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The ROI of Analytical Testing in the Hemp Extraction Industry

INTRODUCTION 
The legal cannabis industry is one of the fastest growing sectors in the U.S. economy. As a result, 
the industry has become highly competitive and many technical and business challenges have 
emerged. To succeed, growers and producers of hemp extraction products must introduce 
modern agricultural and analytical technologies to consistently deliver safe, high quality products 
that will yield a high ROI. Scientific analytical instrumentation companies have many years of 
experience working with organizations facing similar challenges in regulated markets such as 
the agricultural, food and beverage, dietary supplement and pharmaceutical industries. Use of 
proven analytical techniques including high performance liquid chromatography (HPLC), gas 
chromatography (GC), mass spectrometry (MS), Inductively coupled plasma mass spectrometry 
(ICP-MS), supercritical fluid extraction (SFE), and infrared spectroscopy (IR), provide the hemp 
extraction industry with the tools needed to deliver safe, high quality consumer products. This 
white paper will provide an overview of the analytical tests and technologies that growers and 
producers of hemp extract products can employ from cultivation to final product to help them 
optimize their processes, address market requirements, and achieve business success.

The legal cannabis industry is poised for phenomenal growth. Sales of legal cannabis grew 17.4% 
in 2015 and analysts estimate the legal market could grow 20% to $6.7 billion in 2016.1 As of 
March 2016, 23 states and the District of Columbia (D.C.) allow use of therapeutic cannabis and 
hemp extraction products while 4 states and D.C. allow for recreational use of marijuana.

Regulatory Guidance
The Federal government has yet to approve the use of marijuana for medical or recreational 
purposes and consequently there is no federal oversight of the industry as found in the highly 
regulated agricultural, food and beverage, dietary supplement, and pharmaceutical industries. 
Of those states that have approved the legal use of hemp extract products, each have their own 
regulatory guidance governing growing, production, usage and labeling.

Technological Demand
As market demand grows for this new class of therapeutic hemp extract products, growers and 
producers are under pressure to optimize their growing, harvesting, extraction and production 
processes. Their goal is to deliver safe, high-quality, and consistent products in a manner which 
provides high yield and return on investment. 

Much like other regulated industries, growers and producers of hemp extraction products are 
incorporating analytical testing techniques based on modern technologies including HPLC, 
GC, MS, SFE, ICP-MS, and IR. Accurate testing can and should be employed at each step in 
the process, from plant cultivation to final QC, providing growers and producers with valuable 
information about their crop. This analytical information in turn improves all around efficiency  

John A. MacKay, Ph.D. Senior Director, Strategic Technology 
Waters Corporation, Milford, MA, USA

uslhin
Cross-Out



[ WHITE PAPER ]

2 The ROI of Analytical Testing in the Hemp Extraction Industry

of the overall process: optimizing growing conditions, 
increasing harvest yields, profiling active compounds, 
efficiently extracting compounds of interest, testing for 
contaminants, and ultimately delivering safe end products.

Business Challenges
To succeed, growers and producers must address several 
challenges. On the product side they need to deliver 
accurately labeled products that are free from contamination 
and ensure batch-to-batch consistency. On the business 
side they need to streamline and optimize their production 
processes, integrate sophisticated analytical testing while 
absorbing the cost of equipment and training, and maintain 
regulatory compliance.

Furthermore, as more states legalize cannabis and hemp 
extraction products, demand will continue to grow and more 
companies will enter the growing and production industry 
and bring forth additional competitive pressures. Those 
companies who can consistently deliver high quality products 
and meet consumer demand will differentiate themselves 
from competitors and establish brand leadership.

ANALYTICAL CONSIDERATIONS
Cannabis is a complex botanical with more than 400 chemical 
entities, over 70 of which are cannabinoid compounds2. To 
breed specific desirable traits representative of the finished 
product, cannabinoids have been the target compound for 
many different plant hybrids which makes uniformity nearly 
impossible. Adding to the complexity is the role that natural 
plant genetics plays in the process.

Analytical testing is a vital step in enabling growers to identify 
and quantify these compounds and gain the knowledge 
needed to optimize their processes. The various testing steps 
fall into the following areas:

Research & Development 
R&D testing is performed in order to gain a better 
understanding of how growing and processing conditions 
affect the quality and yield of materials, such as verifying 
the cannabinoid profiles of young plants and optimizing the 
drying, decarboxylation and extraction processes. Companies 
continue to innovate and invest in new technologies that 
demonstrate great potential to sustain the rapid growth  
in the industry.

Production Monitoring and Quality Control
During production, tests are performed to determine 
the optimum time to harvest, verify that the extraction is 
complete, monitor compositional changes during processing, 
and document product potency.  Mass balance tests are 
performed before and after extraction to ensure no loss of 
material throughout the process.

