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Figure 1. Schematic representation of high purity CBD isolation from hemp biomass. 
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1 Dioecious plant  having either only male or only female organs in each plant. [57] 
2 Monoecious plant  having both male and female organs. [58] 



 

 

 

Figure 2. The structure of the (A) female and (B) male hemp plant. Figure based on Fordjour et al. 
(2023). [9] 
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3 Partial agonist  
naturally produced full agonist. [59] 
4 Competitive negative allosteric modulator  a ligand that indirectly affects the binding of an agonist by interacting with 
a secondary site on the receptor, thereby reducing the ability of the agonist to bind to the primary site. [18] 



 

 

 

Figure 3. Cannabinoid synthesis pathway in the trichomes of hemp, (1) olivetolic acid synthesis by 
olivetolic acid synthase, (2) CBGA synthesis by olivetolate geranyltransferase, (3) THCA and CBDA 
synthesis by THCA synthase and CBDA synthase, (4) non-enzymatic conversion of compounds to 
neutral form by with heating (decarboxylation process).  Adapted from Vergara et al. (2019). [19] 

  

 



 

 

 

 

Figure 4. Classification of terpenes based on the linked isoprene units, which can rearrange to make 
cyclic structures. Adapted  from Mosquera et al. (2021) and Dogra et al. (2022). [24,25] 



 

 

 

  



 

 

 

  

 

 



 

 

 

Figure 5. Schematic representation of (1)  hydrodistillation, (2)  dry steam distillation, and (3)  
direct steam distillation process. Figure based on Shrivastava (2023). [38] 

  

 

 



 

 

 

 

 

  



 

  

  

  

 

 

Figure 7. Hemp plant material. 

  

 

  

 



 

 

Figure 8. Molecular structures and classification of analyzed terpenes and the IS. 

  

  

 



 

 

  

 

 

 

          

 

 

 

         

 
 
 



 

 

         

 

 

           

 
 

 
 

 

 

           

           

 
 

 

          

          



 

 
 

 

 

 

 

 

 

         



 

         

 
 

 

  

 

 

  

 

Table 1. Boiling temperatures and vapor pressures of analyzed terpenes, compared to ethanol; the 
values are given for atmospheric pressure and 20° C. 

  
  

 

     

     

     

     

     

     

     



 

     

     

     

     

     

     

     

     

     

     

     

     

     

 

Table 2. Ethanol distillation experiments residue and distillate ratios; R  residue, D  distillate. 

      

      

      

      

      

      

 

        

         

 
 

 



 

 

 

 

 

 

Figure 9. Decarboxylation and condensation equipment (A), temperature and pressure program 
(B). 



 

 

  

 

 

 

Figure 10. Steam distillation equipment schematic representation (A), and the real setup (B). 



 

  

 

  



 

  

  

 

 

Figure 11. (A)  monoterpene and 
monoterpenoid region, (B)  sesquiterpene and sesquiterpenoid region; 1  -pinene; 2  
camphene; 3  (-)- -pinene; 4  myrcene; 5  3-carene; 6  -terpinene; 7  4-isopropyltoluene; 8 

 D-limonene; 9  -ocimene; 10  -terpinene; 11  -terpinolene; 12  linalool; 13  (-)-isopulegol; 
IS  internal standard (n-dodecane); 14  geraniol; 15  (-)-trans-caryophyllene; 16   -humulene; 
17-18   nerolidol (isomers); 19   (-)-guaiol; 20  (-)- -bisabolol. 
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Table 4. Recovery rate and trueness of detected terpenes in hemp biomass extract. 

   
   

   

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 
     

      

      

      

      

  

 



 

 

Table 5. Results of terpene solvent extraction from hemp biomass. 

  

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 



Figure 13. Terpene concentrations obtained from hemp biomass using methanol and ethyl acetate 
as an extraction solvent.
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Table 6. Content of terpenes in recovered ethanol. 

   

  

    

    

    

    

    

    

   

 

Figure 14. Terpene distribution between the residue (orange) and distillate (green); x-axis: 
distillation fraction (1-5), y-axis: percent of total terpene content in ethanol. 



 

 

 

 

  

 

Table 7. Steam distillation results. 

       

       

       

       

       

       

 



Figure 15. Terpene concentrations in hemp essential oil.

Table 8. Terpene content in essential oil samples.
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Figure 16. Mass balance of terpenes; T  terpenes. 
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