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SUMMARY/ABSTRACT: The overall goal of this study is to establish an analytical chemistry 
method for quantitation of potency compounds (THC, CBD, and their acids) in different 
varieties and growth stages of hemp, as a complement to the nutritive value and other indices 
of importance to livestock producers considering Cannabis as a forage resource. 
 
OBJECTIVES: 
1. Determine the biomass production potential and nutritive value of three commonly grown 

hemp varieties.  
2. Develop and establish analytical chemistry methods for quantitating potency in hemp, i.e. 

THC, CBD, and their acids. 
 
PROCEDURES:  
Field experiment. Samples generated for the analytical purposes of this study were changed—
for logistical reasons—from the original field location (AUM Farm), to one that the Global Hemp 
Innovation Center was already partnering with, in Imperial Valley, CA. Samples from Imperial 
Valley were collected and shipped for grinding and sample preparation for other project 
objectives through Dr. Duringer’s lab, so it was decided in collaboration with Jeff Steiner (GHIC 
co-director), to pursue this as the source of sample material for the grant objectives listed 
above. Insodoing, we were able to increase the hemp varieties evaluated from three to five and 
evaluate the effect of light intensity on cannabinoid profile in addition to cultivation time. We 
also expanded our evaluation from four to 16 cannabinoids based on a collaboration developed 
with investigators at the USDA-Peoria laboratory on establishment of an ideal cannabinoid 
potency assay. 

In brief, five hemp varieties were planted across five 16 m by 29 m ranges, designated V 
through Z. Ranges were contained within a single level field that was approximately 16 m by 
154 m. Within this field, each variety was grown in four block replicates that were 
approximately 29 meters long and 4 meters wide. Placement of each hemp variety block was  

 

Figure 1: Field layout of five industrial hemp (Cannabis sativa) varieties, designated E1-E5, planted in Imperial Valley, California, USA for 
cannabinoid profiling. Each block labeled E1-E5 represents one 4 m by 29 m replicate block. Yellow circles represent the artificial light 
sources that were present throughout the field.   



randomized across each row of the five ranges, as shown above (Figure 1).  
 Light Conditions. Throughout the field, artificial light sources were placed at regular 
intervals and turned on every night for two hours between 00:00 and 02:00 from January 4 to 
March 8, a period of approximately 60 days. Light fixtures were mounted onto poles that were 
approximately 3.1 m tall and installed 15.2 m apart. Each light fixture contained two nominally 
7000 lumen LED bulbs, both of which were attached to the pole via a perpendicular arm that 
was approximately 2.1 m wide. Plants that were in close proximity to light fixtures were 
considered to be exposed to “high” light conditions while those that were halfway between two 
light fixtures were considered to be in “low” light conditions. The high light plants were found 
to be consistently exposed to 50-100 additional lumens in addition to normal sunlight exposure, 
while low light plants were consistently exposed to less than 30 additional lumens in addition to 
normal sunlight exposure. It was also noted during the growth period that plants in “high” light 
conditions generally appeared taller while those in “low” light conditions were often much 
shorter.   
 Cultivation Times. In order to study cannabinoid potency at different cultivation times, 
plants were sampled during three separate periods in Spring 2020: early season sampling began 
on Day 116 after seeding, mid-season sampling on Day 133, and late season sampling on Day 
152. Each sampling was conducted over a period of approximately three days. During this time, 
destructive samples were performed to collect a total of 16 plants from each variety at four 
distinguished locations: (1) High light, North side; (2) Low light, North side; (3) High light, South 
side; and (4) Low light, South side. These locations were randomly selected from two of the 
ranges that the variety was grown in (4x2 = 8 locations), and two plants in each of these 
designated areas were sampled (8x2 = 16 samples/variety/sampling period). The roots, stems, 
leaves, and flowers of each sample plant were collected and sorted into their distinct parts for 
the biomass production calculations. 
 Seasonal growth rates and nutritive value. The values collected for seasonal growth rate 
and agronomic characteristics included plant height, flower count, leaf weight, flower weight 
and stem weight. Nutritive value assessment included ash, ether extract, crude protein (CP), 
neutral detergent fiber (NDF), and acid detergent fiber (ADF) measurements. 
 Potency analyses. A cannabinoid potency method was chosen and validated in 
consultation with colleagues at the USDA-Peoria laboratory who are also leading method 
establishment/validation efforts under the hemp research agenda. After samples were ground 
in a sample mill to pass a 1.0 mm screen, 0.1 g were extracted with 20 mL of 200 proof HPLC-
grade ethanol in a sonicator for 30 minutes. Samples were left to rest, in the dark, for 18-24 
hours then filtered (25 mm 0.45µm PTFE syringe filter) and analyzed via UHPLC-DAD (Ultra High 
Performance Liquid Chromatography-Diode Array Detection) (Agilent 1290 UHPLC-DAD). 
Cannabinoids were separated with an InfinityLab Poroshell 2.7 μm column (2.1 x 100 mm) held 
55 °C with mobile phases (5 mM aqueous ammonium formate + 0.1% formic acid = mobile 
phase A) and (acetonitrile + 0.1% formic acid = mobile phase B) under the following program: 
2.5 minutes equilibrating at 60% B between injections and the following gradient elution: 0-2 
min, 70% B; 2-8 min, 75% B; 8-9 min, 100% B; 9-10 min, 100% B; 10-10.5 min, 60% B; 10.5-11, 
60% B. The sample injection was 2 μL, and the flow rate was set at 0.55 mL/min. Peaks were 
quantified using DAD at 228 nm. Quantification was performed using the QQQ Quantitative 
Analysis program of the MassHunter software. Standards were run from 0.78-100 ug/mL, along 