Quality control tests are performed throughout the growing 
and production processes to characterize raw materials, such 
as testing for cannabidiol (CBD) and tetrahydrocannabidiol 
(THC) content or the absence or presence of pesticides, 
mycotoxins, solvent residues, heavy metals and other 
contaminants. Stability tests are performed to document  
and support shelf life claims while finished product testing  
is critical for quality assurance and accurate labeling. 

Mycotoxins: Like many other agricultural crops, cannabis 
plants are susceptible to contamination by mycotoxins during 
cultivation, storage or processing.  Mycotoxins are a group 
of carcinogenic toxins produced by certain species of fungi 
and mold. Mycotoxins can be identified and detected in the 
field or lab at the parts-per-billion level using immunoaffinity 
columns coupled with fluorescence detection, HPLC, or liquid 
chromatography-mass spectrometry (LC-MS) techniques.

Pesticides: Pesticides, herbicides, fungicides, growth 
regulators and other products are used to either protect  
crops from pests or help increase yields. Most are harmful  
if ingested and the safety risk for inhalation is largely 
unknown. Most states regulate the type and amounts of 
pesticides that can be used. Pesticide tests using liquid 
chromatography-mass spectrometry (LC-MS and LC=MS/
MS) and gas chromatography-mass spectrometry (GC=MS 
and GC-MS/MS) techniques are used to identify and quantify 
these substances.

Heavy Metals:  Toxicity occurs when a plant is grown in soil 
that is already contaminated with heavy metals. The heavy 
metals are then taken up by the plant and toxic if ingested. 
Analysis by ICP-MS identifies trace level contaminants such 
as lead, mercury, arsenic, cadmium, chromium and others.
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Figure 1. The typical steps involved in  
a hemp extraction product workflow  
from cultivation to final testing.

Hemp Extraction Product Workflow

Compounds of Interest Description

Cannabis Flowering plant

Hemp The fiber of the cannabis plant

Industrial Hemp Industrial cannabis plant, refined into products e.g. hem oil, wax, resin, rope, etc.

Cannabinoids Active chemical constituents of the cannabis plant
Cannabichromene (CBC) A cannabinoid found in the Cannabis plant
Cannabigerol (CBG) A non-psychoactive cannabinoid found in the Cannabis Plant
Cannabidiol (CBD) Primary therapeutic component
Cannabidiolic Acid (CBDA) Native form of CBD in plant material
Cannabinol (CBN) Sample breakdown due to age or poor storage conditions
Terpenes Organic hydrocarbons responsible for flavor/fragrance
Terpenoids Referring to terpenes that have been oxidized
Tetrahydrocannabidiol (THC) Active chemical responsible for most psychological effects
Tetrahydrocannabidiol Acid (THCA) Native form of THC in plant material
Δ9-tetrahydrocannabidiol (Δ9THC) Primary psychoactive component

Table 1

Table 2
Relevant Analytical Technologies

High Performance Liquid Chromatography (HPLC)

Ultra Performance Liquid Chromatography (UPLC)

Gas Chromatography (GC)

Gas Chromatography-Mass Spectrometry (GC-MS)
Head Space-Gas Chromatography (HS-GC)
Mass Spectrometry (MS)
Supercritical Fluid Extraction (SFE)
Supercritical Fluid Chromatography (SFC)
Infrared Spectroscopy (IR)
Inductively-Coupled Plasma (ICP)
Inductively-Coupled Plasma- Mass Spectrometry (ICP-MS)
Fluorometry
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GROWING AND HARVESTING 
Analytical testing during cultivation is geared toward 
increasing crop yield and quality. At this early stage, growers 
can create a cannabinoid profile and determine the plant 
strain, as well as the levels of terpenoids, phytocannabinoids, 
and other compounds of interest. Acquiring these results 
early gives growers a competitive edge by identifying which 
plants will eventually be culled and discarded, thus avoiding 
significant time, energy, space, and monetary investments 
into these plants.

When all plants in a crop have identical characteristics, it is 
possible to determine production yield and quality attributes:

■■ Female sex – genetic testing of leaf samples can determine 
the sex of a plant approximately 6 weeks before male/
female characteristics are first seen.

■■ Cannabinoid composition and potency – analysis of leaf 
samples (as early as the first true leaf) can determine the 
cannabinoid profile of the mature plant, which typically 
varies little over the life of the plant. 

■■ Other defining characteristics including size, growing 
cycle, nutrient need, and disease resistance.

It is much more efficient and cost-effective to cultivate and extract 
plants with the optimal compound profile than to change the 
composition of extracts later via purification procedures. 
 
