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The cannabis industry has been growing steadily for the last few 
years with laws and regulations changing and loosening on a global 
scale. Cannabis decriminalization for medical and recreational use is 
taking place in an increasing number of countries, opening the door 
to a brand-new market for cannabis producers.

The active ingredients in cannabis – cannabinoids 
tetrahydrocannabinol (THC), cannabidiol (CBD) and terpenes 
(myrcene, linalool) – have been accepted for use as treatment 
of various conditions, such as acute and chronic pain, kidney 
disorders, Alzheimer’s disease, opioid and nicotine dependence 
or post-traumatic stress disorder. Medicinal cannabis can be used 
to alleviate symptoms of multiple sclerosis (MS), Chron’s disease 
and glaucoma. THC and CBD can help treat nausea brought on by 
chemotherapy and to counter poor appetite and weight loss due 
to chronic illnesses. Research into the benefits of THC, CBD and 
terpenes is growing as fast as the cannabis industry itself.

Safe investigation, production and quality control of the active 
compounds requires a diverse portfolio of scientific instruments 
and related application knowledge. The aim of this booklet is to 
summarize different processes in the production of cannabis-based 
products.

Cannabis: a growing market
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NIRFlex
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Cannabis harvesting
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Cannabis processing begins with cultivation. During crop growth, care should be paid to manage 
moisture levels and reduce the risk of pesticide contamination. Efficient agricultural practices using soil 
and water without biological or toxic contamination is paramount.

It takes roughly eight weeks for indoor cannabis plants to complete the flowering stage, reach maturity 
and be ready for harvest. The first stage of harvesting involves removal of large fan leaves, which do not 
contain a high concentration of cannabinoids, by hand or scissors. Afterward, the remaining leaf material 
can be trimmed while the plant is wet or dry. To dry the crops, cannabis plants are usually hung upside 
down either as whole plants or cut into smaller sections. Typically, it takes about 7 to 10 days to complete 
the drying process. A plant is considered dry when the stem snaps upon bending.

De-stemming is then performed with scissors or automated devices. The dried cannabis flowers are then 
sorted into different sizes and further processed in a trim machine or other processing device. The last 
step of the harvest is the curing. During the curing process, the flowers continue to dry very slowly, which 
enhances the flavor of the flowers. It takes several months to complete the curing process and reach 
peak flavor of the cannabis flowers.

Importantly, producers should pay attention to purity and quality of their products after harvesting and 
drying. This includes quality control to ensure final products are free of residual solvents, pesticides or 
biological contaminants, such as mold or bacteria.

1. Cannabis harvesting and cultivation

Harvesting and drying of cannabis plants
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There next step of cannabis processing involves preserving the essential oils of the plants found in 
trichomes, the crystalline structures located on the outside of marijuana buds. Trichomes house the 
substances of interest, mainly the cannabinoids (THC, CBD) and terpenoids. Although extraction 
methods like dry sieving exist, the most common methods of extraction use supercritical CO2 or highly 
volatile, carbon-based solvents, such as butane, propane, hexane, or ethanol to isolate the active 
substances from the plant.

2. Cannabis extraction

Methods for extraction of cannabinoids and terpenoids

Figure 1: Examples of terpenes
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Isolation of cannabinoids and therapeutic terpenoids typically requires use of organic solvents and 
laboratory equipment such as rotary evaporators. These rotary evaporators couple low-heat distillation 
with a vacuum system, enabling control of both heat and pressure to extract different components at 
varying intervals.

Large-scale rotary evaporators are commonly used to cover almost the entire range of solvent handling 
in cannabis production. Regardless of the extraction method used, ethanol must be removed from 
extractions either after dewaxing (winterization) or after the ethanol extraction step. Removal of the 
solvent is performed with careful vacuum and temperature control optimized to limit any degradation 
of the target cannabinoid compounds. Cannabinoids are extremely sensitive to heat, so incorrect 
temperature settings can destroy the purity and strength of the extract. A typical bath temperature of 
the rotary evaporator is between 50 and 60 °C. Some cannabinoids are also light-sensitive, so use of 
amberized evaporating flasks is imperative. An integrated solvent library can be particularly beneficial for 
automatic selection of settings for optimal protection of cannabinoids and their purity.

