
www.restek.com  

An In-Depth Comparison of the Cost 
and Efficiency of Cannabinoid Extraction 
Methods for Cannabis and Hemp Analysis

By Melinda Urich and Dan DeLurio

Cannabis testing labs continue to experience serious pressure to provide low-cost, quick 
turnaround, and favorable cannabinoid reporting capabilities. Some clients prefer labs that 
report the highest cannabinoid and tetrahydrocannabinol (THC) potency results to drive 
up the cost of goods at retail sale. The higher the THC content, the more expensive the 
commodity. Producers and processors may send samples to multiple labs, and then select 
the lab providing the highest THC results. Unfortunately, in some cases, this has caused labs 
to report inflated THC numbers and sacrifice scientific integrity to retain their customer 
base and attract new customers. This practice has coined the phrase “lab shopping.”

To remedy this situation, many have pressured government agencies, such as the 
Department of Cannabis Control (DCC), to address unethical reporting and establish 
regulations around testing. But ultimately, solving this problem comes back to the science 
behind the numbers, and the ability of a lab to select the best method that produces valid 
results. With many sample extraction methods to choose from, labs may have difficulty 
determining which procedure to use. To complicate the decision further, many labs also 
require cost-effective, validated methods with minimal sample touch time.

In this study, we evaluated several cannabinoid extraction methods to help labs establish 
potency testing methods that will provide the best return on investment without sacrificing 
data quality. Six extraction methods that are commonly used for plant and flower material 
were compared in terms of overall extraction efficiency, solvent cost, consumables cost, and 
sample preparation time. 

Experimental Design and Sample Extraction Methods
Two types of chemovars were used, CBD-dominant and CBG-dominant, to ensure extraction efficiency is consistent across different variet-
ies. A total of 16 cannabinoids were monitored for this study. Two Restek certified reference materials (cannabinoids acids 7 standard [cat. # 
34114] and cannabinoids neutrals 9 standard [cat.# 34132]) were used to prepare calibration curves from 1 ppm to 500 ppm. 

Six extraction methods were chosen for evaluation based upon both national recognition and the recommendations and/or requirements 
of specific states. The full preparatory procedures for the extractions can be found in Table I. Protocols were modified as needed to match 
equipment capability, to obtain a consistent dilution of 10- and 100-fold, and to prevent diluent/mobile phase mismatch.  

Related Products

• Cannabinoids acids 7 standard  
(cat.# 34144)

• Cannabinoids neutrals 9 standard 
(cat.# 34132)

• Raptor ARC-18 column  
(cat.# 9314A65)

• Raptor EXP guard column cartridges 
(cat.# 9314A0250) 

• 2 mL, 9 mm short-cap, screw-thread 
vials (amber, cat.# 21142) 

• 2 mL, 9 mm short-cap, screw-vial 
closures (cat.# 24486) 

• Empty centrifuge tubes 

• Thomson SINGLE StEP standard filter 
vials 

• NORM-JECT plastic syringes  
(cat.# 22773) 

• Syringe filter (cat.# 23985)
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Table I: Prescribed procedures for six cannabinoid extraction methods. 

Method 
(Reference) Method 1 ¹ Method 2 ² Method 3 ³ Method 4 ⁴ Method 5 ⁵ Method 6

Homogenized  
Flower (mg) 200 500 500 100 200 500

Solvent Type Methanol Ethanol Ethanol Methanol:water (80:20) Acetonitrile:methanol 
(80:20) Methanol

Solvent 
Amount (mL) 20 50 50 10 40 10

Workflows 1. Weigh 200 mg flower/
leaf cutting into a  
50 mL centrifuge tube. 
Homogenize using 
ceramic homogenizers 
and a commercial 
grinder.

2. Add 20 mL of metha-
nol. Vortex/shake for 
10 minutes (A 100-fold 
dilution).

3. Aliquot 1 mL into a 
new vial. Centrifuge 
at 5000 rpm for five 
minutes.

4. Transfer 50 µL of 
the supernatant to a 
new vial. Add 950 µL 
methanol. Mix briefly 
(20-fold dilution for 
a total dilution of 
2000-fold).

5. Filter with 4 mm, 
0.45 µm regenerated 
cellulose (RC) syringe 
filters.

1. Homogenize 5 g hemp 
flower (particle size 
≤1 mm).  
Note: Frozen ball 
milling is the preferred 
method of homog-
enization without 
sample degradation. 
Low temperature 
homogenization 
prevents degradation 
of analytes and pro-
duces uniform particle 
sizes. It is essential to 
ensure the sampling 
protocol adheres to 
local guidelines and 
provides an accurate 
representation of the 
bulk material. 

2. Weigh 0.5 ±0.01 g on a 
calibrated microbal-
ance and transfer 
the sample into a 50 
mL polypropylene 
centrifuge tube.

3. Dispense 20 mL of 
ethanol into the tube 
and vortex briefly; then 
incubate sample on 
horizontal shaker for 
30 minutes at 250 rpm.

4. Centrifuge sample 
at 4000 rpm for 5 
minutes to pellet plant 
material.

5. Carefully pour the 
supernatant into an 
amber 50 mL volumet-
ric flask and set aside 
for second extraction.

6. Perform second 
extraction of material 
with 20 mL ethanol 
and add extract to an 
amber 50 mL volu-
metric flask containing 
contents of the first 
extraction.

7. Fill flask to the mark 
with ethanol and mix 
well.

8. Perform 1:10 and 1:100 
dilution of sample with 
methanol.

9. Filter samples directly 
into HPLC vials with 0.2 
µm PTFE membrane.

1. Weigh 0.5 g ± 0.01 g of 
a thoroughly homoge-
nized sample into a 50 
mL centrifuge tube.

2. Add 20 mL of ethanol, 
briefly shake by hand 
or mix with a vortex 
mixer, and then shake 
for 30 minutes using 
a horizontal shaker 
set at approximately 
250 rpm.

