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Abstract

Cannabis sativa plant has not only cannabinoids as crucial
compounds but also the other compounds that play impor-
tant role as synergistic and/or entourage compound. Can-
nabis/hemp plant materials and essential oils were analyzed
with the help of gas chromatography/mass spectrometry
detector for the content of terpenes and terpenoids. The
main terpenes/terpenoids and their abundance in the sam-
ples were evaluated. Results of this study will be helpful in
the next evaluation of these compound in mixture with can-
nabinoids and their importance in medical treatment.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Since the past 25 years, the interest in cannabis (Can-
nabis sativa L.) has been growing extremely worldwide.
The main reason behind such growing interest is not the
treatment of some serious illnesses with cannabis but
rather the desire to get rich quickly.

Although medical cannabis in some countries is con-
sidered legal, it is not yet a pharmaceutical drug. There
are 3 main reasons. (a) Fear and stigma - 80 years of pro-
hibition accompanied with negative propaganda. (b)
Lack of standardization - since it is not a single-molecule
drug. Cannabis in fact is a plant of over 1,000 chemical
constituents, varying by chemotype (chemical pheno-
type) batch and crop. Sometimes, people incorrectly re-
ferred to chemotype as strain, variety, cultivar, or chem-
ovar. Chemotypes are plants of the same genus that are
virtually identical in appearance but produce essential oil
with different major constituents. Chemotypes are vari-
ants within a single botanical species. Today, there are
thousands of “strains,” many of which have similar names
but cultivated in different climatic regions, and each with
unique chemical ingredient profile that activates differ-
ently. (c) The cart before the horse - cannabis became
legal and approved without standard clinical trials. Now,
we have to “back in” to the efficacy to see what type of
cannabis works for which medical conditions [1].

Cannabis use as medicine goes back for thousands of
years [2], but after the USA started to fight against it since
1937, it disappeared from pharmacopeias all over the
world. Fortunately, in 1950, Krej¢i [3, 4] from Czechoslo-
vakia discovered antibiotic principle of cannabis and they
started to use cannabis clinically at hospitals. Back in
1954, the first scientific conference under “Cannabis as a
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Fig. 1. Linking isoprene units “head to tail”
to form terpenes/terpenoids.

)\/)\/ C1p monoterpene (2 isoprene units)

)\/)\/)\/ C1s5 sesquiterpene (3 isoprene units)
)\/)\/)\/\)\/ Cpo diterpene (4 isoprene units)
)\/\)\/\)\/\)\/\)\/\)\/ C3p triterpene (6 isoprene units)

medicine” was held in Olomouc, Czechoslovakia [5].
Krej¢i and Santavy [6] identified this antibiotic principle
compound of cannabis, which is effective against gram-
positive microorganisms and some pathogens. They
named the compound responsible for this effect cannabi-
diolic acid [6-8]. It was the first real cannabinoid isolated
from C. sativa L. From that time, cannabis grown in
Czechoslovakia (mostly the Czechoslovak chemotype
Rastislavice) was used for the treatment in the Faculty
hospital of Olomouc [9, 10] up to 1990.

The first cannabinoid compound isolated and identi-
fied from hemp was cannabinol [11-13]. This compound
in fact is an artifact, which originates from A°-
tetrahydrocannabinol (THC) in the plant resin and after
plant harvest, storage, or heating [14]. Decarboxylation
product of cannabidiolic acid, cannabidiol (CBD), was
fully identified in 1963 [15, 16, 19]. Psychotomimetically
active compound of cannabis, THC, was fully character-
ized in 1964 [17-19]. Today, 177 cannabinoid com-
pounds are known in C. sativa L. [20-23]. Many of them
are certainly artifacts originating during harvest, drying,
and workup of cannabis plant. After the identification of
the above-mentioned cannabinoids, research started on
these compounds. Cannabinoid receptors, CB1 [24] and
CB2 [25], were discovered in the human body. Full un-
derstanding of the whole endocannabinoid system in the
human body gave an isolation of natural ligands (today
called endocannabinoids) [26-31]. This brought us to
understand the medicinal value of cannabis plant, which
was used for millennia in treatment [2], and today, it is
being legalized for the treatment of different diseases in
many countries. Because of illegalization and stigmatiza-
tion of this plant, there is still a lot of work to be accom-
plished to acquire full knowledge of the medicinal power
of this plant [32].
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The first scientific study conducted on cannabis con-
tents goes back to the first half of the 19th century [33].
Bolas and Francis [34] made the first attempt to identify
the compounds in the commercial resinous extract of In-
dian hemp in 1869. They isolated oxy-cannabin, CsH4O,,
and acid compound, which crystallize in plates.

It was almost generally accepted that the only active
compounds in cannabis are compounds typical for this
plant, cannabinoids. Only in the last several years scien-
tists started to speculate about synergic and/or entourage
effect of the other cannabis compounds. In the first row
today are terpenes/terpenoids, but our plans are also to
study flavonoids, flavonoid glycosides, and also polyphe-
nols. It is very likely that the first isolated terpene was just
B-caryophyllene.

As workers in Italian hemp fields became gay and gid-
dy from a volatile principle of hemp, Valente searched
for the compound that causes it. He employed steam dis-
tillation of the fresh leaves of hemp cultivated for fibers
to obtain sesquiterpene from essential oil, with the
empirical formula CysH,, [35-37]. It was probably -
caryophyllene which is the most common main sesqui-
terpene in hemp. Vignolo [38, 39] also used distillation
in a current of steam to prepare essential oil and subse-
quently the same sesquiterpene C,sH,, as Valente. Wood
[40] isolated from charas (because it contains no chloro-
phyll) a monoterpene C;oH;¢ (probably myrcene that is
usually the main monoterpene in hemp) and a sesquiter-
pene C;sH,, (B-caryophyllene?). Simonsen and Todd
[41] were the first to name isolated terpene. They extract-
ed p-cymene (CyoH;¢), p-cymenene (CoH;;), and humu-
lene (C;5H,,4) from Egyptian hashish.

If the question is what are terpenes or terpenoids in
cannabis plant, the answer is terpenes are hydrocarbons
and terpenoids are oxygen-containing terpenes. They can
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Table 1.

