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

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

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

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

Column Information

Packing Material PRP-1, 5 µm

P/N 79444

Chromatographic Conditions

Gradient

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

Temperature 35 °C

Injection Volume 5 µL

Detection UV at 360 nm

Dimensions 150 x 4.1 mm

Eluent A 10 mM Formic Acid

Eluent B Tetrahydrofuran

Flow Rate 1.0 mL/min.

Compounds:   1. Isovitexin 2. Orientin 3. Vitexin
4. Luteolin 5. Apigenin 6. Quercetin 7. Kaempferol
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With the recent legalization of both medicinal and recreational marijuana in the United States, analysis 
of individual cannabinoids has captured the public’s interest at a new level. As such, many new cannabis 
products are now available, i.e., edibles, vaporizers, and extracts to name a few. The increased marketability 
of the product has incited consumers to take a greater interest in the quality and craft ability of the products 
being sold. Through the quantifi cation of individual cannabinoids, the consumer can make an informed 
decision about the possible effects they could expect from the products they purchase. Therefore, the 
need for accurate, robust, and affordable analysis tools are of the upmost importance.

With health, safety, and edibles dosing as the primary motivation, Hamilton Company developed 
an HPLC method that isolates eight major cannabinoids. The HxSil C18 (3 µm) column provides 
an accurate, cost effective, and robust solution that can be used in any HPLC system.

Column Information
Packing Material HxSil, 3 µm

Part Number 79641

Chromatographic Conditions

Gradient
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10–15 min, 78% B
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Injection Volume 5 μL
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Eluent A 20 mM NH4COOH pH 3.5

Eluent B Acetonitrile

Flow Rate 1.0 mL/min

Author: Adam L. Moore, PhD, Hamilton Company
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cannabis news focus

Groundbreaking COVID-19 Study  
Shows CBD May Help Inhibit Infection  
Madeline Colli

RESEARCHERS IN THE US recently conducted a study which disclosed 
that a cannabis plant compound inhibited infection with severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in human 
lung cells. SARS-CoV-2 is the virus that causes COVID-19, threaten-
ing global health and world economies (1,2). Marsha Rosner, PhD, and 
other colleagues from the University of Chicago (Chicago, Illinois) dis-
covered that cannabidiol (CBD) and its metabolite 7-OH-CBD potently 
blocked SARS-CoV-2 replication in lung epithelial cells (3). 

Through the combination of CBD and 7-OH-CBD, the expression 
of certain genes within the viral cells were inhibited and changes in 
gene expression within the lung cells that resulted from the pres-
ence of COVID-19 were reversed (4). Thus, CBD and 7-OH-CBD serve in 
both protective and therapeutic roles. CBD was also found to have 
the ability to block viral ribonucleic acid (RNA), including the cod-
ing for the spike protein, which is the tool the virus uses to enter our 
cells. “This study highlights CBD, and its active metabolite, 7-OH-CBD, 
as potential preventative agents and therapeutic treatments for 
SARS-CoV-2 at early stages of infection,” said Rosner and the team (1). 

Even with recently approved vaccines being rolled out in many 
countries, the virus continues to spread rapidly, heightened by more 
transmissible variants, such as the B.1.1.7 variant. Rosner and her col-
leagues say that this highlights the need for alternative approaches, 
especially among populations with limited access to vaccines. Few 
therapies to date have been identified as being able to block SARS-
CoV-2 replication and viral reproduction.

Primarily, the SARS-CoV-2 virus enters host cells through the bind-
ing of a surface viral protein—called spike protein—to the human 
host cell receptor angiotensin-converting enzyme 2 (ACE2). From 
there, the viral genome is then translated into two large polypep-
tides that are severed by the viral proteases main protease (MPro) 
and papain-like protease (PLPro) to produce the proteins necessary 
for viral replication, assembly, and budding (1).

To analyze the effect of CBD on SARS-CoV-2 replication, the re-
searchers pretreated A549 human lung carcinoma cells express-
ing ACE-2 (A549-ACE2) with 0-10 μM CBD for 2 hours before infect-
ing them with SARS-CoV-2. Evaluation of the cells 48 hours later 
expressed CBD had potently inhibited viral replication in the cells. 
When CBD was assessed to possibly prevent proteolytic cleavage 
by MPro and PLPro, it was observed that CBD had no effect on the 
activity of either protease. This revelation led the team to hypoth-
esize that CBD targets host cell processes. Consistent with their 
hypothesis, RNA sequencing of infected A549-ACE2 cells treat-
ed with CBD for 24 hours showed significant suppression of SARS-
CoV-2-induced changes in gene expression. CBD was shown to have 
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effectively eliminated viral RNA expres-
sion, which included RNA coding for the 
spike protein. It was also found that 
both SARS-CoV-2 and CBD triggered sig-
nificant changes in cellular gene expres-
sion, such as the expression of several 
transcription factors. Further analysis 
of host cell RNA expressed that the vi-
rus-induced changes were almost com-
pletely reversed, though rather than the 
cells returning to a normal cell state, the 
CBD plus virus-infected cells resembled 
those treated with CBD alone.

Another critical finding researchers 
discovered was that CBD had “effective-
ly reversed” the triggering of a hyperin-
flammatory response, also known as a 
“cytokine storm” which is brought on by 
the presence of the virus, restoring cells 
not to a previral level of inflation, but a 
state as if the cells had been treated with 
only CBD. A study completed near the end 
of 2020 by the Dental College of Georgia 
(DCG) (Augusta, Georgia) and the Medical 

College of Georgia (Augusta, Georgia) also 
had similar findings to the team from the 
University of Chicago (5). Cytokine storms 
have been one of the principal causes of 
death resulting from a COVID-19 infection. 
CBD was identified in reducing damage 
in the lungs spurred by cytokine storms 
caused from COVID-19 by normalizing lev-
els of apelin, a peptide known to reduce 
inflammation, decreasing physical lung 
damage associated with adult respiratory 
distress syndrome (ARDS), and improving 
oxygen levels. During a COVID-19 infection, 
these apelin levels were seen to be at 
very low levels. Rosner and her team stat-
ed that “CBD has the potential not only to 
act as an antiviral agent at early stages 
of infection but also to protect the host 
against an overactive immune system at 
later stages,” (1).

During the University of Chicago’s study, 
a range if other cannabinoids were also 
tested, but by the end of the trial, CBD 
was the only cannabinoid found to have 

any effect at all on COVID-19-infected cells. 
Limited-to-no antiviral activity was exhib-
ited by the other cannabinoids investi-
gated. CBD is often consumed as part of a 
Cannabis Sativa extract, which is also what 
led the team to consider investigating oth-
er cannabinoids with closely related struc-
tures to see if they would reveal similar or 
stronger results. The team hopes that CBD 
will continue to be investigated as a po-
tential COVID-19 treatment following the 
research from their article about the study, 
which is currently under peer-review. “We 
advocate carefully designed placebo-con-
trolled clinical trials with known concen-
trations and highly-characterized for-
mulations in order to define CBD’s role in 
preventing and treating early SARS-CoV-2 
infection,” the authors stated (4).
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Why Dispensaries Need 
In-House Testing
By Brian C. Smith

T hink about your last trip to a phar-
macy. What did you see? Everything 
imaginable on sale from aspirin 
to groceries to office supplies per-

haps. And what did you see behind the coun-
ter as you were waiting to get your prescrip-
tion filled? Probably rows of shelves with 
bottles of pills in them, and pharmacists and 
their assistants clad in nice white laborato-
ry coats, looking for all the world like analyt-
ical chemists. But what was missing behind 
that counter? The fume hoods, chromato-
graphs, and spectrometers you would nor-
mally see in an analytical chemistry labora-
tory. Why is this? Because thanks to the US 
Food and Drug Administration (FDA) every 
bottle behind that pharmacy counter con-
tains a known amount of active pharmaceu-
tical ingredients, a list of inactive ingredients 
(excipients), and an expiration date.

For example, a bottle of pain reliever I 
bought recently from my local pharmacy 
clearly states each tablet contains 200 mg 
ibuprofen, and there is a list of inactive in-
gredients in descending order of concentra-
tion. The label also says, “Store at 20 °C to 
25 °C . . . avoid excessive heat above 40 °C.” 
The label also has a batch number on it, in-
structions for use, warnings, indications, 
contra-indications, and a sell by date.

How do we know what is in each tab-
let? How do we know the best storage 
conditions? How was the sell by date de-
termined? Because the FDA compels 

pharmaceutical companies to perform in-
house testing to make sure every bottle 
produced contains what is advertised. Ad-
ditionally, each label will have a clear sell by 
date on it because chemistry tells us medi-
cines degrade over time, and again thanks 
to the FDA stability studies were per-
formed so we know how long it is safe take 
a specific medicine.

Contrast this with your last trip to your 
local cannabis dispensary, assuming they 
are legal where you live and you actually vis-
it them. The lack of analytical equipment 
is similar to a normal pharmacy, but that 
is where the similarity ends. Pick up a can-
nabidiol (CBD) tincture bottle. It may list a 
few ingredients such as CBD extract, medi-
um chain triglycerides (MCT) oil, and “fla-
voring” but that is probably it. A list of excip-
ients is typically not there, nor should you 
expect to see a sell by date.

Cannabis medicines contain more than 
CBD and tetrahydrocannabinol (THC), they 
contain other cannabinoids, terpenes, and 
who knows what else. An extractor may for-
mulate their tinctures with a distillate that 
is 90% cannabinoids, but what is in that oth-
er 10%? Fats? Waxes? Chlorophyll? Pesti-
cides and heavy metals? Is any of what is in 
that 10% harmful to human health? We have 
no idea since there is little scientific work on 
the analysis of the noncannabinoid compo-
nents of cannabis extracts and distillates. 
This means we are formulating cannabis 

medicines with poorly characterized ingre-
dients, putting our patient’s health at risk.

The Dose Makes the 
Poison . . . and the Cure
The old adage “the dose makes the poison” 
(1) translated into chemical terms means 
that concentration matters. A little of 
something may be benign or even beneficial, 
whereas in large doses it can be fatal. For 
example, acetaminophen is an effective pain 
reliever and fever reducer, but in high doses 
is a liver poison (2). At minimum then, the 
label for any medicine needs to have an 
accurate statement of the amount of active 
pharmaceutical ingredient (API) present in 
each dose. And yet in the cannabis industry 
mislabeled medicines are an ongoing prob-
lem (3–5). In a recent paper, 62% of commer-
cially available samples had incorrect CBD 
amounts on their labels (5). This same paper 
found that CBD degrades measurably over 
the course of 30 days, and that light and heat 
accelerate the degradation (5). This means 
the common sell by date of one year on 
cannabis products is probably wrong.

To supplement the data on CBD prod-
ucts, I performed a study on the labeling of 
marijuana buds. This involved purchasing 
1/8 oz of buds of different strains at local dis-
pensaries, noting the total THC value on 
the label, and then having the potency test-
ed by high performance liquid chromatog-
raphy (HPLC) at a California state licensed, 

If cannabis were regulated like other medicines, the product you obtain at a dispensary would contain a label 
with an accurate statement of the amount of active pharmaceutical ingredient, a list of the inactive ingredients, 
and an expiration date. I present data below that shows up to 77% of dispensary products are mislabeled. This is 
alarming since it means cannabis patients are receiving the wrong dose of medicine, and cannabis consumers 
are being ripped off. To solve this problem, cannabis dispensaries need to do their own testing. I discuss 
appropriate technologies for this.
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International Organization for Standardiza-
tion (ISO) certified laboratory (6). The re-
sults for the 14 different marijuana strains 
are shown in Table I.

The relative difference for each strain 
was calculated by subtracting the label val-
ue from the laboratory value and dividing 
by the laboratory value. The state of Cali-
fornia considers a cannabis product misla-
beled if the laboratory value is more than 
10% relative different than the label claim. 
Other workers have used this same stand-
ard (5). Using this criterion, 10 out of 13 or 
77% of the samples examined here were 
mislabeled. Note that for all strains the 
third party laboratory value is lower than 
the label claim. On average, the laborato-
ry value is lower than the label value by 
4.55 wt.% total THC, and on average the 
relative percent difference was 25.2%.

The fact that all strains studied are signif-
icantly lower than advertised is distressing. 
This means cannabis patients are receiving 
the wrong dose of medicine, and that can-
nabis consumers are not getting what they 

are paying for. All the samples had been har-
vested and packaged at least two months be-
fore this study. A possible explanation for 
these results is that the marijuana lost po-
tency over time under the storage condi-
tions used. Cannabis potency decrease over 
time has been observed before (7-10). An-
other possible explanation for these results 
is inter-laboratory error, where different 
cannabis laboratories obtain different num-
bers on the same samples. I have written 
on this problem extensively in previous col-
umns and papers (11). If the vendor's in this 
study used a different third party laboratory 
than I did, it makes sense that we might get 
different results. Ultimately though these 
results are a condemnation of the state of 
California's laboratory testing certifica-
tion program. This obviously needs to be re-
formed to prevent cannabis patients from 
receiving incorrect doses and cannabis con-
sumers from being ripped off.

Imagine the uproar if 77% of the bottles 
in a batch of ibuprofen were mislabeled? 
There would be a hue and cry, gnashing of 

teeth, reams of bad publicity, calls for in-
vestigations, sanctions, and possible crim-
inal prosecution. And yet this same exact 
scenario takes place regularly in the canna-
bis industry. Why do we tolerate this?

Why Do Dispensaries  
Need In-House Testing?
To prevent these problems dispensaries 
need to do their own in-house testing for 
these reasons.

