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Cannabis is a rich source of phytochemicals with over 125 types of cannabinoids and 400 non-cannabinoids like

flavonoids, alkaloids, phenols, and terpenes. These phytochemicals have been linked to various health benefits.

Cannabis is well-known for its numerous therapeutic activities, as demonstrated in pre-clinical and clinical studies

primarily due to its bioactive compounds. The Cannabis industry is rapidly growing; therefore, product development

and extraction methods have become crucial aspects of Cannabis research. 

Cannabis  medicinal cannabis  extraction  cannabinoids

1. Introduction

There has been an increased interest in medical applications of cannabis over the last decades. Cannabis can be

classified based on genetics, phenotypic properties, and chemical composition. All these types are rich in bioactive

phytochemicals. However, the phytochemical composition varies in different types. For instance, Cannabis sativa

or industrial hemp has a higher cannabidiol (CBD) level than Cannabis indica and Cannabis ruderalis, whereas

Cannabis indica has a higher level of the psychoactive cannabinoid delta-9-tetrahydrocannabinol (Δ -THC), and

Cannabis ruderalis has a lower level of Δ -THC as compared to Cannabis sativa . Most of the cannabinoids in

Cannabis are derived from cannabigerolic acid (CBGA) via olivetolate geranyl transferase . CBGA is then

converted to major cannabinoids, such as Δ -tetrahydrocannabinolic acid (THCA), cannabidiolic acid (CBDA), and

cannabichromenic acid (CBCA) by oxide cyclase enzymes, including THCA synthase, CBDA synthase, and CBCA

synthase in trichomes . A nonenzymatic reaction caused by drying, heating, or combustion can further produce

other active compounds (Figure 1). For instance, tetrahydrocannabinol (THC) can be converted to Δ -THC,

cannabinol (CBN), and cannabinolic acid (CBNA). CBD and cannabichromene (CBC) can be converted to

cannabicyclolic (CBL), cannabicyclolic acid (CBLA), and cannabigerol (CBG) .
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Figure 1. Biosynthesis of cannabinoids: cannabigerolic acid; CBGA, tetrahydrocannabinolic acid synthase;

THCAS, cannabidiolic acid synthase; CBDAS, cannabichromene acid synthase; CBCAS, tetrahydrocannabinolic

acid, THCA; cannabidiolic acid; CBDA, cannabichromenic acid; CBCA, cannabinolic acid; CBNA,

cannabichromene; CBC, cannabidiol; CBD, cannabigerol; CBG, cannabinol; CBN, tetrahydrocannabinol; THC.

Table 1. Extraction of phytochemicals from Cannabis.

Extraction
Technique Extraction Conditions/Procedures Advantages

and LimitationsReferences

Solvent
extraction

The plant materials (0.9–1.1 g) were crushed and extracted in
45-mL ethanol for 15 min with the agitation of 400 rpm.
Extracts were centrifuged briefly for 30 s at 2000 rpm. The
supernatant was collected and filtered.

A simple
technique, but
not very
efficient

Solvent
extraction

Samples were extracted in hexane and ethanol mixture at 7:3
(v/v) and shaken for 45 min at 225 rpm in a TU-400 orbital
shaker incubator at room temperature to obtain the extract.

A simple
technique, but
not very
effective

Solvent
extraction

Samples were extracted in ethanol at room temperature for
45 min to obtain the extract.

A simple
technique, but
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Extraction
Technique Extraction Conditions/Procedures Advantages

and LimitationsReferences

not very
effective

Solvent
extraction

The plant material (100 g) was Pulverised and extracted with
500-mL petrol ether acidified with acetic acid (0.5-mL
CH COOH in 500-mL PE). The filtrated extract was re-
extracted 3 times with 400 mL of NaOH and Na SO  (2%
each). These combined extracts were acidified with 500 mL
of 5% sulfuric acid until pH reached 3 and immediately
extracted 3 times with 400-mL TBME. These combined
organic extracts were dried with Na SO , filtrated, and
concentrated in a rotary evaporator at 25–30 °C with
cryostatic cooling of the vapours. The concentrate was dried
overnight at vacuum conditions, yielding 1.71-g brown
amorphous material.

A simple
technique, but
not effective
and difficult for
commercial
production

Soxhlet
extraction

Ground dried samples (2 g) were extracted using Soxhlet
extractor for 1, 2, or 3 h with 75 mL of n-hexane or methanol
then cooled to room temperature to obtain the extract.