Monoterpenes — CyoH;6, mw 136

Monoterpenoids

Acyclic (B-myrcene)
Monocyclic (a-phellandrene)
Bicyclic (a-pinene)

Tricyclic (tricyclene)

Acyclic (linalool - C,oH;30, mw 154)
Monocyclic (cis-linalool oxide - C;yH;30,, mw 170)
Bicyclic (cis-sabinene hydrate — C,yH;30, mw 154)

Table 2.

Sesquiterpenes — Cy5H,4, mw 204

Sesquiterpenoids

Acyclic (cis-p-farnesene)
Monocyclic (a-humulene)
Bicyclic (B-caryophyllene)
Tricyclic (a-cubebene)

Acyclic (cis-nerolidol — C;sHy0, mw 222)

Monocyclic (humulene epoxide IT - C;5H,40, mw 220)
Bicyclic (sesquicineole — C;5H,60, mw 222)

Tricyclic (epi-cubebol - C;sHy0, mw 222)

Table 3.

Diterpenes

Diterpenoids

Monocyclic (m-camphorene — CyHj,, mw 272)

Acyclic (phytol — CyyHyO, mw 296)

Table 4.

Triterpenes

Triterpenoids

Acyclic (squalene — CspHsp, mw 410)

Tetracyclic (sitostanol - CyoHs,O, mw 416)
Pentacyclic (friedelin — C3gHs0O, mw 426)

be visualized as the result of linking isoprene units “head
to tail” to form chains, which can be arranged to form
rings (Fig. 1). It is the so-called biogenetic isoprene rule
or the Cs rule [42].

The name terpene was suggested by Kekulé [43] for
CioHig hydrocarbons in 1866. In C. sativa L., plant ter-
penes/terpenoids can be divided into several groups.
Here are examples of different types of terpenes (110 pub-
lished up-to-date) and terpenoids (121 published up-to-
date) in this plant - examples of terpenes/terpenoids
from cannabis of this particular group are in given paren-
theses (Tables 1-4):

Cannabinoids are derived from diterpene structure.
The monoterpenes present in cannabis plant have anoth-
er functional moiety like alcohol (fenchyl alcohol, linalo-

Importance of Terpenes and Terpenoids
in Cannabis sativa L.

ol, and borneol), aldehyde (neral), ketone (carvone), ester
(bornyl acetate and linalyl acetate), ether (1,8-cineol), and
phenol (thymol and carvacrol). The sesquiterpene mole-
cules include structures like alcohols (farnesol) or ketones
(nootkatone). To understand the full effects of terpenes/
terpenoids, it is necessary to explain some terms.

Synergy

The term synergy comes from the Attic Greek word
ovvepyia (synergia, “collaboration”), which is based on
the word ovvepydg (synergos, “working together”). Expla-
nation is easy. When we have 2 active compounds, they
work together better than each one separately, which can
be expressed by strict inequality: 1 + 1 > 2.
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Entourage Effect

The term entourage effect was introduced in 1988 by
Mechoulam and colleagues[44] and was explained as
increased activity of an active compound with an inac-
tive one, which can be expressed by strict inequality:
1 + 0> 1. Standardized cannabis drug preparations, rath-
er than pure cannabinoids, could be generally considered
the preferred ones [45, 46]. We believe that all compo-
nents of the cannabis plant likely exert some therapeutic
effect, more than any single compound alone. There is
increasing evidence that these compounds work better
together than in isolation and that is exactly what is called
today “entourage effect.”

The analysis of the sample and the interpretation of the
results of the analysis must be evaluated very responsibly.
We do not have enough results in this field yet. Chemo-
type, location of cultivation, conditions of cultivation,
season of cultivation, weather and microclimate, stage of
plant development, method of processing after harvest,
method of storage, storage time before analysis, part of a
plant for analysis, and method of sample processing for
analysis — all these parameters affect the results of the
analysis. So far, changes in the content of cannabinoid
substances during the growing season have been studied
[47-50] and also dynamics of changes of cannabinoids
and terpenes/terpenoids during vegetation period [51,
52].

Terpenes/terpenoids have a wide range of biological
and pharmacological activities, for instance, antifungal,
antiviral, anticancer, anti-inflammatory, antihypergly-
cemic, antiparasitic, antioxidant, and antimicrobial. It is
not possible to describe all pharmacological effects of
terpenes/terpenoids in this paper, but we shall give just
some examples for imagination of how important these
compounds are in this plant. Monoterpene myrcene is
the smallest terpene but the most prevalent terpene
found in most varieties of cannabis. Chemotypes high in
myrcene will result in a “couch lock” effect (if a sample
has over 0.5% myrcene), while chemotypes with low lev-
els of myrcene (<0.5% myrcene) will produce a more
energetic high. It is simply the amount of myrcene that
is in the sample that dictates how you will be affected.
Myrcene is simply the important monoterpene in the
plant. Myrcene has antipsychotic, antioxidant, analge-
sic, anti-inflammatory, sedative, muscle relaxant, and
anticancerogenic properties [53-56]. The most impor-
tant sesquiterpene in the cannabis plant is probably
B-caryophyllene. It is a spicy terpene. This compound
is the only terpene known to interact with the body’s
endocannabinoid system (selectively binds to the CB,
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receptor) [57]. Caryophyllene has gastroprotective,
analgesic, anticancerogenic, antifungal, antibacterial,
antidepressant, anti-inflammatory, antiproliferative,
antioxidant, anxiolytic, analgesic, and neuroprotective
effects [58, 59]. The presence of P-caryophyllene in
many essential oils might contribute strongly to their
antiviral ability. p-Caryophyllene displayed a high selec-
tivity index of 140 against herpes simplex virus type 1 in
vitro. The selectivity index was determined by the ratio
of the cytotoxic concentration of the drug that reduced
viable cell number by 50% to antiviral activity, which
inhibited plaque numbers by 50% compared with the
untreated control [60]. a-Pinene (antibacterial, anti-in-
flammatory, bronchodilator, antiseptic, and gastropro-
tective) and B-pinene (antiseptic) are the next important
compounds [61]. It is not possible to mention here all
the biodynamic terpenes. After all, there may be men-
tioned, for instance, limonene (antibacterial, gastropro-
tective, antiproliferative, antifungal, anxiolytic, antide-
pressant, antimicrobial, antispasmodic, or immunos-
timulant) [62, 63]. Linalool (sedative, antipsychotic,
anticonvulsant, anxiolytic, anesthetic, antidepressant,
analgesic, antiepileptic, and antineoplastic) [64], terpin-
eol (antioxidant, antibiotic, and relaxing effect) [65], or
caryophyllene oxide (analgesic, anticancer, antifungal,
and anti-inflammatory) [66]. Between others are also
phellandrene (antifungal and digestive disorders) [67],
ocimene (antifungal) [68], camphene (cardiovascular
disease) [69], guaiol (antitumor) [70, 71], a-humulene
(antibacterial, anti-inflammatory, and antitumor) [72-
74], y-terpinene (analgesic, anti-inflammatory, antimi-
crobial, and anticancer) [75, 76], B-elemene (antitumor,
antineoplastic, and anticancer) [77-80], nerolidol (anti-
parasitic and antileishmanial) [81, 82], or citral (anti-
fungal, antimicrobial, antiproliferative, cytotoxic, anti-
cancer, and antitumor) [83-90].

