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INTRODUCTION
Cannabis sativa L, also known as hemp, is an annual 
herb belonging to the Cannabaceae family.1,2 It 
has an upright stem, simple leaves with caducous 
stipules, and actinodromous venation, with 5 to 
7 unequal elongated and toothed segments.3,4 The 
plant is dioecious, with male flowers gathered into 
panicles, and female flowers grouped into compact 
cyms. The bracts of the female flowers are rich in 
glandular trichomes, which secrete resin. The fruit, 
also known as an achene, is a smooth ovoid oilseed.5 
Currently, 538 natural substances have been 
identified in Cannabis sativa, with over 100 being 
cannabinoids, including Δ9-tetrahydrocannabinol 
(THC) and cannabidiol (CBD).6-9 

Hemp is a polymorphic species that adapts 
to a wide variety of ecological conditions10, 
exhibiting plasticity at the botanical, chemical, and 
pharmacological levels.11 The number of species in 
the genus Cannabis is a subject of controversy, with 
some considering it to be polytypic with several 
species, while others suggest that there is only 
one species with high polymorphism and several 
varieties, such as Cannabis sativa var. sativa (hemp 
fiber) and Cannabis sativa var. indica (Indian 
hemp).12-18

Cannabis is a versatile crop cultivated for its 
oil, fiber, and diverse applications in agro-food, 
cosmetic, and pharmaceutical industries.19,20 
Pharmacologically, cannabis is known for its 

psychotropic properties attributed mainly to 
THC. Several studies have reported the antiemetic, 
aperitif, and therapeutic effects of cannabinoids in 
treating neurological disorders such as epilepsy and 
multiple sclerosis.21 Cannabis oil is a rich source 
of unsaturated fatty acids, notably linoleic and 
linolenic acid 2,22,23, which provide high nutritional 
value to humans.24,25 Moreover, several studies have 
demonstrated the hypotensive, cholesterol-lowering, 
and cardiovascular disease preventive properties of 
cannabis oil.21,25,26,27 Cannabis achenes are also rich 
in polyphenols possessing antioxidant properties.28 
In fact, polyphenols, especially flavonoids, stabilize 
cell structures by neutralizing the free radicals 
responsible for lipid peroxidation.29-31

In Morocco, hemp is predominantly cultivated in 
the Rif region, located in the north, and is commonly 
known as "Kif." The term "Kif" refers to the dried 
and chopped plant that is mixed with tobacco and 
smoked traditionally by the locals, while "Hashish" 
specifically refers to the resin obtained from flowered 
tops.6,10 Morocco holds the distinction of being the 
world's largest producer and exporter of Hashish.32

The Cannabis sativa var indica is the variety grown 
in the northern reliefs of Morocco, such as Al-
Hoceima, Tetouan, Chaouen, Taounate, and Larache 
provinces, exclusively for resin and narcotics 
production.10 Traditionally cultivated "Beldiya" 
strains and newly introduced hybrid cultivars like 
"Khardala," "Critical," and "Amnizya" are also grown 
in the Rif. Despite the extensive research on the 
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botany, phytochemistry, and pharmacology of Rif's cannabis, there is 
limited comparative research on the fruits and oils of different strains 
cultivated in the region.

Therefore, the objective of this study is to conduct a biometric, 
germinative, and physicochemical characterization of the achenes and 
oils of three cannabis strains (Cannabis sativa var. indica) grown in 
the Western Rif region of Morocco, which falls in the northwest part 
of the country.

MATERIALS AND METHODS

Plant material and study area 
The present study focuses on the fruit characterization of three strains 
of Cannabis sativa. var indica, which are cultivated in the Western 
Rif of Morocco. These strains include the traditionally cultivated 
Moroccan strain called “Beldiya” (Bad berred, Chefchaouen province), 
as well as two hybrid cultivars named “Khardala” (Sedd El kharroub, 
Larache province) and “Critical” (Bab berred, Chefchaouen province) 
(Figure 1).

The Rif is a mountain range bordering the Mediterranean in the north 
of Morocco and extending over a length of 360 km, from Tangier in 
the west to the Moulouya Embouchure in the east.33 The climate in 
the Rif is Mediterranean and more humid in the western Rif because 
of its geographical location between the Atlantic Ocean and the 
Mediterranean Sea.34 The soils are generally classified as red or brown 
Mediterranean soils and most of them are fragile and unstable.33

Sampling plan  
The fruits were collected in the 2021 season (by local farmers of the 
region) according to a random sampling plan: 3 repetitions with 500g 
of fruit for each strain.

