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Abstract
The use of Cannabis sativa, or Hemp, in commercial, recreational, and pharmacological applications is on the rise in 
the United States and worldwide. Many of these applications have guidelines associated with them dependent on the 
concentration of cannabinoid molecules that keep the products classified as hemp versus marijuana or that allow the 
producer to comment on the purity and potency of their product. Herein, we propose a method for homogenization of 
hemp that results in small particle sizes, uniform samples, and does not alter the cannabinoid concentrations during pro-
cessing, allowing for optimal and reproducible potency testing. Using a novel “active grinding media” we homogenized 
commercially available hemp to analyze approximately 100 mg samples of homogenate via sieve analysis and high-
performance liquid chromatography to assess the resulting size and potency of the sample when using this methodology. 
When processing hemp samples with our proposed methodology, we have demonstrated the ability to produce 60.2% 
of all particles < 1.25 mm with increased cannabinoid recovery compared to homogenates with larger average particle 
sizes. Maintaining sample temperatures below 35 °C during processing, we showed that our method does not thermally 
induce decarboxylation reactions that would result in major cannabinoid profile changes. We have developed a method 
for hemp processing via homogenization that does not alter the cannabinoid profile during processing, while consistently 
producing small particle sizes in a uniformly processed sample. This method allows for optimal and reproducible hemp 
processing when evaluating hemp and hemp-based products being brought to commercial markets.

Keywords Hemp · Hemp processing · Hemp grinding · Homogenization · Sample preparation · Cannabinoid detection · 
THC · CBD

Abbreviations
THCA  Δ9-Tetrahydrocannabinolic acid
THC  Tetrahydrocannabinol
CBDA  Cannabidiolic acid
CBD  Cannabidiol
HPLC  High performance liquid chromatography

1  Background

Cannabis sativa, commonly known as “hemp”, has wide-
stretching usages in industrial, medicinal, and agricultural 
applications across the world [1]. Currently the applications 
of both hemp and marijuana are being explored in greater 
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detail than previously seen by pharmaceutical and therapeu-
tic applications [2–4]. The naturally occurring cannabinoid 
molecules found in hemp are the basis for its pharmacologic 
activity and viewed as a presumptive area of increasing 
importance in the field of pharmacology [2, 3]. In addition to 
the medical application of cannabinoid-based compounds, 
the use of cannabinoid infused products is on the rise for 
recreational usage [5].

As states across the United States begin to legalize the 
sale and usage of marijuana and cannabinoid derived prod-
ucts, there is an increased longing for products that will 
induce the reported psychoactive or therapeutic effects of 
these cannabinoids [2, 5, 6]. With demand for these prod-
ucts exponentially rising, the hemp industry has grown to 
a billion-dollar industry crossing recreational and medicinal 
markets for cannabinoids and cannabinoid-derived prod-
ucts [5]. However, as the industry has dramatically expanded 
in recent years, regulations and best-practice methods have 
not been keeping up [6]. Currently, there are a variety of 
unregulated techniques used in hemp processing for sample 
preparation and the assessment of products for cannabinoid 
concentrations.

Testing for the cannabinoids, Δ9-tetrahydrocannabinolic 
acid (THCA) and cannabidiolic acid (CBDA), and their decar-
boxylated counterparts, Δ9-tetrahydrocannabinol (Δ9-THC) 
and cannabidiol (CBD), are critical in evaluating hemp-based 
products being brought to market [7]. In the US, hemp-
based products must remain under certain concentrations 
of THCA and THC to remain labeled as hemp versus mari-
juana, a key determination in many areas given the legality 
of hemp versus marijuana in many municipalities [8]. Addi-
tionally, the CBDA and CBD concentrations within products 
have been related to their analgesic potency, thus accurate 
measurement and reporting of these values are vital to 
proper labeling and pricing of these products to protect 
both the supplier and consumer [6–8].

Herein, we report a method for sample preparation of 
hemp involving bead-mill based homogenization using a 
novel “active grinding media” that provides uniform pro-
cessing of hemp samples with reproducible particle sizes 
and no alterations to the carboxylation states of THCA or 
CBDA. This method allows for accurate potency testing of 
hemp and hemp-based products through a homogeniza-
tion that results in a completely processed, homogenous 
sample.