Terpenes/terpenoids are largely responsible for the
characteristic aroma of cannabis. An essential oil (mostly
terpenes or terpenoids), especially when distilled, is not
necessarily identical in its chemical composition with the
oil that is present in the living plant. Quite often very
high-boiling or low-boiling chemicals are simply “lost”
due to the nature of the distillation process and due to
economic and time constrains. Although most constitu-
ents remain intact during distillation, a few undergo
chemical changes. Oil also contains substances that are
formed from reactive precursors on distillation. The vari-
ation in essential oil composition may be due to factors
that affect the plant’s environment, such as geographical
location, weather conditions, soil type, fertilizer used, the

Hanu$/Hod



age of the plant, and the time and weather of day or year
when it is harvested. Degradation tends to occur on pro-
longed storage, under poor storage conditions, or when
the essential oil is otherwise exposed to air. Atmospheric
oxygen can change the chemical composition of an essen-
tial oil by reacting with some of its constituents. Oxida-
tion can also affect the efficacy of an essential oil. It can
render an essential oil more hazardous [91]. When we use
plant material, one must take attention to keep it protect-
ed from UV and air oxidation. Otherwise, some terpenes
can transform to allergens [92, 93].

The first who pointed out the possible synergic and/
or entourage effect of cannabinoids and terpenes is Rus-
so [94]. Only few studies have pharmacology, and fur-
ther studies have to be accomplished prior to under-
standing the interactions of cannabinoids and terpenes/
terpenoids in humans. Well-arranged review on the ter-
pene biosynthesis in cannabis plant was demonstrated
by Kovalchuk et al. [95]. Terpene synthases from C. sa-
tiva were characterized [96-98]. Rice and Koziel [99]
studied the odorous compounds (as terpenes/terpe-
noids as the other volatiles). Hazekamp et al. [100] gave
a deeper understanding of cannabis effects in laboratory
and clinical studies and the usefulness of a terpene/ter-
penoid approach for chemotaxonomic mapping of can-
nabis varieties for medicinal use. Gallily et al. [101] in-
vestigated the antioxidant and anti-inflammatory prop-
erties of 3 different terpene/terpenoid-rich hemp
essential oils. They concluded that terpenes/terpenoids
may be used to diminute acute inflammation effect,
whereas the cannabinoids to inhibit chronic inflamma-
tion symptoms. Anti-inflammatory potential of ter-
penes present in cannabis was studied by Downer [102].
Current evidence of medicinal properties of terpenes
was given by Baron [103] and Nuutinen [104] in their
reviews. Entourage effect of terpenes/terpenoids and
cannabinoids and their pharmacological activity were
also studied by Namdar et al. [105] and Ferber et al.
[106]. Blasco-Benito et al. [46] extracted fresh cannabis
flowers in ethanol, after evaporation, followed by mag-
netic stirring on hot plate, which achieved cannabinoid
decarboxylation. The extract (in mg/g) contains 3.4
THCA, 551.3 THC, 3.7 CBG, and no THCV, CBD,
CBDA, cannabinol, and CBC and the 5 main terpenes
were 1.9 B-caryophyllene, 0.6 humulene, 0.4 nerolidol,
0.6 linalool, and 0.3 B-pinene. While the ethanolic ex-
tract of cannabis flowers has higher antitumor activity
than pure THC, this effect was not attributed to any of
the 5 most abundant terpenes (THC and the 5 main ter-
penes in appropriate concentrations did not have higher

Importance of Terpenes and Terpenoids
in Cannabis sativa L.

activity than pure THC). Finlay et al. [107] tried to de-
termine whether terpenes (myrcene, a- and B-pinene,
B-caryophyllene, and limonene) in the cannabis plant
have detectable receptor-mediated activity or modify
the activity of THC, CBD, or the endocannabinoid 2-ar-
achidonoylglycerol at the cannabinoid receptors. This
study proves that the putative entourage effect cannot be
explained by direct effects at CB1 or CB2. Nuutinen
[104] has published a comprehensive paper on the me-
dicinal properties of a number of cannabis mono- and
sesquiterpene/terpenoids. These were studied in vitro,
on animals, and in clinical trials. Performed studies have
shown antimutagenic, antidiabetic, anti-inflammatory,
analgesic, antioxidant, antibiotic, anticonvulsive, anti-
cancer, antidepressant, anxiolytic, antitumor, neuro-
protective, anti-allergic, and others.

Experimental

Plant Material and Essential Oils

All 54 chemotype inflorescence samples of cannabis were
purchased from Israeli growers. Eight essential oils were of
hemp harvested in August/September 2016 in the pre-Alpine
region of Slovenia (Upper Savinja Valley), latitude NS 46°20’
29.525 and longitude E 14°50" 0.777. These samples of essential
oils were prepared by steam distillation of female flowers (upper
third of the plant). One sample was from Czech Republic (Bialo-
brzeskie). Essential oils of cannabis were bought from Cali ter-
penes (45 samples).