A simple
technique, but
not effective

Sonication

The dried and pulverised plant material (50 g) was extracted
by sonication and periodic shaking (30 min) with 250-mL
petroleum ether, which was acidified with 0.5-mL
concentrated acetic acid. The extract was further extracted 3
times with 200 mL of an aqueous solution (2% w/v each) of
sodium hydroxide and sodium sulphite. The combined and
cooled water phases were acidified with about 250-mL cooled
sulphuric acid to pH 3 and immediately extracted 5 times with
200-mL diethyl ether. The combined organic phases were
dried with sodium sulphate and evaporated to dryness.

Quite effective
advanced
technique, but it
is challenging
to apply on a
commercial
scale

Sonication
Samples (1 g) were extracted with 10 mL of the extraction
solution (100 μg/mL of n-Tridecane in ethyl acetate) by
sonication for 15 min to obtain the extract.

An advanced
technique, but
not under
optimal
conditions

Ultrasound-
assisted
extraction
(UAE)

A small amount (0.25 g) of the sample was mixed with 10 mL
of ethanol and was then extracted 3 times using UAE at 40
°C for 15 min. The solution was then filtered through a paper
filter to obtain the final extract.

An advanced
technique, but
not under
optimal
conditions

Pressurized
liquid
extraction
(PLE)

Samples of Cannabis (0.3 g) were mixed with sand and then
placed into a 22-mL stainless-steel extraction cell with a
cellulose filter. The sample cells were then closed and placed
into the carousel of the ASE 200 system. Methanol or n-
hexane was used as extraction solvents. Extractions were
carried out at 25, 50, 75, 100, 125, and 150 °C at a pressure
of 40 bar. Extractions were performed for 5, 10, 15, or 20 min.

An advanced
technique, but it
has not been
operated under
optimal
conditions.
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2. Current Techniques for Extraction of Phytochemicals from
Cannabis

2.1. Conventional Extraction of Phytochemicals from Cannabis

Cannabis is chemically diverse, with cannabinoids, phenolic compounds, and terpenes being the most important

phytochemicals . Several conventional extraction techniques have been applied to extract phytochemicals from

Cannabis using various solvents [75- . Different conventional extraction methods, including Soxhlet extraction,

maceration, and dynamic maceration, have been employed to extract phytochemicals from Cannabis 

. However, studies have also revealed the caveats of using conventional extraction methods, such as the

extraction of unwanted substances and degradation of heat-sensitive compounds due to extraction under high

temperature . As cannabinoids, phenolic compounds, and terpenes are the three main classes of secondary

metabolites in Cannabis, the conventional extraction of these main classes is discussed further in the following

subsections. The extraction of phytochemicals from Cannabis are summarised in Table 1.

2.1.1. Conventional Extraction of Cannabinoids

Cannabis contains 125 individual cannabinoids, but Δ -THCA and CBDA are the most predominant . These two

compounds undergo decarboxylation to produce Δ -THC and CBD  (Figure 1). Ethanol has been found as

an effective solvent in extracting cannabinoids using hot maceration  as well as Soxhlet extraction .

However, the extraction efficiency of these two conventional techniques was significantly lower than that of the

advanced microwave-assisted extraction . Although conventional extraction techniques have advantages such

as simple procedures, easy operations, and affordability, these conventional techniques have several drawbacks,

including longer extraction times and the demand for larger solvent volumes, leading to an inclined overall

operation cost and harmful environmental impact compared to modern techniques . Furthermore, a stable high

temperature of Soxhlet extraction has also been reported to accelerate the degradation of THCA to THC and,

finally, to CBN, leading to high levels of THC and CBN in the extract . A recent study extracted CBD from

inflorescences of C. sativa using the methanol solvent maceration technique and supercritical fluid extraction

technique and found that conventional extraction obtained a higher oil yield but lower CBD in comparison with

supercritical fluid extraction .

Another conventional extraction technique called dynamic maceration has also been applied to extract

cannabinoids, mostly from industrial hemp . Dynamic maceration is a solid-lipid extraction procedure where a

sample is soaked in organic solvents that were selected based on the polarity of the target compounds at a specific

temperature for a specific time and then agitated . Ethanol, acetonitrile, and hexane are the common solvents

used to extract cannabinoids [87- . Ethanol was reported to be more efficient in extracting acidic cannabinoids

using dynamic maceration than other organic solvents (hexane, acetone, and methanol); however, for neutral

Extraction
Technique Extraction Conditions/Procedures Advantages

and LimitationsReferences

After the extraction process, the extraction cell content was
flushed with the same solvent in the amount equal to 60% of
the extraction cell volume and purged for 60 s by applying
pressurized nitrogen (at 150 psi) to obtain the final extracts.