 1. Insure Customer Safety: Dispensaries 
are clearly selling mislabeled products. 
Medicines need to be labeled properly so 
patients get the proper dose. Dispensa-
ries should test their stock before sale to 
make sure it is labeled properly.
 2. Lower Liability: An incorrectly labeled 
product could cause harm to a consum-
er. If a dispensary tested its stock itself, it 
can make sure only correctly labeled med-
icines are sold, reducing liability. 
 3. Prevent Customers from Being 
Ripped Off: Cannabis consumers are en-
titled to get what they are paying for. If 

Table I: Comparison of label total THC value, third party laboratory total THC value, weight % (wt.%) difference, 
and relative % difference for 14 marijuana strains

Marijuana Strain WT. % Total THC  
on Label

WT. % Total THC by 
HPLC Measured at 

Third Party  
Laboratory

WT. % Difference 
Laboratory-Label

Relative %  
Difference

Yolo Berry 12.4 11.9 -0.5 4.20

Sour Fizz 19.08 12.4 -6.68 53.87

Orangutang 17.8 15.2 -2.6 17.11

Illemonati 20.12 16.4 -3.72 22.68

GMO Cookies 30.6 29.54 -1.06 3.59

Durban Poison 34.61 24.22 -10.39 42.90

Chem Dog 26.6 23.07 -3.53 15.30

Mint Chocolate Chip 30.51 28.14 -2.37 8.42

Chocolate Marshmallow 29.87 26.4 -3.47 13.14

Candyman 31.15 23.06 -8.09 35.08

Kings Cake 26.69 25.6 -1.09 4.26

Royal Flush 25.73 13.19 -12.54 95.07

Golden Lemons 25.55 21.17 -4.38 20.69

Macaroon 22.66 19.35 -3.31 17.11
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a jar of buds says it is 25 wt.% total THC, 
that is what the consumer should get. 
Based on the data above this is clearly not 
the case. If dispensaries tested their prod-
ucts before sale they could insure that 
only properly labeled products are sold, in-
suring consumers get what they pay for.
 4. Prevent Dispensaries from  
Being Ripped Off: Dispensaries set the 
price they pay suppliers based in part on 
potency. In many cases suppliers will pro-
vide certificates of analysis (COAs) from 
licensed laboratories to help determine 
price. However, there is nothing prevent-
ing suppliers from accidentally or inten-
tionally giving the wrong COA to a poten-
tial buyer—and yes, I know this happens. 
Dispensaries need to protect themselves 
from being ripped off by doing on the spot 
potency tests of products before they buy 
them so they know what they are getting.
 5. To Monitor Their Stock: Since we 
know that cannabinoids degrade over time 
(7–10),  it makes sense for dispensaries to 
monitor what is on their shelves. This will 
prevent them from selling mislabeled or 
tainted products to their customers.
 6. Reassure the Public: By doing their 
own analyses, dispensaries can assure 
the public they are getting what they pay 
for and the products being purchased are 
safe. Our industry will not realize its full 
potential until the public can have full 
confidence that cannabis medicines are 
safe and effective.

Should Dispensaries  
Set Up Their Own  
Testing Laboratories?
Setting up a cannabis analysis laboratory 
with all the equipment needed to test for 
pesticides, heavy metals, terpenes, and 
potency is a million dollar plus propo-
sition. This is probably not practical for 
most dispensaries. However, given that 
in most instances the API is THC or 
CBD, having the ability to measure these 
analytes would be the best way to insure 
correct dosages and accurate label claims. 
Many third party laboratories use HPLC 

or gas chromatography (GC)to measure 
potency (11–14).

I have pointed out in previous columns 
that amongst the criteria to use when judg-
ing an analytical method are speed, accura-
cy, and cost (11). I have also pointed out that 
chromatography is accurate, but can be 
slow and expensive (11). Infrared (IR) spec-
troscopy on the other hand can offer equiv-
alent accuracy but will always be faster, 
cheaper, and easier than chromatography 
(11). There exist IR spectroscopy-based can-
nabis analyzers that work on flower (15,16), 
extracts (17), distillates (18), and tinctures 
(19) that cost around $30k (20). This is not 
cheap, but probably much more within the 
budget of a typical cannabis dispensary 
than the cost of a chromatograph.

Conclusions
Mislabeled cannabis medicines are an 
ongoing problem in this industry. We 
found 77% of the products purchased at 
dispensaries are mislabeled. Mislabeled 
medicines mean patients are receiving 
incorrect doses, consumers are being 
ripped off, and dispensaries are exposed 
to significant litigation. For these reasons, 
dispensaries need to test their products 
before they sell them. Suggested potency 
testing technologies were discussed. 
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E thanol has been used for cen-
turies as an extraction meth-
od and an ingredient to pro-
duce perfumes, food colorings 

and flavorings, medicinal bases, and 
essential oils. The US Food and Drug 
Administration (FDA) has found pro-
duction of consumer goods using food-
grade ethanol to be safe for human 
use and consumption, which cannot 
be said of other alcohols. It is the sec-
ond most popular solvent behind wa-
ter. It is also the least toxic of all alco-
hols, making it one of the most widely 
used solvents in consumer goods. Be-
cause of all the aforementioned char-
acteristics, it is no surprise that eth-
anol has also maintained its position 
in the cannabis industry as one of the 
most widely used solvents for extrac-
tion of cannabinoids. 

Ethanol is a polar solvent, but can 
have both polar and nonpolar proper-
ties. It attracts polar and ionic mole-
cules, through its hydroxyl group, and 
can attract nonpolar molecules be-
cause of the nonpolar nature of the 
ethyl group. Hydrogen bonding of 
ethanol and water with the hydroxyl 
group can be seen in Figure 1. 

Tetrahydrocannabinolic acid 
(THCA) and cannabidiolic acid 
(CBDA) are both polar compounds 

due to their acidic hydroxyl group. 
Therefore, they are both easily ex-
tracted with ethanol at room temper-
ature. Chlorophyll is an undesired 
polar compound that easily coex-
tracts with the cannabinoids during 
most methods of ethanol extraction. 
This is why crude ethanol extracts, 
such as modern products listed as 
Rick Simpson oil (RSO), have a dark 
green color and concentrations in the 
40–60% range. Advancements have 
been made in methodology to opti-
mize for the extraction of cannab-
inoids and exclude chlorophyll and 
waxes. 

Methods of the 
Early Years
Maceration
This method has been used for centu-
ries and is considered a “traditional” 
medicinal preparation method for 
phytochemicals (2). 

Method
1.  Plant material, like cannabis, is

soaked in ethanol.
2.  The plant material is then filtered

to separate the solid from the liq-
uid solvent-solute solution.

3.  The solution is processed using
rotary evaporation or falling film

evaporation to remove the solvent. 
This results in a crude botanical 
extract. 

4.  Products, such as alcohol-based
tinctures, can be produced direct-
ly from the extraction using the
solute-solvent solution.

Pros 
1. Ease of method
2.  Fast extraction time
3. Low cost
4.  Can be used at a small and

large scale

Cons
1. Highly variable
2.  Minimal control over extracted

target compounds
3.  Can be a long extraction time de-

pending on the input material,
proof of ethanol, and temperature
at which the extraction occurs.

4.  With respect to cannabis extrac-
tion, the inability to control the
temperature of the extraction and
therefore the polarity of the sol-
vent, results in an extract contain-
ing chlorophyll, water, and other
compounds. If the goal of the ex-
traction is to purely extract can-
nabinoids, this method produces
an extract that is not.

The Evolution of Ethanol 
Extraction Methods in Cannabis
By Lo Friesen

Ethanol has maintained its position as one of the most scalable extraction methods because of its simple 
methodology and solvent properties. Over time, the technology used in ethanol extraction has increased the 
selectivity of the method and resulted in shortened post-processing times and increased purity. In this article, we 
will walk through the evolution of the extraction method within the cannabis industry, where it stands today, and 
the other alcohols that are being introduced to the cannabis extraction space. 

extraction science
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Soxhlet Extraction
This method has been used for decades 
and is considered a “traditional” medic-
inal preparation method for botanicals. 

Method
1.  Plant material, like cannabis, is

packed into a column that is po-
sitioned between the boiling flask 
containing ethanol and a  
condensing column.

2.  The ethanol is heated to produce
a vapor, which will then inter-
act with the plant material such
that an extraction occurs. The re-
sulting solution is a mixture of
solvent and compounds that are
soluble in ethanol at the vapor
temperature of ethanol.

3.  The ethanol-extract solution then
collects in the boiling flask.

Pros
1. Ease of method
2.  Plant material is contained sepa-

rately from ethanol-extract solution, 
eliminating the need to filter the 
plant material from the solution.

3. Fast extraction time
4. Low cost

Cons
1. Low selectivity
2.  Not scalable
3.  As with the maceration method,

the result is a cannabis extract
that is far from pure.

Recent Advancements 
Cold Ethanol Extraction
This method has developed over the 
past decade to improve the selectivity 
of ethanol and optimize extraction of 
cannabinoids. 

Method (5) 
1.  Plant material is loaded into a

mesh bag or basket and placed in
the extraction chamber.

2.  Ethanol is chilled to -40 °C then
introduced to the extraction
chamber soaking the plant materi-
al and the solute is extracted with
the ethanol that flows through the
plant material.

3.  The ethanol-extract solution is
then pumped out of the extraction
chamber to a collection vessel to
be processed further.

4.  The solvent is evaporated using
rotary evaporation or falling film
evaporation.

5.  The extract can then be used to
formulate final products or dis-
tilled further for higher purity of
cannabinoids.

Pros
1.  Increased solvent selectivity, re-

sulting in a more pure-cannabi-
noid extract

2.  Scalability
Cons

1. Increased extraction time
2.  Reduced solvent solubility and

yield
3.  High equipment cost
4. High electricity usage to chill the

solvent

Liquid-Solid Mix and 
Separation Centrifuge 
Extraction with Cold Ethanol
This is the most common method used 
in cannabis and hemp ethanol  
extraction today.

Method
1.  Plant material is ground to a uni-

form size.
2.  Plant material is added to a mesh

bag and placed inside a centrifuge
basket.

3.  Ethanol is chilled to -40 °C then
introduced to the centrifuge
chamber where the ethanol soaks
the cannabis.

4.  The centrifuge is powered on and
churns like a washing machine to
mix the solvent and plant material
while the solute is extracted.

5.  After the extraction, the extract-
ed solution is pumped out of the
centrifuge basket into a collection
vessel.

6.  The solution is then introduced
to a solvent removal process, like
falling film evaporation, which
leaves the final extract complete
and ready to formulate.

Pros 
1. Fast extraction time
2. Increased solvent selectivity
3.  Separation of liquid and solid occurs 

simultaneously with the extraction, 
eliminating a filtration step

4. Ease of use

Cons
1.  Reduced solvent solubility and

yield
2. High equipment cost
3.  High electricity usage to chill the

solvent
4.  Equipment maintenance—etha-

nol can easily cause fast wear on
bearings that are integral to high
speed centrifuges

Figure 1: Hydrogen bonding of ethanol 
and water with the hydroxyl group (1).
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5.  Highly laborious to continuous-
ly remove and refill the centri-
fuge with plant material

6.  Note: As the process scales up, 
a noticeable decrease in yield 
has been acknowledged as a re-
sult of more ethanol being used 
and remaining within the plant 
material. This reduces the yield 
and increases processing time in 
the evaporation stage.

Other Alcohols
Other alcohols, like isopropyl or meth-
anol, have been utilized in botanical 

extraction for many years. Isopropyl 
alcohol and methanol are significantly 
lower in cost than ethanol, but have 
their own pros and cons including being 
toxic to inhale or ingest at far lower con-
centrations than ethanol (6). Methanol 
has a lower boiling point, which also in-
dicates a lower polarity. Being less polar 
than ethanol, methanol is less efficient at 
extracting THCA and CBDA. Isopropyl 
alcohol has a higher boiling point and 
higher polarity, this results in higher 
yields of cannabinoids in a shorter 
amount of time, but also extracts higher 
quantities of chlorophyll. The evaluation 

of solvents is heavily focused around the 
cost of a solvent, a company’s ability to 
remove all of the residual solvent to min-
imize consumer risk, and post-process-
ing time and methods. These alternative 
alcohols are strong candidates for any 
business that further refines the extract 
using distillation. Wiped or thin-film 
distillation can produce a pure cannab-
inoid distillate, reducing the need for 
purity in the crude form.  

The Future
As hemp and cannabis processors 
continue to scale up, technology must 
keep up with rapid improvements and 
development to address the bottle-
necks in processing massive amounts of 
biomass. These bottlenecks are in the 
grinding process, loading and unloading 
inputs, and solvent evaporation. Leading 
manufacturers, such as  Eden Labs, are 
introducing continuous-feed centrifuge 
technology to the cannabis industry. 
This methodology involves a continuous 
stream of ground plant material and 
ethanol flowing through a centrifuge 
which creates a solid-liquid slurry where 
the extraction occurs. The slurry is then 
continuously pumped into a separation 
centrifuge where the solid and liquid 
materials are separated. The liquid 
ethanol-extract solution is then continu-
ously pumped into a solvent evaporation 
step. While falling film evaporators 
have become the chosen evaporation 
method, the continuous feed technology 
has forced an even better method to be 
utilized called membrane filtration. Using 
scalable membrane technology, the 
extract and solvent are easily separat-
ed and can accommodate continuous 
feed. Ethanol extraction is primed for 
continuous feed and complete automa-
tion, reducing costs and bottlenecks in 
scalability. 

Through advancements in technolo-
gy, such as the coldfinger or cold-eth-
anol extraction of cannabis and hemp, 

Figure 2: The soxhlet extraction methoed (2).

Figure 3: The cold ethanol extraction method (4).
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efficiency and selectivity of the sol-
vent has dramatically increased and im-
proved the extraction of desired com-
pounds. After the solvent evaporation 
process, the cannabinoid concentrate is 
ready to be formulated for end products. 
With the right temperature, extraction 
time, and equipment, ethanol extracted 
cannabis and hemp can produce relative-
ly high purity (60–70%), golden cannab-
inoid extract, with extraction efficien-
cies of +90%. Ethanol continues to be 
the solvent of choice for high-throughput 
cannabis processors aiming to extract 
hundreds to thousands of pounds of can-
nabis and hemp biomass daily. Ethanol 
extraction is a prime candidate for auto-
mation, which will translate to improved 
efficiency, lower costs, higher through-
put, and much more. It will be interest-
ing to watch as automation is integrated 
into ethanol extraction and refinement 
processes in the coming years.  
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Looking with Light: Breaking 
Down Liquid Chromatography 
Method Development
By Patricia Atkins 

T he start of method develop-
ment is identifying and un-
derstanding the physical and 
chemical nature of the analyti-

cal targets and the scope of analytical 
instruments. Methods are a complete 
package of the chemistries, modali-
ties, and functionality of all the tar-
gets, sample preparation, instrumen-
tation, chromatographic phases, and 
parameters that allow for the separa-
tion, identification, and quantitation 
of the analytes of interest.  