Study of the fruit biometric parameters 
The three cannabis strains were characterized by their weight, length 
and width. These biometric measurements are made using a digital 
slide foot and an analytical balance. Each parameter is measured in 
triplicate on 30 fruits samples of each strain.

Seeds germination rates
100 fruits of each strain are initially disinfected with a 30% bleach 
solution for 4 minutes, and then rinsed with distilled and sterile 
water for 30 minutes.35 The seeds are deposited in sterile Petri dishes 
containing two layers of filter paper soaked in distilled water. Petri 
dishes are incubated at 25°C in a dark dry oven. After 48 hours, the 
germinated seeds are counted. A seed is considered germinated when 
the radicle breaks through the seed coat.36 The results of germination 
are expressed in rate of germination, which is the ratio of the number of 

germinated seeds to the total number of seeds sown. Each germination 
test is performed in triplicate.

Physiochemical parameters of oils and fruits
The fruits of the three strains were ground into powder (using an Arzum 
AR 1034 clipper grinder). These samples are used for all subsequent 
physicochemical analyzes.

Oil yield 

The total oil content of hemp seeds (20g of powder of each hemp strain) 
is extracted with hexane (ratio of 1:10) in Sohxlet extractor for 5 hours 
and the solvent is removed with rotary vacuum evaporator at 50°C, 
then the mass of oil is weighed. The oil yield is calculated using the 
equation 1:

Oil yield in %: 
Mass of oil collected in g.100

Mass of the sample in g
                                          (1)

Each test is repeated 3 times.

Relative density of oil
The relative density was determined at 20° C according to the standard 
NF ISO 279:1999 (T 75-111)/ISO 279:1998.37 Each test is repeated 3 
times.

Refractive index of oil  
The refractive index was determined at 20°C according to the standard 
NF ISO 280:1999 (T 75-112)/ISO 280:199838, using a Carl Zeiss 
refractometer. Each test is repeated 3 times.

Acid value of oil   
The principle is to determine the percentage of free fatty acids in the oil. 
The method consists of dissolving a test sample of the fat in a mixture 
of ethanol and diethyl oxide followed by titration of the free fatty 
acids with a basic solution of potassium hydroxide in the presence of 
phenolphthalein as indicator. The analysis is carried out according to 
NF ISO 660-2009 standards.39 The result is expressed in g of oleic acid 
per 100 g of oil. Each test is repeated 3 times.

Peroxide value of oil   
The determination of this parameter consists of an iodometric analysis, 
which involves dissolving the oil in a chloroform-acetic acid mixture 
and adding an excess of the potassium iodide solution. The iodine 
released is determined with a standard solution of sodium thiosulfate. 
The analysis is done according to NF ISO 3960-2017 standards.40 Each 
test is repeated 3 times.

Extraction of polyphenols 
The extraction was performed according to the protocol described by 
Frassinetti et al., (2018).41 Briefly, in a centrifuge tube, 10 ml of the 
ethanol/water solution (80:20, v/v) was added to 1 g of sample. The 
solution is stirred for 3hours in the dark at 4°C, and then centrifuged 
for 20 min at speed of 4000 rpm. The ethanol phase is removed by 
rotary vacuum evaporator at 40°C. The dried extracts are dissolved in 5 
ml of distilled water. Each extraction is repeated 3 times.

Determination of the total polyphenolic content

Total polyphenolic content was determined using a spectrophotometry 
at 760 nm (Shimadzu UV 1800, Kyoto Japan) according to the Folin-
Ciocalteu (FC) method.42 The results are expressed in mg equivalent of 
gallic acid per g of fresh matter (mg EAG/g FM). The calibration curve 
was established using Gallic acid. Each test is repeated 3 times.

C1: Critical             C2: Beldiya               C3: Khardala

Figure 1: Achenes and oils of Cannabis sativa var. indica strains.
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Determination of the total flavonoid content

Total flavonoid content was determined using a spectrophotometry at 
510 nm (Shimadzu UV 1800, Kyoto Japan) according to the protocol 
described by Hogan et al., (2009).43 The flavonoid content is expressed 
in mg equivalent of quercetin per g of fresh matter (mg EQ/g FM). The 
calibration curve was established using quercetin. Each test is repeated 
3 times.