2  Methods

2.1  Sample preparation and homogenization

To measure cannabinoid potency, commercially avail-
able hemp was purchased. Hemp flower was placed in a 

50 mL conical tube (Omni International, Cat. No. 19–6650), 
followed by the placement of the active grinding media 
(Omni International, Cat. No. 19-900 M) specifically for 
hemp. Tubes were loaded into the BR96 homogenizer 
(Omni International, Cat. No. 27–0001) in an even parallel 
series (2, 4, 6, or 8 tubes). Once loaded, the BR96 homog-
enizer was operated at 25 Hz for 1 cycle (15 s), 2 separate 
cycles (total of 30 s), 4 separate cycles (total of 60 s), and 6 
separate cycles (total of 90 s).

2.2  Sieve analysis

A diamond tap sieves shaker (Esslinger.com, Cat. No. 
51.0569) was used. Tap sieve shakers are specified in 
various standards for particle size analysis. The shaker 
was used in a horizontal and circular motion, and super-
imposed by a vertical motion while administering a taping 
action. Tap sieve shakers was specified for specific parti-
cle size analysis (~ 1.10 mm to 4.50 mm). Starting weight 
before and after analysis was recorded and distribution 
percentages were calculated.

2.3  Cannabinoid sample analysis for potency

Approximately 100 mg of homogenized flower matrix was 
isolated and 5 mL of methanol was added. Sample was 
sonicated, vortexed and centrifugated. Supernatant was 
diluted with MeOH/H2O (80/20, v/v) + 0.1% formic acid as 
appropriate for injection. Sample was injected (5 μl) into 
the Agilent 1220 Infinity II LC. The analytical column used 
was the Infinity Poroshell 120 EC-C18, 3.0 mm × 50 mm, 
2.7 μM at 50 °C. Gradient used was 0 to 1 min, 60% B, 
7–8.2 min, 60 to 77% B, and 8.2 to 10 min, 95% B.

2.4  Cannabinoid standards

Standards for THC, THCA, CBD and CBDA (1 mg/ml) were 
obtained from Cerilliant (Round Rock, Texas). Standards 
were combined and a stock solution with a concentration 
of 250 ppm for each cannabinoid was made and serially 
diluted in 100% methanol following the dilution series in 
Table 1. Fifteen μL of each dilution was diluted further with 
35 μLs of 100% methanol and analyzed by reverse phase 
HPLC. 

2.5  Sample preparation

The six (1 mL samples of the 250-ppm cannabinoid) stand-
ards were added to reinforced tubes (2 mL) that were pre-
filled with 2.8 mm ceramic beads (Omni International, Ken-
nesaw, GA, Cat. No. 19–628). The tubes were processed on 
the Bead Ruptor Elite Bead Mill Homogenizer at 5 m/s for 
increasing durations of 10, 20, 30, 60, and 120 s. After each 
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time point, 250 µL was removed to a new 1.5 mL micro-
centrifuge tube and placed on ice. As a positive control, 
500 µL of the 250-ppm cannabinoid standard was placed 
in a 1.5 mL microcentrifuge tube and heated, at 90 °C, for 
180 min. All samples were filtered through a 0.2 µm spin 
filter and 15 µL of the filtrate was combined with 35 µL 
of 100% HPLC grade methanol for reverse phase HPLC 
analysis.

2.6  Reverse phase HPLC for standards

Cannabinoid separation and quantification was per-
formed on a Waters 1525 HPLC (Waters Corp, Milford, 
MA) equipped with a binary pump and 2996 photodiode 
array detector. Buffer A consisted of  ddH2O and formic acid 
(0.2% v/v) and buffer B was Acetonitrile and formic acid 
(0.2% v/v). Fifteen μL of each sample was separated on 
a Raptor ARC-18 150 mm × 4.6 mm, 2.7 μm column over 
a 20-min linear gradient from 60% B to 100% B at a flow 
rate of 1.5 mL/min. Absorbance was measured at 280 nm.

3  Results

Through the homogenization methods described above, 
we have shown that our methodology results in homogen-
ate particle sizes < 1.25 mm. While running one cycle of our 
optimized homogenization parameters yielded 11.2% of 
particles < 1.25 mm; we observed that with each additional 
cycle of 15 s of homogenization, we were able to increase 
the percentage of homogenate particles < 1.25 mm to as 
high as 60.2% of all particles within the sample after four 
cycles of 15 s (Table 1). This data suggests that intermittent 
homogenization produces a complete homogenate with 
the average particle size decreasing after each cycle. As 
average particle size decreased with each cycle of homog-
enization, we also observed an increased extraction of 

CBD, CDBA, THC, and THCA, with a significant increase in 
the detection of CBD and CBDA (Table 2,). These findings 
are depicted in the resulting average concentration of 
each cannabinoid and as the relative extraction efficiency, 
examining the difference in recovered cannabinoids after 
each homogenization parameter when compared to set-1.

