.0496 1.2245 1.3995 1.5744 1.7494 1.9243 2.0992 26.7

85 1.0283 1.2340 1.4397 1.6453 1.8510 2.0567 2.2623 2.4680 29.4
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Continued on page 61

much moisture in the air that it is 
similar to having a wet rag around 
the thermometer bulb. If there is 
a large difference between the 
dry and wet bulb temperature 
readings, the air is dry.

• Relative humidity: Relative 
humidity (RH) is a measurement 
of the amount of moisture in the 
air expressed as a percentage 
of the maximum possible 
moisture in the air at a given dry 
bulb temperature. As humidity 
increases, the air of an indoor 
space will eventually reach a 
state of saturation. When air has 
reached its capacity for maximum 
possible moisture, water will 
leave the air in the form of clouds, 
dew, or condensation. In warmer 
temperatures, air is able to hold 
more moisture. If the amount of 
moisture in a space were to remain 
constant and the temperature 
increased, the RH would decrease. 
This is because the total amount 
of moisture present is the same, 
but it is possible for the air to take 
on more moisture, therefore the 
air is further from the maximum 
possible moisture, resulting in a 
lower percentage. Conversely, 
if the moisture content were 
to remain constant while the 
temperature decreased, the 
RH would increase because the 
moisture in the air is closer to 
the maximum possible moisture, 
resulting in a higher percentage.

Equipment Selection

The key to healthy VPD and transpi-

ration rates is to provide controlled 

environmental conditions, which will 

come into play when you are select-

ing equipment for your operation.

The role of HVAC equipment is to 

keep the room as close to the design 

temperature and humidity setpoints 

as possible because this will have the 

greatest impact on the product. In 

the beginning of a project, we send 

an HVAC survey document to our cli-

ents to determine their project re-

quirements. The information provid-

ed allows the engineers to determine 

the “design conditions,” which tells 

the engineer what they need to de-

sign around. Information such as tem-

perature and humidity setpoints as 

well as type and quantity of lights, wa-

tering, and run-off rates are gathered. 

This information allows the design-

er to estimate the transpiration rate 

of the plants and the heat load from 

the equipment, which are called la-

tent and sensible loads, respective-

ly. The HVAC equipment will remove 

the heat load and humidity load from 

the space, so the more accurate the 

information provided by the grower, 

the more accurate the sizing of the 

system will be. 

Determining Transpiration Rates 

and Humidity Control Strategies

One of the best, most straightfor-

ward methods for determining tran-

spiration rates is to use known wa-

tering rates to indirectly quantify 

transpiration. Once irrigation wa-

ter is introduced into a space, it can 

do two things: stay within the plant 

or pot, increasing its overall mass, 

or leave the plant or pot as run-

off or transpiration. The general as-

sumption is relatively little of the wa-

ter mass is left behind in the pot or 

plant, and the rest of the water is lost 

to runoff and transpiration between 

waterings. Quantifying watering 

rates is typically straightforward, but 

quantifying runoff can be diffi cult 

depending on which grow method 

is used. Data can be gathered at the 

grow facility level, stage of growth 

level, room level, or plant level. 

Properly designed HVAC equip-

ment will not only control the tem-

perature of a space, but it will also re-

move the moisture transpired by the 

plants to keep the relative humidi-

ty ratio at the appropriate set point. 

There are numerous humidity control 

strategies. On the most basic level is 

the dehumidifi er, which utilizes a re-

frigeration process to subcool the air 

to its saturation point to extract the 

moisture from the air. While effective, 

this is an inherently ineffi cient pro-

cess as the compressor heat is reject-

ed into the space, adding to the heat 

load that the HVAC equipment needs 

to take care of. On the most compli-

cated level, your designer may add 

the dehumidifi cation scheme into the 

Table II: Vapor pressure differential by room dry bulb temperature and RH setpoint. Purple boxes indicate that the VPD is in the ideal 
range of 1.0 to 1.5 (pKa) for the fl owering state. Other boxes are outside the ideal range for the fl owering state.

Room Temp. 

Setpoint (°F)

Room Relative Humidity
Room Temp. 