Ultrasound-
assisted
extraction
(UAE)

A small amount (0.25 g) of sample was mixed with 10 mL of
ethanol and was then extracted 3 times using UAE at 40 °C
for 15 min. The solution was then filtered through a paper
filter to obtain the final extract.

An advanced
technique, but
not under
optimal
conditions

Pulse
electric field
extraction
(PEF)

The seeds were treated by the PEF process (0, 3, and 6
kV/cm). The PEF process was conducted with a capacity of a
process chamber of 4 L. Maximum voltage of the instrument
was 7 Kv, and its capacitance was 8 μF.

An advanced
technique, but
not under
optimal
conditions
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cannabinoids, ethanol is on par with other organic solvents . Ethanol was also found to be more effective than

other organic solvents in different studies . Furthermore, organic solvent mixtures such as methanol and

chloroform at 9:1 (v/v) were effective to recover cannabinoids from C. sativa under constant agitation .

Interestingly, Romano and Hazekamp  discovered that olive oil is more effective in extracting Cannabis oils

containing cannabinoids and terpenes than ethanol, which also extracts chlorophylls, imparting a distinct green

colour and unpleasant taste in the final product. The cannabinoid degradation rate was found to be much slower in

olive oil extracts as compared to ethanolic extracts .

2.1.2. Conventional Extraction of Phenolic Compounds

Three major classes of phenolic compounds, flavonoids, stilbenoids, and lignans, have been identified in Cannabis

. Acetone, methanol, ethanol, and their aqueous mixtures are the common organic solvents to extract

phenolic compounds from industrial hemp. Most of these studies quantified the phenolic compounds of the hemp

extracts by the overall determination of the total phenolic content and total flavonoid content. In addition, several

studies have quantified individual phenolic compounds, such as caffeic acid, gallic acid, rosmarinic acid, p-OH-

benzoic acid, ferulic acid, 3,4-dihydroxybenzoic acid, p-coumaric acid, syringic acid, quercetin, luteolin, canniprene,

cannflavin A, cannflavin B, catechin, naringenin, isorhamnetin, resveratrol, rutin trihydrate, apigenin, and apigenin

7-glucoside in the extracts [95- . Of note, most conventional extraction was conducted at room temperature and

not under optimal conditions [99- . Furthermore, an aqueous solution of 2-hydroxypropyl-β-cyclodextrin (a green

solvent) has also been applied to recover phenolic compounds from the by-products of industrial hemp oil

processing .

2.1.3. Conventional Extraction of Terpenes

Terpenes such as α-pinene, β-pinene, β-myrcene, limonene, terpinolene, linalool, α-terpineol, β-caryophyllene, α-

humulene, and caryophyllene oxide are known as the major constituents of Cannabis essential oils . Similar

to cannabinoids and phenolic compounds, most studies reported in the literature have been performed on the

industrial hemp variety of C. sativa [104- . Distillation techniques such as hydro-distillation and steam distillation

have been implemented to extract essential oils (terpenes) from Cannabis. However, they were less effective than

the advanced supercritical fluid extraction at a lower temperature . Interestingly, the GS–MS analyses in the

same study revealed that the steam distillation at 130 °C and hydro-distillation at 110 °C showed 37 and 35

terpenes, respectively, in the essential oil of C. Sativa, whereas essential oil extracted with supercritical fluid at 45

°C showed only 30 terpenes , indicating the generation of terpenoid artefacts.

Solvent-based (both polar and nonpolar) conventional extraction methods have also been implemented to isolate

terpenes from Cannabis . For example, Ibrahim et al.  used an ethyl acetate, ethanol, methanol, and

chloroform/methanol (1:9; v/v) mixture and reported that ethyl acetate was the best solvent to recover terpenes

from Cannabis . However, mixtures of organic solvents are generally more effective for extracting terpenes from

Cannabis than individual solvents. For instance, a study on the inflorescences of C. sativa found that the hexane

and ethanol mixture at 7:3 (v/v) is more efficient in extracting terpenes compared to hexane or ethanol alone .
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Fischedick et al.  used ethanol as the extraction solvent to recover both terpenes and cannabinoids, and 36

compounds were identified in 11 varieties of C. sativa . Conventional ethanolic extraction was also used by A.

Hazekamp and Fischedick  to isolate monoterpenes (α–pinene, myrcene, and terpinolene); sesquiterpenes

((E)–caryophyllene and α–humulene) ; and oxygenated terpenes (guaiol, γ_eudesmol, and α_bisabolol) from

marijuana and medical Cannabis inflorescences .

