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Abstract 
 

The purpose of the research is to evaluate the optimal concentration curve of 

Hemp plantations (Cannabis spp); the study considers the six main 

Cannabinoids found in the plant under controlled greenhouse conditions. The 

methods applied in the present work are experimental research types with the 

analytical method with statistical evaluation. The experiment was carried out 

in Jacksonville, Montevideo, Uruguay, during the agricultural year 2019-

2020. Were evaluated 47 plants of the cultivar Romalex in each of its three 

parts (high, medium, and low), corresponding to five (05) mothers that were 

sampled for six consecutive weeks; having carried out a total of 846 analyzes, 

the plants were sown at a density of 1.3 plants per m2, for the measurement 

the High Performance Liquid Chromatography (HPLC) method was used. The 

data were subjected to analysis of variance (ANOVA), and the measurements 

were compared using the Friedman test with a probability of error of 5%. It 

was found that the middle part of the plant has a mean value of 8.19% of total 

Cannabidiol CBD with a standard deviation of ± 1.49. The lower part of the 

plant has a mean of 7.56% of total CBD, with a standard deviation of ± 1.55. 

The upper part of the plant has an average of 8.91% of total CBD with a 

standard deviation of ± 1.05 and concentrates its highest percentage of total 

CBD at the third week. 
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1 Introduction 

 Hemp (Cannabis spp), belongs to the Cannabaceae family, has been a 

plant of enormous economic importance in Europe for its fibers' textile 

properties andits oil or resin's narcotic substances hashish. 

 The oldest written reference to Cannabis is found in the Pen Tsao, a book 

of the Chinese Pharmacopoeia of the year 2737 BC, where it is attributed a 

medicinal character for the treatment of various ailments, such as 

rheumatism, beriberi, malaria, and certain mental disorders. 

Some authors defend that Cannabis sativa could be one of the first plants 

cultivated by man, if not the first. 

 Cannabinoids and a wide variety of terpenes can act as analogs of the 

waxy layers of cacti and other succulents, serving as a barrier against water 

loss in dry environments. These facts determine that the concentration of 

cannabinoids in hemp depends, to a large extent, on the environment in 

which the plant grows. Cannabinoid production occurs almost exclusively in 

female plants, especially in epidermal glands, since sexual differentiation has 

occurred. 

 Around four hundred chemical compounds produced by the cannabis 

cultivar have been identified. Depending on genetics, management, soil, or 

climate, they vary in proportion and concentration. It also depends on which 

part the samples have been taken to analyze the plant, the quality of the 

analyzed material's storage, and; the sample preparation method. About 15% 

of these compounds have, structurally, common characteristics that identify 

them as precursors of cannabinoids. 

 The term cannabinoid describes those substances that are structurally 

carboxylic that have 21 carbons, including their analogs and products from 

their transformation. Generally, they are made up of three rings of benzene, 

cyclohexene, and tetrahydropyran; a part of these cannabinoids that are 

extracted in the different preparations obtained from the plant, give it a 

psychoactive influence; among them, the Tetra Hydro Cannabinol -THC. 

 Other compounds, such as Cannabidiol -CBD, have long been linked to 

the immune system. Experiments show that it abrogates antibodies' 

production in the presence of activated macrophages and T cells. 

 Endogenous cannabinoids are synthesized from N-arachidonyl-

phosphatidyl-ethanolamine in the cell membrane and are degraded by fatty 

acid hydrolases. Cannabinoid synthesis is modulated by intracellular Ca2 + 

concentrations, although, unlike other neurotransmitters, endocannabinoids  
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are not stored in synaptic vesicles, are released directly from the cell 

membrane. 

 Recently, it has been seen that, in some cell lines of the immune system, 

CBD inhibits the production of various cytokines (IL-8, IL-10, TNF-α, IFN-

γ). These results, which indicate its possible beneficial effects in 

inflammatory/autoimmune diseases, warn of its danger concerning allergic 

inflammation and tumorgenesis in the lungs, also related to AIDS. 

 Structurally, CBD is made up of two rings since it does not have the 

tetrahydropyran ring. It is a molecule devoid of psychoactive characteristics. 

In fact, in humans, CBD cannot displace either an agonist such as CP55940 

or an antagonist such as SR141716A from the CB1 receptor. However, at 

micro-molar concentrations, it acts as an antagonist at cerebellar 

Cannabinoids receptors when GTPgS is used as an activation index for this 

receptor[1-16]. 