with low and high controls. Samples were quantitated for 16 cannabinoids (Delta-9-
tetrahydrocannibinol (THC-d9), Delta-9-tetrahydrocannibinolic acid (THC-a), Cannabidiol (CBD), 
Cannabidiolic acid (CBD-a), Cannabigerol (CBG), Cannabigerolic acid (CBG-a), Cannabivarin 
(CBDV), Cannabivarinic acid (CBDV-a), Tetrahydrocannabivarin (THCV), 
Tetrahydrocannabivarinic acid (THCV-a), Cannabinol (CBN), Cannabinolic acid (CBN-a), 
Cannabichromene (CBC), Cannabichromene acid (CBC-a), Cannabicyclolic acid (CBL-a), and 
Delta-8-tetrahydrocannibinol (THC-d8)) against standard curves made using commercially 
available standards. Method validation was performed according to the guidelines set by the 
Federal Drug Administration for selectivity, linearity, sensitivity, and precision. 
 Statistics including development of standard curves, average and standard deviation for 
method validation were performed in Excel (Microsoft). Comparative statistics of samples were 
conducted using GraphPad Prism (version 9.2.0), including one-way ANOVA to compare 
cannabinoid concentrations between sampling periods and unpaired t-tests to compare high 
and low light cannabinoid concentrations within a variety and sampling time. 
 
SIGNIFICANT ACCOMPLISHMENTS: 
1. A cannabinoid potency assay was validated: 16 separated, chromatographic peaks were 

observed in our method, thus we can confirm its selectivity. Linearity was established by 
running standards for all 16 compounds and developing external calibration curves from 
0.78-100 µg/mL using commercially procured standards. This mixture was injected three 
times per concentration, and regression parameters were calculated by comparing peak 
area to nominal concentration. (Tables 1 and 2). Correlation coefficients (R2) better than 
0.99 for the tested compounds were obtained, which suggests that an external standard 
calibration can be applied for quantitative purposes. Sensitivity of the method was 
confirmed by calculating limits of detection (LOD = 3.3 x S/N) and quantitation (LOQ = 10 x 
S/N).  

2. When considering how cannabinoid expression is related to cultivation time, 49% of 
cannabinoids across all varieties and treatment groups displayed a response to harvest time 
(Figure 2). Of the samples containing cannabinoids that responded to harvest time, 59% 
displayed the highest concentrations during the first harvest period (day 116 after seeding), 
9% displayed highest concentrations during the second harvest period (day 133 after 
seeding), and 32% displayed highest concentrations during the third harvest period (day 152 

 

Neutrals 
(Compound) RT Slope Intercept R2 

LOD 
(ug/mg) 

LOQ 
(ug/mg) 

Intraday 
RSD (%) 

Interday 
RSD 
(%) U=k*RSD 

CBDV 1.11 8.73 10.45 0.999 0.275 0.918 9.58 10.65 20.53 
THCV 1.37 7.64 13.73 0.998 0.245 0.817 13.36 12.51 28.64 
CBD 1.50 8.18 5.95 0.998 0.086 0.286 8.59 9.71 18.41 
CBG 1.66 8.24 4.94 0.999 0.157 0.522 7.82 14.49 16.76 
CBN 1.79 19.03 22.91 0.999 0.275 0.918 8.97 21.80 19.24 

∆-9-THC 1.92 6.84 0.59 0.999 0.441 1.469 9.91 15.07 21.25 
∆-8-THC 1.99 7.52 5.52 0.999 0.048 0.162 8.60 18.12 18.44 

CBC 2.20 17.48 23.45 0.998 0.185 0.615 9.21 25.08 19.75 

Table 2 Regression parameters of the eight neutral cannabinoids investigated in this study, showing their Limits of Detection (LOD) and 
Limits of Quantification (LOQ) on the instruments used.   

 

Table 1: Regression parameters of the eight acidic cannabinoids investigated in this study, showing their Limits of Detection (LOD) and 
Limits of Quantification (LOQ) on the instruments used.   

 



after seeding) (Figure 2). 

 

 

3. When considering how cannabinoid expression is related to light conditions, 14% of the 
cannabinoids evaluated across all varieties and treatment groups in this study displayed a 
response to light. Of the samples containing cannabinoids that responded to light, 53% 
showed decreased concentrations in high light conditions as compared to low light 
conditions, while 47% showed increased concentrations in high light conditions as 
compared to low light conditions (Figure 3). 