3. Centrifuge the tube 
>3000 g for 5 minutes, 
and filter the super-
natant through filter 
paper into a 50 mL 
volumetric flask.

4. Transfer sample 
material back into a 
50 mL tube and repeat 
steps (2) and (3) Note: 
Collect the supernatant 
from the second 
extraction into the 
same 50 mL volumetric 
flask.

5. Dilute flask to volume 
with ethanol.

6. Filter a 3 mL aliquot of 
extract using a plastic 
syringe fitted with a 
0.22 µm PTFE syringe 
filter into a 15 mL 
centrifuge tube.

7. Perform 10- and 
100-fold dilution of the 
extract with methanol 
in a 10 mL volumetric 
flask. Note: higher 
dilution factors can be 
used if required.

8. Transfer aliquots of the 
original extract and 
diluted extracts into a 2 
mL amber LC vials, cap, 
and briefly mix with a 
vortex mixer. 

1. Weigh 100 mg ±5 mg 
of sample into 15 mL 
tubes, recording the 
mass to an accuracy of 
0.1 mg. 

2. Add 5 mL ±0.1 mL 
methanol:water 
(80:20, v:v).

3. Vortex at high speed 
for 90 seconds ±10 
seconds.

4. Centrifuge at 5000 
rpm ±500 rpm (4700 
±470 rcf) for 5 ±0.5 
minutes. 

5. Transfer the super-
natant to clean 15 ml 
tubes.

6. Add a second 5 mL 
±0.1 mL aliquot of 
methanol:water 
(80:20, v:v) to the 15 
mL tubes containing 
the cannabis matrix 
sample.

7. Vortex at high speed 
for 90 seconds ±10 
seconds.

8. Centrifuge at 5000 
rpm ±500 rpm for 5 
minutes ±0.5 minutes.

9. Transfer the superna-
tant to the same 15 mL 
tube containing the 
supernatant from the 
first extraction.

10. Vortex the superna-
tant for 5-10 seconds.

1. Add 40 mL extraction 
solvent to a 50 mL cen-
trifuge tube containing 
200 mg flower sample. 
For plant material, use 
acetonitrile:meth-
anol (80:20) as the 
extraction solvent.

2. Vortex each centrifuge 
tube for 1 minute to 
mix the sample and 
extraction solvent well.

3. Extract in a sonicating 
bath for 30 minutes 
with ice in the water 
bath.

4. Centrifuge at 3900 rpm 
for 15 minutes. 

5. Take approximately 1.5 
mL of the supernatant 
and filter through a 0.2 
µm PTFE filter into an 
HPLC vial.

6. Dilute the sample 
extract so the expected 
concentration will be 
within the range of the 
calibration curve.

1. Weigh 500 mg ho-
mogenized flower into 
a 15 mL centrifuge 
tube.

2. Add 5 mL methanol.
3. Vortex 15 seconds and 

sonicate 2.5 minutes 
(x3).

4. Centrifuge at 4000 
rpm for 5 minutes.

5. Pour the supernatant 
into a clean 15 mL 
centrifuge tube.

6. Repeat steps 2-4
7. Transfer the super-

natant to the same 
tube containing the 
supernatant from first 
extraction. 

8. Vortex briefly.
9. Dilute the supernatant 

10- and 100-fold with 
water:acetonitrile 
(25:75).

10. Filter using a 0.2 µm 
filter vial.
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Table II: Solvent cost calculated per sample for each extraction method. Method 5 was the most expensive and Method 6 
was the least expensive. 

Extraction Solvent Cost
Once the extraction methods were chosen, solvent costs were calculated. To determine the solvent cost per mL, the cost of each extraction 
solvent was calculated using an average list price across varying grades, including LC-MS and HPLC grades. Then, the extraction solvent 
cost per sample was calculated by multiplying the average solvent cost per mL by the solvent volume required for each extraction method. 
The results are captured in Table II. 

Extraction Method Solvent Volume (mL) Solvent Type Solvent Cost / mL Extraction Solvent Cost / Sample

Method 1 20 Methanol $ 0.038 $ 0.77

Method 2 50 Ethanol $ 0.045 $ 2.26

Method 3 50 Ethanol $ 0.045 $ 2.26

Method 4
8 Methanol $ 0.038

$ 0.42
2 Water $ 0.057

Method 5
32 Acetonitrile $ 0.108

$ 3.76
8 Methanol $ 0.038

Method 6 10 Methanol $ 0.038 $ 0.38

Extraction Consumables Cost
For each method, the total consumables cost per sample was calculated by adding the cost of all consumables used to extract a sample. The 
average list price across varying qualities/grades was used for each product. Results are captured in Figure 1.

Figure 1: Calculated consumable cost for each cannabinoid extraction method. 
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Total Cost per Sample
The total cost of extracting a sample was calculated by adding the solvent cost and consumables cost per sample, Table II and Figure 1 
respectively, and the results shown in Figure 2. 

Figure 2: Calculated total cost per sample for cannabinoid extraction using each procedure. 
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Preparation of Extractions and Calibration Curves
All results in this study were obtained using CBD-dominant and CBG-dominant chemovars. The traditional method to determine extraction 
efficiency for naturally occurring compounds is to use a standard addition approach, but in this case the concentrations of the cannabinoids 
are too high to use this approach. Instead, extraction efficiency was calculated by performing a second solvent extraction for each proce-
dure. The first extraction was carried out as prescribed in Table I, with the modifications as previously stated. Upon completion of the first 
extraction, the supernatant was poured into a centrifuge tube. This extract was analyzed as a concentrated solution for the minor cannabi-
noids and diluted 10- and 100-fold for the major cannabinoids. The remainder of the matrix and extract was vacuum filtered through a 0.22 
µm filter membrane. Once dried, the sample was transferred to an appropriately sized, clean centrifuge tube, and the extraction procedure 
was repeated. The second extract was analyzed as a concentrated sample. 