Setpoint (°C)75% 70% 65% 60% 55% 50% 45% 40%

60 0.4419 0.5303 0.6187 0.7071 0.7954 0.8838 0.9722 1.0606 15.6

65 0.5271 0.6325 0.7379 0.8433 0.9487 1.0541 1.1595 1.2650 18.3

70 0.6263 0.7515 0.8768 1.0020 1.1273 1.2526 1.3778 1.5031 21.1

75 0.7415 0.8897 1.0380 1.1863 1.3346 1.4829 1.6312 1.7795 23.9

80 0.8747 1.0496 1.2245 1.3995 1.5744 1.7494 1.9243 2.0992 26.7

85 1.0283 1.2340 1.4397 1.6453 1.8510 2.0567 2.2623 2.4680 29.4
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Cannabis for Animals: A Look Into Cannabis 
as Medicine for Pets

The endocannabinoid system (ECS) has been evolving since the beginning of vertebrate species, 
but why did veterinary practitioners never learn about it in school? Just like our human counterparts’ 
veterinary practitioners have no or only a cursory understanding of the ECS and cannabis therapy. 
Veterinary practitioners have also been echoing that there “is no evidence” in animals. To the contrary, 
we have numerous studies utilizing cannabinoids and other cannabis molecules for therapeutic relief 
and translational studies that could be considered for any vertebrate creature. Here we review the 
current and pertinent literature in utilizing cannabis derivatives in animals and discuss the future 
forecast of cannabis in veterinary medicine.

Stephen Cital

V
eterinary medicine has historically lagged be-

hind human medicine since its inception. Veter-

inarians and veterinary technicians are cautious 

creatures that often have not only a human as the own-

er to deal with but a patient that cannot speak and tell 

you how treatment is or isn’t working. We also see less 

uniformity in regulations and practice acts in veterinary 

medicine compared to our human counterparts. What 

veterinary medicine and human medicine do have in 

common is the lack of education on the topic of canna-

bis as a legitimate medical therapy in veterinary school. 

We also see less interest in pharmaceutical companies 

wanting to invest in clinical studies for companion ani-

mals (cats and dogs). Moreover, we see more conserv-

ative organized veterinary medicine, like the Ameri-

can Veterinary Medical Association, still holding on to 

outdated information and prohibition era beliefs sur-

rounding cannabis, perpetuating false assertions that 

there is no evidence for safety or efficacy of cannabis 

products in animals (1). To the contrary we have hun-

dreds, if not thousands, of articles in laboratory animal 

species, which technically includes dogs and cats, veri-

fying the safety of cannabinoids at extremely high dos-

es and therapeutic potential for numerous conditions. 
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Yet, the bias persists. However, the 

use and demand for cannabis prod-

ucts in veterinary medicine is grow-

ing rapidly, mainly by pet own-

er demand (2,3). Unfortunately, it 

is growing faster than most prac-

titioners have the time to educate 

themselves about it. Another con-

founding factor feeding a nega-

tive bias in veterinary medicine is 

the all too often tetrahydrocan-

nabinol (THC) toxicity in compan-

ion animals. Since the legalization 

of medical marijuana in the Unit-

ed States began, the Animal Poison 

Control and Pet Poison Hotline has 

seen a 330% increase in THC toxic-

ities (4). There is no question to the 

risk and occurrence of THC toxici-

ty in animals, yet it should be not-

ed there are no reported deaths 

that can be definitively attributed 

to THC or other phytocannabinoids 

without other factoring chemicals 

also present in the system. The sus-

pected lethal dose of THC in dogs 

is >9  g/kg, a nearly impossible 

dose to achieve. The most common 

route of exposure to THC in com-

panion animals is via ingestion. Ap-

proximately 66% of exposures in-

volve pets ingesting homemade or 

commercial edible goods. The sec-

ond most common source of can-

nabis exposures involves ingestion 

of plant material, followed by can-

nabis oils or tinctures. Symptoms of 

THC toxicity include lethargy, cen-

tral nervous system depression, 

ataxia, vomiting, urinary inconti-

nence or dribbling, increased sen-

sitivity to motion or sound, dilated 

pupils, hypersalivation, and brad-

ycardia. Less common symptoms 

include aggression, agitation, low 

blood pressure, low respirato-

ry rates, elevated heart rates, and 

nystagmus (continuous abnormal 

movements of the eyes). Rare signs 

include seizures or comatose con-

ditions (5). A 2018 study investi-

gating the susceptibility of canna-

bis-induced convulsions in rats and 

dogs, reported no seizures in dogs. 

But central nervous system signs in-

cluding ataxia, tremors, and hypo-

activity were observed when dogs 

were given chronic daily oral dos-

es of cannabis extracts containing 

concentrations as high as 27 mg/kg 

THC combined with 25  mg/kg can-

nabidiol (CBD) (1.08:1 ratio of THC 

to CBD) for 56 weeks (6).

Hungry for 
 something new? 
Meet your solution supplier for cannabis research,  

manufacturing and QC testing

Oil extraction: ethanol extracts and oil filtration

Analytical QC: liquid sample preparation and mobile phase filtration

Microbiological control: specialized hardware  

and membranes for filtration techniques

www.Pall.com/lab

© 2019 Pall Corporation. Pall, and         , are trademarks of Pall Corporation. ® indicates a trademarks registered in the USA. 1/19, GN19.0124

http://www.Pall.com/lab
http://www.CannabisScienceTech.com
http://www.Pall.com/lab


58 Feature

CANNABIS SCIENCE AND TECHNOLOGY | www.CannabisScienceTech.com VOL 2 • NO 2 • MARCH/APRIL 2019

There are some fundamental dis-

tinctions one must make on the 

topic of medical cannabis, and 

even specific terminology used 

when approaching medical can-

nabis as a valid medical therapy. 