Statistical analysis 
The statistical analyses are made by the SPSS software (25). These 
included the One-way analysis of variance (One-way ANOVA and 
error threshold of 5%), principal component analysis (PCA), and linear 
regression.

RESULTS 

The biometric parameters of fruits

Achene weight

The weight of the cannabis fruit varies depending on the strain, as 
depicted in Figure 2. This is confirmed by the One-way ANOVA 
analysis, which indicates a significant effect (at a threshold of α=0.05) 
of the cannabis strain on fruit weight. Specifically, the Khardala strain 
exhibits the maximum weight (19,67 mg), whereas the Beldiya strain 
has the minimum weight (11,74 mg). The Critical strain displays an 
intermediate weight (13,73 mg).

Achene length  

Similarly, the length of the fruit varies according to the cannabis strain, 
as shown in Figure 3. The One-way ANOVA confirms a significant 
effect (with a threshold of α=0,05) of the cannabis strain on fruit 
length. The Khardala strain shows the longest fruit (4,49 mm), while 
the Beldiya strain has the shortest fruit (3,83 mm). The Critical strain 
has an intermediate length (4,10 mm).

Achene width  

The size of the fruit also varies among the strains of cannabis, 
particularly in terms of their width (Figure 4). This is confirmed by the 
One-way ANOVA, which reveals a significant effect (at α=0,05) of the 
cannabis strain on the width of the fruit. The Khardala strain displays 
the widest fruit (3,48 mm), while the Beldiya strain has the narrowest 
(2,95 mm). The Critical strain has an intermediate width (3,13 mm).

Seeds germination rates  

The germination rate of achenes varies significantly among the cannabis 
strains (Figure 5). 

Figure 2: Average achene weight of Cannabis sativa var. indica strains.
Figure 6: Average oil yield of achene of Cannabis sativa var. indica strains.

Figure 3: Average achene length of Cannabis sativa var. indica strains.

Figure 4: Average achene width of Cannabis sativa var. indica strains.

Figure 5: Average germination rate of Cannabis sativa var. indica strains.
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There was a significant effect (at α=0,05) of cannabis strain on the 
germination rate. The Beldiya and Critical strains display moderate 
germination rates (54% and 59%, respectively), while the Khardala 
strain has a lower germination rate (28%).

Physiochemical parameters of oils and fruits

Oil yield 

The oil yield of the achenes varies depending on the strain of cannabis 
(Figure 6). A significant effect (at α=0,05) of the cannabis strain on the 
oil yield is demonstrated. The oil yield ranges from 27,30% to 30,03%.

Relative density of oil

The density of the oils extracted from the three cannabis strains is nearly 
identical (Figure 7). There was no effect (at α=0,05) of the cannabis 
strain on the relative density of the oil. The densities of the oils obtained 
from the Critical, Beldiya, and Khardala strains are quite similar, with 
values of 0,8634, 0,8583, and 0,8677, respectively.

Refractive index of oil  

The oils of the three cannabis strains show a substantially identical 
refractive index (Figure 8). This is confirmed by the One-way ANOVA 
which shows that the cannabis strain has an insignificant effect (at the 
α=0,05 threshold) on the refractive index. The refractive indices of the 
oils obtained from the Critical, Beldiya, and Khardala strains are very 
similar, with values of 1,4752; 1,4753 and 1,4753, respectively.

Acid value of oil 

The acid value varies slightly according to the strain (Figure 9), and this 
is confirmed by the One-way ANOVA which shows that there is an 
insignificant effect (at threshold α=0,05) of cannabis strain nature on 
the acid value. Indeed, the acid value are very similar (0,30 ; 0,31 and 
0,33, respectively Khardala, Critical  and Beldiya).

Peroxide value 

The peroxide value shows variations depending on the strain of 
cannabis (Figure 10). This is confirmed by the One-way ANOVA 
which shows that there is a significant effect (at threshold α=0,05) of 
the cannabis strain on the peroxide index. 

The highest peroxide value is reported in Critical strain (6,64) and the 
lowest in Beldiya (6,20), Khardala has an intermediate value (6,58).