Often, ambitious analysts try to 
create a single method for all their 
analytes under one process and one 
instrument and end up with lots of 
mediocre data. Equally frustrating 
is setting up a method with stand-
ard conditions and settings without 
fine tuning it to the samples and an-
alytes then becoming disappointed 
when the method “doesn’t work.” It 
is important to recognize that there 
will be instances where the sample 

preparation or the analysis meth-
od will require separate processes or 
“tweaking” to report all the target 
analytes efficiently and accurately. 
There is no one size fits all or straight 
out of the box solution.  

Instrument Selection  
and Dynamic Range
I am sorry to say there is no one 
piece of instrumentation that will fill 
all needs. Some technologies have a 
wider range of targets, such as liquid 
chromatography–mass spectrometry 
(LC–MS) versus gas chromatography 
(GC)–MS, but each technique has 
its limitations and uses. Instrument 
choice is often dependent on the 
chemistry of target analytes and their 
potential analytical concentration. For 
instance, in cannabis there are several 
classes of organic analytes that are 
routinely examined including canna-
binoids for potency; terpenes and fla-
vonoids for identity, flavor, fragrance, 

and chemical fingerprinting; and 
pesticide residues or mycotoxins as 
potential contaminants. By their very 
nature all of these compounds occur 
in vastly different concentrations. 
Trace analysis (low parts-per-million 
[ppm] or parts-per-billion [ppb]) 
is the range for any method created 
to quantify potentially dangerous 
contaminants such as pesticides or 
mycotoxins and requires systems such 
as GC–MS, LC–MS and LC–tandem 
MS (MS/MS), which have sensitivity in 
those low ranges.  

Cannabinoids and terpenes on the 
other hand can occur in the high ppm 
level up to the percent level and re-
quire a different range of analysis 
such as what is found in high per-
formance liquid chromatography 
(HPLC) coupled with ultraviolet-vis-
ible (UV-vis) detection and GC cou-
pled with f lame ionization detection 
(FID). These two ranges of analy-
sis often cannot be produced and 

The analytical scientist is often tasked with a diff icult job of being accurate, eff icient, and expedient in their 
work. Often these focused goals do not allow a lot of time for research and f ine tuning of their workflow. Many 
chromatographers use methods they f ind from manufacturers or technical sources and adapt them to their 
situations and analyses. Sometimes the methods get adjusted or “tweaked” to improve the f it or increase the 
output but, unless the scientist is doing research or creating a totally new method approach, they build upon 
the backs of other methods. In this column, we take a deeper look into the chemistr y, physics, and methodology 
of high performance liquid chromatography (HPLC) methods. We will look at how columns function and 
what changes can be made to increase resolution, eff iciency, and separation to reach a laborator y’s 
chromatographic goals. 
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quantitated by a single method of 
an instrument without significant 
changes to the samples.

The accuracy and ability to quan-
tify analyte concentrations depends 
on the instrument's analytical spec-
ification levels and dynamic range 
often bracketed by the level of de-
tection (LOD) and level of lineari-
ty (LOL)(Figure 1). The lowest lim-
it of an analytical system is the limit 
of detection (LOD), this is the point 
where a target can be differentiated 
from a blank or noise with a high de-
gree of confidence (usually over three 
standard deviations from the noise or 
blank response). The highest level of 
accurate quantitation ends with the 
LOL, where the linearity of the sys-
tem starts to skew often due to detec-
tor saturation. Peaks that reach LOL 
appear broad, f latten at their apex, or 
are cut off before their apex.    

The range of the most accuracy 
(dynamic range) is between the LOD 
and LOL starting at the limit of quan-
titation (LOQ). The limit of quanti-
tation (LOQ) is the lower limit of a 
method or system, which the target 
analyte can be reasonably calculated 
(over 10 standard deviations from the 
blank or baseline response).    

A simple method to determine if 
a response peak reaches the cutoff 
for LOD or LOQ is to look at the ra-
tio of signal-to-noise (S/N). A blank 
baseline in chromatographic systems 
is rarely f lat and straight. The low-
est points of the chromatogram are a 
combination of the true baseline and 
system noise. Baseline noise is the sum 
of all the random variations (electri-
cal, temperature, and so on) and con-
tamination or interference from the 
chemical components.  

To determine if a peak can be quan-
tified, one can either compare relative 
heights or relative areas. In compar-
ing relative height, the analyst aver-
ages the mean height of the noise and 
compares it to the height of the target 

peak from the noise mean height. To 
compare areas, one or more “peaks” 
in the noise are integrated with sim-
ilar width to the target peak and the 
areas are compared. If the ratio is 
greater than three then it qualifies as 
within LOD and if the ratio is greater 

than 10, then that peak can be used 
for quantitation (LOQ).

The best practice is to integrate 
the noise at the baseline at several 
points and average the baseline noise 
responses then compare to the inte-
grated peak of interest (Figure 2). 

Figure 1: Dynamic range and limits.

Figure 2: Example of peaks meeting LOD (peak B), LOQ (peak C), baseline, and 
noise levels.
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For example, if the chromatographer 
is interested in peak A, they should 
integrate areas of baseline near the 
peak of similar peak widths to the 
target or measure its height com-
pared to the average range of peak 
heights found in the noise. If the av-
erage of those baseline noise peaks is 

100 units (height or area) then peak A 
must be at least 300 units to meet the 
LOD criteria of 3X. If peak A is only 
200 units then it fails and cannot be 
used for either identification or quan-
tification. If peak B is the peak of in-
terest and has a S/N >3 but <10, then 
it can be used for detection (LOD) 

and possibly identification but should 
not be used for quantification (LOQ). 
Finally, a peak such as C can be used 
for both identification and quantifi-
cation because its S/N value is high-
er than 10.  

Instrument sensitivity (represent-
ed as S/N) can be increased by decreas-
ing baseline noise without increasing 
the target response. Noise in a system 
can be created by matrix from the ex-
tracted sample, contamination of the 
sample, and contamination of either the 
stationary phase or mobile phase. Prop-
er sample clean-up and processing can 
sometimes reduce baseline noise, so the 
target peak is not “lost in the weeds” 
of the baseline. Often it is believed that 
one can get a better response by inject-
ing a larger sample aliquot, but if the 
sample matrix is a contributor to the 
noise, then a larger sample means more 
matrix as well and will not necessarily 
help with the issues of S/N.  

As for the mobile phases, impuri-
ties in mobile phase can directly af-
fect baseline noise. The wrong grade of 
gases in GC can create high baselines 
while HPLC mobile phases can accu-
mulate contamination by exposure to 
the laboratory environment. Replac-
ing old solvents with fresh solvent can 
dramatically lower HPLC baseline 
noise. In some cases, especially in LC–
MS and ppb analysis, the use of highly 
filtered LC–MS solvents can also play 
a role in reducing baseline noise.  

Solid phase contamination and 
build up can play a role in baseline 
noise. As columns age, the backbone 
materials—silanes, siloxanes, and so 
forth—can break down or lose pro-
tective end capping, which increas-
es noise. Harsh or acidic HPLC mo-
bile phases can strip column phases 
and promote column breakdown. By 
examining the chromatographic base-
line and cleaning up the contributing 
factors it can ensure that more target 
peaks fall into the LOQ needed for 
many analyses.  

Figure 3: Reversed-phase column selection.

Figure 4: Example initial chromatogram: t0= dwell time (void volume) sometimes 
also referred to as tD, tF = end time of method. A: unretained peaks and co-
elution; B: early eluting peaks and co-elution; C: baseline resolved peak; and 
D: late eluting peak cut off by end of method.
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Understanding the Targets
HPLC is a powerful analytical tool 
that needs extensive adjustments to 
maximize its accuracy and efficiency. 
All the adjustments and fine tuning 
of parameters ultimately are based 
on the targets of interest. Generally, 
chromatographers group targets as 
either polar or nonpolar analytes, 
with some fluctuating between the 
two classifications. Nonpolar analytes 
such as alkanes and alike often are 
targets for normal phase chromato-
graphic methods while polar analytes 
such as carboxylic acids, will be 
examined with reversed-phase chro-
matographic methods. The majority 
of modern HPLC analysis falls under 
the classification of reversed- 
phase LC.

The parameters of reversed-phase 
LC dictate that the mobile phas-
es used with be polar solvents while 
the stationary phase (column) will be 
nonpolar. Target analytes that dis-
solve in polar solvents and water will 
then use either ion-exchange columns 
or reversed-phases columns depend-
ing on their chemistry (Figure 3). 
The most common reversed-phase LC 
columns are the C18 or C8 columns 
since they service a wide variety of 
chemistries. Column manufacturers 
may change or supplement the chem-
istries of their standard C18 columns 
with different modifiers, which can 
assist with particular issues such as 
resistance to highly aqueous methods 
or better retention of highly  
polar compounds. 

The chemical properties (in addi-
tion to the concentration) of your tar-
gets will dictate—to a degree—the 
type of instrumentation that will be 
needed for analysis. As was stated 
previously, the concentration of an-
alytes can dictate instrumentation 
such as UV over MS. But the chemical 
nature of the compounds will play an 
important role not only in selecting 
the right column but the right detec-
tor. Compounds that are easily ion-
ized can be detected using electros-
pray ionization (ESI) with LC–MS. 
But, if your compounds are not as 
easily ionized then other atmospheric 
pressure ionization sources, such as 
chemical and photoionization (APCI 
and APPI) need to be considered if 
LC–MS is the method of detection. 
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Molecules with chromophores can 
utilize UV-vis detectors, while f luo-
rescent molecules can utilize other 
chemiluminescent detectors.  

Once the chromatographer under-
stands their target analyte’s range re-
quirements, selected instruments, de-
tectors, and targeted possible column 
chemistries it is time to start building 
or refining an analysis method.

Initial Method 
Considerations
One of the first questions asked when 
researching a new method is: Has any-
one already created a method for my 
analysis? The good news is that most 
of the time someone, somewhere, 
has performed a similar analysis on a 
similar class of compounds or a sim-
ilar type of material. The bad news is 
that the methods you find usually are 
a starting point and not an out-of-the 
box solution. Methods that are found 
in journals and websites are not nec-
essarily a perfect fit for your labora-
tory’s instrument configurations nor 
are they all validated for the purpose 
you might need (if they are validated 
at all).  

In some cases where there are dif-
ferent size columns, tubing, parti-
cle, or pore size, it is helpful to use an 
HPLC method translation tool to help 
alter f low rates and gauge retention 
time. One free method translator tool 
can be found at:  https://www.acd-
labs.com/resources/freeware/transla-
tor. A downloadable excel calculator 
can be found at:  https://ispso.uni-
ge.ch/labs/fanal/hplc_calculator:en. 
Method translation tools do not al-
ways take into consideration what 
may be practical for your system. 
They are usually just sophisticated 
calculators. The resulting parameters 
may exceed the capacity for your sys-
tem (that is, the back pressure creat-
ed will be too high, or the injection 

volume cannot be achieved with the 
system). Again, these parameters are 
meant to be a starting point for opti-
mization and must be examined with 
a critical eye.

In initial method development, it 
is best to start by separating targets 
from either a standard or a well-char-
acterized sample to achieve separa-
tion, then use various concentrations 
and matrices to improve sensitivi-
ty and response. An initial chromato-
gram may have multiple unretained 
or overlapping (coeluting) analytes. 
It is also possible to have peaks re-
tained on the column past the meth-
od run time (Figure 4). It is also pos-
sible that “negative peaks” (peaks or 
dips below the baseline) can be seen 
in the chromatogram, usually appear-
ing right before the unresolved peaks.  

Negative peaks are a visual rep-
resentation of the difference or 
change in detector response that re-
sult in response below the baseline or 
set point.  These peaks can be caused 
by a number of issues including the 
movement of internal values such as 
when the injector values switch back 
and forth from injection to normal 

f low path. Another way negative 
peaks can be observed is when the 
solvent used to dilute your sample 
differs from the solvent composition 
of the HPLC system. For example, if 
your extracted sample of cannabis is 
in 100% ethanol, but the HPLC mo-
bile phase starts as 50:50 water–ace-
tonitrile; then you may have a signifi-
cant negative peak as the ethanol hits 
the detector due to changes in ab-
sorbance, refractive index,  
or conductivity.  

In any method development it 
is best to remember the old adage: 
“Slow and steady wins the race.” 
Change one parameter at a time and 
then move on. It is very tempting to 
change multiple parameters (mo-
bile phase, additives, f low rate, tem-
perature) all at once to save time and 
effort. Unfortunately, often it di-
lutes the effort, and you cannot track 
which changes give you the  
best resolution.

Achieving Resolution
There will be times that there are 
only general methods available that 
are remotely similar to your intended 

Figure 5: Examples of peak resolution (R) from unresolved peaks at 
0.5 to baseline resolved peaks at greater than 1.5.
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analysis; in that case basic param-
eters become the starting point on 
which to build a method that provides 
resolution of target analytes. Peak 
resolution—the ability of a column to 
separate peaks in a chromatogram—is 
a complex interaction of forces and 
factors observed as adjacent peaks 
merging (coeluting) to a single peak 
or separating (resolving) into two or 
more peaks. Resolution is the rela-
tionship between the differences in 
retention times of two adjacent peaks 
divided by the sum of the peak widths 
of the two target peaks at  
the baseline.  

Retention time or Rt is the time be-
tween injection and the appearance 
of the peak maximum or apex. The 
first step in evaluating another ana-
lysts’ method is to try and duplicate 
all the conditions, instrumentation, 
columns, mobile phase, and settings 
described then run a known test 
sample or standard to obtain a 
starting chromatogram.  

Peak width or band width (w) is the 
width of the peak or chromatograph-
ic band measured at the baseline by 
drawing tangent lines from the 
inf lection points of the curve that 
represents the peak. The resolution 
between two adjacent peaks of 
similar heights can be calculated 
using the resolution equation 
(Equation 1):  

[1]

For example, if an analyst is separat-
ing cannabis terpenoids and there 
are two terpenes that resolve at 
7.5 min and 8.0 min with peak widths 
of 0.5 min and 0.75 min would have 
 R = 2(8.0 – 7.5)/(0.5+0.75) = 0.8

Peak resolution needs to have  

R >0.6 to be able to discern sepa-
ration between two peaks of equal 
height. Two peaks with values of R 
>1.5 are considered to have good res-
olution and peaks of R >2 are fully or 
baseline resolved. In our example, 
the two terpenes would be coeluting 
with some minimal separation at the  
apexes (Figure 5).