Calibration curves (1–500 ppm) for 16 cannabinoids were prepared using two certified reference materials (CRM) from Restek: the canna-
binoids acids 7 standard and the cannabinoids neutrals 9 standards. Use of these standards provided a significant reduction in calibration 
curve preparation time and minimized the potential for preparation errors. The extracts from each procedure were then analyzed using the 
conditions and materials in Table III. 
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Table III: Conditions used for analysis of sample extracts from each preparation method. 

Column: Raptor ARC-18, 2.7 µm 150 mm x 4.6 mm (cat.# 9314A65)

Guard: Raptor ARC-18, 2.7 µm 5 mm x 4.6 mm ID (cat.# 9314A0250)

Standards: Cannabinoids acids 7 (cat.# 34144) and cannabinoids neutrals 9 (cat.# 34132)

Diluent: 25:75 Water:acetonitrile

Inj. Vol. 5 µL

Mobile phase A 5 mM Ammonium formate + 0.1% formic acid in water

Mobile phase B 0.1% Formic acid in acetonitrile

Flow: 1.5 mL/min

Detector UV/Vis @ 228 nm

Temp: 30 °C 

Gradient:

Time (min.) % B

0.00 75

9.00 75

Cannabinoid Content Results 
The total cannabinoid content was calculated for the first and second cannabinoid extractions using the following formulas. Each extraction 
method was tested across two chemovar types: CBG dominant (chemovar 1) and CBD dominant (chemovar 2). Results for the CBG domi-
nant chemovar are captured in Tables IV and V. Results for the CBD dominant chemovar are captured in Tables VI and VII.

Formula 1: 

Cannabinoid (% wt) = concentration of component (ppm) (Dilution Factor)  (Conversion mL to L) * 100
Sample Aliquot, mg

Extraction vol, mL

Formula 2: 

 Total THC (wt%) = conc. ∆9 – THC (wt%) + (conc. THCA (wt%) * 0.877)

Formula 3: 

Total CBD (wt%) = conc. CBD (wt%) + (conc. CBDA (wt%) * 0.877)

Formula 4: 

 Total Cannabinoid Content = Sum of all detected cannabinoids
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Table IV: Calculated cannabinoid content in first extracts using chemovar #1 (CBG dominant).

Table V: Calculated cannabinoid content in second extracts using chemovar #1 (CBG dominant).

Analyte
Method 1 Method 2 Method 3 Method 4 Method 5 Method 6 C of A

mg/g wt % mg/g wt % mg/g wt % mg/g wt % mg/g wt % mg/g wt % mg/g wt%

Cannabidivarinic acid (CBDVA) - ND - ND - ND - ND - ND - ND - ND

Cannabidivarin(CBDV) 0.49 0.05 - ND - ND 0.18 0.02 - ND 0.52 0.05 - ND

Cannabidiolic acid (CBDA) - ND - ND - ND - ND - ND 0.10 0.01 - ND

Cannabigerolicacid (CBGA) 73.47 7.35 66.66 6.67 45.36 4.54 82.23 8.22 59.68 5.97 64.69 6.47 113.50 11.35

Cannabigerol (CBG) 147.44 14.74 20.46 2.05 13.56 1.36 20.58 2.06 38.52 3.85 19.34 1.93 6.00 0.60

Cannabidiol (CBD) 16.58 1.66 - ND - ND - ND - ND 0.15 0.01 0.80 0.08

Tetrahydrocannabivarin (THCV) 0.36 0.04 0.18 0.02 0.13 0.01 0.18 0.02 - ND 0.16 0.02 - ND

Tetrahydrocannabivarinic acid (THCVA) 0.23 0.02 - ND - ND 0.12 0.01 - ND 0.08 0.01 - ND

Cannabinol (CBN) - ND - ND - ND - ND - ND - ND - ND

Cannabinolic acid (CBNA) - ND - ND - ND - ND - ND 0.10 0.01 - ND

Delta 9 Tetrahydrocannabinol (Δ9-THC) 0.78 0.08 0.35 0.03 0.27 0.03 0.35 0.04 - ND 0.44 0.04 - ND

Delta 8 Tetrahydrocannabinol (Δ8-THC) - ND - ND - ND - ND - ND - ND - ND

Cannabicyclol (CBL) - ND - ND - ND - ND - ND - ND - NA

Cannabichromene (CBC) 1.34 0.13 0.61 0.06 0.43 0.04 0.64 0.06 - ND 0.62 0.06 - ND

Tetrahydrocannabinolic acid A (THCA-A) 0.68 0.07 0.31 0.03 - ND 0.35 0.04 - ND 0.10 0.01 - ND

Cannabichromenic acid (CBCA) 1.64 0.16 0.73 0.07 0.58 0.06 0.74 0.07 - ND 1.04 0.10 - ND

Unique Cannabinoids Detected: 9 - 7 - 6 - 9 - 2 - 12 - 3 -

Total Cannabinoid Content: 243.00 24.30 89.29 8.93 60.32 6.03 105.39 10.54 98.21 9.82 87.34 8.73 120.30 12.03

Total THC Content: 1.37 0.14 0.62 0.06 0.27 0.03 0.66 0.07 0.00 0.00 0.52 0.05 0.00 ND

Total CBD Content: 16.58 1.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.02 0.80 0.08