Polyphenol and flavonoid contents 

The content of polyphenols and flavonoid varies according to the 
strain of cannabis (Figure 11 and Figure 12). This is confirmed by 
the One-way ANOVA which shows that there is a significant effect 

Figure 7: Average relative density of achene oil of Cannabis sativa var. 
indica strains.

Figure 11: Average polyphenol content in fruit of Cannabis sativa var. 
indica strains.

Figure 8: Average refractive index of achene oil of Cannabis sativa var. 
indica strains.

Figure 9: Average acid value of achene oil of Cannabis sativa var. indica strains.

Figure 10: Average peroxide value of achene oil of Cannabis sativa var. 
indica strains.
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(at threshold α=0,05) of the cannabis strain on the polyphenol and 
flavonoid contents. The highest content of polyphenol is reported in 
Beldiya strain (0,423 mg equi AG/g FM), while Critical and Khardala 
show relatively low levels; 0,274 mg equi AG/g FM and 0,258 mg equi 
AG/g FM respectively.

The flavonoid profile is similar to that of polyphenol: Beldiya has the 
highest content (0,467 mg equiv Q/g FM) while Critical and khardala 
have relatively low levels (0,283 mg equal Q/g FM and 0,342 mg equiv 
Q/g FM respectively).

DISCUSSION
The weight of the achenes shows a significant fluctuation, ranging 
from 11,73 to 19,67mg. This range is wider than the one reported by 
Merzouki et al., (1996)33 for cannabis achenes cultivated in the Rif (12,13 
to 13,73mg). However, the Critical strain's average weight (13,73mg) 
is similar to that reported by Merzouki et al., (1996)33 for cannabis 
achenes cultivated in Ketama (Al Hoceima Province) (13,73mg).

In terms of length, the achenes' average length ranges from 3,83 to 
4,49mm, which is higher than what was reported by Merzouki et al., 
(1996)33 for cannabis cultivated in the Rif (4,01 to 4,19mm). Wider 
range has been also reported in some Iranian cannabis varieties44 
with ranges between 3,81 to 4,61mm. However, the length range 
of the studied strains is close to that of wild varieties. According to 
Small (1975 a & b)13,14, the average length of wild cannabis achenes 
from various regions (South Asia, Africa, China, North America, and 
Russia) varies between 3,66 and 4,39mm.

Interestingly, the achenes of the hybrid strains (Critical and Khardala) 
are longer than those of traditionally cultivated Beldiya strains. This 
could be attributed to active selection of cultivated varieties, aimed 
at increasing the achenes' length and facilitating their disarticulation 
during harvest, making it easier for humans.13,14,33 The average length 
of the Critical strain's achenes (4,10mm) is similar to that cited by 
Merzouki et al., (1996)33 for cannabis achenes cultivated in Jebha 
(Chefchaouen Province) (4,09mm). Additionally, the average length 
of the Beldiya strain's achenes (3,83mm) is very similar to that of the 
North American wild variety (3,89mm).13,14

The achenes' average width ranges from 2,95 to 3,48 mm. However, 
Asadi et al., (2019)44 reported a higher range of widths in Iranian 
achenes, fluctuating between 2,72 and 3,70mm. The Beldiya strain 
displays the smallest biometric parameters (weight, length, and width), 
while the Khardala strain presents the highest values. The Critical strain 
shows intermediate values. The biometric parameters of the Beldiya 
strain seem to characterize wild strains adapted to extreme ecological 
conditions.13,14,33

The germination rate presents a large variation and is under genetic 
control45, depending on several parameters, such as varieties45,46, seed 
origin47,48, age, storage conditions, temperature, and soil water content.49

The Beldiya and Critical strains display a moderate germination 
rate (54% and 59% respectively), while the Khardala strain has a low 
germination rate (28%). Similar rates have been reported for cannabis 
fibers of European and Chinese origin. Islam et al., (2022)50 report a 
germination rate of 28% in the European variety 'Santhica,' and 54% 
and 58% in Chinese varieties 'Yuma1' and 'Han COLD' , respectively.