For a cannabis analyst who needed 
to separate all the terpenes, cannab-
inoids, pesticides, and so on, effort 
to increase resolution would have to 
begin. According to the first resolu-
tion equation, resolution is affected 
by peak width and retention time. To 
improve resolution the analyst would 
have to either increase the retention 
time of one of the peaks (meaning 
that they would have to find a way 
to keep the peak partitioned in the 
stationary phase for a longer time) 
or decrease the peak width. There 
are three basic HPLC parameters 
that the chromatographer can use 
to change conditions of their meth-
od: mobile phase composition, sol-
id phase chemistry, and f low rate. 
The usual first step to increase the 
amount of time an analyte spends in 
either phase is to change the compo-
sition of the mobile phase, usually by 
changing the gradient program.  

Peaks that elute early in the chro-
matogram and spend too much time 
in the mobile phase and are not being 
retained well by the stationary phase.  
These compounds are more polar or 
are hydrophilic. Most reversed-phase 
LC gradient methods start with a 
high concentration of water (50–
80%) and a lower concentration of 
organic mobile phase. The gener-
al rule of thumb for reversed-phase 
gradient methods is to start or-
ganic solvents low and increase to 
high. If you have early eluting com-
pounds it means you either have to 
start with slightly less water mobile 
phase or change the stationary phase 

chemistry (column). Changes to the 
f low will not help unretained peaks 
and very early eluting compounds.

Peaks that elute late in the chroma-
togram spend too much time with the 
stationary phase and only elute when 
the organic mobile phase concen-
tration is high enough to force them 
from the column. These compounds 
are less polar and more hydrophobic. 
To speed up late eluting compounds 
the organic phase can be increased 
more rapidly by increasing the gra-
dient slope. Changes in the station-
ary phase chemistry can also be used 
to resolve late eluters. Sometimes in-
creasing f low rate can help stop late 
eluting peaks from being lost if they 
are retained on the column until after 
the program ends. Some instruments 
allow for changes in f low rate over 
the method run and increasing f low 
rate may assist with late eluting peaks 
in this approach.

Generally, f low rate is not the first 
choice for peak resolution. Resolution 
is a function of peak width and time, 
which we observed in equation 1, so 

Table I: Eluotropic values for 
reversed-phase mobile phase 
solvents

Reversed-Phase 
LC Mobile Phase

Eluotropic value 
(ε0) Al2O3

Water 1

Methanol 0.95

Ethanol 0.88

Isopropanol 0.82

Acetonitrile 0.65

Ethyl Acetate 0.58

Acetone 0.56

Tetrahydrofuran 0.45
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by increasing f low you do decrease 
the peak width, but you also decrease 
the difference in retention times, 
which has a bigger impact on resolu-
tion. But resolution is also a function 
of three other factors: retention (or 
capacity), separation (or selectivity), 
and efficiency characterized in  
Equation 2 for isocratic methods:

[2]

Retention or capacity factor (k) is 
the time that a sample analyte resides 
in the stationary phase relative to the 

time it spends in the mobile phase. It 
is calculated from time difference be-
tween the analyte peak (tR) and the 
unretained peak divided by the time 
of the unretained peak (t0)  
(Equation 3). 

 [3]

  
Capacity factors or retention val-
ues less than five have the biggest ef-
fect on resolution. For example, if k = 
10 then in the resolution equation 2 
– the factor for retention is 10/(1+10) 

which is close to 1; but if the k = 1, 
then the retention factor is 1/(1+1) or 
½ and will have a larger impact  
on retention.

Separation or selectivity factor (α) is 
the ability of a chromatography sys-
tem to distinguish the chemical dif-
ferences between compounds. It is 
measured as a ratio capacity factors 
(k) of the two peaks being  
examined (Equation 4).

 [4]

Efficiency (N or H) is a measure 
of theoretical plates in a chromato-
graphic system. Theoretical plates 
are a concept described by the Nobel 
prize winners Martin and Synge in 
which they related the theories of dis-
tillation to chromatography. In dis-
tillation columns for crude petrole-
um, there are actual separator plates 
to help separate and isolate petrole-
um fractions. Early petroleum distil-
lation used different length columns 
that related to its efficiency. Chroma-
tography columns do not have phys-
ical plates that can be measured, so 
the plates are theoretical to describe 
the efficiency of the column. In this 
regard, the length of the column is 
called a height equivalent to a theo-
retical plate (HETP) and is measured 
as column length (L) divided by theo-
retical plates (N). Efficiency or theo-
retical plates are calculated as by the 
relationship between peak retention 

Figure 6: Graphical representations of resolution factors: retention, 
selectivity, and efficiency.

Table II: Common HPLC and LC–MS buffer additives and their corresponding pKa and pH values

Buffer pKa pH Range UV Cutoff (nm) (10 mM) LC–MS

TFA 0.5 <1.5 210 (0.05%) Y

Phosphate (pk1) 2.1 1.1–1.3 200 N

Citrate (pk1) 3.1 2.1–4.1 230 N

Formate 3.8 2.8–4.8 210 Y

Acetate 4.8 3.8–5.8 210 Y

Ammonia 9.2 8.2–10.2 200 Y
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time (tR) and the peak width at base-
line (wb) (Equation 5). 

 [5]

If peak width is taken at the half 
height point in the peak it is called 
width at half height (w1/2) and is mul-
tiplied by 5.54 instead of 16. Efficien-
cy (N) can also be calculated as a re-
lationship of retention time (tR), peak 
height (hp), and peak area (A)  
(Equation 6). Finally, efficiency can 
be measured as a relationship be-
tween separation factor (α), col-
umn length (L), and particle size (dp) 
(Equations 7 and 8).

                                                         [6]

                                                         [7]

                                                         [8]

Starting with  
Mobile Phase Chemistry
If the chromatographer wants to 
increase resolution, then they must 
find a way to increase one of the 
three factors: retention, selectivity, or 
efficiency (Figure 6). In many cases, 
the first place to start is altering the 
mobile phase instead of changing 
columns (stationary phase). The 
goal is to increase the time the peaks 
spend in the mobile phase. Increasing 
retention will result in peaks spending 
more time in the solid phase, mov-
ing the peaks apart but it can result 
in band broadening (increased peak 
width over time of analysis) and this 
approach only works best on early 
eluting peaks (which the retention 
factor is less than five). One way to 
increase retention (k) is to use weaker 

solvents or ones with lower  
elution strengths.  

In my previous column, the con-
cept of eluotropic value (ε0) was intro-
duced. Eluotropic value (also known 
as elution strength) describes the 
ability of a solvent to pull an analyte 
from the solid phase. The larger the 
ε0 of the solvents of the mobile phase 
relates to less retention (Table I). 
Water has a high ε0, so using a low-
er concentration in the mobile phase 
can increase retention. Switching sol-
vents for lower ε0 solvents such as 
changing methanol (ε0=0.95) for ace-
tonitrile (ε0=0.65) is the best way to 
increase retention, but will increase 
in method analysis time. The custom-
ary approach for developing methods 
for a sample with many types of ana-
lytes is to increase k for early eluting 
compounds and decrease k for late 
eluting compounds. 

Since selectivity is related to re-
tention, many of the same approach-
es such as changing solvents is effec-
tive as a method to change selectivity. 
Selectivity can also be changed by 
chemical effects to solvent through 
additives and pH modifiers. The 
chemical nature of the target ana-
lytes become important, especial-
ly in the understanding of pH, pKa, 
and pKb which are the basis for all 
acid-base interactions. The letter p 
means that value or measurement is 
based on a logarithmic (-log) value or 
measurement. Then pH is the meas-
urement of hydrogen ion concentra-
tion of a compound in an aqueous 
solution, where pH = -log [H+] and 
equates to relative acidity or alkalin-
ity of a compound. The scale ranges 
from 0 to 14, where low values equate 
to acidic compounds and high val-
ues are alkaline. Neutral for the scale 
is pH of 7. The pH of a solution indi-
cates an acid or base, but not neces-
sarily the true strength of that acid or 
base. To measure the strength of an 

acid or base, one needs to look at the 
pKa or pKb.  

The terms pKa and pKb are the -log 
of Ka and Kb (acid and base disso-
ciation constants) that predict if a 
compound will donate or accept pro-
tons at a specific pH. These values 
are true indicators for the strength 
of an acid or base since they are un-
affected by the amount of water add-
ed to the solution. For acids, small-
er pKa values indicate stronger acids 
while in bases smaller pKb indicate 
stronger bases. By adding buffers to 
mobile phase, the chromatographer 
can change resolution (Table II). As 
methods are being developed, always 
start with weaker acids at the lowest 
functional concentration possible  
(~ 0.01 M) and increase in acid 
strength and concentration until the 
desired results are achieved. High lev-
els of buffer (>0.1 M) since extreme 
pH (very acidic or very basic) can 
damage columns and increase they 
viscosity of the mobile phase there-
by increasing pressure in the sys-
tem. Most columns are safe in the 
range between pH 2 to 7.5 (but con-
sult column specifications). For basic 
or mixed sample types, mobile phase 
pH near neutral increases retention, 
while acidic sample are aided by acid-
ic mobile phase.

If an acid analyte is in a mobile 
phase whose pH is similar to the tar-
get analyte’s pKa, then there is lower 
degree of ionization and an increase 
of retention can be observed. When 
mobile phase pH is significantly over 
or under an analytes pKa or pKb then 
the degree of ionization increases and 
reduces retention. So, protonated ba-
sic analytes may have low retention 
at acidic pH while acidic analytes will 
have increased retention.  

The reverse can also be true that 
basic analytes in a high pH mobile 
phase will increase retention where 
acid acids will decrease in retention. 

http://cannabissciencetech.com/


25cannabissciencetech.com april 2021   |  cannabis science and technology®

analytical / navigating the lab

Differences between target pKa (or 
pKb) and mobile phase pH and pKa 
are of even more importance in LC–
MS where ionization is critical to de-
tection. Keeping mobile phase (and 
buffers) pH and pKa similar to the 
target improves resolution because it 
moves the ionizable target to a more 
neutral state, but for LC–MS to be 
effective the compound needs ion-
ic character or to have the ability 
to be easily ionized. Therefore, the 
rule of thumb for pH, pKa, and mo-
bile phase is to aim for mobile phase 
pH 1–2 units from the target analytes 
pKa within the specification range of 
the column.

It is important to remember that not 
all buffers are appropriate for all ap-
plications. Salts can precipitate out of 
solution as mobile phase composition 
changes. Salts are also problematic for 
LC–MS analysis since they can inhib-
it ionization. If solids are dissolved 
into mobile phase it is important to re-
member to filter the mobile phase and, 
in some cases, the mobile phase may 
need to be heated to dissolve solids 

completely. Changes in column com-
partment temperature may aid in keep-
ing buffers in solution.

In some cases, temperature of the 
column compartment can be used as a 
tool to alter the retention and selection 
of a method. Keeping a constant tem-
perature can often help with fine tuning 
a retention time by eliminating external 
temperature changes. Some reduction in 
retention (k) can be achieved by increas-
ing temperature allowing for peaks to 
elute earlier. Many changes to resolution 
(retention, selectivity, and efficiency) 
can be made by the manipulation of the 
mobile phase chemistry (Figure 7).

Changing Columns
There will be times when all the 
changes to mobile phase have not 
resulted in the desired resolution (re-
tention, selectivity, and efficiency) so 
then it is time to consider a different 
column chemistry or different physi-
cal column parameters.  

In reversed-phase LC, the most re-
tention is usually found in C18 col-
umns followed in descending order 

to C8, C2, and so forth. The lowest 
retention is found in phenyl and cy-
ano columns. Most reversed-phase 
LC systems have some form of C18 
column as part of their standard ma-
terials package from a manufactur-
er upon set up and is often the most 
used or tested column to start meth-
od development. The specifications 
for the column should designate its 
internal diameter (mm), length (mm), 
particle size (µm), and pore size in 
Angstroms (Å ). A fairly standard size 
for a starting column is 4.6 mm x 
100–150 mm, 5 µm and 80–100 Å.

The physical column characteris-
tic can have a large effect on the res-
olution, system pressure and analy-
sis time. First, let us look at column 
length. Increasing the length of the 
column has a direct effect on effi-
ciency from Equation 7. Doubling the 
length of the column does give you a 
resolution increase of about 1.4x, but 
it also doubles the pressure and anal-
ysis time. Resolution is increased at 
the expense of time and pressure. So 
conversely, if you want to decrease 

Figure 7: Steps to change resolution by changing mobile phase parameters.
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back pressure and decrease analysis 
time then a shorter column is needed, 
but that will reduce resolution.  

The second parameter of the reso-
lution from equations 7 and 8 is par-
ticle size. As the particle size increas-
es (without any change in column 
length), resolution, and efficien-
cy (theoretical plates) will decrease. 
Smaller particles increase resolution, 
efficiency, and retention but they also 
will exponentially increase pressure 
of the system: P α (1/dp)

2. Modern 
HPLC systems have increased their 
ability to handle higher pressures and 
often can handle increased pressure 
from smaller particles. If smaller par-
ticles are needed to maximize resolu-
tion, then the chromatographer can 
reduce column length to reduce pres-
sure and not effect efficiency dramat-
ically since efficiency is inversely pro-
portional to particle size and directly 

proportional to length. The bene-
fits of this approach are shorter run 
times, less solvent use since column 
volume is reduced, and less backpres-
sure with increased resolution.  

The diameter of a column becomes 
important in the discussion of pres-
sure, f low, and column volume. Col-
umns of diameters between 3.9–
4.6 mm range are considered to be 
standard bore. Diameters in the range 
of 2.0–3.2 mm are called narrow bore. 
Columns with diameters of 1.0 or less 
are considered microbore or capillary 
columns. The diameter of the column 
effects peak height, which can also 
affect efficiency as seen in Equation 
6. Changes in column diameter must 
also consider changes in f low rate 
(which is the volume of mobile phase 
divided by time) and linear veloci-
ty (µ), which is the distance mobile 
phase travels over time. By adjusting 

f low rate to maintain linear veloci-
ty, peak height is increased, and band 
broadening is decreased allowing for 
improved retention.