Sample Preparation

A 20 mg of plant material was extracted with hexane, filtered
with Filter Fix (25 mm, 0.45 um Nylon Syringe Filter; SOLUFIX
- SIMPLEPURE PTFE, 0.45 um), and dissolved 20 times with hex-
ane. Essential oil was diluted with hexane to a concentration of 0.1
mg/mL.

Conditions of the Analysis

Instrument: GC/MS (Agilent 7890B GC, Agilent 5977B MSD,
PAL 3 [RSI 85]).

Column: Agilent Technologies, Inc., HP-5MS UI, 30 m x 0.25
mm, film 0.25 pm.

Experimental conditions: At first, the column was held at 35°C
for 5 min, and afterward, the temperature was raised to 150°C at
5°C/min, then at 15°C/min up to 250°C, hold time 90 min (the in-
let temperature was fixed at 250°C; the detector at 280°C; split in-
jection 1:5; initial temperature — 100°C; initial time - 4.0 min), gas
— helium (flow rate: 1 mL/min).

Identification: The content compounds were identified by
comparison with standards, retention times, retention indices, and
the spectral matching of libraries NIST/EPA/NIH Mass Spectral
Library 2017, Wiley Registry of Mass Spectral Data 11th Edition,
FENSC3, 92015, and Adams EO library, Mass Spectral Library,
2205 compounds.

Med Cannabis Cannabinoids 2020;3:25-60 29
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Fig. 2. Gas chromatogram of Monoica hemp chemotype.

Table 5.

Normalized % Compound RI
80.24 a-Pinene 937
24.50 B-Pinene 979
71.40 B-Myrcene 991
45.96 A3-Carene 1,011
12.81 Limonene 1,031

7.20 a-Ocimene 1,039
83.29 B-Ocimene 1,037
27.00 Terpinolene 1,088

100.00 B-Caryophyllene 1,418

8.49 Trans-a-bergamotene 1,435
36.75 a-Humulene 1,454

7.14 B-Selinene 1,486

7.09 a-Selinene 1,494

7.86 Selina-3,7(11)-diene 1,542

6.02 Caryophyllene oxide 1,581

Results

In the text, every time for each mentioned chemotype,
the first is a picture of their gas chromatographic/mass
spectrometric analysis and after that a table of terpenes/
terpenoids.
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Comparison of Hemp and Cannabis

Initially, we tried to compare the so-called hemp with
the so-called cannabis, which is necessary to explain
here. Hemp is a cannabis cultivated for fiber but it is also
used for treatment. In fact, it is C. sativa L. with very low
concentrations of CBD and THC. Cannabis is called to-
day C. sativa L. mainly used for recreational and/or me-
dicinal use. It has a high concentration of CBD and/or
THC. The difference between recreational and medicinal
cannabis is in cultivation — medicinal cannabis is culti-
vated under strict conditions. In fact, many chemotypes
developed for recreational use are currently called me-
dicinal cannabis. As we did not have all terpenes stan-
dards that exist in this plant, we could not quantify all
terpenes and terpenoids; therefore, we used comparison
based on relative ratio of the main terpene/terpenoid in
the particular chemotype.

Hemp (cannabis for fibers) — chemotype Monoica
(listed volatiles that are present at a level more than 5% of
the main terpene — monoterpenes are marked in bold)
(Fig. 2; Table 5):

Cannabis (cannabis for treatment) - chemotype
Lemon OG Kush (listed volatiles that are present at a
level more than 5% of the main terpene - sesquiter-
penes/sesquiterpenoids are marked in bold) (Fig. 3; Ta-
ble 6):
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Fig. 3. Gas chromatogram of Lemon OG Kush cannabis chemotype.

Results of 108 Inflorescences and Essential Oils

Analyses

Fifty-four inflorescences of different cannabis chemotypes
(Fuji, Everest, Golan, Tropicana, Kilimanjaro (CannDoc),
Marom, Edom, Choco 1, Durban Poison, Jack Herer, Black
Diamond, Holy Weed, Pandora’s Box, Tel Aviv, Paris, OG
Kush, Bubble Gum, Strawberry 2.0, Lemon Deluxe, Berry
Deluxe, Medi Kush, Lemon K2, Blue Haze, Annapurna,
Choco 2, Himalaya, Lemon OG Kush, AK-47, Jericho,
Chocolope, Doblin, K, Kira Kush, Kilimanjaro (Better),
Luli Kush, Maui Waui, White Widow, Topaz, DOV, Alas-
ka, Avidekel, Barak, El-Na, Erez, Or, Tal, Jasmine, Shira,
Rafael, Mango, Candy Kush, Local Afgan, Power Plant, and
Tofty) + 9 essential oils of different hemp chemotypes (Fu-
tura, Felina, Fedora, Ferimon, Monoica, Tiborszallasi,
Tisza, Bialobrzeskie from Slovenia, and Bialobrzeskie from
Czech Republic) + 45 essential oils of different cannabis che-
motypes (Jamaican dream, Girl Scout Cookies, Lemon
Cookies, Tangie, Gelato, Chocolate Mint OG, Key Lime Pie,
Gorilla Glue, Pink Plant, 24K Gold, Critical Jack, Sweet
Tooth, Sugaree, Kashmir Kush, Holy Grail Kush, Chem-
dawg 4, 3 Kings, Sour Diesel, TNT Kush, Monster, Sensi
Star, SFV OG, Veneno, Gipsy Haze, Critical, 707 Truth-
band, Blackberry Kush, Grapefruit OG, Furious Candy,
AK-47, High Level, Cinderella 99, Black Dream, 10K Jack,

Importance of Terpenes and Terpenoids
in Cannabis sativa L.