A negative correlation appears to exist between biometric parameters 
and germination rate. The Beldiya strain, despite having the weakest 
biometric parameters, has a higher germination rate (54%) than 
the Khardala strain (28%). Small seeds of Indian white sandalwood 
(Santalum album) have a higher germination rate than medium 
and large seeds45,51, showing similar behavior to the Beldiya strain. 
Comparable results were obtained for hemp achenes from China, 
where the small achenes of the 'Han FNQ' variety exhibited a higher 
germination rate than the large achenes of the 'SI 1' variety.50

The oil content of cannabis achenes is influenced by several factors, 
including the variety, geographical origin, environmental conditions, 
extraction method, solvent, cultivation technique, storage conditions, 
and maturation period.52,53,54 The oil yield ranges from 27,30% to 
30,03%, which is consistent with findings from other studies. For 
instance, Anwar et al., (2006)55 report rates of 26,90% to 31,50% in 
Pakistani cannabis, and Abdollahi et al., (2020)56 report oil yields of 
29,92% and 30,80% in native cannabis populations from Fars and Yazd 
regions of Iran, respectively. However, Deferne and Pate (1996)57, 
Oomah et al., (2002)58, Callaway, (2004)59, Da Porto et al., (2012)21, 
report slightly higher oil contents of 25% to 35%. Stambouli et al., 
(2006)60 report relatively high yields of up to 34,6% in cannabis from 
northern Morocco.

The Beldiya and Khardala strains have similar yields of 28,41% and 
27,30%, respectively, which is comparable to the oil yield of cannabis 
achenes in markets in Turkey (27,80%) reported by Babiker et al., 
(2021).61 The Critical strain has the highest yield (30,03%), similar to 
that of cannabis cultivated in Canada (30,5%)58 and native cannabis 
populations in Iran.56 This strain may be of interest due to its high 
oil yield, which is rich in polyunsaturated fatty acids62,63,64, especially 
linoleic and linoleic acid 21,22, known for their nutritional and health 
benefits.25,58,61,65 Moreover, the contents of oleic and linoleic acid are 
similar to those of oilseeds such as soybean.60

A positive relationship exists between oil yield and germination rate. In 
fact, the Critical strain, which is richer in oil than the Khardala strain 
(30,03% and 27,30%, respectively), has a higher germination rate (59% 
and 28%, respectively).

Reserve fats in oilseeds, such as cannabis, are primarily composed of 
triglycerides.66,67 These lipids are stored in the oleosomes68,69,70 and may 
represent up to 95% of cannabis oil.71 During germination, these reserves 
are mobilized for the benefit of the embryo in the formation of the new 
seedling.72 This mobilization involves the hydrolysis of triacylglycerols 
to glycerol and fatty acids. These fats are a source of energy available for 
embryonic development.66,70 Fatty acids are converted by the glyoxylic 
cycle into sucrose, which is then used directly by the seed embryo.73 
Additionally, unsaturated fatty acids are a source of elements for the 
synthesis of phospholipids involved in the structure of newly formed 
cell membranes.74

The density increases with an increasing length of fatty acid chains and 
decreases with increasing unsaturation.75 Compared to wild cannabis, 
the observed densities are relatively low. Anwar & al. (2006) reported 
densities between 0,9180 and 0,9270 in wild cannabis from Marghazar 
(Pakistan). Compared to other vegetable oils, the density of cannabis 

Figure 12: Average flavonoid content in fruit of Cannabis sativa.var indica 
strains.
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oil also remains relatively low, i.e., 0,9 for Argan oil of southwestern 
Morocco76 and 0,92 for walnut oil.77

The refractive index is similar (1,4750) to that reported for wild cannabis 
from Marghazar Pakistan.55 This index is also within the limits of other 
vegetable oils such as almond oil (1,468-1,475) and linseed oil (1,472-
1,487).77

One of the parameters that determine the stability and quality of 
vegetable oils is the acid value.78 In all the strains studied, the acid value 
of the oils remains below 0,8%, which indicates the extra virgin quality of 
the oil79 according to Moroccan standards80 and also below 0,4%, which 
is the limit value recommended for a food oil by Codex Alimentarius.77 
The acid value is significantly lower than that of cannabis varieties 
cultivated in Italy, where the acid value varies between 0,81 and 5,43% 
in the ‘Monoica’ and ‘Diana’ varieties, respectively.28

The peroxide index is a qualitative criterion used to evaluate the degree 
of oxidative deterioration of oils.81,82 Temperature and light are two 
factors that promote peroxide formation.81,83