Analyte
Method 1 Method 2 Method 3 Method 4 Method 5 Method 6

mg/g wt % mg/g wt % mg/g wt % mg/g wt % mg/g wt % mg/g wt%

Cannabidivarinic acid (CBDVA) ND - ND - ND - ND - ND - ND -

Cannabidivarin (CBDV) ND - ND - ND - ND - ND - ND -

Cannabidiolic acid (CBDA) ND - ND - ND - ND - ND - ND -

Cannabigerolic acid (CBGA) 0.92 0.09 ND - 0.11 0.01 0.37 0.04 ND - 1.52 0.15

Cannabigerol (CBG) 0.38 0.04 0.16 0.02 0.17 0.02 0.31 0.03 0.31 0.03 0.57 0.06

Cannabidiol (CBD) ND - ND - ND - ND - ND - ND -

Tetrahydrocannabivarin (THCV) ND - ND - ND - ND - ND - ND -

Tetrahydrocannabivarinicacid (THCVA) ND - ND - ND - ND - ND - ND -

Cannabinol (CBN) ND - ND - ND - ND - ND - ND -

Cannabinolic acid (CBNA) ND - ND - ND - ND - ND - ND -

Delta 9 Tetrahydrocannabinol (Δ9-THC) ND - ND - ND - ND - ND - ND -

Delta 8 Tetrahydrocannabinol (Δ8-THC) ND - ND - ND - ND - ND - ND -

Cannabicyclol (CBL) ND - ND - ND - ND - ND - ND -

Cannabichromene (CBC) ND - ND - ND - ND - ND - ND -

Tetrahydrocannabinolic acid A (THCA-A) ND - ND - ND - 0.19 0.02 ND - ND -

Cannabichromenic acid (CBCA) ND - ND - ND - 0.33 0.03 ND - ND -

Total Cannabinoid Content: 1.31 0.13 0.16 0.02 0.28 0.03 1.20 0.12 0.31 0.03 2.09 0.21
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Table VI: Calculated cannabinoid content in first extracts using chemovar #2 (CBD dominant).

Table VII: Calculated cannabinoid content in second extracts using chemovar #2 (CBD dominant).

Analyte
Method 1 Method 2 Method 3 Method 4 Method 5 Method 6 C of A

mg/g wt % mg/g wt % mg/g wt % mg/g wt % mg/g wt % mg/g wt % mg/g wt%

Cannabidivarinic acid (CBDVA) 0.55 0.06 0.11 0.01 - ND 0.76 0.08 - ND 1.12 0.11 0.90 0.09

Cannabidivarin (CBDV) 1.61 0.16 0.68 0.07 0.54 0.05 1.10 0.11 0.88 0.09 1.24 0.12 - ND

Cannabidiolic acid (CBDA) 177.05 17.70 146.37 14.64 129.75 12.97 188.10 18.81 160.10 16.01 151.06 15.11 195.00 19.50

Cannabigerolic acid (CBGA) 7.73 0.77 2.24 0.22 2.88 0.29 3.01 0.30 3.16 0.32 4.18 0.42 5.00 0.50

Cannabigerol (CBG) 2.66 0.27 1.77 0.18 2.20 0.22 2.73 0.27 1.77 0.18 2.40 0.24 0.60 0.06

Cannabidiol (CBD) 45.95 4.60 21.77 2.18 20.31 2.03 28.60 2.86 34.51 3.45 25.77 2.58 3.20 0.32

Tetrahydrocannabivarin (THCV) 1.47 0.15 2.70 0.27 - ND 3.67 0.37 - ND 0.66 0.07 - ND

Tetrahydrocannabivarinic acid (THCVA) - ND - ND - ND - ND - ND - ND - ND

Cannabinol (CBN) - ND - ND - ND - ND - ND - ND - ND

Cannabinolic acid (CBNA) 0.58 0.06 2.29 0.23 0.32 0.03 0.36 0.04 - ND 0.16 0.02 - ND

Delta 9 Tetrahydrocannabinol (Δ9-THC) 7.33 0.73 4.79 0.48 4.33 0.43 5.91 0.59 7.54 0.75 7.06 0.71 1.70 0.17

Delta 8 Tetrahydrocannabinol (Δ8-THC) - ND - ND - ND - ND - ND - ND ND ND

Cannabicyclol (CBL) 2.33 0.23 0.88 0.09 0.32 0.03 1.20 0.12 1.56 0.16 1.36 0.14 NA NA

Cannabichromene (CBC) 5.85 0.58 3.47 0.35 3.06 0.31 3.87 0.39 5.98 0.60 4.50 0.45 0.20 0.02

Tetrahydrocannabinolic acid A (THCA-A) 6.25 0.63 3.94 0.39 3.80 0.38 5.23 0.52 3.24 0.32 5.74 0.57 7.60 0.76

Cannabichromenic acid (CBCA) 16.97 1.70 8.14 0.81 8.67 0.87 16.65 1.67 7.52 0.75 10.80 1.08 11.50 1.15

Unique Cannabinoids Detected: 13 - 13 - 11 - 13 - 10 - 13 - 9 -

Total Cannabinoid Content: 276.88 27.69 199.13 19.91 176.18 17.62 261.19 26.12 226.25 22.63 216.07 21.61 225.70 22.57

Total THC Content: 12.81 1.28 8.24 0.82 7.66 0.77 10.49 1.05 10.38 1.04 12.10 1.21 8.37 0.84

Total CBD Content: 201.22 20.12 150.14 15.01 134.10 13.41 193.57 19.36 174.92 17.49 158.25 15.83 174.22 17.42

 Analyte
Method 1 Method 2 Method 3 Method 4 Method 5 Method 6

mg/g wt % mg/g wt % mg/g wt % mg/g wt % mg/g wt % mg/g wt%

Cannabidivarinic acid (CBDVA) - ND - ND - ND - ND - ND - ND

Cannabidivarin (CBDV) - ND - ND - ND - ND - ND - ND

Cannabidiolic acid (CBDA) 2.58 0.22 - ND - ND 1.14 0.11 0.68 0.07 4.14 0.41

Cannabigerolic acid (CBGA) - ND - ND - ND - ND - ND - ND

Cannabigerol (CBG) 0.49 0.05 - ND - ND - ND - ND - ND

Cannabidiol (CBD) 0.43 0.04 0.43 0.04 0.38 0.04 0.56 0.06 0.62 0.06 0.66 0.07

Tetrahydrocannabivarin (THCV) - ND - ND - ND - ND - ND - ND

Tetrahydrocannabivarinic acid (THCVA) - ND - ND - ND - ND - ND - ND

Cannabinol (CBN) - ND - ND - ND - ND - ND - ND

Cannabinolic acid (CBNA) - ND - ND - ND - ND - ND - ND

Delta 9 Tetrahydrocannabinol (Δ9-THC) 0.31 0.03 - ND - ND - ND - ND 0.13 0.01

Delta 8 Tetrahydrocannabinol (Δ8-THC) - ND - ND - ND - ND - ND - ND

Cannabicyclol (CBL) - ND - ND - ND - ND - ND 0.07 0.01

Cannabichromene (CBC) 0.17 0.02 - ND - ND 0.15 0.02 - ND 0.09 0.01

Tetrahydrocannabinolic acid A (THCA-A) 0.22 0.02 - ND - ND 0.20 0.02 - ND 0.12 0.01