Table 6.
Normalized % Compound RI
8.46 a-Pinene 937
11.26 B-Pinene 979
9.28 B-Myrcene 991
68.01 Terpinolene 1,088
8.85 a-Terpineol 1,189
73.09 B-Caryophyllene 1,418
15.09 a-Guaiene 1,439
27.01 a-Humulene 1,454
11.06 a-Sselinene 1,494
49.72 a-Bulnesene 1,505
68.46 Selina-4(15),7(11)-diene 1,544
100.00 Selina-3,7(11)-diene 1,542
18.95 Guaiol 1,596
25.92 10-Epi-y-eudesmol 1,619
7.86 y-Eudesmol 1,631
9.36 B-Eudesmol 1,649
19.57 a-Eudesmol 1,653
25.17 Bulnesol 1,666
15.22 a-Bisabolol 1,683

Cheese, Lavender, Truth, Orange Turbo, Dosidos, Nina
Limone, Amnesia, Wifi OG, M.I.B., OG Kush, Mojito) =
altogether 108 chemotypes.
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Table 7. Table 8.

Compound RI Between 10 mains in a sample Compound RI Between 10 mains
(the main in a sample) ina sample
B-Caryophyllene 1,418 108x (48x) (the main in a sample)
g_l}i’gz;eene Zg; gg: 83;) B-Caryophyllene 1,418 53x (13x)
Limonene 1,031 79x (2x) p-Myrcene 991 36x (13x)
B-Pinene 980 72 (0x) Guaiol 1,596 35x (0x)
Linalool 1,098 45x (1x) 10-Epi-y-eudesmol 1,619 34x (5x)
Guaiol 1,596 35% (0x) Selina-3,7(11)-diene 1,542 33x (9x)
10-Epi-y-eudesmol 1,619 34x (5x) a-Humulene 1,454 36x (0x)
Selina-3,7(11)-diene 1,542 33x (9%) Bulnesol 1,667 32x (1x)
g‘ll{“m‘;lene P o 2‘1)3 a-Pinene 939 29% (5)
ulneso ,
o Terpineol 1189 28 (0) aTEudesmol 1,653 26x (1x)
a-Eudesmol 1,653 26% (1x) Limonene 1,031 27x (0x)
p-Mentha-1(7),8-diene 1,004 26x (0x) p-Eudesmol 1,649 23x (1x)
B-Eudesmol 1,649 23x (1x) a-Bisabolol 1,683 20x (3x)
Endo-fenchol 1,112 22x (0x) y-Selinene 1,544 20x (1x)
a-Bisabolol 1,683 20x% (3%) ﬁ_Pinene 980 18x (Ox)
}’F'Selingne . igﬁ ;gx E(I)X; a-Selinene 1,494 11x (0x)
rans-B-ocimene , x (0x :
Terpinolene 1,088 18x (8x) Terpanoleni 1,088 9x(2x)
a-Selinene 1,494 12x (0x) y-Eudesmo 1,631 9x (0x)
B-Selinene 1,486 11x (0x) a-Bulnesene 1,505 9x (0x)
p-Cymene 1,026 10x (0x) Linalool 1,098 9% (0x)
y-Eudesmol 1,631 9x (0x) y-Elemene 1,434 9% (0x)
a-Bulnesene 1,505 9% (0x) Germacrene B 1,557 8x (0x)
y-Elemene 1,434 9% (0x) B-Selinene 1,486 8x (0x)
Camphene 953 9% (0x) Endo-fenchol 1,112 6x (0x)
Gerchrene B 1,557 8% (0x) a-Guaiene 1,439 4x (0x)
a-Guaiene 1,439 4x (0x) Epi-a-bisabolol 1.670 4x (0x)
Epi-a-bisabolol 1,670 4x (0x) pi-a-bisabolo ’ x (Ux
Juniper camphor 1,692 3% (0x) Juniper camphor 1,692 3x (0x)
Cis-a-bisabolene 1,504 3x (0x) Cis-a-bisabolene 1,504 3% (0x)
Trans-a-bisabolene 1,512 3x (0x) Trans-a-bisabolene 1,512 3% (0x)
Trans-a-bergamotene 1,435 9% (0x) a-Terpineol 1,189 3% (0x)
A’-Carene 1,011 7x (0x) Trans-B-ocimene 1,044 3% (0x)
Caryqphyllene oxide 1,581 7% (0x) B-Phellandrene 1,031 2% (0x)
i’_so'gilr?li(r’}: }:g;; gi Egi; Trans-a-bergamotene 1,435 2x (0x)
Hexyl butyrate 1,192 5% (0x) 8-Selinene 1,493 2x (0x)
Cis-B-ocimene 1,040 4% (0x) Ocimene 1,050 1x (0x)
a-Phellandrene 1,005 4x (0x) Exo-fenchol 1,116 1x (0x)
Borneol 1,166 4% (0x) Cis-pinene hydrate 1,121 1x (0x)
B-Phellandrene 1,031 4x (0x) Trans-pinene hydrate 1,140 1x (0x)
a-Terpinene 1,017 3% (0x) Trans-B-farnesene 1,458 2% (0x)
8-Selinene 1,493 2x(0x) Trans-p-guaiene 1,500 1x (0x)
Trans-B-farnesene 1,458 2% (0x) _Cadinene 1513 1x (0x)
Trans-nerolidol 1,564 2% (0x) y-tadl >
y-Terpinene 1,060 2 (0) [S—Curcumer}e 1,514 1x (0x)
Trans-pinene hydrate 1,140 2x (0x) Trans-nerolidol 1,564 1x (0x)
Ocimene 1,050 1x (0x) Caryophyllene oxide 1,581 1x (0x)
Exo-fenchol 1,116 1x (0x) Selin-6-en-4a-ol 1,636 1x (0x)
Cis-pinene hydrate 1,121 1x (0x)
Trans-(-guaiene 1,500 1x (0x) The bold values represent the maximum amount when the
E'giﬁﬁ;’;e }2 5; }i Egi; compound was between the ten main terpenes.
Selin-6-en-4a-ol 1,636 1x (0x)
Humulene epoxide I 1,594 2% (0x)
y-Terpineol 1,197 1x (0x)

The bold values represent the maximum amount when the compound
was between the ten main terpenes.
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Table 9.

Table 10.