 

2 Method 

 The methods applied in this research work are analytical and statistical, 

corresponding to the experimental type. 

 The experiment was conducted in Jacksonville, Montevideo, Uruguay, 

during the 2019-2020 agricultural year.  Cannabinoid concentration evaluation 

was carried out under greenhouse conditions in controlled environment. -For 

the experiment, cuttings of the cultivar Romalex installed with a density of 1.3 

plants per m2 were used. For the Cannabinoid analysis, the HPLC (High 

Pressure Liquid Chromatographer) method was used, installed in the 

analytical laboratory in Montevideo. THC and THCA, CBD, CBDA, CBN, 

and CBG levels were measured. On the other hand, the measurements started 

30 days after the flower bud of 47 plants. Three parts of each plant (high, 

medium, and low) were sampled, completing a total of 846 analyzes during 

the six weeks that the experiment lasted in order to evaluate the concentration 

curve of the six main cannabinoids. The data were subjected to analysis of 

variance (ANOVA), and the measurements were compared using the 

Friedman test with a probability of error of 5%. 

 

2.1 Sampling 

 For the analysis, Cannabis plant samples were collected under controlled 

greenhouse conditions. 

 The 47 plants were sampled in each of its three parts for six consecutive 

weeks, making a total of 846 analyzes. The samples were collected by cutting 

the selected flowers in the three parts of the plants selected for the present  
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experiment. The samples were sampled separately. The samples were labeled, 

taking into account each plant's code, part sampled, cultivar, date of taking, 

place of taking, name of the person responsible for taking samples, and 

observationsThe samples were protected in order to avoid eventual damage 

during transport, such as exposure to excessive heat (> 40 C) and humidity (> 

10%). The samples were placed in paper envelopes kept at room temperature 

until they were sent to the laboratory. The samples were delivered to the 

laboratory on the same day of sampling. 

 

2.2 Sample Preparation and Extraction Method 

 When the samples were received in the laboratory, it was verified that 

they contain a label with the information for the analysis. The plant samples' 

preparation included drying at 35 Celsius for 24 hours to prepare the 

respective solutions. 

 The solutions obtained were analyzed, obtaining the qualitative 

identification of THC and THCA, CBD, CBDA, CBN, and CBG; and, having 

as identification criteria: (i) the relative retention time; and, (ii) mass spectrum 

analysis. 

 The standards referred to CBD, THC, and CBN were used. Results were 

reported on a dry basis. The validation of the quantitative method included 

chromatographic parameters, such as (i) selectivity, (ii) linearity, (iii) 

precision, (iv) accuracy, (v) linear range; and, (vi) the limits of detection and 

quantification. 

 For the quantification of the mentioned cannabinoids, the following 

materials were used: 

 Agilent 1100 HPLC / DAD 

 Crumbling 

 Automatic pipette 

 Personal security items 

 HPLC quality solvents (Methanol, Acetonitrile, Purified Water) 

 Formic acid 

 Filters and syringes 

 Agilent HPLC vials 

 Analytical balance 

 Sonicator 

 50mL dispenser 

 Spatulas 

 20mL Glass Jars 
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2.3 Cannabinoid dosage in plant samples 

 Once the samples were dry, they proceeded to homogenize them with the 

crumbler. In a dry 20 mL glass tube, we proceeded to weigh approximately 

0.1 g of the homogenized sample on the analytical balance (in triplicate) to 

record the weight in the respective formats. Then proceed to add 20mL of 

Methanol and sonicate for 11 minutes at 60-65 ° C. When the samples were 

removed from the sonicator, they were shaken and filtered with a syringe and 

a 0.22 µm nylon filter and then placed in the 2 mL vial for later analysis. 

With the weighing and dilution carried out, he proceeded to calculate the 

Multiplying Factor; this is the value that is placed in the HPLC Sequence in 

order to obtain the final results of the direct dosage of the Software, without 

the need to perform mathematical calculations of concentration of the 

different Cannabinoids. It is calculated as follows: (Dilution Vol (mL)) / 

(Sample (mg)). The result obtained was recorded in the respective format. 

The last step is to place the vial on the HPLC and proceed using the formula 

(1) as the analytical technique. 
             

           
 (1) 

Once the analysis was completed, the results obtained were recorded in the 

corresponding records. 