In addition to providing particle sizes < 1.25 mm, the 
use of our active grinding media and cyclical homogeni-
zation approach did not cause decarboxylation changes 
to the THCA and CBDA populations seen in the hemp 
tested as confirmed by reverse phase HPLC (Fig. 1, Sup-
plemental Fig. 1). Processing hemp samples under these 
parameters did not produce enough thermal energy to 
alter the carboxylation start of the major cannabinoids 
tested for. Maintaining temperatures during sample 
processing under 90 °C is the benchmark to ensure that 
cannabinoids being tested for downstream do not have 
their concentrations altered during processing via decar-
boxylation reactions (Fig. 2). Additional homogenization 
runs with extended run times, up to 180 s, were also run in 
an attempt to determine the processing time required to 
generate enough heat to induce the decarboxylation reac-
tions that convert THCA to THC and CBDA to CBD (Fig. 1, 
Supplemental Fig. 1). These extended time homogeniza-
tions showed that our method maintains processing tem-
peratures under 35 °C, when measuring the temperature 
both internal and external to tubes used for the sample 
processing throughout the run (Fig. 3).

4  Discussion

The method proposed in this manuscript for hemp sam-
ple preparation via homogenization with our novel active 
grinding media, demonstrates a critical step forward in 
the commercial and medical hemp markets. This meth-
odology brings forward a standardized protocol for hemp 

Table 1  Particle size distribution following hemp homogenization as tested for via particle sieves

For each listed set, three samples (n = 3) were utilized at the listed weight and the readings at each weight sieve were then averaged across 
all three samples to provide the values listed in this table. (n = 3 STD ≤  ± 0.05)

Parameter Particle size distribution Weight sieve 2 Weight sieve 7 Weight sieve 12 Weight sieve 17
1.25 mm 1.88 mm 2.87 mm 3.86 mm

Set-1 1.009 g (n = 3) 0.245 0.357 0.3 0.112
Distribution (%) 24.4 35.5 29.0 11.2

Set-2 1.006 g (n = 3) 0.490 0.414 0.069 0.035
Distribution (%) 48.7 41.2 6.9 3.5

Set-3 1.007 g (n = 3) 0.642 0.238 0.081 0.043
Distribution (%) 63.85 23.69 8.08 4.24

Set-4 1.007 g (n = 3) 0.606 0.268 0.106 0.025
Distribution (%) 60.239 26.673 10.537 2.485
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Table 2  Overall extraction efficiency of major cannabinoids based off homogenization parameters

Set-1, 5 m/s for 30 s. Set-2, 5 m/s for 60 s. Set-3, 5 m/s for 90 s. Set-4, 5 m/s for 120 s. For each listed set, three samples (n = 3) were utilized 
at the listed weight and cannabinoid concentration of each were then averaged across all three samples to provide the values listed in this 
table. (n = 3 STD ≤  ± 0.05)

Homogeniza-
tion param-
eters

Cannabidiolic acid Cannabidiol ∆9-Tetrahydrocannabinol Tetrahydrocannabinolic acid

Average 
concentra-
tion (%)

Relative 
extraction 
efficiency (%)

Average 
concentra-
tion (%)

Relative 
extraction 
efficiency (%)

Average 
concentra-
tion (%)

Relative 
extraction 
efficiency (%)

Average 
concentra-
tion (%)

Relative 
extraction 
efficiency (%)

Set-1 5.47 0.0 1.92 0.0 0.16 0.0 0.15 0.0
Set-2 5.54 1.3 1.96 2.1 0.16 0.0 0.15 0.0
Set-3 5.58 2.0 2.22 15.6 0.16 0.0 0.17 13.3
Set-4 6.34 15.9 2.36 22.9 0.20 25.0 0.16 6.7

Fig. 1  Reverse HPLC results 
visualizing CBDA, CBD, THCA, 
and THC concentrations as 
absorbance units following 
hemp homogenization (green), 
90 C heating of sample (black), 
and no sample preparation 
(blue)
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Fig. 2  CBD, CBDA, THC and 
THCA structure. Acid forms 
(CBDA and THCA) are decar-
boxylated to neutral forms 
when exposed to temperatures 
in excess of 90 °C, altering the 
cannabinoid profile of the 
processed hemp
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processing that allows for reproducible results, small 
particle sizes, and unaltered cannabinoid profiles, all of 
which are essential as the market expands and inevitably 
becomes more standardized and regulated. While it is no 
surprise that federal, state, and local regulations have not 
developed as rapidly as the marked for hemp-based prod-
ucts has, we must be fully aware that these regulations are 
coming and work proactively to establish robust indus-
try standard methods for processing and testing hemp 
involved products.