Between 10 mains
in a sample
(the main in a sample)

Compound RI

Between 10 mains
in a sample
(the main in a sample)

Compound RI

B-Caryophyllene 1,418 46x (30x)
a-Pinene 937 45x (4x)
B-Myrcene 991 45x (3x)
Limonene 1,031 45x (2x)
B-Pinene 979 45x (0x)
a-Humulene 1,454 37x (0x)
Linalool 1,098 36x (1x)
p-Mentha-1(7),8-diene 1,004 26 (0x)
a-Terpineol 1,189 25x (0x)
Terpinolene 1,088 21x (6x)
Endo-fenchol 1,112 16x (0x)
B-Ocimene 1,040 13x (0x)
p-Cymene 1,026 10x (0x)
Camphene 953 9% (0x)
1,8-Cineole 1,032 6% (0x)
Hexyl butyrate 1,192 5% (0x)
a-Phellandrene 1,005 4x (0x)
A3-Carene 1,011 4x (0x)
a-Ocimene 1,039 4x (0x)
Borneol 1,166 4x (0x)
Caryophyllene oxide 1,581 4x (0x)
a-Terpinene 1,017 3% (0x)
Trans-B-ocimene 1,049 2% (0x)
y-Terpinene 1,060 2% (0x)
Trans-pinene hydrate 1,140 1x (0x)
y-Terpineol 1,197 1x (0x)
Trans-nerolidol 1,564 1x (0x)

The bold values represent the maximum amount when the
compound was between the ten main terpenes.

a. Fifty-eight different terpenes were found between the
10 main terpenes from each of 108 chemotypes (hemp
and cannabis inflorescence and essential oil samples).
Sorting according to the frequency of the main terpene

in the 10 main ones at each chemotype (numbers outside

parentheses indicate in how many phenotypes was this
particular terpene between the 10 main ones, and num-
bers in parentheses indicate in how many phenotypes was
this particular terpene/terpenoid the major one) (Ta-

ble 7).

b. Forty-four different terpenes were found between the
10 main terpenes of each from 54 chemotypes (canna-
bis inflorescence samples).

Sorting according to the frequency of the main terpene
in the 10 main ones at each chemotype (numbers outside
parentheses indicates in how many phenotypes was this
particular terpene between the 10 main ones, and num-

Importance of Terpenes and Terpenoids
in Cannabis sativa L.

B-Caryophyllene 1,418 8x (5x%)
B-Myrcene 991 7% (4x)
a-Pinene 937 8x (0x)
B-Pinene 979 8x (0x)
Terpinolene 1,088 8x (0x)
a-Humulene 1,454 8x (0x)
Limonene 1,031 7% (0x)
B-Ocimene 1,037 6% (0x)
Trans-a-bergamotene 1,435 6% (0x)
A3-Carene 1,011 3x (0x)
[B-Selinene 1,486 3% (0x)
Cis-p-ocimene 1,040 2% (0x)
Caryophyllene oxide 1,581 2% (0x)
B-Phellandrene 1,031 1x (0x)
a-Ocimene 1,039 1x (0x)
a-Selinene 1,494 1x (0x)
Humulene epoxide I 1,594 1x (0x)

The bold values represent the maximum amount when the
compound was between the ten main terpenes.

bers in parentheses indicate in how many phenotypes was

this particular terpene the major one) (Table 8).

c. Twenty-seven different terpenes were found between
the 10 main terpenes of each from 46 chemotypes
(cannabis essential oils).

Sorting according to the frequency of the main terpene
in the 10 main ones at each chemotype (numbers outside
parentheses indicate in how many phenotypes was this
particular terpene between the 10 main ones, and num-
bers in parentheses indicates in how many phenotypes
was this particular terpene the major one) (Table 9).

d. Seventeen different terpenes were found between the
10 main terpenes of each from 7 chemotypes (hemp
essential oils).

Sorting according to the frequency of the main terpene
in the 10 main ones at each chemotype (numbers outside
parentheses indicate in how many phenotypes was this
particular terpene between the 10 main ones, and num-
bers in parentheses indicate in how many phenotypes was
this particular terpene the major one) (Table 10).

e. Examples of different chemotypes with different main
terpenes:

1. a-Pinene-dominant chemotype - Kilimanjaro (Fig. 4;
Table 11)

2. p-Myrcene dominant chemotype — Durban Poison
(Fig. 5; Table 12)
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Fig. 4. Gas chromatogram of Kilimanjaro cannabis chemotype.

Table 11.
Normalized % Compound RI
100.00 a-Pinene 939
64.84 B-Myrcene 991
52.98 y-Selinene 1,544
39.58 Selina-3,7(11)-diene 1,542
22.90 Caryophyllene 1,418
21.12 B-Pinene 980
11.23 Limonene 1,031
8.70 a-Bisabolol 1,683
5.70 a-Selinene 1,494
493 Ocimene 1,050

The bold value represents the main compound in the sample.
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3. Limonene-dominant chemotype - Sweet Tooth
(Fig. 6; Table 13)
4. Terpinolene-dominant chemotype - Jack Herer

(Fig. 7; Table 14)

5. Linalool-dominant chemotype - Dosidos (Fig. 8; Ta-
ble 15)

6. B-Caryophyllene-dominant chemotype — Edom (Fig.
9; Table 16)

7. Selina-3,7(11)-diene-dominant chemotype — Lemon
OG Kush (Fig. 10; Table 17)

8. y-Selinene-dominant chemotype - Fuji (Fig. 11; Table
18)

9. 10-Epi-y-eudesmol-dominant chemotype - Lemon
Deluxe (Fig. 12; Table 19)

10.3-Eudesmol-dominant chemotype — Alaska (Fig. 13;
Table 20)

11.a-Eudesmol-dominant chemotype - El Na (Fig. 14;
Table 21)

12.Bulnesol-dominant chemotype - Berry Deluxe (Fig.
15; Table 22)

13.a-Bisabolol-dominant chemotype — Bubble Gum (Fig.
16; Table 23)
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Fig. 5. Gas chromatogram of Durban Poison cannabis chemotype.

Table 12.

Normalized % Compound RI

100.00 B-Myrcene 991
79.20 Caryophyllene 1,418
61.69 a-Pinene 939
47.22 Guaiol 1,596
46.16 B-Eudesmol 1,649
36.21 a-Eudesmol 1,652
31.69 Selina-3,7(11)-diene 1,542
28.87 a-Humulene 1,440
26.69 B-Pinene 980
24.21 Limonene 1,031

The bold value represents the main compound in the sample.