Six different preparation methods were employed in a recent study to obtain Cannabis oils with high cannabinoids

and terpene contents . In this study, conventional extraction with olive oil or ethanol, along with steam distillation,

was included. In conclusion, it was recommended that Cannabis should be macerated at room temperature to

obtain the optimal terpene and cannabinoid yields in Cannabis oil . Interestingly, a previous study reported that

drying methods also influence the terpene composition of Cannabis extract, and gentle drying with a nitrogen

stream can retain monoterpenes and sesquiterpenes in the Cannabis extract . Thus, the dehydration of samples

before extraction should be optimised to prevent the degradation of terpenes.

In summary, although various conventional extraction techniques have been applied to extract terpenes,

cannabinoids, and phenolic compounds from Cannabis, most studies have primarily focused on the industrial hemp

variety without optimisation. Therefore, further investigations are needed to optimise the conventional extraction

parameters, such as type of solvent, sample-to-solvent ratio, temperature, and time, which could benefit the

recovery of these compounds from both industrial hemp and medicinal marijuana. The implementation of

mathematical prediction models is also recommended to facilitate the optimisation process to obtain greater yields

of bioactive compounds in Cannabis extracts. Impacts of the variations related to season; geographical location;

and Cannabis type (strain, chemotypes, and chemovars) on the recovery of these compounds in Cannabis extracts

or oils should also be considered while designing future studies.

2.2. Advanced Extraction Techniques

Open-loop and closed-loop systems with butane hash oil (BHO) have been applied to extract terpenes with more

flavours and aroma from Cannabis. However, the closed-loop system is often used, as it is much safer and with

more advantages than the open-loop setting . BHO is one of the cheapest and efficient solvents that offer the

most desired final product. However, its most common disadvantage is being hard to handle in bigger batches, as it

is highly flammable, colourless, and odourless . Therefore, the legal use of BHO is restricted to licensed

producers . The closed-loop system consists of a butane reservoir, trim tube, evaporation chamber, vacuum

pump, recovery pump, vacuum oven, and gas detectors. This system provides a more stable and environmentally

friendly platform for dealing with volatile BHO.

A multi-solvent extraction system, such as PX 40, has been applied to effectively extract phytochemicals from

Cannabis. PX 40 typically functions using either butane or propane or a mixture of both. Despite its high cost, it is a

productive system . In addition, the pressurised liquid extraction (PLE) technique has been applied to extract

phytochemicals from Cannabis. Common solvents like water, methanol, acetone, and hexane have been applied to

extract the phytochemicals for a short time under high temperature and pressure (temperature range of 75–150 °C
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and pressure of usually 10.4 MPa). In this technique, when increasing the temperature, the internal pressure in the

cell is consequently increased and push the components to the outside of the cell through the cell wall pores .

Subcritical carbon dioxide (CO ) extraction systems with specialised pressure and controlled temperature have

also been applied to extract high-quality cannabinoids, terpenes, and flavonoids. This technique is an effective

nonpolar extraction method . In addition, carbon (IV) oxide is also an effective method to extract CBD oil, with up

to a 90% extraction efficiency .

Supercritical fluid extraction with CO  (SFE-CO ) has been applied to extract phytochemicals from Cannabis. This

technique is more effective compared to subcritical CO  extraction systems . It should be noted that solvents

used and other factors, such as temperature, pressure, and sample types, can affect the extraction yield of this

technique. The best conditions for extracting phytochemicals were found with a back pressure of 12 MPa, a flow

rate of 10 mL/min CO , and a pump rate of 1 mL/min, with a temperature of 25 °C. The solvent gradient conditions

were 100−50% solvent A and 0−50% solvent B, and the time was 0–25 min, and all the extractions were run in two

cycles [117- . When scaling up in a pilot-scale using SFE-CO  (SCF100 model 3 PLC-GR-DLMP, Separeco S.r.l,

Pinerolo, Italy), 10 MPa pressure and a temperature of 40 °C were the best conditions .

Other advanced extraction techniques, such as dynamic maceration (DM), ultrasound-assisted extraction (UAE),

and microwave-assisted extraction (MAE), have been applied to extract phytochemicals from Cannabis . The

DM technique focuses on maceration of the Cannabis in organic solvent, then concentrating the extracted solution

by removing the solvent under reduced pressure, high temperature, and acid. However, the chemical structures of

the final target compounds can change during the extraction process .

MAE and UAE have been found to effectively extract phytochemicals from Cannabis . Different factors can

influence the extraction efficiency of phytochemicals from Cannabis using UAE and MAE, such as the type of

solvent, sample size, sample-to-solvent ratio, time, and power. However, none of the previous studies

comprehensively compared and established the optimal conditions for these two techniques when extracting

cannabinoids, phenolics, or terpenes from Cannabis. The extraction of phytochemicals from Cannabis are

summarised in Table 1.
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