The solvent can often be recovered with high enough purity to enable solvent re-use. Solvent recycling 
results in substantial cost and storage space savings. When recycling ethanol, higher temperatures of the 
water bath are possible, so that the distillation rate can be increased.

How to use rotary evaporation to concentrate actives, recycle solvent

3. Extract concentration

Performance – speed and purity

Depending on the temperature of the water bath, a rate of 14 L of pure ethanol/hour can be evaporated. 
Often, higher water content in the solvent results in higher boiling points and lower evaporation rates. 
Typical evaporation rates of the solvent mixture after the separation (chromatography) step is 8 to 10 L/h. 
If the distillation is performed properly, solvent can be recovered at highest purities. 
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Why use flash chromatography

To perform a flash chromatographic separation two different phases are required: a stationary phase, 
most likely a C18 cartridge and a mobile phase, such as water and ethanol. The cannabis extract (often 
diluted 1:1 with ethanol) is applied on the stationary phase. Then the mobile phase is pumped through 
the stationary phase to separate the different compounds present in the extract. Depending on the 
polarity of the compounds, the compounds remain for shorter or a longer period of time in the cartridge. 
Due to this phenomenon, a separation is achieved. The desired substances (CBD, THC, etc.) are 
collected into different vessels, but they are diluted with the mobile phase. To get pure compounds, the 
solvent needs to be further evaporated in a Rotavapor®.

Following extract concentration, the cannabinoids must be purified from the complex mixture. Flash 
chromatography is a suitable method for separation of different compounds of the cannabis extract 
from each other. With this technique, it is possible to produce pure cannabinoids like CBD or THC. Flash 
chromatography can also be used to remove unwanted substances, such as pesticides, from the extract.

4. Cannabinoid separation

How to perform flash chromatography

Figure 2: Schematic view of a flash chromatography purification
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Cannabinoids
The purity of isolated cannabinoids that can be reached with flash chromatography is around 92-98 %. 
To reach higher purity, it is possible to perform a second separation on a preparative HPLC column or to 
use recrystallization.
The amount of cannabinoids that can be produced is highly dependent on the extract and the 
concentration of cannabinoids in the sample. With good conditions, it is possible to process up to 200 g 
in 30-120 minutes. Flowrates on a 1.5 kg, 3 kg or 5 kg cartridge are normally around 160 to 200 mL/min.

Pesticide removal
There may be dozens of different pesticides in cannabis extracts. Some pesticides can be removed easily 
with flash chromatography, others are a bit more challenging. If the polarity of the stationary phase is 
similar to the polarity of the target molecule, one flash chromatography run might not be sufficient enough 
to remove the pesticide completely. For these challenging separations, preparative HPLC columns can be 
used to get better separation power.

Performance – speed and purity 
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The fractionation of cannabinoids is a step that could require hundreds of liters of solvent in the 
form of ethanol. The concentration of the cannabinoids after the chromatography process is usually 
around 30 g/L of ethanol. The production of several kilograms of pure cannabinoids thus requires the 
concentration and later drying of several hundreds of liters of solvent.

With the continuous version of the Rotavapor® R-220 Pro, the system is automatically filled and drained, 
reducing manual operation of the device to an absolute minimum.

With the Rotavapor® R-220, large amounts of solvent can be evaporated with minimal hands-on time. In 
some cases, the collected solvent is recycled in the chromatography process, hence the use of valuable 
resources is economized. 

Rotary evaporation after purification

Performance

5. Cannabinoid fraction concentration



Cannabis terminology

Bud – the flower of the mature marijuana plants. Contains high levels 
of cannabinoids, making them valuable for harvesting.

Cannabidiol – abbreviated as CBD, a type of cannabinoid found in 
the cannabis plant. Does not contain psychoactive properties. Could 
provide potential medical benefits. Usually delivered to consumers via 
oils, topical products and tinctures.

Cannabinoids – a group of chemical compounds in the cannabis 
plant. Engage with neuron receptors in the brain. Examples include 
tetrahydrocannabinol (THC) and cannabidiol (CBD), among dozens of 
others located in various parts of the plant.

Cannabis – latin name for entire hemp plant. Popular species 
include Cannabis indica, Cannabis ruderalis, Cannabis sativa.

Cannabis oil – also known as hash oil or honey oil. Type of oleoresin 
obtained by extraction of cannabis. Concentrated form of cannabis 
extract containing many of its resins and terpenes, cannabinoids.