Importance of Terpenes and Terpenoids Med Cannabis Cannabinoids 2020;3:25-60
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Fig. 6. Gas chromatogram of Sweet Tooth cannabis chemotype.

Table 13.
Normalized % Compound RI
100.00 Limonene 1,031
76.70 B-Caryophyllene 1,418
23.89 Linalool 1,098
20.70 B-Pinene 979
14.59 B-Myrcene 991
12.49 a-Pinene 937
8.78 Endo-fenchol 1,112
4.90 a-Terpineol 1,189
3.83 a-Humulene 1,454
1.36 p-Mentha-1(7),8-diene 1,004

The bold value represents the main compound in the sample.
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Fig. 7. Gas chromatogram of Jack Herer cannabis chemotype.

Table 14.

Normalized % Compound RI

100.00 Terpinolene 1,088
69.43 B-Myrcene 991
46.40 Caryophyllene 1,419
44.23 a-Pinene 937
34.20 a-Bulnesene 1,505
26.69 B-Pinene 979
19.47 Humulene 1,454
17.98 Limonene 1,031
13.54 B-Selinene 1,485
13.14 a-Guaiene 1,439

The bold value represents the main compound in the sample.

Importance of Terpenes and Terpenoids

in Cannabis sativa L.

Med Cannabis Cannabinoids 2020;3:25-60
DOI: 10.1159/000509733

37



10°
)
6.8 — Linalool
6.6 —
64 —
62 —
i
58 —
56 —
54 —
52 —
.
48 —
46 —
44 —
42 —
z e
2 38—
g 36
Q 34 —
E 32 H
5
28 —
26 —
24 —
22 —
2]
18
16 —
14 —
12
]
08 — |
06 — h
04 — |
03: u_,L.._JL_»_IJL_' ..J_J»L L.__allJ‘ ]._.._}\ -
10‘5 1‘1 11‘.5 1‘2 12‘5 1‘3 13‘5 1‘4 T;.S 1‘5 15‘5 1‘6 16‘5 1‘7 17‘.5 T‘B 18‘5 19 19‘5 2‘0 20‘.5 2‘1 21‘,5 2‘2 22‘5 2‘3 23‘.5 2‘4 24‘,5 2‘5 25‘5 2‘6 26‘.5 2‘7 27‘,5 2‘8 23‘5 2‘9 29‘.5 3‘0 30‘,5 3‘1 31‘5 3‘2 32‘.5 3‘3 33‘5 3‘4 3‘1'5
Counts vs. acquisition time, min
Fig. 8. Gas chromatogram of Dosidos cannabis chemotype.
Table 15.
Normalized % Compound RI
100.00 Linalool 1,098
93.11 Limonene 1,031
73.64 a-Pinene 937
58.11 a-Terpineol 1,189
51.17 Endo-fenchol 1,112
41.71 B-Pinene 979
29.27 B-Caryophyllene 1,418
12.35 B-Myrcene 991
11.83 Borneol 1,166
3.87 y-Terpineol 1,197
The bold value represents the main compound in the sample.
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Fig. 9. Gas chromatogram of Edom cannabis chemotype.

Table 16.
Normalized % Compound RI
100.00 B-Caryophyllene 1,418
40.90 a-Bulnesene 1,505
33.50 a-Humulene 1,454
15.05 Limonene 1,031
14.20 Terpinolene 1,088
12.06 a-Guaiene 1,439
10.20 a-Selinene 1,494
10.00 y-Cadinene 1,513
9.80 Trans-nerolidol 1,564
8.40 B-Selinene 1,485

The bold value represents the main compound in the sample.
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Fig. 10. Gas chromatogram of Lemon OG Kush cannabis chemotype.

Table 17.

Normalized % Compound RI

100.00 Selina-3,7(11)-diene 1,542
73.09 B-Caryophyllene 1,418
68.46 Selina-4(15),7(11)-diene 1,544
68.01 Terpinolene 1,088
49.72 a-Bulnesene 1,505
27.01 a-Humulene 1,454
25.92 10-Epi-y-eudesmol 1,619
25.17 Bulnesol 1,666
19.57 a-Eudesmol 1,653
18.95 Guaiol 1,596

The bold value represents the main compound in the sample.
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Fig. 11. Gas chromatogram of Fuji cannabis chemotype.

Table 18.

Normalized % Compound RI

100.00 y-Selinene 1,544
94.82 Caryophyllene 1,418
80.95 Selina-3,7(11)-diene 1,542
72.37 a-Pinene 939
36.95 a-Humulene 1,454
36.18 10-Epi-y-eudesmol 1,619
31.80 Bulnesol 1,666
27.01 Guaiol 1,595
26.82 B-Pinene 980
23.43 a-Eudesmol 1,652

The bold value represents the main compound in the sample.

Importance of Terpenes and Terpenoids
in Cannabis sativa L.

Med Cannabis Cannabinoids 2020;3:25-60
DOI: 10.1159/000509733

41



x10°

7
68 |
66
64
62

6
58 —
56 —
54 —
52 —

5
48 —
46 —
44
42

4 -
38
36
34
32

28 —
26 —
24 —
22 —

+El TIC scan Lemoin Deluxe.d

18 4
16 7
14 4
12 4

1
08 —

0

06 —
04 —
02 —

A

)

ujl_ml\m

e M

W

l

[10-epi-y-eudesmol

T

Counts vs. acquisition time, min

105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18 185 19 195 20 205 21 215 22 225 23 235 24 245 25 255 26 265 27 275 28 285 29 295 30 305 31 315 32 325 33 335 34 345

Fig. 12. Gas chromatogram of Lemon Deluxe cannabis chemotype.

Table 19.

Normalized % Compound RI

100.00 10-Epi-y-eudesmol 1,619
93.89 Selina-3,7(11)-diene 1,542
86.72 a-Bisabolol 1,683
86.47 B-Caryophyllene 1,418
83.15 Bulnesol 1,666
68.04 Guaiol 1,596
67.13 B-Myrcene 991
62.23 a-Eudesmol 1,653
57.63 Limonene 1,030
30.13 B-Eudesmol 1,649

The bold value represents the main compound in the sample.
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Fig. 13. Gas chromatogram of Alaska cannabis chemotype.