Cannabinoid/Terpene Profile
Cannabinoid profiling during the growing stage enables the 
identification of plants that might have unique cannabinoid 
profiles of interest. These plants can provide growers with 
differentiated products and a competitive advantage in 
the market. Performing an analysis of compounds like 
cannabidiolic acid (CBDA) while a plant is still growing 
provides useful information for the optimization of growing 
conditions. Terpene profiling is also important as terpenes 
are primarily responsible for the taste and smell of cannabis. 
A terpene profile will provide further data in developing 
differentiated strains or products with optimum  
organoleptic qualities. 

Figure 2. Analytical testing can demonstrate cannabinoid and terpene content over time, providing valuable information regarding the optimum time to harvest.

Optimum Time to Harvest
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Microbial/Mycotoxin Testing
The presence of mycotoxins is typically regulated to ppb 
levels (figure 3: Mycotoxin Limits). On-site detection systems 
and laboratory methods enable early identification of fungal 
issues to ensure the safety of the plants and quantitation of 
mycotoxins for confirmation of regulatory safety compliance. 

POST-HARVEST TESTING
Testing post-harvest (and pre-extraction) is performed 
to monitor the effects of the production process, check 
the moisture content, and confirm the levels of the active 
compounds and absence of non-compliant pesticides on  
the plants.

Decarboxylation
Cannabinoids are naturally present in their acid forms, which 
are rapidly converted into their neutral forms upon heating. 
Plant extracts that will be consumed orally (without smoking) 
can be decarboxylated prior to or after extraction to ensure 
all extracted compounds are in the neutral form. This is 
accomplished by heating the plant for a set period of time; 
however the exact conditions for optimal decarboxylation will 
depend on the resin content, batch size, moisture content, 
and uniqueness of each strain.

Dry plant material needs to be reduced to a ground coffee-like 
consistency with grinding techniques prior to extraction; this 
greatly improves extraction efficiency with higher surface area 
and avoids channeling of the solvent (incomplete extraction).

High-speed blenders and choppers can generate a significant 
amount of heat quickly which can degrade cannabinoids  
and terpenes. 

In the process of decarboxylation, the composition and 
concentration of cannabinoids and terpenes can be affected, 
sometimes in undesired ways. Testing of the plant material 
for cannabinoids and terpenes pre- and post-decarboxylation 
and pre- and post-grinding should be performed to identify 
optimal processing parameters. 

 
Figure 4. Heat can degrade cannabinoids and impact yield during 
carboxylation as demonstrated by this HPLC analysis. 

Temperature Effects on Total Yield  
During Decarboxylation

Mycotoxin Limits
MA,NY,CT, 

NJ,NM,NV,CO
OR

Applies to 
Matrix:

 

Aflatoxin B1 <20 ppb

Aflatoxin B2 <20 ppb

Aflatoxin G1 <20 ppb

Aflatoxin G2 <20 ppb

Ochratoxin A <20 ppb
 

Figure 3. Allowable mycotoxin limits are 
tested and quantitated at ppb levels. 

USP37<561> Articles  
of Botanical Origin

Herbal Supplements

Finished Products

Cannabis

Raw Materials

<5 ppb

Testing 
Not 

Required
Total B1+B2+G1 +G2  

<20 ppb
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Water Testing
Moisture content in harvested plants is tested as high levels can promote growth of mold and 
fungus, especially during periods of long-term storage. Mycotoxins cannot be removed from 
plant material and are extracted along with the cannabinoids so their presence can jeopardize 
the purity and value of an entire crop. Moisture can also impact the various operating conditions 
involved in the extraction process. On the other hand, if the moisture content is too low, the 
essential oils will slowly degrade.

Compound Testing
Post harvest, growers need to confirm levels of CBD, CBDA, THC, tetrahydrocannabinolic 
acid (THCA), and cannabinol (CBN). Some may want to test for the levels of as many as 10-12 
compounds that may be present, but most regulations do not require it. By testing for these 
compounds both in the growing stage as well as post-harvest, growers and manufacturers can 
ensure that production processes did not negatively impact the product while ensuring products 
meet state labeling specifications.

Pesticide Testing
The presence and concentration of pesticides and herbicides is typically tested again post-
harvest. Pesticide use is regulated at the state level and regulations vary widely. Laboratory 
testing confirms the existence of pesticide by type and quantity to ensure it is absent or within 
acceptable limits.

 
Figure 5. Mass balance tests are performed before and after extraction to ensure all cannabinoids have been extracted 
and the composition of cannabinoids has not changed. 