Concentrate – highly potent extracts containing cannabinoids, after 
removal of all cannabis plant material. Examples include hash, kief 
and hash oils, used in both medical and recreational settings.

Crystals – also known as trichomes, a white crystal-like part of 
the cannabis plant. Contains high concentrations of THC. Used to 
produce difference concentrates.

Curing – an extended process of removing moisture from the 
plant flowers under controlled environmental conditions that affects 
potency, flavor and quality of the product.

Decarboxylation – a process to enrich THC content prior to 
extraction by using heat to decarboxylate non-psychoactive 
tetrahydrocannabinolic acid (THCA) into THC. Heat treatment 
also decarboxylates CBD-A rich material into CBD for medicinal 
purposes. The process typically involves taking heating chopped 
plant material to 100–150 °C for a sufficient amount of time.

Distillation – a process where a component or liquid is isolated 
by selective heating, vaporization and condensation. Examples 
of distillation applications include making alcoholic beverages, 
separating fuel from crude oil.

Ethanol extraction – in warm ethanol extraction, ethanol is boiled, 
the alcohol is then condensed on a cooled coil, then dripped through 
the packed flower material, stripping the cannabinoids and terpenes 
during the process. Cold ethanol extraction is less efficient, but 
allows for retention of cannabinoid acid forms, which are usually 
decarboxylated during warm ethanol extraction.

Extract – the process of making edible products or cannabis 
concentrates or the product made from cannabis resin.

Flash chromatography – a relatively fast and easy type of 
preparative column chromatography used to separate or isolate 
compounds from a mixture.



Hash, hashish – highly potent concentrate of cannabis trichomes. 
Obtained by extraction techniques.

Hemp – a variety of Cannabis Sativa plant. Contains small 
traces of THC and high concentrations of CBD. Used in textile, 
paper, automobile and other industries. Legal in the U.S. when 
concentration of THC is lower than 0.3 %.

Hydrocarbon extraction – popular method for stripping 
cannabinoids and terpenes from cannabis plant material. The 
technique combines hydrocarbons, such as propane and butane, as 
solvents with plant material to remove desired chemical compounds 
out of the cannabis plant.

Kief – a powder that is obtained through shaking off the crystalized 
trichomes from cured cannabis flowers.

Resin – secreted by cannabis plants, a sticky insoluble organic 
compound that contains the cannabinoids and terpenes. Serves as 
defense mechanism for plant during growth cycle against predators 
and pests.

Rotary evaporation – essentially a reduced pressure or vacuum 
distillation. A solution in a round bottomed flask is placed in a water 
bath and rotated while the system is partially evacuated, normally 
with a vacuum pump. The solvent vapor condenses once in contact 
with the condenser and drips into a receiving flask. Once the solvent 
has evaporated, the concentrated compound is left in the flask.

Strain – varieties of cannabis bred for different applications. Variation 
mostly due to different terpenes in the essential oils of the flowers, 

which give the buds fragrance and due to ratio of cannabinoids.

Supercritical CO2 extraction – commonly used method to 
separate various components from the cannabis plant. The 
technique requires the plant material to be ground and placed into 
an extraction vessel. CO2 gas is then subjected to high temperature 
and pressure and pumped as supercritical CO2 into the extraction 
vessel. There the gas breaks the trichomes from the cannabis plant 
and dissolves some plant material. The material flows into a separate 
vessel, with adjusted pressure, temperature and flow rate, so that 
certain molecules bond to CO2, enabling for them to be separated 
from the plant.

Terpenes – organic compounds found in the essential oils produced 
in trichomes. Responsible for fragrance of cannabis buds.

Tetrahydrocannabinol – abbreviated as THC. A cannabinoid with 
psychoactive properties.

Trichome – (see “crystals”). Hair-like glands that produce resin on a 
cannabis plant. Responsible for producing most of the cannabinoids 
found in marijuana plants.

Winterization – refinement process for removal of fats, waxes and 
lipids from extracts to improve quality and flavor of resulting product. 
Cannabis winterization involves mixing cannabis extract with ethanol, 
freezing the solution so that the undesirable compounds can solidify. 
The solution is then passed through a filter, separating, or winterizing 
wax, lipids and fats from the oil. Lastly, the ethanol is removed from 
the solution.
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