The first distinction is between a 

“marijuana” plant versus a “hemp” 

plant. The hemp plant has much 

lower levels of THC (less than 0.3% 

by dry weight) and has found fa-

vor among veterinary professionals 

since there is a reduced risk of THC 

toxicity (7). This distinction is par-

ticularly important for recommen-

dations made by veterinary profes-

sionals. At the time this article was 

written there were no states that 

allow for medical marijuana pre-

scriptions for veterinary use, with 

many states also denying veteri-

narians the ability to even “recom-

mend” an over the counter hemp-

based product. California was the 

first state to pass legislation at the 

end of 2018 with AB2215 that al-

lows veterinarians to discuss can-

nabis as a therapeutic option, but 

the legislation still prohibits veter-

inarians from prescribing, dispens-

ing, or recommending marijuana or 

hemp products to animals.

There are numerous agonists or 

chemical compounds extracted 

from marijuana and hemp plants, 

that act on the endocannabinoid 

system (ECS) in animals, just like 

in humans. The endocannabinoid 

system is an extensive group of en-

dogenous cannabinoid receptors 

found in nearly every vertebrate, 

both centrally (in the brain) and pe-

ripherally. In fact, we see the evo-

lution of ECS receptors in less-

er species, such as invertebrates 

through the millennia via ancient 

genetic markers. This ECS is re-

sponsible for a variety of the same 

homeostatic processes seen in hu-

mans, with more physiological and 

genetic effects being discovered 

every year, often in research animal 

models. Some of these therapeu-

tic effects, when proven in animal 

models, do not translate well into 

human models. This is likely be-

cause of the difference in the dis-

tribution and density of ECS recep-

tors in animals versus humans (8).

Veterinary Cannabis Studies 

To date, we have an ever-growing 

list of relevant studies for practical 

use of cannabis in companion an-

imals. Most notably, we now have 

the results from two studies, one 

conducted at Colorado State Uni-

versity (CSU) and one from Cornell 

University, to help shed light on 

effective and safe dosing of CBD 

dominant cannabis products in 

dogs. In the Colorado State Univer-

sity study, conducted by Dr. Steph-

anie McGrath, we see dogs given 

three different dosing strategies. 

A group of 30 healthy beagle dogs 

were randomly assigned to receive 

a cannabidiol dominant product in 

the form of a capsule, oil, and CBD 

transdermal cream at a dose of 

10  mg/kg/day or 20  mg/kg/day for 

6 weeks. In the study, the dogs had 

complete blood counts, chemistry 

panels, urinalysis, and bile acids 

performed at 0, 2, 4, and 6 weeks. 

The most notable effect was eleva-

tions in serum alkaline phosphatase 

(ALP) that occurred in some dogs. 

All of the dogs in the study also ex-

perienced diarrhea, while the dogs 

that received the transdermal for-

mula had reddened skin after appli-

cation that was not of clinical con-

cern. Because the products used 

in the study were plant-based, the 

variability between batches were 

measured. Variability was <10% 

for the CBD-infused transdermal 

cream and CBD-infused oil. There 

was considerable variation, 28–

31%, between the CBD concentra-

tion in the capsules and the amount 

stated on the label. Higher system-

ic exposures were observed with 

the oral CBD-infused oil formula-

tion, and the half-life after a 75 mg 

and 150  mg dose was 199.7 ±55.9 

min and 127.5 ±-32.2  min, respec-

tively. Exposure was dose-propor-

tional, and the oral CBD-infused 

oil provided the most favorable 

pharmacokinetic profile. While the 

study mentions that the diarrhea 

was not related to the formula, it 

should be noted that this assertion 

cannot be made with certainty. The 

study concluded that this particu-

lar CBD dominant product, with no 

terpenes, appeared to be well tol-

erated in dogs (9).

Also at CSU, there are two contin-

uing studies: one on osteoarthritis 

(OA) and the other on canine epi-

lepsy. The OA study at CSU is using 

a 5  mg/kg daily dose for 6 weeks 

(the manuscript is currently under 

review). In the pilot epilepsy study 

utilizing a hemp-based product, 

preliminary results show eight out 

of nine dogs had a reduction in the 

frequency of seizures at 5  mg/kg 

once a day. A long-term study over 

three years will follow this study. A 

similar study is also being conduct-

ed at the University of Florida (10). 