 

2.4 Analytic technique 

 The analytical technique used in the present experiment is described 

below: 

1. Preparation of the mobile phase 

Aqueous phase: water / formic acid (pH≈3.0) 

 - 1mL Formic acid 

 - Q.S.1000mL Water quality HPLC 

Organic phase: ACN / formic acid 

 - 0.8mL Formic Acid 

 - Q.S. 1000mL Acetonitrile HPLC quality 

2. HPLC method conditions 

 - Flow: 0.8mL / min 

 - Injection volume: 1µL 

 - Temperature: 50 ° C 

 - Wavelength: 220nm 

 - Gradient: 

 

 Table 1 provide detail about Time gradient control considering stop time: 

4.5 min and post time: 2.2 min. Table 2 provide detail about Elution order 

with a relative retention time of Cannabinoid 
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Figure 1 The route of the coal truck 

 

Table 1. Time gradient control considering stop time: 4.5 min and post time: 2.2 min. 

T(minutes) Acetonitrile/FormicAcid Water/FormicAcid 

0 75 25 

4.50 100 0 

4.51 75 25 

5.50 75 25 

Source: Authors 

- Elution Order: 

Table 2. Elution order with a relative retention time of Cannabinoid. 

Relative retention time Cannabinoid 

1 CBDa 

1.08 CBG 

1.14 CBD 

1.46 CBN 

1.69 THC 

1.96 THCa 

Source: Authors 

- Column to be used: C18 short (RAPTOR ARC-18 2.7µm 150X3.0mm) 

 

3 Results  
 
 As a result,Table 3 shows the HPLC analysis result for the total 

percentage of CBD of the 47 individuals plants analyzed according to part of 

the sampled plant (high, medium, and low). The upper part of the plant has an 

average of 8.91% of total CBD, with a standard deviation of ± 1.05. The 

middle part of the plant has a mean of 8.19% of total CBD, with a standard 

deviation of ± 1.49. The lower part of the plant has a mean of 7.56% of total 

CBD, with a standard deviation of ± 1.55. 
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Table 3. Analysis of the total percentage of CBD, according to part of the plant 

Data description High Medium Low 

n 47,00 47,00 47,00 

Average 8,91 8,19 7,56 

Standard deviation 1,05 1,49 1,55 

Variance(n-1) 1,11 2,23 2,42 

Min. 6,34 5,12 4,49 

Max. 11,54 11,00 10,04 

Median 9,00 8,25 7,63 

Sum of squares 3781,28 3253,85 2795,92 

 

  

 Table 4 shows the Friedman test result to determine if any of the medians' 

differences are statistically significant and compare the p-value with the 

significance level to evaluate the null hypothesis (indicator that all the 

population means are equal). The minimum significant difference between the 

sum of ranges is equal to 15.39; the value of the high is 2.63, the average 1.69, 

and the low 1.41 and T 27.14, which are <0.0001. The means of a common 

letter are not significantly different (p> 0.05).  

 The minimum significant difference between the sum of ranges is equal to 

15.39, the value of the high is 2.63, the average 1.69, and the low 1.41 and T 

27.14, which are <0.0001. 

 
Table 4. Friedman test with statistics of treatments 

Treatment 
Sum 

(Rank) 

Average 

(ranks) 
n 

   

High 66,50 1,41 47 A   

Medium 92,00 1,96 47  B  

Low 135,50 2,63 47   C 

                      Source: Authors 

  

 From the analysis shown in Table 4, it can be shown that there is a 

significant difference between the upper part, the middle part, and the lower 

part, finding in the upper part the highest values of percentage total CBD 

followed by the middle part; and, with less content, the lower part of the plant. 

Figure 2 shows Quantiles for each of the measurements made, according to 

part of the plant. 
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Figure 2. Quantiles for each of the measurements made, according to part of the plant 

 

 Next, we will analyze the upper part's data referring to the total% of CBD 

concentration throughout the six weeks. 

 Table 5 shows a statistical difference for the data in week 3; and week 6. 

The one with the highest chi-square sum for the data corresponds to week 3. 

There is no statistical difference between one week and five, not for week 5 

and 2; Nor for week 2 and 4. Week 3 is the one with the highest concentration 

of CBD's total percentage achieved. 

 
Table 5 Friedman test for the total CBD percentage per weeks 

 

 

 

La minima diferencia significativa entre la suma de rangos = 27, 780 

Treatment 
Sum 

(Rank) 

Average 

(ranks) 
n 

      

w6 70,00 1,49 47 A      

w1 143,00 3,04 47 A B     

w5 162,00 3,45 47 A B C    

w2 181,00 3,85 47   C D   

w4 194,00 4,13 47    D E  

w3 237,00 5,04 47      F 

Source: Authors 

 

Means with a common letter are not significantly different (p> 0.50) 

w1 w2 w3 w4 w5 w6 T p 

3,04 3,85 5,04 4,13 3,45 1,49 31,79 <0,0001 
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 Figure  3  shows the total percentage of CBD's concentration curve for 

the data in the analyzed plants' upper part. The concentration peak is observed 

in week   3. 