Cannabichromenic acid (CBCA) 0.37 0.04 - ND - ND 0.35 0.03 - ND 0.29 0.03

Total Cannabinoid Content: 4.15 0.42 0.43 0.04 0.38 0.04 2.39 0.24 1.30 0.13 5.49 0.55
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Chemovar 2 -CBD
Total Cannabinoid Extracted

Cannabinoids Recovered 1stExtraction (mg/g) Cannabinoids Recovered 2ndExtraction (mg/g) Extraction Efficiency (%)

Method 1 276.88 4.15 98.50

Method 2 199.13 0.43 99.77

Method 3 176.18 0.38 99.79

Method 4 261.19 2.39 99.08

Method 5 226.25 1.30 99.43

Method 6 216.07 5.49 97.46

Determining Extraction Efficiency
Once cannabinoid content was determined, extraction efficiency was calculated using formula 5. Results are shown in Tables VIII and IX for 
the CBG-dominant and CBD-dominant chemovars, respectively.

Formula 5: 

Extraction E�ciency (%) = * 1001– (         )
E2
E1

Where E1 and E2 are 1st total cannabinoid extraction and 2nd total cannabinoid extraction content respectively. 

Table VIII: Cannabinoid extraction efficiency for CBG hemp flower calculated using formula 5. 

Table IX: Cannabinoid extraction efficiency for CBD hemp flower using formula 5.

To ensure cannabinoid extraction efficiency is similar across different varieties, the extraction efficiencies were compared, and percent 
difference was calculated for each extraction method using formula 6. The results in Table X suggests these methods are transferable across 
different varieties. 

Formula 6: 

Percent Di�erence (%) = * 100
Absolute Value | EE1 – EE2 | 

(EE1 + EE2) 
2

Where EE1 and EE2 are Extraction Efficiency of chemovar 1 and Extraction Efficiency of chemovar 2, respectively.

Chemovar 1 -CBG
Total Cannabinoid Extracted

Cannabinoids Recovered 1stExtraction (mg/g) Cannabinoids Recovered 2ndExtraction (mg/g) Extraction Efficiency (%)

Method 1 243.00 1.31 99.46

Method 2 89.29 0.16 99.83

Method 3 60.32 0.28 99.54

Method 4 105.39 1.20 98.86

Method 5 98.21 0.31 99.68

Method 6 87.34 2.09 97.61
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Table X: Comparison of cannabinoid extraction efficiencies between two chemovars.

To determine overall extraction efficiency for each sample preparation method, the results for chemovar 1 and 2 were averaged. The average 
cannabinoid extraction efficiencies for each procedure can be seen in Figure 3. 

Figure 3: Average extraction efficiency across both chemovars.
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Sample Prep Method
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Method 1 99.46 98.50 0.97

Method 2 99.83 99.77 0.06

Method 3 99.54 99.79 0.25

Method 4 98.86 99.08 0.22

Method 5 99.68 99.43 0.25

Method 6 97.61 97.46 0.15
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Sample Preparation Time
When determining the best overall method, it is also important to consider sample preparation time. Often, to improve productivity and 
profitability, labs search for a rapid procedure to ensure high sample throughput capacity. Figure 4 shows a comparison of sample prepara-
tion time for each extraction method. 

Figure 4: Sample preparation time for each cannabinoid extraction method.
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Direct Comparison
Evaluation of the extraction methods has demonstrated that many are either very costly, require a significant amount of sample prepara-
tion time, or differ in the individual cannabinoids and concentrations that can be determined. In fact, some of the procedures do not offer 
an acceptable return on investment for production labs that are very mindful of cost per sample. For a final experiment, the extraction meth-
ods that used a large amount of solvent, were relatively expensive, or had a long sample preparation time were eliminated. The three that did 
meet acceptability criteria were Method 1, Method 4, and Method 6. Method 5 was also included in a final comparison because it is a rela-
tively new procedure and is still out for public comment.

In the initial comparisons, different quantities of sample matrix were specified (100–500 mg) in each procedure. To provide a direct compar-
ison, the same sample size (500 mg) of a CBD-dominant chemovar was used. While sample size was increased, the remainder of the 
prescribed methods stayed the same because scaling the solvent volume with the sample mass would significantly increase the cost of sample 
preparation. The cannabinoid content for both extractions of all four remaining methods and the certified values for the chemovar are 
presented in Tables XI and XII.
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 Analyte
Method 1 Method 4 Method 5 Method 6