In all the strains studied, the peroxide index remains around 6 meq 
O2/kg oil, which is less than 15 meq O2/kg oil, indicating the oil's 
extra virgin quality79 according to Moroccan standards.80 The peroxide 
indices obtained remain much lower than the limit values indicated 
for a food oil by Jacobs (1958)84 and Wolff (1991)85, which are 70 and 
20 meq O2/kg oil, respectively. Similarly, this index remains below 
the limit value (125 meq O2/kg of oil) recommended for a food oil by 
Codex Alimentarius.77

The polyphenol content ranges from 0,258 to 0,423 mg equiv AG/g 
of FM. These contents are higher than those reported by Babiker et 
al., (2021)61 in cannabis achenes sold in Turkey (0,167 mg equiv 
AG/g FM) and those reported by Haddou et al., (2023)2 in cannabis 
cultivated in Ketama (Rif, province of Tangier-Tetouan-Al Hoceima) 
(0,130 mg equiv AG/g of extract). Compared to the other two strains, 
Beldiya is richer in polyphenols, which is beneficial for nutrition and 
human health. These phenolic compounds are antioxidants that play 
a crucial role in the stability of cell structures by neutralizing free 
radicals and reactive forms of oxygen responsible for the oxidation of 
lipids.29,30,31 These polyphenols are mainly represented by gallic acid, 
3,4-dihydroxybenzoic acid, catechin, 1,2-dihydroxybenzene, and 
syringic acid.61,62 These phenolic acids contribute significantly to the 
antioxidant activity of the hydrophilic fraction of cannabis fruits.28

The flavonoid content of the Critical strain is similar to that of the 
cannabis achenes sold in Turkey.61 Oils of cannabis achenes may also 
contain up to 2780,4 mg equiv of quercetin/100 g of total flavonoids in 
the “Finola” variety. These flavonoids are mainly flavanones, flavonols, 
flavanols, and isoflavones.28

The observed differences in concentrations of polyphenols and 
flavonoids between the strains studied are related to genetic, climatic, 
and other factors that affect the nutritional quality of the plant.86,87 
Plants of the same species cultivated under different environmental 
conditions show variations in the production and accumulation of 
secondary metabolites.88 These differences can be summarized by the 

term "terroir," which refers to the combination of soil type, climate 
(sun, temperature, and precipitation), and topography.89,90

The Durbin-Watson test (Table 1) showed the possibility of establishing 
a linear regression between fruit width and weight, based on the analysis 
of the different biometric parameters. The test yielded a value of 1,755 
(within the range of 1,5 and 2,5), indicating a positive linear correlation 
between the two variables. This correlation was also observed in 
cannabis fruits from Iran.44 The correlation coefficient (R) was 0,87, 
indicating a strong positive correlation between the two variables. The 
coefficient of determination R² (0,77) suggests that the width of the fruit 
contributes 77% to the explanation of the fruit's weight. Therefore, there is 
a good linear regression between these two variables.

The analysis of the coefficients of the simple linear regression equation 
(Table 2) showed that the constant and the regression coefficient were 
significantly different from 0. 

Thus, the model of the simple linear regression can be formulated by 
the equation 2

Fruit weight = 12,885*fruit width-25,996                                                              (2)

The simple linear regression curve is graphically shown in Figure 13. 
Knowing the width of the fruit, this model allows predicting its weight, 
with an accuracy of 77%.

Statistical analysis of the different quantitative variables (with a positive 
definite correlation matrix) studied by the PCA, indicated that there 
is a statistically acceptable factorial solution (Kaiser-Meyer-Olkin 
Index = 0,767, Table 3). Also, the Bartlett’s test of sphericity suggested 
the highly significant correlation between variables (Table 3). This 
correlation was also confirmed by the correlation matrix (Table 4). 

The matrix shows that there is a strong negative correlation between 
biometric parameters and germination rate and a strong positive 
correlation between germination rate and oil yield (Table 4). A good 

 Model Summaryb 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate Durbin-Watson 

1 ,877a ,770 ,769 2,3799115 1,755 

a. Predictors: (Constant), Achene width 

b. Dependent Variable : Achene weight 

 

Table 1: Correlation coefficient (R), determination coefficient (R2) and 
Durbin-Watson test for the linear regression model.

Figure 13: Linear regression curve and equation of fruit weight by fruit 
width.  