One of the final dimensions of a 
column is pore size. The stationary 
phase is composed of particles that 
are riddled with spaces and open-
ings. The spaces allow for increased 
surface area and interaction between 
the target analytes and the stationary 
phase. Typical pore sizes can range 
from 50 Å to over one million Å. The 
choice of pore size is dictated by the 
approximate range of the molecu-
lar weights of the various target ana-
lytes. Most small to mid-range molec-
ular weight analysis (<1000 mw) can 
utilize 50–100 Å pores. Some special-
ty molecules with stereochemistry 
considerations could require larger 
pore sizes to accommodate steric in-
teractions with the stationary phase.  
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Small pores have larger amounts of 
surface area than larger pores and al-
low for much more interaction be-
tween molecules and the  
stationary phase.  

Band Broadening  
and Peak Shape
A final consideration on the resolution 
of a method is the appearance of the 
peaks.  Most of the calculations for 
peak height and peak width are made 
for Gaussian peaks with equal symme-
try. However, as has been discussed the 
chemistry of the mobile phase, station-
ary phase and column conditions can 
contribute to distortions to the peak 
symmetry and band broadening. Sym-
metry (T) of a peak is measured by di-
viding a peak down the from the apex 
and comparing at 10% peak height the 
ratio of the tailing side (B) to the ear-
lier fronting side (A) in the equation T 
= B/A. For Gaussian peaks (Figure 8a) 
the sides are equal, so the ratio is 1. In 
fronting peaks (Figure 8b), the wider 
side appears first so the ratio is less 
than one, while tailing peaks (Figure 
8c) have ratios greater than one.  

In most cases, peaks that fall with-
in 0.9 to 1.3 are considered within ac-
ceptable range. Peak fronting can be 
a result of not enough retention (k) 
on the column (that is, peak capaci-
ty), or an effect of the matrix of the 
sample having stronger elution pow-
er than the mobile phase. Fronting can 

happen when the analyte is overloaded 
on the column or in the detector and 
may need dilution or a smaller injec-
tion volume to avoid saturation. Peak 
tailing can be cause by many issues in-
cluding oversaturation of column or 
detector, or diffusion in the f low path 
by connectors, column voids and fit-
tings. Tailing can occur from pH ef-
fects if the pH of the mobile phase is 
close to the pKa of the sample or an-
alytes. Increasing or decreasing the 
pH two units from the target pKa will 
reduce tailing. Peaks can be seen to 
tail as columns age and more silanols 
are exposed or if using columns with-
out end capping. The interaction with 
these open silanols or the silica can 
create the bleeding of peaks seen 
 in tailing.

Asymmetrical peaks can reduce res-
olution by decreasing efficiency and re-
tention. If the chromatogram shows 
consistently asymmetrical peaks then 
take care to examine all fittings, col-
umns, junctures for excess flow paths, 
dead volume, and air incursions. If 
the asymmetry persists examine the 
sample dilution composition and try 
to match the mobile phase composi-
tion. Mobile phase should measure 2 
pH units above or below the sample or 
target pKa. The chromatographer can 
also check the age and condition of the 
column and replace older columns or 
change to columns with end capping to 
increase symmetry.  

Final Thoughts
The goal of method development is 
resolution of all the target compounds 
of interest in a sample. Sometimes 
targets will have to be prioritized so 
that maximum resolution is gained for 
the analytes of interest. Those analytes 
should be ideally near the middle of 
your chromatogram away from the 
solvent front and before any chances 
of band broadening can occur.  

Resolution is dependent on the key 
factors of efficiency (N), retention (k), 
and selectivity (α). Efficiency can be 
increased by increasing column length 
(L) or in some cases modifying or con-
trolling column temperature. Other 
factors that can increase efficiency in-
clude reducing dead volume, peak tail-
ing and finally particle size. Selectivity 
(α)  and retention are linked together 
and can be changed by changing sim-
ilar parameters such as the elution 
power of the mobile phases,  chang-
ing the pH of the mobile phase by the 
use of additives or buffers, or by final-
ly changing the stationary  
phase chemistry.  

The first changes during method de-
velop often revolve around changes to 
the chemistry and composition of the 
mobile phase. If those changes fail to 
produce adequate resolution, then the 
analyst should start to examine chang-
es to physical system parameters and 
finally the column or stationary phase 
chemistry and dimensions. There are 
often no shortcuts or out-of-the-box 
solutions to method development. One 
should always try to find references as 
a starting point, but ultimately those 
methods will have to be adjusted to 
the particular parameters and idiosyn-
crasies of the individual system and 
the target samples. The best approach 
is to take changes one at a time and 
work in a slow, steady pace to optimize 
all the parameters of the mobile phase, 
stationary phase, and system to achieve 
the best method for your analysis.

Figure 8: Gaussian peaks: (a) equal; (b) fronting peaks; (c) tailing peaks.
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cannabis crossroads

The National Institute of Stand-
ards and Technology (NIST) pro-
duces thousands of standard ref-
erence materials and has a long 

history of developing quality assur-
ance programs for improving analyti-
cal measurements. Past programs have 
helped laboratories accurately measure 
compounds in vitamins, dietary supple-
ments and environmental contaminants. 
In this month’s “Cannabis Crossroads,” 
I interview Dr. Walter Wilson, who is co-
ordinating the Chemical Services Divi-
sion cannabis research program at NIST, 
with a focus on developing cannabis ref-
erence materials and a quality assurance 
program (CannaQAP). Dr. Wilson is also 
working on the development of chroma-
tographic methods to separate cannabi-
noids in complex cannabis matrices such 
as dried plants, extracts, concentrates, 
edibles, and so forth. Here, Dr. Wilson 
shares his progress with us.

Q:

It was recently announced 
that NIST will help 
laboratories distinguish 
hemp from cannabis. Can 
you please tell us more 
about the study that NIST is 
inviting laboratories to 
participate in?

A: NIST has developed an integrat-
ed measurement services 

program for forensic and cannabis (hemp 
and marijuana) laboratories to help 
ensure the quality of routine analysis. The 
tools developed by this cannabis program 
will support measurements establishing 
legal, commerce, and safety claims 

through the development of fit-for-pur-
pose analytical methodologies, produc-
tion of fit-for-purpose reference materials 
(RMs), and implementation of a cannabis 
quality assurance program (CannaQAP). 

CannaQAP was developed to help fo-
rensic and cannabis testing laboratories 
demonstrate and improve measurement 
comparability and competence. Can-
naQAP is a perpetual inter-laboratory 
study mechanism that is similar to a pro-
ficiency testing (PT) scheme but with-
out the pass/fail grade. The first exercise 
of CannaQAP focused on the determina-
tion of tetrahydrocannabinol (THC), tet-
rahydrocannabinolic acid (THCA), total 
THC, and up to 15 additional cannabi-
noids in two hemp oil samples. This ex-
ercise was completed in November 2020 
with 116 participants and the final report 
will be publicly available soon. The sec-
ond exercise of CannaQAP is focusing on 
the determination of cannabinoids, toxic 
elements, and moisture in multiple can-
nabis ground plant samples (hemp  
and marijuana). 

Q:

Is this study for cannabis QC 
laboratories, forensics 
laboratories, academic 
laboratories, or everyone? Can 
you share with us the goals 
and objectives of this study 
and exactly how it will work?

A: The call for sign-ups closed on 
March 5th with approximately 

230 participants, including 22 interna-
tional laboratories, with the goal of 
improving the measurement comparabili-
ty and competence across both the 

forensic and cannabis communities. 
Exercise two participants consist of both 
hemp and marijuana testing laboratories 
(60%), forensic laboratories (21%), 
regulators (7%), instrument manufactur-
ers (≈5%), academic laboratories (≈5%), 
and RM/PT providers (≈2%). We will ship 
samples to participants in April 2021 and 
accept results at our CannaQAP website 
through May 28, 2021. NIST will provide 
the participants with a preliminary data 
summary including NIST results in 
mid-June, which will give participants an 
opportunity to review and revise their 
submissions to correct any errors. The 
final report will be peer-reviewed and 
made publicly available as a NIST Internal 
Report (IR), however the identities of 
individual laboratories are anonymized 
and known only to them and NIST.

Although the sign-up period has al-
ready passed for exercise two, CannaQAP 
does plan to continue to conduct two ex-
ercises a year and include different an-
alytes (such as pesticides and terpenes) 
and matrices (for example, extracts and 
edibles) in future studies. 

Q:

Cannabis QC laboratories are 
now analyzing 21 or more 
cannabinoids and many 
contaminants. Which 
compounds will be analyzed 
in this NIST study?

A: The first exercise of CannaQAP 
focused on the measurement of 

up to 17 cannabinoids (see Table I), total 
THC, and total CBD in two hemp oils, 
which were selected based on the 
available commercial standards at the 
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start of exercise one. To keep a link 
between exercise one and exercise two, 
the same cannabinoids are being 
measured in the six different cannabis 
plant samples. In addition, toxic 
elements (As, Cd, Pb, Hg, Be, Co, Cr, Mn, 
Mo, Ni, Se, U, and V), and moisture 
studies were included in exercise two.

Q:

When is the deadline to 
submit and how long will the 
study run? Can you point us 
to a URL or share more details 
on this project?

A: The registration for exercise 
two has already closed. Updates 

about the CannaQAP are posted on our 
cannabis website and the CannaQAP 
website. NIST recommends for any 
laboratory interested in being a part of 
future CannaQAP studies, please create 
an account on the CannaQAP website. 
There is no charge for participation in 
the program, but during the account 
registration process laboratories are 
required to provide a shipping account 
number to which future sample 
shipping costs will be charged.

In July 2021, exercise three sign up 
will be announced via email to all  
CannaQAP accounts and sign up will 
remain open for approximately one 
month. Participants who wish to re-
ceive cannabis samples with total THC 
mass fraction greater than 0.3% will be 
required to provide NIST with a Drug 
Enforcement Administration (DEA) 
222 form (domestic) or import permit 
(international). NIST will ship samples 
to the participants in October 2021 
with testing results due in  
November 2021.

Q:
How will samples be sent 
over state lines if this is 
federally illegal?

A: NIST has the proper DEA 
registration to permit the 

handling of legal hemp or controlled 
marijuana materials as research samples 
and transfer of these samples to other 

DEA registered laboratories. NIST will 
verify the THC mass fraction of all 
samples via analytical measurement prior 
to shipment and provide documentation 
to ensure all laboratories will receive 
only materials that they are legally 
permitted to receive. After consultation 
with the DEA, NIST requires that all 
laboratories that wish to receive cannabis 
samples with THC mass fraction greater 
than 0.3% must provide NIST with a 
completed DEA 222 form, which allows 
for the transfer of control substances 
between DEA registered laboratories. All 
submitted DEA forms are reviewed by 
NIST and DEA for completeness  
and accuracy.

There are a wide variety 
of methods used to 
determine cannabinoid 
concentration such as high 

performance liquid chromatography 
(HPLC), ultrahigh-pressure liquid 
chromatography (UHPLC), gas 
chromatography (GC), mid-
infrared (IR) spectroscopy, liquid 
chromatography-mass spectrometry 
(LC–MS), and so on. What technologies 
will be accepted in this study and 
will data be compared to peer 
groups (akin to a College of American 
Pathologists [CAP] survey in clinical 
laboratories)? What technologies is 
NIST using in your own laboratories? 
Is there a “gold standard” technique?

A: CannaQAP has laboratories use 
their normal in-house analyti-

cal methods to test program samples. 
NIST also provides a list of several 
analytical methods currently under 
development by standards organiza-
tions such as ASTM International and  
AOAC International. 

cannabis crossroads / research

Table I: Cannabinoids measured by NIST in exercises one and two

Cannabinoid Abbreviation

Δ9-tetrahydrocannabinol Δ9-THC

Tetrahydrocannabinolic acid THCA

Cannabidiol CBD

Cannabidiolic acid CBDA

Cannabigerol CBG

Cannabigerolic acid CBGA

Cannabinol CBN

Cannabinolic acid CBNA

Cannabichromene CBC

Cannabichromenic acid CBCA

Tetrahydrocannabivarin THCV

Tetrahydrocannabivarinic acid THCVA

Cannabidivarin CBDV

Cannabidivarinic acid CBDVA

Cannabicyclol CBL

Cannabicyclolic acid CBLA

Δ8-tetrahydrocannabinol Δ8-THC

Q:

http://cannabissciencetech.com


cannabissciencetech.com 

NIST will measure cannabinoids in all CannaQAP sam-
ples using liquid chromatography-ulraviolet (LC-UV), 
LC-tandem mass spectrometry (MS/MS), or GC–MS, 
which will also be used for assigning mass fraction (%) 
values to future cannabis reference materials.

Q:

NIST is a leader in providing high quality 
reference standards. Can you tell us more 
about your efforts to develop hemp reference 
material? When can we expect to see these 
reference materials available to laboratories?

A: NIST has started working on a hemp plant refer-
ence material for the determination of cannabi-

noids, toxic elements, and moisture with a target release 
date in early 2022. NIST does plan to expand beyond the 
initial reference material to focus on additional analytes 
(such as, pesticides and terpenes) and sample matrixes 
(such as oils, extracts, and edibles). NIST began with plant 
reference material development to help address the 
analytical challenges in confidently distinguishing legal 
hemp from illegal marijuana samples in forensic and 
cannabis testing laboratories. In both cases, the laboratories 
need mechanisms to demonstrate competence in making 
these measurements, which participation in CannaQAP or 
use of reference materials can provide. The production of 
reference materials is a lengthy process and we hope that 
samples provided to participants through CannaQAP can 
help fill the gap until NIST is able to provide reference 
materials beyond the initial ground plant material.

Q: Is there anything else that you would like to 
share about this exciting project?

A: At the end of 2020, the same cannabis team was 
awarded a $350,000 grant by the National Insti-

tutes of Justice for 2021 for the development of a GC–MS 
method and evaluation of multiple portable IR spectrome-
ters to evaluate THC content of seized cannabis samples in 
forensic laboratories. Before the passage of the 2018 Farm 
Bill, forensic laboratories were only required to confirm 
the presence of cannabis through microscopic evaluation 
and GC–MS confirmation of the presence of THC in a 
seized cannabis sample. Forensic laboratories are now 
being asked to quantify THC to determine if seized 
cannabis samples are legal hemp or illegal marijuana, but 
they do not have the necessary tools to make these 
measurements. This project focuses on development of 
these methods at NIST and their transfer into forensic 
laboratories with standard operating procedures.  
CannaQAP can then be used by these laboratories as an 
analytical test to help them validate these methods and 
their continued performance.