mg/g wt % mg/g wt % mg/g wt % mg/g wt%

Cannabidivarinic acid (CBDVA) - ND - ND - ND - ND

Cannabidivarin (CBDV) - ND - ND - ND - ND

Cannabidiolic acid (CBDA) 6.14 0.61 7.56 0.76 1.95 0.19 4.14 0.41

Cannabigerolic acid (CBGA) - ND 0.18 0.02 - ND - ND

Cannabigerol (CBG) 0.08 0.01 0.09 0.01 0.61 0.06 - ND

Cannabidiol (CBD) 1.63 0.16 2.07 0.21 - ND 0.66 0.07

Tetrahydrocannabivarin (THCV) - ND - ND - ND - ND

Tetrahydrocannabivarinic acid (THCVA) - ND - ND - ND - ND

Cannabinol (CBN) - ND - ND - ND - ND

Cannabinolic acid (CBNA) - ND - ND - ND - ND

Delta 9 Tetrahydrocannabinol (Δ9-THC) 0.28 0.03 0.38 0.04 - ND 0.13 0.01

Delta 8 Tetrahydrocannabinol (Δ8-THC) - ND - ND - ND - ND

Cannabicyclol (CBL) 0.21 0.02 0.12 0.01 - ND 0.07 0.01

Cannabichromene (CBC) 0.23 0.02 0.33 0.03 - ND 0.09 0.01

Tetrahydrocannabinolic acid A (THCA-A) 0.14 0.01 0.22 0.02 - ND 0.12 0.01

Cannabichromenic acid (CBCA) 0.37 0.04 0.63 0.06 - ND 0.29 0.03

Total Cannabinoid Content: 9.09 0.91 11.60 1.16 2.56 0.26 5.49 0.55

Analyte
Method 1 Method 4 Method 5 Method 6 C of A

mg/g wt % mg/g wt % mg/g wt % mg/g wt % mg/g wt%

Cannabidivarinic acid (CBDVA) 0.67 0.07 0.54 0.05 0.21 0.02 1.12 0.11 0.9 0.09

Cannabidivarin (CBDV) 1.32 0.13 1.30 0.13 1.23 0.12 1.24 0.12 - ND

Cannabidiolic acid (CBDA) 147.01 14.7 169.18 16.92 162.88 16.29 151.06 15.11 195.00 19.5

Cannabigerolic acid (CBGA) 3.80 0.38 4.00 0.40 3.89 0.39 4.18 0.42 5.00 0.5

Cannabigerol (CBG) 1.70 0.17 2.84 0.28 2.16 0.22 2.40 0.24 0.60 0.06

Cannabidiol (CBD) 34.00 3.4 36.87 3.69 33.56 3.36 25.77 2.58 3.20 0.32

Tetrahydrocannabivarin (THCV) 0.22 0.02 0.50 0.05 1.44 0.14 0.66 0.07 - ND

Tetrahydrocannabivarinic acid (THCVA) 0.14 0.01 0.17 0.02 - ND - ND - ND

Cannabinol (CBN) - ND - ND - ND - ND - ND

Cannabinolic acid (CBNA) 1.78 0.18 1.81 0.18 - ND 0.16 0.02 - ND

Delta 9 Tetrahydrocannabinol (Δ9-THC) 12.10 1.21 8.15 0.81 5.77 0.58 7.06 0.71 1.70 0.17

Delta 8 Tetrahydrocannabinol (Δ8-THC) - ND - ND - ND - ND ND ND

Cannabicyclol (CBL) 1.4 0.14 1.48 0.15 1.23 0.12 1.36 0.14 NA NA

Cannabichromene (CBC) 8.15 0.82 6.14 0.61 4.44 0.44 4.50 0.45 0.2 0.02

Tetrahydrocannabinolic acid A (THCA-A) 2.02 0.2 3.32 0.33 2.43 0.24 5.74 0.57 7.6 0.76

Cannabichromenic acid (CBCA) 5.79 0.58 8.46 0.85 6.24 0.62 10.80 1.08 11.5 1.15

Unique Cannabinoids Detected: 14 - 14 - 14 - 13 - 9 -

Total Cannabinoid Content: 220.1 22.01 244.77 24.48 225.46 22.55 216.07 21.61 225.7 22.57

Total THC Content: 13.87 1.39 11.06 1.11 7.90 0.79 12.10 1.21 8.37 0.80

Total CBD Content: 162.93 16.29 185.24 18.52 176.40 17.64 158.25 15.83 174.22 17.42

Table XI: Calculated cannabinoid content in the first extraction of 500 mg of chemovar #2.

Table XII: Calculated cannabinoid content in the second extraction of 500 mg of chemovar #2.
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Figure 5: Cannabinoid extraction efficiency of four sample preparation methods using 500 mg of sample.
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The effect of sample size was also examined by comparing data for the original sample size (100 or 200 mg) to the 500 mg samples. Results 
are presented in Table XIII, and the comparison suggests that, for these methods, extraction efficiency decreases as sample size increases. 
Note that for Method 6 a 200 mg sample was also included because a 500 mg sample was used in the original experiment.

Table XIII: Comparison results of prescribed method weight vs. 500 mg weight.

Using formula 5, cannabinoid extraction efficiency was calculated, and results can be seen in Figure 5. All methods were >95% efficient 
using 500 mg. 

Method 1 Method 4 Method 5 Method 6

200 mg 500 mg 100 mg 500 mg 200 mg 500 mg 200 mg 500 mg

Unique Cannabinoids Detected: 13 14 13 14 10 14 13 13

Total Cannabinoid Content: (wt %) 27.69 22.01 26.12 24.48 22.63 22.55 21.61 21.61

Total THC Content: (wt %) 1.28 1.39 1.05 1.11 1.04 0.79 1.21 1.21

Total CBD Content: (wt %) 20.12 16.29 19.36 18.52 17.49 17.64 15.83 15.83

Extraction Efficiency: (%) 98.50 95.87 99.08 95.26 99.43 98.87 97.61 97.46

Percent Difference: (%) 2.71 3.93 0.56 0.15
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Table XIV: Scores for each category for the top four extraction methods.

Final Overview 
The four extraction methods evaluated in the latter part of this study can be broken down by solvent cost, extraction efficiency, consumables 
cost, and sample preparation time. Each procedure was given a score in each category from 1 to 4 with 4 being the best (Table XIV). For each 
extraction method, scores from each category were added together, and each procedure was given an overall rating (Table XV). 

Table XV: Final scores and overall ratings for four methods.