Coefficientsa 

Model 

Unstandardized Coefficients 
Standardized 
Coefficients t Sig. 

95.0% Confidence Interval 
for B 

B Std. Error Beta   
Lower 
Bound Upper Bound 

1 (Constant) -25,996 1,378  -18,859 ,000 -28,710 -23,282 

Achene width 12,885 ,430 ,877 29,941 ,000 12,038 13,732 

a. Dependent Variable : Achene weight 

Table 2: Coefficients of simple linear regression equation.
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Figure 14: Components plot in rotated space and rotated component matrix.

 

Table IV: Correlation Matrix 
 

 
Achene 

weight 

Achene 

length 

Achene 

width 

Germination 

rate 

Flavonoid 

content 

Polyphenol 

content 

Oil 

yield 

Correlation Achene weight 1,000 ,977 ,978 -,907 -,428     -,680 -,564 

Achene length ,977 1,000 ,987 -,830 -,576 -,758 -,436 

Achene width ,978 ,987 1,000 -,860 -,517 -,704 -,492 

Germination rate -,907 -,830 -,860 1,000 ,037 ,331 ,823 

Flavonoid content -,428 -,576 -,517 ,037 1,000 ,856 -,383 

Polyphenol content -,680 -,758 -,704 ,331 ,856 1,000 -,146 

Oil yield -,564 -,436 -,492 ,823 -,383 -,146 1,000 

Table 4: Correlation matrix.

Table 3: KMO and Bartlett's Test.  

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. ,767 

Bartlett's Test of Sphericity Approx. Chi-Square 83,690 

df 21 

Sig. ,000 

Table 5: Eigen values of different components
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negative correlation also exists between the biometric parameters 
(in particular the length of the fruit) and the polyphenol content 
(Table 4).

However, the biometric parameters remain moderately negatively 
correlated with the oil yield (Table 4). This negative correlation was also 
observed in cannabis achenes cultivated in Italy.28 A weak correlation 
between biometric parameters and oil yield was also observed in 
sunflower achenes91 and cannabis achenes from Iran.44

The factorization operation identified 7 components, 2 of which have 
eigenvalues greater than 1 and cumulate 96,806% of the explained total 
variance (Table 5). The component 1, after rotation, could explain 
55,021% of the total variance. 

The projection of the different variables in the two dimensions 
formed by the two factorial axis (Figure 14) after rotation, allowed to 
distinguish 3 groups:

 Component 1: this axis explains 55,021% of the total variance observed 
and summarizes 5 variables forming 2 opposite groups: Group 1 
consists of the 3 biometric variables (weight, length and width of the 
fruit) and Group 2 consists of 2 variables (oil yield and germination 
rate). Group 2 is negatively correlated with group 1. Indeed, the 
germination rate and the oil yield show a negative correlation with the 
biometric variables (Table 4).

Component 2: this axis explains 41,785% of the total variance. This 
group is represented by 2 phytochemical variables (polyphenol and 
flavonoid contents).

The studied cannabis fruits can be characterized according to two sets 
of criteria:

• Biometric criteria (length, width and weight of fruit), physiological 
criteria (germination rate) and physical criteria (oil yield).

• Phytochemical criteria (polyphenol and flavonoid contents).

Thus, Critical strain will be characterized mainly by its good oil yield 
and high germination rate, the Beldiya strain will be marked by its high 
polyphenol and flavonoid content, while the Khardala strain will be 
characterized by its high weight and size.

CONCLUSION
In conclusion, this study provides valuable insights into the 
characteristics of three strains of cannabis fruits and oils cultivated in 
the Rif of Morocco. The fruits were characterized based on biometric, 
physiological, physical, and phytochemical criteria, with the Beldiya 
strain being rich in polyphenols and flavonoids that act as antioxidants 
and the Critical strain having a high oil content with good germination 
rate could be of interest in the nutrition and cosmetic field. The results 
also revealed a correlation between biometric parameters, germination 
rate and phytochemical content. The oils of all strains studied were extra 
virgin, and the Beldiya strain's fruit oil was found to be particularly rich 
in antioxidants, making it a potentially useful ingredient in nutrition 
and health applications. Overall, this study provides useful information 
for researchers and growers interested in the cultivation and use of 
cannabis fruits and oils in various industries.
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