In a canine study conducted at 

Cornell University under the direc-

tion of Dr. Joseph Wakshlag, we see 

similar, yet more favorable results 

with no diarrhea, utilizing a prod-

uct made by ElleVet Sciences. A 

single dose pharmacokinetic study 

was performed using two different 

doses of CBD enriched oil. The in-

dustrial hemp used in this study has 

~10  mg/mL CBD and an equal mix 

of ~10  mg/mL cannabidiolic acid 

(CBDA), 0.24 mg/mL THC, 0.27 mg/

mL cannabichromene (CBC), and 

0.11 mg/mL cannabigerol (CBG). All 

other cannabinoids were less than 

0.01  mg/mL with a robust terpene 

profile. The initial investigation into 
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single-dose oral pharmacokinetics 

was performed with four beagles. 

Each dog received a 2  mg/kg and 

an 8 mg/kg oral dosage of CBD oil. 

The dogs were fed 2 h after dosing. 

Blood was collected at 0, 0.5, 1, 2, 

4, 8, 12, and 24  h after oil adminis-

tration. Pharmacokinetics demon-

strated that CBD half-life of elimina-

tion median was 4.2 h (3.8–6.8 h) for 

the 2  mg/kg dose, and 4.2 h (3.8–

4.8 h) for the 8 mg/kg dose. These 

results led to dosing during the 

clinical trial at 2 mg/kg body weight 

every 12  h. For the clinical effica-

cy study, which assessed the use 

for dogs with radiographically con-

firmed OA, a randomized placebo-

controlled, veterinarian and owner 

blinded, cross-over study was used. 

Dogs received CBD oil (2 mg/kg) or 

placebo oil every 12 h. Hematology, 

serum chemistry, and physical ex-

aminations were performed on eve-

ry visit. A canine brief pain inventory 

and Hudson activity scores showed 

a significant decrease in pain and 

an increase in activity with CBD 

oil. Veterinary assessment showed 

decreased pain during CBD treat-

ment. Owners reported no adverse 

side effects; however, serum chem-

istry showed an increase in alkaline 

phosphatase (ALP) similarly to the 

CSU study during CBD treatment 

which normalized over time. Con-

clusions of the clinical study sug-

gest that 2  mg/kg of ElleVet Sci-

ences CBD product twice daily can 

help increase comfort and activity 

in dogs with OA. It should also be 

noted that some dogs in the study 

were also on traditional nonsteroi-

dal anti-inflammatory drugs with no 

adverse effects (11).

Data has shown in both studies 

that the other nonpsychotropic can-

nabinoids, primarily CBD, has a wide 

safety margin with only minimal side 

effects. In both studies, the elevat-

ed ALP was notable. Interestingly, 

the increase in liver values was not 

associated with any other elevat-

ed liver values (gamma-glutamyl 

transferase, bile acids, or alanine 

aminotransferase) and may be a 

response to cannabinoid metabo-

lism through the cytochrome P450  

(CYP450) pathway (12,13). 

Animal models of CBD utility for 

anxiety or panic attacks are sup-

ported by studies placing a prey 

species in front of a predator spe-

cies and conditioned escape re-

sponses in mice and rats. Accord-

ing to these studies, anxiety or 

panic attacks would be related to 

the flight and freezing defensive 

responses elicited by threats which 

expression was decreased in both 

models (14). Canopy Growth has 

announced the completion of their 

anxiety study in companion animals 

that are currently awaiting publica-

tion. The author is aware of other 

anxiety-related research being con-

ducted in cats and birds with hope-

ful publication in the next year.

Besides the alleviation of disease 

processes, veterinary scientists 

are exploring hemp for its anxie-

ty-reducing effects and nutrition-

al content increases in production 

animals. Stress on food-produc-

ing animals is directly correlated 

to poorer production of eggs, milk, 

down, wool, or muscle growth for 

meat producing animals. By ex-

ploring the use of naturally occur-

ring cannabinoids in biomass from 

hemp production for other uses, 

we are beginning to see the util-

ity for this welfare and economic 

challenge. The nutritional content 

of cannabis biomass is also being 

studied as feed for production an-

imals, since seeds are particularly 

full of beneficial fatty acids (15–18).

Aside from pharmacokinet-

ic, pain, seizure, and anxiety stud-

ies, we have seen scientific articles 

looking at cannabinoid receptor 

proliferation in feline and canine 

epidermal tissues suggesting the 

efficacy of topical and systemic ap-

plications for atopic dermatitis in 

dogs and hypersensitivity dermati-

tis in cats (19,20).