Figure 3. Concentration curve of the total percentage of CBD in weeks for the upper 

part of the plants. 

 In Figure 4 , it is possible to observe the density of points in the total% of 

CBD of each of the 47 individuals analyzed by week. 

 
Figure 4. Point density plot for the data in the upper part, according to 

weeks.Source:Authors 
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 Next, we will analyze the middle part's data referring to the total CBD 

percentage of concentration throughout the 6 weeks. 

 Table 6 shows that week 4 are statistically different, meaning that it is the 

highest concentration in the total% of CBD. Week 6 is the lowest value. There 

is no statistical difference between the data at weeks 6, 1 2. There is also no 

statistical difference between weeks 2 and 5 and between weeks 5 and 3. 

 
Table 6. Friedman test for the middle percentage CBD per weeks 

 

  

 

La minima diferencia significativa entre la suma de rangos = 33, 462 

Treatment 
Sum 

(Rank) 

Average 

(ranks) 
n 

      

w6 131,00 2,79 47 A      

w1 137,00 2,91 47 A B     

w2 145,00 3,09 47 A B C    

w5 177,50 3,78 47   C D   

w3 180,00 3,83 47    D E  

w4 216,50 4,61 47      F 

Source: Authors 

Means with a common letter are not significantly different (p> 0.50) 

 Figure 5 shows the total% of CBD's concentration curve for the data in 

the middle part of the analyzed plants. The concentration peak is observed in 

week 4. 

 
Figure 5. Concentration curve of the total percentage of CBD per week for the middle 

part of the plants. 

Source: Authors 

 
 

w1 w2 w3 w4 w5 w6 T p 

2,91 3,09 3,83 4,61 3,78 2,79 7,45 <0,0001 
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 Next, we will analyze the lower part's data referring to the total percentage 

of CBD throughout the 6 weeks. 

 Table 7 shows that between week 5 and week 4, there is no statistical 

difference. However, they are the weeks with the highest concentration in the 

total% of CBD. Week 1 is the lowest value. There is no statistical difference 

between the data from weeks 6, 1, and 3. There is no statistical difference 

between weeks 6, 3, and 2; neither is it between weeks 3,2 and 5; not between 

weeks 2 and 5. 

 
Table 7. Friedman test lower, for the middle percentage CBD per weeks 

 

 

 

La minima diferencia significativa entre la suma de rangos = 34, 793 

Treatment 
Sum 

(Rank) 

Average 

(ranks) 
n 

     

w1 141,50 3,01 47 A     

w6 145,50 3,10 47 A B    

w3 152,00 3,23 47 A B C   

w2 162,00 3,45 47 A B C D  

w5 186,00 3,96 47   C D E 

w4 200,00 4,26 47     E 

Source: Authors 

Means with a common letter are not significantly different (p> 0.50) 

 

4 Conclusions 

 The upper part of plants has a mean of 8.91% of total CBD, with a 

standard deviation ± 1.05. The middle part of the plant has an average of 

8.19% of total CBD, with a standard deviation ± 1.49. The lower part of the 

plant has an average of 7.56% of total CBD, with a standard deviation ± 1.55. 

Concerning the upper part of the plant, we can mention that the data obtained 

throughout the 6 weeks of analysis shows a statistical difference for the data 

in week 3. The one with the highest chi-square sum for the data corresponds 

to week 3. Week 3 is the highest concentration of the totalCBD percentage 

that achieves the high part. 

 Regarding the cannabinoid concentration curve of the middle part of the 

plant, we found that the concentration peak occurs in week 4. 

Regarding the concentration of cannabinoids in the lower part in the six 

weeks, we found that the weeks with the highest concentration in the total% 

of CBD occurred between weeks 4 and 5, finding no statistical difference 

between both weeks. 

 

 

w1 w2 w3 w4 w5 w6 T p 

3,01 3,45 3,23 4,26 3,96 3,10 3,56 <0,0040 
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These results show us that the cannabinoid concentration peaks of a plant 

occur at different times, which leads us to think that a differentiated harvest 

depending on the part of the plant optimizes the cannabinoid content during a 

harvest of inflorescences of the hemp crop. 
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