Q:
Will you or your colleagues at NIST be willing to 
share study results at a future Cannabis Science 
Conference?

A: All the results from CannaQAP are published as NIST 
IRs and will be publicly available through the 

CannaQAP website. In addition, NIST will be presenting 
results from these studies at many conferences in the future 
and would be happy to include the Cannabis Science Confer-
ence at some point in the future.
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When using 3M rapid yeast and mold petrifilm for the analysis of dried cannabis flower  
(Cannabis spp.), the manufacturer suggests two different incubation temperature ranges, 25 °C ± 1 °C 

or 28 °C ± 1 °C. In this study, dried cannabis flower found to have yeast and mold during compliance 
screening were randomly chosen to be plated at both temperatures to compare total amount of yeast 

and mold growth. These plates were incubated between 60–72 h in accordance with manufacturer 
guidelines for microbial testing. Overall, it was found that all plates that exhibited growth showed 

higher colony forming unit (CFU) counts at 25 °C and some observed to be statistically significant in 
their difference in favor of 25 °C. I urge all cannabis microbiologists and state compliance boards to 

require 3M rapid yeast and mold petrifilm, when testing dried cannabis flower, to be incubated at 25 °C 
to ensure accuracy in testing and safety of the consumers.

Temperature Comparison 
of 3M Rapid Yeast and Mold Petrifilm 
Utilizing Manufacturer’s Suggested 

Temperatures on Dried Cannabis Flower 
(Cannabis spp.)

B Y  A N T H O N Y  J .  R E P A Y

There is such a diversity of mi-
croorganisms on dried cannabis 
flower (Cannabis spp.) that it has 
led us to selectively test for the 

ones harmful to humans. These guide-
lines are a pass–fail system that are 
regulated on a state-to-state basis, and 
can be set up as either a colony form-
ing unit (CFU) threshold or through 
presence and absence testing (1). One 
area of concern for cannabis has been 
yeast and mold contamination of the 
flower through the growing and dry-
ing process. Several different types of 
yeast and mold have been found to find 
a suitable environment in cannabis 
production conditions through a speci-
ation process (2). Cultivators have also 
now started adding different microor-
ganisms, including fungi, to help facil-
itate the growth of their product in a 

way to be more natural in their grow-
ing situations (3). The problem stems 
from that some of the microorganisms, 
in large enough quantities, can lead 
to human harm if not properly test-
ed for (1).

The overall purpose of this study is 
to compare CFU counts at two different 
manufacturer recommended tempera-
tures to determine the optimum tem-
perature for measuring yeast and mold 
on dried cannabis flower. Dried canna-
bis flower is defined as the crude flow-
ering part of the cannabis plant (4). 
This is generally the main part of the 
cannabis plant that is tested. The man-
ufacturer of petrifilm, 3M, recommends 
two different temperatures for the in-
cubation period of their rapid yeast and 
mold product Cat: 6475/7477. These 
temperatures are 28 °C ±1 °C or 25 °C ± 

1 °C. After reaching out to 3M their re-
sponse stated that there were two dif-
ferent ranges because some yeast and 
mold organisms are better recovered at 
25 °C while others grew better at 28 °C. 
Following this inquiry, the question 
was asked is there a difference between 
28 °C ±1 °C or 25°C ± 1 °C for incuba-
tion temperature? Secondly, if there is a 
difference in temperature, which of the 
two temperatures would be the optimal 
temperature for dried cannabis flower?

Experimental
Five client samples that were found to 
have a total yeast and mold count un-
der full panel compliance testing were 
chosen at random to be used in this 
temperature comparison. These sam-
ples were crushed to form a homoge-
neous cannabis mix in a sterile bag and 

http://cannabissciencetech.com


cannabissciencetech.com april 2021  |  cannabis science and technology® 33

peer-reviewed / analytical

transferred to the weighing area. Next, 
1 g from each sample was weighed out 
aseptically into a sterile filtered bag 
to which 99 mL of sterile butterfield’s 
diluent was added. Following that, 1 
mL of this solution was transferred 
to petrifilm and pressed. This process 
was repeated 50 times on to 3M rapid 
yeast and mold petrifilm for each of the 
five samples. This was done in accor-
dance with the instructions given by 
the manufacturer and Association of 
Official Agricultural Chemists (AOAC) 
recommendations (2,4,5). Petrifilm is a 
simple, ready to use plate system with 
specialized antibiotics to facilitate the 
growth of only yeast and mold on the 
plate in a rapid manner (5). These 50 
replicates were then equally divided 
randomly to either be incubated at 28 
°C ±1 °C or 25 °C ±1 °C. Following the 
state of Nevada and 3M guidelines for 
incubation, these plates were incu-
bated between 60–72 h along with a 
blank and a laboratory control spike 
(LCS). This LCS was made from a pure 
culture of Candida albicans (NCPF 3179/
ATCC10231) to confirm fungi growth 
can occur under present conditions. 
The blank was plated to confirm that 
no cross-over contamination occurred 
throughout the process. Due to client 
confidentiality, the names of the clients 
will be hidden and will be given a 
four-digit number to associate the sam-
ple with. These numbers are as follows: 
5205, 5124, 5251, 5308, and 5166.

Results 
CFU Count Comparison
Samples 5124 and 5251 CFU counts were 
found to be significantly different at 
the 95% confidence interval (Table I). 
Samples 5308, 5166, and 5202 were found 
to be nonsignificant even though the 
average CFU count was higher at the low-
er temperature (Figure 1). To determine 
whether a significant difference between 
samples existed, a two-sample t-test with 
df=48 was conducted, with alpha set at 
the 0.05 level. In all four samples that 
experienced growth, all difference of 
means were negative again showing that 
high counts were observed at the lower 
temperature recommendation. Sample 
5308 showed no growth at the dilution. 
From this data we can deduce that the 
lower incubation temperature is likely 
more ideal for yeast and molds common-
ly found on dried cannabis.

Conclusion
When testing dried cannabis flower 
for total yeast and mold, utilizing 3M 
yeast and mold rapid petrifilm, 25 
°C offers statistically higher counts 
in comparison to 28 °C. Sample 
5251 and 5124 showed significant 
difference between temperatures at 
the 95% confidence interval (Table 
I). All samples that showed growth 
yielded higher counts at the lower 
temperature (Figure 1). Along with 
higher counts, colonies are easier to 
enumerate because of the increase in 

morphological diversity observed on 
the plates. These morphological dif-
ferences mainly pertain to the shade 
of color of the colonies found on the 
plate. The remaining sample that 
showed no growth was determined 
to be plated at a dilution too high to 
see the true CFU count. Secondly, 
samples were in refrigerated storage 
prior to research and development 
for more than 30 days due to state 
guidelines of sample disposal. This 
could have also played into the lack 
of growth for sample 5308.  

This preliminary research has ar-
eas of possible expansion in many 
ways. For one a selective agar, such 
as Dichloran Rose-Bengal Chloram-
phenicol agar (DRBC), could be used 
to compare the counts of different 
temperatures to a single count. Sec-
ondly, temperatures outside of man-
ufacturers specifications could be 
implemented because of the complex 
matrix of the dried cannabis f low-
er. This matrix specifically on 3M 
rapid yeast and mold petrifilm can 
lead to misidentification to the un-
trained eye due to the cannabis ma-
trix causing a blue color to appear, 
but these small matrix interferenc-
es do not match the morphology of 
other yeast and mold (6). With con-
tinuing innovations in temperature, 
media, and measurement of contam-
inate we can hope to minimize the 
effect of matrix interference in the 

Table I: Two-sided T-Test (df=48) of sample means. This analysis was done utilizing r statistical software.

CC No. 28 °C Mean 25 °C Mean Difference in 
Means

Confidence 
Interval

T - Statistics P- Value

5251 35.76 38.60 -2.84 (-4.973, -0.707) -2.678 0.010

5166 1.52 1.88 -0.36 (-1.022, 0.302) -1.095 0.279

5205 72.76 76.20 -3.44 (-15.658, 8.778) -0.568 0.573

5124 15.00 20.32 -5.32 (-7.196, -3.444) -5.707 0.000
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sample measurement. Ultimately, 
the goal is to not only supply cultiva-
tions and manufacturers of cannabis 
with honest and accurate results so 
that they can better remediate their 
product, but to also not allow harm-
ful product to reach the marketplace. 
In late 2020, the AOAC developed a 
task force to evaluate yeast and mold 
determination in cannabis, but as mi-
crobiologists in this new industry we 
are responsible for validating these 
methods to protect the consumers of 
the marketplace (7). Based on these 
preliminary results we have identi-
fied 25 °C to achieve the most relia-
ble growth for rapid yeast and mold 
petri. I urge governing bodies of can-
nabis and method developers to re-
quire that laboratories that utilize the 
3M rapid yeast and mold petrifilm to 
incubate at 25 °C or to research how 
these temperatures may affect growth 
in different states. This will maximize 

the potential for CFU growth for sam-
ples and limit the possible health con-
cern of allowing contaminated prod-
uct to enter the marketplace.
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Figure I: Averages of given samples at their respective temperature of incubation. CFU is an abbreviation for 
“colony forming unit.” The LCS’s for both temperatures came back as too numerous to count (TNTC).
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If you’re still using plating—a testing technology that is more than a hundred years old—you’re 
missing a lot.

Namely, the most dangerous pathogens that live in, not on, the cannabis plant. And missing 
them isn’t an option. It’s bad for consumers and bad for your lab.

Plating isn’t very specific, either. Some beneficial bacteria look like their not- so-beneficial 
relatives. So you’re probably passing samples you should be failing and
failing some you should be passing.

There’s no time like the present to consider your future. When you do, you’ll want to follow the 
most advanced labs in the industry and choose PathoSEEK as your cannabis microbial testing 
solution. 

http://www.medicinalgeonomics.com/qpcr-vs-planting
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The Environmental 
Implications

of Energy Consumption in 
Cannabis Cultivation

ZACARIAH HILDENBRAND AND ROBERT MANES

feature

With a rapidly evolving body of peer-reviewed studies examining the phytochemical content and  
therapeutic efficacy of cannabis, the momentum of this new frontier of medicine continues to gain 

legitimacy while simultaneously destabilizing the negative stigmas that have persisted for nearly a century. 
However, with the emergence of this relatively new enterprise that is legal cannabis cultivation, comes 

justifiable concerns about sustainability and environmental stewardship. Like any other plant crop,  
cannabis requires growth media (air, soil, or water), water, nutrients, and light. And while issues pertaining 

to soil contamination and water use are certainly salient points to be made in cannabis cultivation; the 
primary gripe held by concerned citizens, regulators, and permitting departments revolves around energy 
consumption. In this commentary, we discuss the environmental implications of energy consumption for 

outdoor, indoor, and greenhouse cultivation to highlight new technologies and best management practices 
that are being utilized to produce world-class medicine while minimizing one’s carbon footprint.
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Outdoor Cultivation

GROWING CANNABIS IN an outdoor setting has 
a number of benefits, as well as several drawbacks. 
In most cases outdoor cultivation allows one to 
take advantage of rural water sources and land, 

as well as natural sunlight. Collectively, these attributes allow 
operators to lower their initial capital expenditures (CAPEX) 
while also reducing their cultivation cost per gram of finished 
cannabis (operational expenditures or OPEX). Also, natural 
sunlight is ostensibly the spectrum that the well-established 
McCree curve is predicated on, which outlines the relative in-
tensity of different light spectra that plants utilize for photo-
synthesis (400–700 nm). This spectra, and now an extended 
version of the McCree Curve including light outside the human 
visual range, is known as photosynthetically usable radiation 
(PUR). In our previous article, we discussed this and some of 
the latest lighting metrics that are designed to quantify photon 
delivery within this range (1). However, the primary drawback 
from growing cannabis outdoors is the susceptibility to the el-
ements of the natural world. Producing outdoor cannabis in 
a cost-effective fashion is desirable, until one has to deal with 
drastic changes in temperature, humidity, and precipitation. 
In addition to extreme weather events, which are occurring 
more frequently with greater intensity, outdoor cultivation can 
also be negatively impacted by highly variable fluctuations of 
pests, and the possibility of unwanted pollination by rogue pol-
len from neighboring farms. This latter point certainly doesn’t 
get enough attention, but it is one of the major driving forces 
for those looking to produce the highest quality cannabis, who 
ultimately find themselves operating indoors or in greenhous-
es. Another catalyst in this shift is commodity pricing. Out-
door cannabis generally does not command the same price per 
pound that greenhouse-grown or indoor cannabis does, pri-
marily because of the lighting placement, custom spectrum ap-
plication, and precisely controlled environmental factors that 
can be implemented within these forms of control environ-
ment agriculture (CEA), which mutually drive greater expres-
sion of phytochemical and potency elements.

Overall, outdoor cannabis cultivation requires little or no 
energy consumption, which makes it the least intrusive culti-
vation modality, from an environmental perspective, with the 
smallest carbon footprint. Nonetheless, the uncontrollable 
aspects of outdoor cultivation call into question the sustaina-
bility of this practice over time. As the cannabis industry con-
tinues to grow, so too will the number of growers looking to 
operate an outdoor farm, which may ultimately result in more 
undesirable pollination events or a more abundant and di-
verse biota of pests that one may have to account for. In ad-
dition, waste by-products will increase significantly and the 
disposal of unsold outdoor cannabis will become problematic.