Extraction Method Total Score Rating

Method 1 11 1

Method 4 11 1

Method 5 8 3

Method 6 10 2

Category Extraction Method Result Score

Extraction Solvent Cost/Sample ($)

Method 1 $0.77 2

Method 4 $0.42 3

Method 5 $3.76 1

Method 6 $0.38 4

Extraction Efficiency (%) @ 500 mg

Method 1 95.87% 2

Method 4 95.26% 1

Method 5 98.87% 4

Method 6 97.46% 3

Sample Prep Time (min)

Method 1 20 3

Method 4 18 4

Method 5 51 1

Method 6 31.5 2

Consumables Cost/Sample ($)

Method 1 $3.29 4

Method 4 $4.20 3

Method 5 $4.63 2

Method 6 $5.09 1
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Cannabinoids Acids 7 Standard 
(7 components)

• Comprehensive acids blend contains seven of the most frequently analyzed 
cannabinoid acids.

• Reduces the time, expense, and error associated with in-house preparation of mixed 
standards from single-compound solutions.

• High-concentration formulation maximizes flexibility; simplifies potency testing and 
method development for a wide range of cannabinoids and sample types.

• Pair with our cannabinoids neutrals 9 standard for more complete cannabinoid profiling.

• Verified composition and stability.

• Two independently produced lots available so ISO and your quality program 
requirements can be met with a single order.

• Restek has the products and expertise you need for cannabis analysis: www.restek.com/
cannabis

U.S. DEA-exempted formulation—no additional customer permits or licensing are 
required to purchase within the U.S.

For locations outside of the U.S., please contact your local Restek representative or Restek 
technical support for assistance in purchasing this product.

Cannabichromenic Acid (CBCA) (185505-15-1) 
Cannabidiolic Acid (CBDA) (1244-58-2) 
Cannabidivarinic Acid (CBDVA) (31932-13-5) 
Cannabigerolic Acid (CBGA) (25555-57-1) 

Cannabinolic Acid (CBNA) (2808-39-1) 
Tetrahydrocannabinolic Acid (THCA-A) (23978-85-0) 
Tetrahydrocannabivarinic Acid (THCVA) (39986-26-0)

Conc. in Solvent CRM? DEA 
Status

Canadian Test 
Kit Registration

Min Shelf Life 
on Ship Date

Max Shelf Life 
on Ship Date

Shipping 
Conditions

Storage 
Temp. qty. cat.#

1000 µg/mL, Acetonitrile 
with 1% DIPEA and 0.05% 
Ascorbic Acid, 1 mL/ampul

Yes Exempt C.T.K.# 003-015 6 months 15 months On Ice
–20 

°C or 
colder

ea. 34144

What are Certified  
Reference Materials (CRMs)?
A CRM from Restek is in an exclusive subset of reference standards that 
meets the following set of strict criteria defined under ISO 17034 and 
ISO/IEC 17025: 

• Made of raw materials characterized via qualified methods on 
qualified instruments. 

• Produced in an ISO-accredited lab under documented procedures.

• Falls under the manufacturer’s scopes of accreditation.

To learn more about Restek’s ISO quality credentials and to view 
our certificates (including scopes of accreditation), visit  
www.restek.com/iso
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Cannabinoids Neutrals 9 Standard 
(9 components)

• Nine-component mix simplifies calibration complexity—saving time and 
reducing cost.

• High concentration of 1000 µg/mL adds additional flexibility in constructing calibration 
curves.

• Verified composition and stability.

• Two independently produced lots available.

• Restek has the products and expertise you need for cannabis analysis: www.restek.com/
cannabis

U.S. DEA-exempted formulation—no additional customer permits or licensing are 
required to purchase within the U.S.

For locations outside of the U.S., please contact your local Restek representative or Restek 
technical support for assistance in purchasing this product.

Cannabichromene (CBC) (20675-51-8) 
Cannabicyclol (CBL) (21366-63-2) 
Cannabidiol (CBD) (13956-29-1) 
Cannabidivarin (CBDV) (24274-48-4) 
Cannabigerol (CBG) (25654-31-3) 

Cannabinol (CBN) (521-35-7) 
d8-Tetrahydrocannabinol (d8-THC) (5957-75-5) 
d9-Tetrahydrocannabinol (d9-THC) (1972-08-3) 
Tetrahydrocannabivarin (THCV) (31262-37-0)

Conc. in Solvent CRM? DEA 
Status

Canadian Test 
Kit Registration

Min Shelf Life 
on Ship Date

Max Shelf Life 
on Ship Date

Shipping 
Conditions

Storage 
Temp. qty. cat.#

1000 µg/mL, P&T Metha-
nol, 1 mL/ampul Yes Exempt C.T.K.# 003-004 6 months 24 months On Ice –20 °C or 

colder ea. 34132
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ordering notes
Certificates of analysis for new Restek LC columns 
are now provided electronically. To view and 
download, visit www.restek.com/documentation 
then enter your cat.# and serial #.

Raptor ARC-18 LC Columns (USP L1)

• Ideal for high-throughput LC-MS/MS applications with minimal sample preparation.

• Well-balanced retention profile for better detection and integration of large, multiclass 
analyte lists.

• Sterically protected to endure low-pH mobile phases without sacrificing retention or 
peak quality.

• Part of Restek’s Raptor LC column line featuring 1.8, 2.7, and 5 µm SPP core-shell silica.

ID Length qty. cat.#
2.7 µm Particles Raptor ARC-18

2.1 mm

30 mm ea. 9314A32
50 mm ea. 9314A52

100 mm ea. 9314A12
150 mm ea. 9314A62

3.0 mm

30 mm ea. 9314A3E
50 mm ea. 9314A5E

100 mm ea. 9314A1E
150 mm ea. 9314A6E

4.6 mm

30 mm ea. 9314A35
50 mm ea. 9314A55

100 mm ea. 9314A15
150 mm ea. 9314A65

Raptor EXP Guard Column Cartridges

• Free-Turn architecture lets you change cartridges by hand without breaking inlet/outlet 
fluid connections—no tools needed.

• Patented titanium hybrid ferrules can be installed repeatedly without compromising 
high-pressure seal.

• Auto-adjusting design provides ZDV (zero dead volume) connection to any 10-32 female 
port.

• Guard column cartridges require EXP direct connect holder (cat.# 25808).

• Pair with EXP hand-tight fitting (cat.# 25937–25938) for tool-free installation.