The authors of this study firmly believe that this pro-
cessing methodology is a strong first step towards estab-
lishing those industry standards for hemp processing and 
testing. Current guidelines surrounding hemp derived 
products require that the measured THC levels remain 
below certain prescribed limits in order to remain labeled 
as hemp versus marijuana—a critical distinction in many 
markets across the United States where hemp is legal and 
marijuana is not [6, 8]. While some argues that this is a 
game of legal semantics, this paradigm is critical for the 
producers of these products and compliance with these 
regulations is directly impacting their ability to remain 
in business. With such high stakes involved in accurate 
cannabinoid profiling, we were surprised to see so much 
variability in sample preparation techniques for these pro-
cesses. The use of coffee grinders, blenders, and other vari-
ous dissociation devices have two major problems seen 
when they are utilized for hemp sample preparation prior 
to cannabinoid profiling—their dissociation processes 
are highly energetic, potentially heating the sample to a 
temperature to induce decarboxylation of THCA to THC, 
and they are often very difficult to clean, allowing for cross 
contamination between samples [9–11]. Both of these are 
ameliorated with our proposed methodology, implying a 

superior process for sample preparation, robust enough to 
be implemented into a standardized regulatory workflow.

However, we do acknowledge that given the potential 
hundreds of coffee grinders and blenders in the current 
market which can be utilized for cannabis homogenization 
purposes. It would be impossible to compare each of them 
to our proposed methodology or even determine which is 
considered an “industry leader” brand in this market given 
the wide variability of techniques and lack of regulation 
and as such we have elected to avoid direct comparisons 
with this proposed methodology. This purposeful decision 
of omission does not impact the utility of the proposed 
technology for hemp processing, yet further supports the 
need of a standardization of processing techniques to 
allow for future studies to benchmark against.

In addition to the critical need for a standardized pro-
cess that will not impact the THC profile of a hemp sample, 
it is important that the CBD profile be measured accurately 
as well [6, 8]. The CBD profile of a hemp-based product is 
often tied to the potency of the product, with higher con-
centrations of CBD fetching higher prices in the market. 
Ensuring that accurate measurement of these cannabi-
noids is done it requires a process that does not induce 
excessive thermal energy to the sample and produces 
a reliably small particle size throughout the sample to 
ensure accurate measurement with HPLC.

As the hemp market continues to exponentially grow 
across the US, we feel that it is a pertinent time to adopt 
industry standardized procedures. The significance of 
this work is to show that homogenization is a depend-
able and consistent method for measuring cannabinoid 
potency in hemp. With many states allowing hemp (less 
than 0.3% THC) usage but prohibit the use of cannabis 
with high levels of THC, it is critical to develop processing 

Fig. 3  Temperature of homog-
enization tubes internally 
and externally was measured 
throughout the homogeniza-
tion process. Note that the 
homogenization tubes never 
surpassed 35 C, maintaining 
the cannabinoids well under 
the 90 C benchmark that 
causes conversion from the 
acidic to neural forms
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technologies that will not alter these cannabinoid profiles. 
The conversion of THCA to active THC can redefine a hemp 
product, into a high THC cannabis product, rendering it 
illegal. Having an accurate measurement of all forms of 
cannabinoids is important to prevent this and we show 
that the smaller the particles of hemp the more accurate 
potency testing becomes. Furthermore, this method is 
repeatable and no contamination from multiple samples 
occurs. Having accurate potency testing also helps grow-
ers market their premium product verses product of lesser 
grades of potency. The method described in this manu-
script is a robust approach to hemp sample preparation 
which allows for accurate and reproducible downstream 
molecular analysis of each sample’s cannabinoid profile.

5  Conclusions

Herein, we are proposing a methodology for hemp sam-
ple preparation and homogenization that provides uni-
form homogenization of a sample, while maintaining 
the integrity and proportionality of the cannabinoids for 
downstream molecular analysis. Through use of the active 
grinding media and bead-mill homogenization, we pre-
pared samples with a majority of the particles < 1.25 mm, 
resulting in increased cannabinoid recovery when com-
pared to larger particle size homogenates, and no altera-
tions in the carboxylation profiles of CBDA or THCA during 
processing. This method provides critical reproducibility to 
processing hemp that will allow the end user to maintain 
the highest of potency and purity standards moving for-
ward with their molecular analysis.
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