Other studies looking at ECS 

distribution in various tissues are 

those interested in gastrointesti-

nal function. One study published 

by Glaiazzo and colleagues looked 

at CB1, CB2, GPR55, and PPARa in 

canine gastrointestinal tissue, giv-

ing us deeper insight to the ana-

tomical basis of supporting thera-

peutic cannabis in relieving motility 

disorders and visceral hypersensi-

tivity in canine acute or chronic en-

teropathies (21). We have also seen 

studies looking at protective ef-

fects, specifically for gastrointes-

tinal mucosal lesions secondary to 

acute pancreatitis in rat models. 

This is of particular interest in com-

panion animals because pancreati-

tis is a common occurrence (22).

Anticancer effects are one of the 

more common interests with own-

ers. The scientifi c literature (in ro-

dent models) is promising in several 

different cancer types, and certain-

ly for the alleviation of symptoms 

related to chemotherapy or radia-

tion therapy (23,24). A canine can-

cer study at the University of Florida 

has some exciting preliminary in-vit-

ro results for three different types of 

canine cancer cells. Hopefully, we 

will see similar results in the on-go-

ing in-vivo study. 

Conclusion

While the legal status of cannabis 

products continues to play out, it 

is critical that we continue to push 

for quality scientific data to sup-

port therapeutic evidence. Just 

like in human medical cannabis cir-

cles, the veterinary side of things 

will continue to evolve, looking for 

specific cannabinoid and terpene 
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profiles for various ailments or ECS 

support. As scientists, consumers, 

and animal lovers, we must pres-

sure cannabis manufacturers to 

produce products following good 

manufacturing guidelines, use 

safe ingredients for animals, and 

be transparent with what is in their 

products. To that end, manufac-

turers should suggest dosing regi-

ments based on science instead of 

anecdotes. We must also pressure 

local governments, mainly state 

veterinary and pharmacy boards, to 

adopt legislative language to allow 

veterinary professionals to discuss, 

recommend, and, in some cases, 

prescribe cannabis product for our 

pets. Lastly, we must encourage 

the veterinary profession to edu-

cate themselves on this topic.
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Continued from page 55

overall HVAC design, whereby the air 

may be subcooled at the coils to ex-

tract the water out of the air, then the 

air may be reheated so as not to over-

cool the space. For maximum energy 

effi ciency, the reheating of air can be 

done with hot water or hot gas pro-

duced by the heat rejected from the 

cooling equipment. 

What happens when we vary the 

humidity and temperature setpoints? 

If the temperature and humidity set-

points are decreased, the peak load 

on the HVAC system increases, as 

does the energy required to run the 

equipment. Similarly, the reverse is 

true—if the temperature and humid-

ity setpoints are increased, the peak 

load on the system decreases, and 

the energy required to run the equip-

ment also decreases. It is in the best 

interest of the grower, both from a 

fi rst cost and an operating cost per-

spective, to run their operation as hot 

and humid as possible.  

Let’s refer back to Table II. As you 

can see, the calculated VPD at 70  °F 

and 60% RH is similar to the calculat-

ed VPD at 75  °F and 65% RH. There-

fore, the plants may perform just as 

well at the higher temperature and 

humidity setpoint than at the lower 

temperature and humidity setpoint, 

but the effects on the fi rst cost, phys-

ical size, and energy use of the HVAC 

system will be signifi cant. In our ex-

perience, a setpoint difference of just 

10% can have a dramatic effect.

Real World Case Study

The issue of equipment selection 

came to life in a recent project with 

very specifi c goals. Clients regularly 

come to us with specifi c temperature 

and humidity setpoints and ranges in 

mind. Often times these setpoints are 

determined by experience in the fi eld, 

and not necessarily by gathering in-

formation on the VPD required. The 

growers know that their plants thrive 

in certain conditions, but normal-

ly they’ve determined this through 

a trial and error process. In this case 

study, our client—a cultivation and 

extraction facility—needed precise 

temperature and humidity control for 

their grow spaces, with a major focus 

on energy effi ciency. Like most of our 

clients, they had specifi c temperature 

and humidity setpoints in mind: 76 °F 

and 55% RH.

The proposed HVAC system was 

a water-cooled chilled water system, 

with an economizer operation to al-

low for compressor-free operation 

when outdoor conditions allow. The 

hot water for the facility is provided 

via heat pumps that utilize the heat re-

jected from the chillers as the source 

for the heating loop. Fan coils inside 

the cultivation rooms utilize variable 

frequency drives to dehumidify with-

out overcooling the spaces.

Because sustainability was a core 

goal of the client, we decided to start 

with a different approach—a shoe-

box energy model to narrow in on the 

implications of different setpoints on 

the size and energy use of the HVAC 

equipment. We were able to show the 

client that by adjusting their tempera-

ture and humidity setpoints upwards, 

they would be able to maintain the 

same VPD in the space, yet the size of 

the HVAC equipment decreased by 

33% and the energy use associated 

with the HVAC equipment decreased 

by upwards of 35% per year. By look-

ing at the VPD specifi cally, and using 

that metric to make decisions around 

the required temperature and humid-

ity setpoint, we were able to design 

an HVAC system that met their sus-

tainability goals and decreased the 

size of the equipment, while still en-

suring that their plants would thrive.