Description Particle Size Length ID qty. cat.#

Raptor ARC-18 EXP Guard Column Cartridge

UHPLC 5 mm 2.1 mm 3-pk. 9314U0252
UHPLC 5 mm 3.0 mm 3-pk. 9314U0253
2.7 µm 5 mm 2.1 mm 3-pk. 9314A0252
2.7 µm 5 mm 3.0 mm 3-pk. 9314A0253
2.7 µm 5 mm 4.6 mm 3-pk. 9314A0250
5 µm 5 mm 2.1 mm 3-pk. 931450252
5 µm 5 mm 3.0 mm 3-pk. 931450253
5 µm 5 mm 4.6 mm 3-pk. 931450250

Maximum cartridge pressure: 1034 bar/15,000 psi* (UHPLC); 600 bar/8700 psi (2.7 µm); 400 bar/5800 psi (5 µm).
* For maximum lifetime, recommended maximum pressure for UHPLC particles is 830 bar/12,000 psi.
Intellectual Property: optimizetech.com/patents
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2.0 mL, 9 mm Short-Cap, Screw-Thread Vials (vial only)

Fit all 2.0 mL, 12 x 32 mm, screw-thread 9 mm/425 vial-based autosamplers.

Description Type Volume Color Size qty. Similar to Part # cat.#
Short-Cap Vial w/White 
Graduated Marking Spot

9-425 Screw-
Thread 2.0 mL Amber 12 x 32 mm 100-pk. Agilent 5182-0716 21142

2.0 mL, 9 mm Short-Cap, Screw-Vial Closures (Polypropylene, preassembled)

Description Type Cap Size Color Septa Material qty. Similar to Part # cat.#
Short Screw 
Caps Screw-Thread 9-425 Blue PTFE/Silicone 1000-pk. Agilent 5185-5820, 

5190-1599 24486

Choose preslit caps (available for some vials) to reduce the risk of needle bending, release vacuum from high-volume injections, 
and improve injection reproducibility when greater than 20% of vial volume is withdrawn.

24668

Empty Centrifuge Tubes, Polypropylene

Description qty. cat.#

Empty 50 mL Centrifuge Tube, Polypropylene w/Cap
50-pk. 25846

500-pk. 28290
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NORM-JECT and HENKE-JECT Plastic Syringes

Volume Modification Type qty. Similar to Part # cat.#
Norm-Ject Plastic Syringe

1 mL
Dose saver design with  

low dead space plug on the  
piston to minimize waste.

Luer Slip Tuberculin 100-pk. Air-Tite A1 22766

3 mL Luer Slip Centric Tip 100-pk. Air-Tite A3 22767
5 mL graduations to 6 mL Luer Slip Centric Tip 100-pk. Air-Tite A5 22768
10 mL graduations to 12 mL Luer Slip Eccentric Tip 100-pk. Air-Tite A10 22769
20 mL graduations to 24 mL Luer Slip Eccentric Tip 100-pk. Air-Tite A20 22770
3 mL Luer Lock Tip 100-pk. Air-Tite AL3 22773
5 mL graduations to 6 mL Luer Lock Tip 100-pk. Air-Tite AL5 22774

10 mL graduations to 12 mL Luer Lock Tip 100-pk. Agilent UCB310; 
Air-Tite AL10 22775

20 mL graduations to 24 mL Luer Lock Tip 100-pk. Air-Tite AL20 22776

Thomson SINGLE StEP Standard Filter Vials

• Recommended for samples containing less than 10% solid particulates.

• Easy-to-use vials offer fast sample filtration and require only a squeeze of your fingers.

• Minimize sample loss by eliminating multiple transfers.

• Color-coded caps allow easy identification of 0.2 μm or 0.45 μm membranes in PVDF, 
PTFE, PES, or nylon.

• Preslit PTFE/silicone caps help eliminate broken autosampler needles and cored septa.

• Rugged polypropylene vial houses insert with 450 μL loading capacity and low dead 
volume (120 μL).

• Fit most standard 12 x 32 mm autosamplers, including UHPLC instruments.

Description Color Porosity qty. cat.#
Nylon

Thomson SINGLE StEP Standard Filter Vial
black preslit cap 0.2 µm 100-pk. 25891
pink preslit cap 0.45 µm 100-pk. 25892

PES (polyethersulfone)
Thomson SINGLE StEP Standard Filter Vial grey preslit cap 0.2 µm 100-pk. 25897
PTFE (polytetrafluoroethylene)

Thomson SINGLE StEP Standard Filter Vials with Screw-
Top Caps

green preslit cap 0.2 µm 100-pk. 28307
blue preslit cap 0.45 µm 100-pk. 28306

PVDF (polyvinyldifluoride)

Thomson SINGLE StEP Standard Filter Vial
red preslit cap 0.2 µm 100-pk. 25895

yellow preslit cap 0.45 µm 100-pk. 25896

Patent No. 7,790,117

Simply squeeze particulates and contaminants 
out of your sample!

2589525897 2830725892
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Syringe Filters with Luer Lock Inlet

• Luer lock inlet offers leak-tight syringe connection.

• Variety of filter types, porosities, and diameters.

• Labeled (13, 25, and 30 mm only) and color coded for easy identification.

• Rugged polypropylene housing.

• Autoclavable to 121 °C for 15 minutes.

• Quantity break pricing for greater savings.

Note: Syringe filters are for laboratory use only.

Description Color Diameter Porosity qty. cat.#
PTFE (polytetrafluoroethylene)
Syringe Filter White 30 mm 0.45 µm 100-pk. 23985

Cellulose Acetate, Nylon, PES, PVDF—hydrophilic applications 
PP (polypropylene), PTFE—hydrophobic applications
Syringe filters are for laboratory use only.

ordering notes
FREE sample packs available. Use these handy 
packs for method development or to compare 
with your current brand. Request yours today by 
adding -248 to the part number. Sample pack 
orders cannot be placed online—please call. 
Limit one sample pack per customer.

23985