Mass Balance Test
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EXTRACTION 
The production goal is to extract the CBD-rich cannabis 
oil from the plant completely, quickly, and cost effectively.  
There are a number of different types of solventless and 
solvent-based extraction methods in use. Some techniques 
for extracting hemp require high heat or use toxic solvents 
which risk introducing contaminants into the extraction 
process, present a fire/explosion hazard, and must then be 
removed in a separate purging step. Solvents typically used 
during extraction include CO2, butane, hexane, isopropyl 
alcohol and ethanol. Naturally occurring CO2 in a subcritical 
and supercritical fluid state has been found to be an excellent 
extraction solvent in place of more costly, toxic solvents. 
The supercritical CO2 extraction process enables selective 
extraction of the compounds of interest while removing 
unwanted compounds in real-time. The supercritical fluid 
extraction (SFE) process has been shown to be fast with low 
risk of introducing contaminants. 

Removing Residual Solvents 
For safety purposes, solvents must be removed from the 
final product before consumption. Trace amounts of volatile 
residual solvents can be detected and identified with 
headspace sampling in both gas chromatography-mass 
spectrometry (HS-GC/MS) and flame ionization detection 
(HS-GC/FID).

Isolation and Purification
Purification of the cannabinoids and other compounds of 
interest is an important step following extraction HPLC and 

supercritical fluid chromatography (SFC) are the technologies 
of choice to purify hemp extracts with goals typically greater 
than 90% purity. Unwanted compounds, such as THC, can 
also be isolated an

Quality Control of Finished products
An accurate profile of the finished product is critical for 
quality assurance and determining the correct therapeutic 
dosages. Final QC testing of the finished product is performed 
to properly identify materials, assess the composition of 
materials and extracts, determine strength and purity, and 
provide compliance results and documentation for product 
labeling. HPLC, GC, and MS analyses are typically employed 
for final testing.

Cannabinoid Profile and Potency Testing  
HPLC and GC tests are capable of quantitating the THC, CBD, 
and CBN content. IR  may also be used to detect potency. 
By using IR with an ATR accessory, there is no sample 
preparation and the sample is not destroyed meaning that it 
may be sold or used for further testing. 

Stability Testing
Stability studies ensure the maintenance of quality, safety, 
and efficacy throughout the shelf life of the product. Various 
analytical tests are performed to evaluate the effect of 
environmental factors on the quality of the product, for 
predicting shelf life and determining proper storage conditions. 

THC and THCA are rapidly degrading

Cannabinoid skin cream product

 
Figure 6. THC and THCA rapidly degrade over time as shown in this HPLC analysis of a Cannabinoid skin cream product. 
Stability testing helps determine shelf life in different environmental conditions.

Stability Testing
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CONCLUSION
The hemp extraction industry is growing rapidly in the 
U.S. as states continue to approve hemp extract products 
for therapeutic use. Despite lack of federal guidance, 
responsible businesses are incorporating sophisticated 
analytical testing, purification, and QC testing  into their 
processes, from cultivation to finished product, to ensure 
quality and consumer safety while addressing the challenges 
of increasing demand. For years, scientific instrumentation 
companies have worked closely with organizations that 
operate in highly regulated environments, such as the 
food and beverage, agricultural, environmental, and 
pharmaceutical industries, to develop testing solutions that 
help them meet requirements and achieve business success. 
That experience is transferrable to companies facing similar 
regulatory and business challenges in the hemp extraction 
market where product quality, purity, and safety are a must. In 
such a dynamic, rapidly growing industry, change is inevitable 
and an organization’s ability to adapt is critical.

About Waters Corporation
For more than 50 years, Waters Corporation has created 
business advantages for laboratory-dependent organizations 
by delivering practical and sustainable innovation to enable 
significant advancements in such areas as healthcare 
delivery, environmental management, food safety, and 
water quality, consumer products and high-value added 
chemicals worldwide. Pioneering a connected portfolio of 
separations science, laboratory information management, 
mass spectrometry and thermal analysis, Waters technology 
breakthroughs and laboratory solutions provide an enduring 
platform for customer success.

About VICAM
VICAM, a Waters business, is a world-leading provider of 
mycotoxin testing solutions. Since 1985, VICAM has been 
dedicated to developing USDA- and AOAC-approved rapid 
tests for mycotoxins. VICAM’s mycotoxin test kits offer a 
choice of rapid qualitative screening and quantitative test 
methods for a wide variety of mycotoxins.

About PerkinElmer, Inc.
PerkinElmer is a global leader focused on improving 
the health and safety of people and the environment. 
PerkinElmer’s dedicated team of 8,000 employees worldwide 
are passionate about providing customers with an unmatched 
experience as they help solve critical issues in human and 
environmental health. At the core of PerkinElmer’s business 
are innovative detection, imaging, informatics and service 
capabilities, combined with deep market knowledge and 
expertise that help customers gain greater insights into their 
science to better protect our environment, our food supply 
and the health of our families.
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