The initial criteria the client provid-

ed us, a temperature setpoint of 76 °F 

and a relative humidity setpoint of 

55%, would have resulted in an HVAC 

plant size of 600 tons of cooling. By 

looking fi rst at the VPD, and then uti-

lizing that to determine the setpoints, 

we were able to downsize the equip-

ment to 400 tons of cooling. This 

equipment is roughly ¾ the physical 

size and 66% of the cost of the larger 

600 ton system.

Final Thoughts

Proper HVAC equipment design A 

consistent temperature and relative 

humidity in the space A consistent 

vapor pressure defi cit A plant tran-

spiration A plant growth.

It is understood that proper HVAC 

equipment design is necessary to 

keep consistent temperature and 

relative humidity within a space. It is 

also generally recognized that the 

plant growth is impacted, both posi-

tively and negatively, by space tem-

perature and humidity and therefore 

vapor pressure deficit. What is often 

overlooked or unknown is that small 

changes in temperature and humidity 

setpoints can have an imperceptible 

impact on the vapor pressure differ-

ential, and a large impact on the size, 

first cost, and operating costs of the 

HVAC system.

Disclaimer

We aren’t growers, we are engineers. 

As such, we do not claim to under-

stand the complete effects of an op-

eration running at higher tempera-

ture and humidity setpoints on plant 

quality and quantity. The purpose of 

this article is to illustrate the effects 

of temperature and humidity setpoint 

differences on HVAC sizing and ener-

gy costs, to allow growers to make a 

more informed decision when deter-

mining the appropriate setpoints for 

their space.

Laura Breit, PE, Michael Leavitt, 

PE, and Adam Boyd, PE, are profes-
sional engineers with Root Engineers 
in Bend, Oregon. Direct correspon-
dence to: info@rootengineers.com

mailto:info@rootengineers.com
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A large focus of the science and chemistry in the can-

nabis market is directed to cannabis leaves and oils and 

their THC–CBD ratios, phenotyping, and psychoactive 

effects of specifi c cultivars. Of course, edible materials 

are currently available in the form of gummies, drinks, 

and candies to supply cannabis extracts into the retail 

market. But, through physical destabilization of these 

formulations by migration of oil particles, heterogenous 

products develop with stability and potency inconsist-

encies. Valid stability testing is needed in this wild west-

type of market as, for example, beverage emulsions with 

an oil ring formation at the top of the sample would result 

in a consumer imbibing large, if not the full, quantities 

of the active ingredients, producing what could be a se-

ries of negative outcomes. Optimizations of the emulsion 

chemistry can prevent such effects and produce overall 

better products.

Therefore, an effort to increase the quality of these ma-

terials must be made and recognized industry-wide to 

provide materials that have undergone pharmaceutical-

type quality and stability testing. Currently, cannabis-in-

fused beverage emulsions are tested for stability though 

high performance liquid chromatography (HPLC) analyses 

are inconsistent from laboratory to laboratory, which has 

even been seen in raw extract testing (1). Removal of ali-

quots from various points of multiple samples and then as-

suming all testing machines, columns, and mobile phase 

systems are the same are just some of the results of the 

variances observed, not to mention the bias of certain 

laboratories. 

This note will focus on the shelf stability of beverage 

emulsions using a high-resolution light scattering tool 

known as the Turbiscan. Whereas traditional visual anal-

ysis methods are qualitative and subjective by nature, the 

Turbiscan can provide detailed kinetics related to particle 

size and concentration changes in an accelerated manner. 

This will allow for facile and quick formulation optimization 

and shelf life studies, providing critical data to the formu-

lators to help create the best products possible and elim-

inate any guesswork associated with materials that may 

possess the ability to fail in the fi eld. In an industry that 

wants to pride itself in science and technology, this area 

should be no different.

Method and Materials

Physical stability measurements were carried out using 

the Turbiscan stability analyzer (Formulaction, France). 

The Turbiscan utilizes static multiple light scattering 

(SMLS) to provide particle size and particle concentration 

data at all points throughout a sample as it ages. A mo-

bile reading head containing an 880 nm LED light source 

and both a backscattering (BS) and transmission (T) light 

detector travels vertically along an emulsion sample con-

tained in a 30 mL glass vial, acquiring BS and T data every 

40 μm for every scan performed. Repetition of the scans 

Shelf Life and Potency Quantifi cation of 
Cannabis-Infused Beverage Emulsions

Matt Vanden Eynden*, Dennis Thireault†, and Scott Riefl er†, *Formulaction, Inc. and †Tarukino, LLC

The shelf life and homogeneity of cannabis-infused edibles should be quantifi ed with pharmaceutical-like 
standards to avoid large potency variations throughout the materials. The Turbiscan stability analyzer can 
quantify particle concentration variations in a sample in a high-resolution, predictive manner.