Indoor Cultivation
Taking into account some of the aforementioned drawbacks 
of outdoor cultivation, bringing the grow indoors allows one 
to reap the benefits of CEA: control and consistency. Not only 
can temperature, humidity, and hygiene be better regulat-
ed indoors, but so too can the spectrum and distribution of 
light. The most common lighting used in CEA has been high 
intensity discharge (HID) lighting, such as metal halide (MH) 
and high pressure sodium (HPS). Unfortunately, these lighting 
technologies do not emulate the spectrum of the sun very well 
and they are extremely inefficient at transforming Watts into 
light in the correct spectra. As much as 95% of the power used 
by an HPS lamp produces output at 850 nm, which is felt as 
heat and has little known benefit to plants. More waste heat 
equates to larger heating, ventilation, and air conditioning 
(HVAC) requirement to maintain climate control, which ul-
timately results in large electrical bills and a more substan-
tial carbon footprint. Alternatively, many full-spectrum light 
emitting diodes (LEDs) provide a comprehensive spectrum 
that is much more representative of the sun and demon-
strates a much greater efficiency (24–28%) compared to HID 
lighting (5–10%). This, coupled with the highly directional 
nature of LED lighting is the reason that you may hear the 
anecdote that 600 W from an LED grow light is the equiva-
lent of, or provides the same photon density on the canopy, 
as a 1000 W HPS grow light.

Using the example of a 10,000-square-foot indoor cul-
tivation facility where 80% of the f loor space is occupied 
by canopy (8000 sq. ft.), the differences in electrical con-
sumption, carbon footprint, and waste heat production are 
quite substantial when comparing full-spectrum LEDs to 
HPS lights (Table I). 

What Table I illustrates is that financial efficiency and en-
vironmental stewardship are not mutually exclusive and in 
fact can go hand-in-hand. Not only would the use of LEDs 
over HPS lights reduce CO2 emissions by 12,469 tons over 10 
years in this hypothetical scenario, but this would also re-
sult in a $1,841,495 cost saving on the electrical and HVAC as-
pects of the operation. These results are substantial, particu-
larly when considering the differences within the context of 
an individual state ecosystem. For example, California re-
ports that 3% of power consumption in that state is attribut-
able to indoor cannabis grows—the equivalent of powering 
1 million homes, while Colorado attributes half of its power 
load growth since 2012 to cannabis grown indoors (3). Many 
power companies are concerned, not just about increased 
load due to cannabis grows, but impact on electrical grid in-
frastructure. Stories of grid impact due to grow operations 
have been abundant since state’s legalization and recent-
ly, cannabis grow houses triggered seven rolling blackouts 
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in the Pacific Northwest due to exces-
sive transformer loading (4). Looking 
through a broader lens, a 2012 study 
revealed that indoor and mixed light 
(greenhouse) cultivation in the Unit-
ed States consumed approximately 
20 TWh of electricity annually, which 
is equivalent to the energy consump-
tion of the entire US agricultural sec-
tor, leading to an annual emission of 
15,000,000 Mt of CO2 (5,6). These val-
ues provide considerable insight into 

the scale of energy consumption in the 
cannabis industry in general and pro-
vide an impetus for greater adoption of 
energy-efficient technologies such as 
LEDs, as has been mandated in states 
like California. 

Greenhouse Cultivation 
Greenhouse cultivation is a middle-of-
the-road approach that allows one to 
capitalize on the benefits of natural sun-
light while also taking advantage of the 
photon delivery and spectral outputs that 
come with supplemental lighting. Using 
daily light integrals (DLI), which quantify 
the number of photosynthetically active 
photons that accumulate in a square 
meter over the course of a day, one can 
modulate their supplemental lighting 
to deliver the appropriate amount of 
cumulative photon density while min-
imizing their electrical consumption. 
In some cases DLI can be integrated 
into the greenhouse lighting fixtures 
automatically so that more supplement 
light is delivered on shorter, darker days, 
and conversely, less light is delivered on 
longer, more luminous days. Compared 
to indoor cultivation, which is devoid of 
natural sunlight, the inclusion of HID or 
LED lighting into a greenhouse as a sup-
plement means that relatively less light-
ing units are utilized, which ultimately 
results in less energy consumption (and 

grid load) to power the fewer lights and 
remove less unwanted heat. For exam-
ple, while 1000 W of full-spectrum LED 
lighting may cover 16–20 sq. ft. of indoor 
canopy space, that same 1000 W may 
cover a 30–40 sq. ft. of greenhouse space 
depending on one’s physical location, 
time of the year, and desired photon 
density at the canopy.

Conclusion
The versatility of the Cannabis sativa spp. 
plant lends itself to being grown under a 
wide range of settings and environmen-
tal conditions. And while the primary 
foci of most cultivation operations 
growing outdoors, indoors, or in a 
greenhouse is always going to be product 
quality (that is, cannabinoid and terpene 
potency) and product safety (that is, 
presence of microbes, pests, heavy 
metals, pesticides, and so on); there are 
growing concerns over energy consump-
tion and environmental stewardship that 
the industry needs to remain cognizant 
of.  Hopefully mandates like what Cali-
fornia has implemented with respect to 
energy-efficient lighting will be a catalyst 
for greater adoption of these technolo-
gies industry-wide. This is, of course, the 
“green rush” after all, and as such, it be-
hooves us all to help facilitate cannabis 
cultivation onto a “greener” and more 
sustainable trajectory. 

Table I: Pertinent environmental metrics over 10 years of cultivation. These calculations assume that the lights 
would be operating for 14 h/day, 365 days/year at an electrical cost of $0.0964/kWh (2).

Full-Spectrum LED (600 W) Double-Ended HPS (1000 W)
Number of luminaires 400 400

Total wattage (W) 240,000 400,000

Power consumption for lighting (kW) 12,264,000 20,440,000

Electrical cost for lighting $1,182,250 $1,970,416

CO2  emissions (tons) 13,037 25,506

Waste heat (btu/hour) 605,971 1,335,762

HVAC cost $874,616 $1,927,945

Grid loading @ 277 V 866 Amps 1444 Amps
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If the cannabis plant has evolved a complicated structure to house its complex oleoresin, 
is it even possible to solvent or mechanically extract a bioavailable oleoresin form for 

vaporization? Here, we take a closer look at buffers to see what solutions they might offer. 

The Fields of Science 
and Technology

Would Not Exist Without the Use of 
Buffers—Why Aren’t They Used with 

Cannabis Extractions?
DANIEL MAIDA HAYDEN 

BUFFER IS DEFINED as a thing that prevents in-
compatible or antagonistic things from coming into 
contact with or harming each other.  Cannabis sp. 
separates its oleoresin from all other cellular com-

ponents, as if simply existing along or inside of cells or exuded 
onto the leaf surface would be disastrous. If the cannabis plant 
has evolved a complicated structure to house its complex oleo-
resin, is it even possible to solvent or mechanically extract a bi-
oavailable oleoresin form for vaporization? Perhaps through the 
use of a buffer we can protect, reject, and select without sacri-
ficing oleoresin complexity. 

In aqueous solutions, the hydrogen ion is the center of attention 
and needs to be quenched. In a cannabis oleoresin, CO2 can be po-
sitioned at -COOH, OH, and =O groups and protect these sticky 
regions. In a sense, CO2 is a buffer that gathers and protects those 
molecular positions that are responsible for bioactivity. Without 
protection, rare and complex molecules are polymerized or lost 
during a nonbuffered cannabis extraction process. Perhaps they 
are included in the final product, but remain too tangled to be in-
dividually volatilized during vaporization, which limits the flavor 
and effects of many extraction products.  

Plant Experts Weigh In
A doctorate in plant molecular physiology is not required to 
participate in the cannabis industry. That being said, cannabis 
is a plant and as such should benefit from those with years of 
experience in plant biotechnology research.

I was trained as early as 1994 in techniques involving the 

extraction of subcellular components from plants and organ-
isms. My first lesson involved the use of buffers to help us do 
our job in these matters.  

According to Wikipedia, a “buffer solution (more precisely, 
pH buffer or hydrogen ion buffer) is an aqueous solution con-
sisting of a mixture of a weak acid and its conjugate base, or 
vice versa. Its pH changes very little when a small amount of 
strong acid or base is added to it. Buffer solutions are used as a 
means of keeping pH at a nearly constant value in a wide variety 
of chemical applications. In nature, there are many systems that 
use buffering for pH regulation” (1–8).

My dissertation required me to extract a delicate single 
stranded nucleic acid transcript called mRNA from the living 
and dying tissues of the tropical plant anthurium. mRNA are 
the transcripts encoded with genetic instructions being car-
ried out at that moment in living cells, whereas DNA is the 
storage of those genetic instructions. These tropical plant tis-
sues resembled plastic more than green leafy tissues and pre-
sented a huge problem during extractions. They were heavi-
ly imbued with exotic carbohydrates and phenolic substances 
that protected the plant in moist tropical environments where 
pathogens can thrive.

To extract mRNA, I first tried commercially available kits 
with little success. During one of these trials with the brand-
ed RNA extraction buffer “Trizol,” I obtained a slightly brown, 
highly viscous RNA solution. My next step was to add isopro-
panol to precipitate the RNA. Upon introduction of the alcohol 
the entire tube turned into a solid.
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After spending a minute wondering how successful I was 
for obtaining so much RNA that it was almost solid, I real-
ized a much different extraction had occurred. I had locked 
out any chance of getting mRNA because the carbohydrates 
and phenolics of the plant leaf had essentially formed an  
irreversible polymer.

Conventional molecular biology wants to combine all ex-
traction reagents in one solution to be applied in one event. 
Trizol extraction reagent is composed of phenol, guanidine 
thiocyanate, ammonium thiocyanate, sodium acetate, and 
glycerol. This reagent is to be used in conjunction with chlo-
roform to extract plant DNA and RNA. However, this ap-
proach had to be quickly abandoned on tropical plant tissues.  

What I discovered is that exposure of complex plant sub-
stances to a complex chemical cocktail resulted in unavoida-
ble polymerization of all substances involved. The technique 
to properly extract the entire composition of recalcitrant 
plant tissues was to parse the chemistry out into steps. Re-
move the offending substances in a tiered approach, while 
protecting the molecules of interest. Instead of all extrac-
tions in a single solution, they must be separated out.

First, grind the plant, put in a protective aqueous buff-
er containing a specific molecular weight of polyvinylpo-
lypyrrolidone (PVPP), and extract with chloroform. Then 
reconstitute in the buffer, then with phenol, in buffer, then 
with a low sugar and alcohol solution to precipitate only car-
bohydrates. Follow this with a wash and precipitation of nu-
cleic acids.

In most cases, a blunt force extraction from plant materi-
al will result in some version of success (in my case the more 
abundant ribosomal RNA molecules), but what was lost was 
the complex, delicate (single stranded), and diversely unique 
messages of the mRNA population.

Biological Extraction
How does an aqueous nucleic acid extraction from living 
plant tissues have any relationship with oleoresin extraction 
from cannabis trichomes? In a way, identically.

In 1966, Norman E. Good penned a publication in Biochem-
istry introducing hydrogen ion buffers for biological research 
(9). He wrote: “The inadequacy of our inventory of buffers 
may be a more serious problem than we realize. It is impos-
sible even to guess how many exploratory experiments have 
failed, how many processes have been distorted because of 
the imperfections of the buffers employed.”

One can only guess what Good would say today if some-
one told him that a diverse set of plant secondary metabo-
lites were being isolated from its cellular environment without 
any concern for a buffering mechanism, and that the result-
ing compounds were being used to conduct medical efficacy 
experiments.

In the context of biological extraction for study, buffers 
are pervasively used to protect, isolate, and preserve mole-
cules of interest. Buffers influence every aspect of inspec-
tion, construction, evaluation, and production of discovery 
(academic) and applied (commercial) biology.  

Why not cannabis oleoresin? Perhaps because cannabis oleo-
resin is thought of as either an oil or a juice.

Oils do not need buffers for extraction and they come in 
“virgin” or purified, both of which do not require addition-
al components for extraction. Purified versions are shelf stable 
without adulterants or preservatives. However, oils are typical-
ly one or a few types of medium-to-long chain length fatty ac-
ids. This very specific class of lipids make up what are conven-
tionally known as vegetable oils. These substances meet the 
true definition of the word oil. Cannabis is classified as an oleo-
resin because it contains a complex mixture of substances.

Juices from fruits and vegetables also don’t require buffers, 
more-or-less come as described, and are frozen or stored in the 
same manner. 

The Cannabis Trichome
This premise most aptly describes the solventless technique of 
concentrating trichome bulbs from cannabis plants. Whether 
living or cured plants, trichome bulbs are considered a concen-
tration like juice, and the rosin created would be considered a 
virgin oil, perhaps one with more biological debris.  

These substances (hash, rosin) are more closely related to can-
nabis flowers in complexity but still suffer from spoilage, in that 
the matrix will decay and polymerize once outside of the biological 
structure (trichome) in which it was designed to exist. Additionally, 
they are finished maturing upon extraction from the living tissue 
and begin the process of decay precisely when the trichome bulb 
is sheared at the disc cell and removed from the stalk. An intact 
trichome bulb attached to its stalk is protected from degradation 
and oxidation, an evolutionary design of the cannabis plant. Once 
the bulb is removed from the stalk, it suffers greatly.

Once we approach solvent extraction, we begin to discuss 
the idea of a buffer to protect the oleoresin molecules of the 
glandular trichome. 

The trichome is one of the universe’s most amazing struc-
tures. The oleoresin which the trichome contains is so delicate 
and toxic to the cells that it must be isolated and allowed to col-
lect and accumulate over the course of a plant’s life cycle. Can-
nabis sp. have evolved specialty trichomes: the bulbous, the 
capitate sessile, and the capitate stalked. In designing an extrac-
tion, we focus on the substances contained within these physi-
ological structures, as they contain meaningful medicinal com-
pounds found nowhere else in nature.

Inside this trichome, in a sea of oleoresin, float membranes 
that have sloughed off the endoplasmic reticulum of the 
trichome disc cells and contain within them membrane-bound 
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Figure 1: In the production of polymers, such as those used 
in solar cell technologies, cosolvents can assist in separation 
between phases. Beginning with a mixture of polymer and solvent 
(top), cosolvents encourage the aggregation of polymers (right), 
simplifying production and improving performance. Without the 
use of cosolvent, droplets of primary solvent coalesce into distinct 
domains and polymer is more randomly dispersed (left) (16).

enzymes, which catalyze the many reactions that make can-
nabis oleoresin molecules so complex.  

Monoterpenes, the C10H16 molecules known for the charac-
teristic perfume of living cannabis, actually are the matrix in 
which the trichome oleoresin conducts all its metabolism. In 
a nonaqueous environment, there needs to be movement of 
biology for molecules to come into contact with the floating 
membrane-bound enzymes and the substrates they require 
for synthesis. The disc cells continually produce monoterpe-
nes and cell wall debris that push towards the trichome cuti-
cle and increase and expand its size.  