4. Significant differences were found for plant height between the five varieties for both low 
and high light conditions and within a variety when comparing low and high light samples; 
for leaf weight within a variety when comparing low and high light samples for three 
varieties; for flower weight between the five varieties for low light conditions; and for stem 
weight between the five varieties for high light conditions and when comparing low and 
high light samples for three varieties. 

5. Due to delays caused by COVID, nutritive values are currently in process and should be 
completed in the near future.  
 

Variety  THC CBD CBG CBDV THC-
d8 

THCV CBC CBN CBL-a 

          

E1 – Low light 
 

 
 

        

E1 – High light 
 

 
 

        

          

E2 – Low light 
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E3 – Low light 
 

         

E3 – High light 
 

         

          

E4 – Low light 
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E5 – Low light 
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Acids 
(Compound) RT Slope Intercept R2 

LOD 
(ug/mg) 

LOQ 
(ug/mg) 

Intraday 
RSD (%) 

Interday 
RSD 
(%) U=k*RSD 

CBDVA 1.66 16.66 22.55 0.997 0.275 0.917 9.55 10.38 20.47 
CBDA 2.25 16.08 15.19 0.997 0.548 1.826 9.88 16.04 21.18 

THCVA 2.57 14.48 11.57 0.998 0.579 1.930 9.63 14.29 20.66 
CBGA 2.76 15.91 5.60 0.997 0.257 0.857 8.04 8.96 17.25 
THCA 3.43 13.79 16.09 0.997 0.334 1.114 9.88 7.77 21.19 
CBLA 3.71 5.94 5.90 0.997 0.363 1.209 9.48 14.03 20.32 
CBNA 4.20 8.76 18.65 0.996 1.025 3.416 14.32 22.29 222.08 
CBCA 4.31 8.78 11.17 0.995 0.797 2.656 9.82 29.29 21.05 

Figure 2. Summary of which cannabinoids responded to harvest times in five varieties of industrial hemp across two light conditions (low 
light and high light). Dots are present where the results of a one-way ANOVA indicated a significant difference in cannabinoid potency 
between harvest times. Dots become increasingly larger as the p-value gets smaller. Orange circles signify that Harvest 1 (Day 116 after 
seeding) had the highest cannabinoid potency. Blue circles signify that Harvest 2 (Day 133 after seeding) had the highest cannabinoid 
potency. Purple circles signify that Harvest 3 (Day 152 after seeding) had the highest cannabinoid potency. 

p-value <0.05 <0.01 <0.001 <0.0001 
  

 
   

 



 

 
BENEFITS & IMPACT: This project lead to establishment of a cannabinoid potency assay at OSU 
which was utilized for this study, but will also benefit projects in the future that are conducted 
at OSU by providing an internal source for testing. Dr. Duringer is one of the leads of the 
“Cannabis Lab Standards & Certification” consortium under the GHIC so she is well positioned 
to assess and determine cannabis testing needs within OSU. Estalishment of cannabinoid 
quantitation methods will support projects investigating the myriad of potential uses of hemp 
and hemp by-products, including but not limited to animal feed and consumer products. 
Results of this study are being targeted for scientific publication this year. 
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM:  
• Continuing Undergraduate Researchers program award to undergraduate student Ashley 

Saindon to support this as her Honors College thesis work ($1,700). 
• Not direct funding, but a fee book internal fee was developed for a cannabinoid potency 

assay for OSU investigators conducting hemp experiments.  
 

FUTURE FUNDING POSSIBILITIES: In collaboration with our partners at USDA-Peoria, this work 
will continue in the development and estalishment of an official “gold standard” potency assay 
to be recommended and used for research on hemp and hemp plant materials across the US. In 
addition, interactions and conversations with other researchers have identified a need for 
testing biomatrices from human or animal consumers for cannabinoids and their metabolites 
when evaluating the safety and efficacy of hemp and hemp products, thus growing the testing 
capabilities of the Duringer Lab. Lastly, Dr. Duringer anticipates applying for a USDA-AFRI grant 
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Figure 3. Summary of which cannabinoids responded to light in five varieties of industrial hemp across three harvest periods (Harvest 1 = 
sampled Day 116 after seeding, Harvest 2 = sampled Day 133 after seeding, and Harvest 3 = sampled Day 152 after seeding). Dots are 
present where the results of an unpaired t-test indicated a significant difference in cannabinoid potency between low light and high light 
conditions. Dots become increasingly larger as the p-value gets smaller.   Red dots represent cannabinoids that decreased in higher light 
conditions. Green dots represent cannabinoids that increased in higher light conditions.  

p-value <0.05 <0.01 <0.001 <0.0001 
  

 
   

 



studying metabolism of cannabinoids with collaborators in Environmental & Molecular 
Toxicology under the “Food Safety, Nutrition, and Health” program in August-September 2022.  
 