Figure 1: Raw ΔBS data for a THC–CBD-infused emulsion.
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Figure 2: Volume fraction kinetic data for a THC–CBD-infused 
emulsion.
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over time will result in detailed destabilization kinetics of 

the samples.

Beverage emulsions of a 10% sunfl ower oil loading con-

sisting of 1% of a 50:50 THC–CBD extract were studied for 

a period of seven months to accurately quantify the shelf 

life of the materials. A diluted letdown beverage of 0.4% oil 

loading was also tested over that time frame.

Results and Discussion

The Turbiscan provides data in terms of the percent of 

backscattered (BS) or transmitted (T) light that is scat-

tered in a sample. With vertical resolution of the data eve-

ry 40  μm, data plots are observed as the change in BS 

(ΔBS) over time versus sample height. Figure 1 shows a 

typical sample evolution where a large negative signal is 

being developed at the bottom of the sample (left of the 

graph) and a large positive signal is being seen at the top 

of the sample (right of the graph). Such signals correspond 

to changes in oil particle concentration where a clarifi ca-

tion and creaming are occurring on the bottom and top of 

the sample, respectively. 

To quantify this particle migration, the mean value of 

light scattered over time in a specifi c region of the sam-

ple vial is analyzed to generate specifi c destabilization ki-

netics. These, along with the measured particle size and 

refractive index data of the materials, provide volume 

fraction kinetics of a given region. Figure 2 displays the 

volume fraction plot over time of the clarifi cation region 

of the emulsion sample at three different temperatures 

(3 °C, 25 °C, and 40 °C). The negative evolution of the vol-

ume fraction confi rms the creaming effect that is taking 

place in the sample and provides absolute data into the 

potency of the THC–CBD oil in the bottom of the sam-

ple. Here, evolution is seen at a maximum of nearly 1.8% 

change in oil concentration over nearly 200 days. This dis-

play of shelf life is quite impressive, and the manufacturer 

would have the confi dence that this product would main-

tain its integrity for up to or more than a year. Additionally, 

the fact that these materials do not show any visible signs 

of phase separation renders this type of analysis important 

as visual analysis will take weeks to months, or even years, 

and HPLC validation has proven to be inconsistent at best.

Diluted and fl avored versions of these emulsions can 

also be tested for the shelf life of individual infused bev-

erages. This benefi ts the formulator to determine the dif-

ferences associated with formulation changes related to 

concentration and other additives such as dyes and fl avors, 

the latter are known to have signifi cant impacts on the sta-

bility of beverage formulas (2). Figure 3 shows the bottom-

of-sample volume fraction kinetic for a sample, changing 

at a mere rate of 5% from its initial value. This again can 

assure the manufacturers of the product that material will 

retain its integrity for long periods of time.

Conclusion

A light scattering technique utilizing the Turbiscan sta-

bility analyzer is able to quantify, without dilution, stress, 

or probing of a sample, the volume fraction kinetics of a 

destabilized sample, and provide data not obtainable by 

any other analytical method. This will provide insight into 

how the chemistry of the formulation is acting to inhibit 

such destabilizations as well as provide concrete evidence 

to the producer that the product is safe to consume, even 

after up to one year of shelf storage.
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Figure 3: Volume fraction kinetic data for a diluted THC–CBD-
infused beverage emulsion.
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Powdery mildew (PM) is one of the cannabis plant’s most 

notorious pathogens. Some believe PM is a systemic path-

ogen that permeates via the plant’s vascular system. Oth-

ers believe PM is only a superfi cial pest that spreads across 

the plant’s surface (1). It is not clear whether PM is systemic. 

The powdery mildew that infects cannabis is a novel organ-

ism based on genetic sequencing molecular biology work 

conducted by Medicinal Genomics (1). 

Powdery mildew cannot survive without taking nutrients 

from a host. Powdery mildew can create an invisible net-

work before spores are visible. As with most plant path-

ogens, the best defense is prevention. This can be done 

with strict environmental controls, periodic screenings of 

grow rooms, and screening of incoming clones (1). Infec-

tion can also be prevented by using TwinOxide at low con-

centrations in irrigation water. 

The use of TwinOxide can eradicate PM infection and 

prevent recurrence of PM infection. This white paper dem-

onstrates the rapid success following cannabis treatment 

with TwinOxide. 