Once a living cannabis plant is cut, dried, and cured, the 
over abundance of monoterpenes volitalizes away. It then re-
duces the trichome bulb into more concentrated substrates 
that come into closer contact with their catalyzing enzymes. 

This is the essence of why the curing of the cannabis plant 
results in more complex and flavorful resins. It is due, in part, 
to the reduction of monoterpenes serving as the metabolic lu-
bricant in the trichome, and the concentration of substrates 
and enzymes.This is why solvent extraction of oleoresin from 
cannabis is so critically important.

Solvent Extraction
A solvent extraction is designed to shuttle desired compounds 
away from unwanted compounds of biology. In a sense, if we 
are able to remove biology that contributes to making canna-
bis extracts age poorly, then these products have an indefi-
nite stable shelf-life. If we remove elements that corrupt and 
polymerize the extract, then it will indefinitely remain in good 
consistency for use and long term storage.

Two critically important aspects of solvent extraction are 
the separation of wanted and unwanted compounds and pro-
tection of the substrate being extracted.  

In biology, the extraction and preparation of proteins is per-
formed very carefully to preserve the intact protein including its 
three-dimensional (3D) conformation. This is similar for other 
substances as well. The conformation of the molecule as well as 
its purity is important. Do oleoresin molecules have 3D confor-
mation? In oleoresin molecules, do we have to worry about dest-
abilizing and presenting them as something other than how they 
existed in planta?

The addition of CO2 into oleoresin prior to extraction creates 
a buffer similar to a protective sheath, which cloaks active sites 
of rare oleoresin compounds. A buffer as described, CO2 can 
be acidic itself and the portions of the oleoresin molecules by 
which it attaches are the acidic portions of the molecules.

However, because of the use of nonaqueous substrates and 
hydrocarbon solvents, the term buffer is more aptly substi-
tuted with the term “cosolvent.”  

“In chemistry, cosolvents are substances added to a primary 
solvent in small amounts to increase the solubility of a poorly-sol-
uble compound. Their use is most prevalent in chemical and bi-
ological research relating to pharmaceuticals and food science, 
where alcohols are frequently used as cosolvents in water (often 
less than 5% by volume) to dissolve hydrophobic molecules during 
extraction, screening, and formulation” (10–15).

CO2 acts as both a buffer and a cosolvent in our extraction pro-
cess because it is an extraction solvent, but it represents a very 
small amount compared to the hydrocarbons (butane and pro-
pane) used for extraction. In the example shown in Figure 1 
from Franeker and colleagues, the molecules shown above in red 
would be either oleoresin contents or leaf surface waxes. These 
molecules, if left unprotected, would prefer to be permanently 
bonded to each other. CO2 helps eliminate that outcome.

CO2 bonds to active sites on all molecules and allows for effec-
tive in situ hydrocarbon separations such as avoiding unwanted 
substances during extraction while capturing very discrete and 
low-yield desirable substances. During the extraction process, due 
to CO2 molecular stabilization, the oleoresin compounds are not 
lost into or around the plant material being processed. CO2 does 
not covalently (permanently) bind to molecules or change their 
structure in any way. It uses a combination of loose chemical reac-
tions like hydrogen bonding or Lewis Base-Acid interactions to do 
its job, which is quite capable and 100% reversible (see Figure 2).

Post Extraction Steps
After extraction, but remaining in the primary extraction solvent, 
the extract can be manipulated and split into an extract contain-
ing some whole plant impurities, and an extract free from these 
compounds. This is a planned event of ratioed chemistry based on 
the oleoresin composition carried out in the primary extraction 
solvent through the use of cold temperature and gravity.

Post extraction, the hydrocarbon solvent must be removed. 
During this event, the CO2 and the oleoresin molecules to which 

No
cosolvent

With 
cosolvent
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they’re attached, form a type of reversible polymer that prefers 
to remain together than spill apart. The bonded oleoresin wish-
es to stay together and the noncharged butane propane is easily 
removed down to an appropriate concentration.

After the solvent is mostly removed, the oleoresin extract 
is placed in an incubator where it is hard capped. The CO2 de-
sires to release itself as the chemistry has been reduced to 
a point where it favors its release. The pressure that builds 
from this CO2 release helps produce a cascade effect where 
the more pressure that builds, the more CO2 is released. This 
event happens alongside a small amount of remaining butane 
and water vapor, which is also released. 

Eventually butane and H2O are completely released, in that 
the extract finds a sort of equilibrium with its remaining CO2. It 
will continue to release CO2 during the course of it’s maturation 
and aging. This will improve or subtly change flavor and effect. 
Upon vaporization, these products will spontaneously release CO2 
such as the decarboxylation event of tetrahydrocannabinolic acid 
(THCA) to tetrahydrocannabinol (THC) during its vaporization.  

The CO2 is not in sufficient enough volume to be noticeable or 
apparent to the individual consuming the extract, no more than 
consuming THCA crystals. Because of this action and the pres-
entation of discrete oleoresin molecules during vaporization, the 
product is able to be effectively vaporized at far lower tempera-
tures than other available cannabis extractions and concentrates.  

Because CO2 continues to buffer and protect the cannabis oleores-
in during maturation and in retail packaging, the product stays slick 
and runny, and is able to be placed in small vials and easily dispensed 
upon use. Alongside THCA crystalline, it also remains slick and very 
easily dabbable and easy to recover the last remains of the product 
without difficulty. It performs flawlessly in cartridges because goop 
does not build up on the cartridge coil allowing the product to re-
main tasting like the first few draws all the way to its finish.

Whether it be a buffer or a cosolvent, CO2 is absolutely crit-
ical to protecting cannabis oleoresin molecules during extrac-
tion. It is natively apparent as most phytocannabinoids have 
CO2 (as COOH) already affixed in planta and require heat or 
age to decarboxylate these compounds and reveal, as is the 
case with THCA, the more active and medical version of the 
molecule.  

It is only reasonable to conclude that the inclusion of COOH 
during cannabinoid phytosynthesis somehow protects or helps 
accumulate and store cannabinoids and other rare cannabis 
oleoresin bound molecules. By imbuing oleoresins with CO2 
prior to extraction, the protectionary mechanism of the car-
boxyl group -COOH can be mimicked universally throughout 
the entire resin, and prepare it for extraction and presenta-
tion as an elegant and complex completely bioavailable natural 
plant substance ready for vaporization. 

It is important to conclude with the fact that CO2, butane, 
and propane are simple molecules and can be added and re-
moved from oleoresins and remain in concert with the na-
tive oleoresin chemistry. The ultimate goal is always to extract 
cannabis oleoresin completely without breaking it apart and 
reformulating it later, and to do so without exotic solvents or 
chemicals due to the fact that cannabis is a natural plant prod-
uct and is consumed by humans with that intent. 
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Figure 2: A version of carboxylic acid and CO2 interaction 
when using COOH as a substrate to sequester CO2 (17).
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THE RECENT legaliza-
tion drive has resulted in a 
change in the cannabis cul-
tivation landscape. With 

more and more countries decriminal-
izing cannabis, the demand for med-
ical and recreational cannabis with 
higher tetrahydrocannabinol (THC) 
levels is growing.

This change in cannabis legal sta-
tus is triggering a shift from the pro-
duction of varities low in the cannab-
inoid THC to ones with higher levels 
of THC. Sensing an opportunity exists 
there, several new cultivators are also 
trying their hands to grow cannabis on 
a commercial scale.

Due to the controlled substance 
status of cannabis in the past, restric-
tions have halted scientific research 
on the plant. As a result, little knowl-
edge about the impact of critical fac-
tors such as variety, plant density, 

light intensity, and so forth are avail-
able. Figuring out the real effects of 
these factors can help to optimize 
cannabis plant output as well as can-
nabinoid content. 

Strategies for Cannabis 
Cultivation Management
Determining the Physiological 
Maximum of the Cannabis
The lack of scientific knowledge about 
the crucial cultivation factors results 
in lower plant output and cannabinoid 
profile. This created a yield gap where 
cultivators were unable to reach the 
maximum possible output level. 

The corrective measures begin with 
determining the physiological maxi-
mum yielding capacity of the plant. At 
the same time, it is equally important 
to find out conditions and growing 
techniques that can assist in achieving 
high yield levels. 

Unfortunately, scientific research 
that can explain factors contributing 
to the yield gap is limited. To date, 
only limited studies have examined 
the genetic structure and inheritance 
of chemotype to find their effects on 
the cannabis yield. It is only recently 
that research has started investigat-
ing the impact of production methods 
such as the use of microbial inocu-
lants and the role of light intensity on 
yield and cannabinoids profiles.

How to Achieve  
the Desired Results?
The use of adequate production con-
ditions can help cannabis cultivators 
to enhance their productivity. Are you 
aiming to achieve a high yield, but don’t 
know what factors play a role? Don’t 
worry, we have done some digging to 
figure out what factors can affect your 
yield and cannabinoid content.

This article reviews the changing attitude and knowledge gap in cannabis cultivation; 
strategies for cannabis cultivation management; determining the physiological maximum 

of the cannabis plant; how to achieve desired results; the effect of production conditions on 
yield and cannabinoid content; and more.

Gaining Deep 
Knowledge

About Cannabis Cultivation: 
How and Why

BY MIA VOLKOVA
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To better explain the effects of production conditions on 
yield, scientific studies have examined the impact of these 
conditions on a single plant or plant within a square meter. 

●   The research shows that high plant density is associat-
ed with a fall in the yield and THC content. Interesting-
ly, when higher plant density comes with high tempera-
ture, it leads to an increase in the accumulation of THC.

●   Fertilizer type (such as Canna Terra versus slow-re-
lease fertilizer) affects the THC per square meter but 
does not influence yield per plant. In other words, the 
choice of fertilizer may affect the cannabinoid profile 
but leaves no effect on the plant output.

●   If you want to optimize both THC concentration as well 
as yield, apply liquid organic fertilizer during the vege-
tative growth stage.

●   The yield per square meter increases when a light lamp 
with higher output per Watt, such as high pressure so-
dium (HPS) lamps, is used. A rise in light intensity to 
600 W/m−2 enhances the accumulation of THC and can-
nabidiol (CBD) in the cannabis plants.

●   The research demonstrates that light intensity, quali-
ty, source, and photoperiod play a role in the yield and 
cannabinoid concentration of the cannabis plants. The 
studies also found that a variation in the light spec-
trum influences the quality and output of the canna-
bis plant. Therefore, selecting lights with the appropri-
ate light spectrum is essential to achieve optimum yield 
and cannabinoid concentration. Light-emitting diode 
(LED) lights with high efficiency, long life, and f lexible 
spectrum settings can make the best choice to illumi-
nate your plants. 

●   The length of the f lowering period is another factor 
that influences the yield and THC accumulation per 
square meter. You can get extra cannabis yield along 
with higher THC accumulation by prolonging the f low-
ering period of your cannabis plants.

Improvements Using Breeding Technologies
The cannabis plants demonstrate significant variation in 
their stalk height, seed size, fiber length, photochemical 
concentrations, and sensitivity to day length. Hemp breed-
ers are using molecular markers to develop strains that offer 
greater yield and higher cannabinoid concentration.

Capitalizing on modern sequencing, quantitative trait 
locus (QTL) mapping, and genome-wide association, 

researchers are discovering key markers for next-generation 
strains. Cannabis researchers are also looking at genome 
editing technologies to transform cannabis cultivation.

The modern biotechnologies, particularly CRISPR-Cas9, 
holds great promise to revolutionize cannabis cultivation 
through micropropagation, efficient transformation, and 
plant regeneration.

Despite the success in transforming callus, the ability to 
derive callus from a variety of tissue types and cultivars, 
and the transformation of cannabis roots, researchers are 
facing a persistent challenge to regenerate plants from the 
transformed callus and explant tissue. 

Any future development in that direction has the potential 
to trigger a revolution in cannabis cultivation as well as the 
way we experience the products.  
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MIA VOLKOVA is a cannabis scientist and content director at Marijuana 
Facts Today, with extensive experience in managing and implementing 
quality assurance processes of manufactured cannabis products prior 
to distribution. Mia loves to share her deep knowledge in the cannabis 
industry to help people filter out the noise and to stay on top of crucial 
industry news. Direct correspondence to: mia@marijuanafactstoday.com

Parker Nitrogen Generators 
for Pharma Testing
REDUCE TOUCH POINTS and 
contamination from deliveries by 
outside vendors with a Parker nitrogen 
generator. These complete systems 
transform standard compressed 
air into nitrogen at safe, regulated 
pressures, on demand, without the 
need for operator attention. The purity 
level of the nitrogen stream is defined 
by the user and may range from 95% 
to 99.5%. Onsite nitrogen generation 
eliminates the need for costly, 
dangerous cylinders in the laboratory 
and Parker’s compact design frees up 
valuable floor space. Recommended, certified, tested, 
and used by all major LC/MS instrument manufacturers, 
Parker nitrogen generators have become the industry 
benchmark for quality and reliability.

ANALYTICAL INSTRUMENTS

PARKER HANNIFIN 
CORPORATION
(800) 343-4048 
www.parker.com/labgas

http://www.parker.com/labgas
http://cannabissciencetech.com
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TD-Series 
Analy�cal and Precision Balances
– Class I and Class II models available.
– Large, 12.7 cm (5”) color capaci�ve touch screen allows for
easy opera�on and customiza�on of the home screen.
– Internal Automa�c Calibra�on
– Built-in Proximity Sensors allow users the opportunity to
have touch-free op�ons performed by mo�oning over the
sensors (e.g., prin�ng results).
– GLP Documenta�on is standard on the TD-Series
balances. Store up to 100 Users, 5000 Products, and 1000
Customers in memory.
– Mul�ple interfaces allow for easy connec�ons
between your balance and a computer or printer via the 
Wireless, 2 x RS232 port, Ethernet, and USB (2, Type A & B)
interfaces.

Advanced Weighing Performance 
With Legal-for-Trade Cer�fica�on

ISO 9001:2015 Accredited
ISO 17025:2017 Registered

Calibration and Testing Laboratory

������������������
2860 So. Vallejo St.
Englewood, CO  80110
www.schulersci.com
1-800-539-1886

Calibra�on cer�ficate 
available on all 

models! 

http://www.schulersci.com