Materials and Methods

TwinOxide with Nepablast activation is a water-based 

product with a proprietary nanomolecular electronic po-

larity alignment (NEPA) technology enhancement (2). Dilu-

tion of the product to the fi nal volume detailed in the labe-

ling is required before application to plants. This product 

works over a pH range of 4 to 11. Typical dilution is 8 oz of 

concentrate diluted into 20 gal of water to make the solu-

tion that is applied to the plants when there is an active PM 

infestation. If the goal is prevention of PM occurring, the 8 

oz is diluted into 40 gal of water. 

Typically, 1 gal of diluted ready-to-apply product covers 

75–100 plants dependent upon the size of plants. For in-

festation, spray plants heavily on the leaves, underside of 

leaves, and the stem generously on days 1 and 2. Do not 

spray on day 3 and repeat the application on day 4 just as 

days 1 and 2. PM should be dead after this treatment. For 

maintenance to keep PM away, spray plants heavily on the 

leaves, underside of leaves, and the stem generously once 

every 3–5 days. No adverse effects on plants have been 

noted using this or any of the other protocols. 

For application on an outside operation, the protocol is 

modifi ed as the product is degraded by UV exposure. At 

dusk or after dark for infestation, spray plants heavily on 

the leaves, underside of leaves, and the stem generously 

on days 1 and 2. Do not spray on day 3 and repeat the ap-

plication on day 4 just as days 1 and 2. PM should be dead 

after this treatment. 

TwinOxide should be used in central watering systems 

to prevent PM or treat systemic PM at a concentration of 

0.1–0.2 ppm, signifi cantly less than the topical concentra-

tions of 4–10 ppm. 

Results

Figures 1a and 1b are before and after TwinOxide treat-

ment from a grow in Colorado at a 0.5–1 ppm concen-

tration. After just one treatment, it was described by the 

master grower as follows: “TwinOxide with Nepablast 

TwinOxide (TO) for Eradication and Control of 
White Powdery Mildew (PM) on Cannabis

Joe Nieusma, PhD, TwinOxide, Inc.

Powdery mildew (PM) is one of the cannabis plant’s most notorious pathogens. Powdery mildew can 
create an invisible network before spores are visible. If PM has infected the facility, TwinOxide can 
eradicate PM infection and prevent recurrence of PM infection in only a few treatments. Cannabis 
has been treated with TwinOxide in all phases of growth from new plants to fl owering phase without 

any signs of adverse effects on the plants. More information at www.gotozeros.com. 

Figure 1: (a) Before treatment and (b) after treatment.

(a) (b)

http://www.gotozeros.com
http://www.CannabisScienceTech.com


A DDV ERTISEMENT Appplication NNote 65

VOL 2 • NO 2 • MARCH/APRIL 2019 www.CannabisScienceTech.com | CANNABIS SCIENCE AND TECHNOLOGY

defi nitely knocked it [PM] down. The PM left discolored 

spots where TwinOxide with nepablast got rid of the PM 

completely. Where there were white spots, it was smooth 

and looked like TwinOxide with nepablast made the PM 

inactive because there was no powdery effect to it. It was 

still present in a few spots after one treatment but sig-

nifi cantly less than before application of TwinOxide with 

nepablast” (3).

Former PM spots are still visible following TwinOxide 

treatment, but they are completely fl at (CO grower 2018, 

data not shown). Data not shown is available by email. 

Figures 2a and 2b are from a grow in California with 

treatment at a higher concentration of 5–9 ppm (4). This 

concentration killed the PM after one treatment without 

any adverse effects on the plant.

Cannabis was treated with TwinOxide in all phases of 

growth from new plants to fl owering phase without any 

signs of adverse effects on the plants.

Discussion and Conclusion

TwinOxide with nepablast is an oxidizer of unwanted mil-

dew along with unwanted bacteria, viruses, mold, algae, 

protozoa, and spores. The product oxidizes cellular ma-

chinery required for the PM to survive. Topical spray kills 

PM quickly without adverse effects on the plants or hu-

mans applying the product. If used in the irrigation water, 

systemic benefi ts of TwinOxide also ocur. 

This product can be used up to harvest with no added odors 

or tastes when used according to labeling. The active ingredi-

ent is TwinOxide an environmentally friendly green chemical, 

that is EPA, EU, USDA, and NSF approved. TwinOxide is EPA 

registered as a pesticide. 

NEPA technology provides specifi c balancing of our prod-

uct with the natural botanical pathways to synergize the 

plant’s ability to fi ght infection, resist repeat infection and 

promote healthier development. This proprietary process in-

fuses specifi c frequencies creating a friendly environment for 

the plant to thrive (2). Proprietary NEPA technology enhance-

ment insures the product is working in conjunction with plant 

defenses and normal physiology. The NEPA technology is 

based on a balanced synergetic natural approach to remove 

the unwanted species. The product works, it kills PM quickly 

and effi ciently.
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