Table 20.

Normalized % Compound RI

100.00 B-Eudesmol 1,649
87.07 Bulnesol 1,667
81.59 Guaiol 1,596
78.76 10-Epi-y-eudesmol 1,619
7213 a-Bisabolol 1,684
65.67 a-Pinene 937
62.62 B-Caryophyllene 1,419
50.71 y-Elemene 1,434
49.94 B-Myrcene 991
44.18 B-Pinene 979

The bold value represents the main compound in the sample.
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Fig. 14. Gas chromatogram of El Na cannabis chemotype.

Table 21.

Normalized % Compound RI

100.00 a-Eudesmol 1,652
89.80 B-Myrcene 991
89.68 B-Caryophyllene 1,418
82.64 10-Epi-y-eudesmol 1,619
82.18 Guaiol 1,595
79.76 Bulnesol 1,667
74.35 Epi-a-bisabolol 1,686
70.04 a-Pinene 937
40.58 B-Pinene 979
30.66 a-Humulene 1,454

The bold value represents the main compound in the sample.
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Fig. 15. Gas chromatogram of Berry Deluxe cannabis chemotype.

Table 22.

Normalized % Compound RI

100.00 Bulnesol 1,666
98.07 10-Epi-y-eudesmol 1,619
80.32 a-Eudesmol 1,653
77.83 Guaiol 1,596
46.87 B-Caryophyllene 1,418
40.77 B-Eudesmol 1,649
33.94 a-Bisabolol 1,683
32.36 y-Eudesmol 1,631
15.30 Limonene 1,030
14.58 a-Humulene 1,454

The bold value represents the main compound in the sample.
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Fig. 16. Gas chromatogram of Bubble Gum cannabis chemotype.

Table 23. f. Comparison of terpene content in fresh and dry sam-
ples:

Normalized % Compound RI Chemotype Pandora’s Box - fresh (Fig. 17; Table 24);

100.00 «-Bisabolol 1,683 Che.mot}{pe Pando.ra s Box - dry (Elg. 18; Table 25)
62.84 Bulnesol 1,666 g. All identified volatile compounds in 1 chemotype:
52.98 Guaiol 1,596 Chemotype Lemon OG Kush (cannabis inflorescence)
19.97 B-Myrcene 991 (Fig. 19; Table 26);
26.24 p-Caryophyllene 1,418 Chemotype Futura (hemp essential oil) (Fig. 20; Ta-
37.28 Selina-3,7(11)-diene 1,542 ble 27);
16.71 y-Eudesmol 1,631 ’ ) . .
2014 f-Eudesmol 1,649 C}}emotype Black Dream (cannabis essential oil)
43.24 a-Eudesmol 1,653 (Fig. 21; Table 28)

The bold value represents the main compound in the sample.
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Fig. 17. Gas chromatogram of Pandora’s Box cannabis chemotype (fresh sample).

Table 24.
Normalized % Compound RI
100.00 Terpinolene 1,088
86.22 Caryophyllene 1,419
34.56 a-Humulene 1,454
22.67 y-Elemene 1,434
15.18 Selina-3,7(11)-diene 1,542
12.95 B-Myrcene 991
11.37 Germacrene B 1,556
11.11 a-Cadinene 1,538
9.96 Bulnesol 1,667

The bold value represents the main compound in the sample.
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Fig. 18. Gas chromatogram of Pandora’s Box cannabis chemotype (dry sample).

Table 25.

Normalized % Compound RI

100.00 B-Caryophyllene 1,418
37.19 Terpinolene 1,088
35.89 a-Humulene 1,454
30.82 y-Elemene 1,434
20.55 Selina-3,7(11)-diene 1,542
15.37 Bulnesol 1,667
14.74 10-Epi-y-eudesmol 1,619
10.84 a-Eudesmol 1,653
10.54 Guaiol 1,596
10.39 Germacrene B 1,556

The bold value represents the main compound in the sample.
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Fig. 19. Gas chromatogram of Lemon OG Kush cannabis chemotype.

Table 26.

RT Normalized %  Compound RI RT Normalized %  Compound RI
9.445 0.47 4-Methyl-octane 863 20.482 8.85 a-Terpineol 1,189
9.575 1.17 p-Xylene 865 25.578 0.40 Ylangene 1,372
10.44 0.23 o0-Xylene 887 26.164 1.45 Selina-5,11-diene 1,447

10.877 0.84 Heptanal 901 26.842 73.09 B-Caryophyllene 1,418

11.751 3.73 a-Thujene 929 27.168 3.97 y-Elemene 1,434

11.955 8.46 a-Pinene 937 27.214 6.36 a-Bergamotene 1,435

12.467 0.51 Camphene 953 27.307 15.09 a-Guaiene 1,439

13.415 3.22 Sabinene 974 27.707 27.01 a-Humulene 1,454
13.48 11.26 B-Pinene 979 28.423 2.79 Sesquiterpene — mw 204

14.094 9.28 B-Myrcene 991 28.488 8.50 (-Selinene 1,486

14.484 4.26 a-Phellandrene 1,005 28.674 11.06 a-Selinene 1,494
14.68 3.22 A3-Carene 1,011 28.879 49.72 a-Bulnesene 1,505

14.912 4.97 a-Terpinene 1,017 29.111 4.65 Sesquiterpene — mw 204

15.182 0.71 p-Cymene 1,026 29.167 10.39 Sesquiterpene — mw 204

15.321 10.24 Monoterpene - mw 136 29.251 2.52 Sesquiterpene — mw 204

15.396 2.23 1,8-Cineole 1,032 29.427 68.46 Selina-4(15),7(11)-diene 1,544

16.028 20.89 1,3-Diethylbenzene 1,032 29.530 100.00 Selina-3,7(11)-diene 1,542

16.223 5.91 1,4-Diethylbenzene 1,041 30.190 3.00 Caryophyllene oxide 1,581

16.344 6.23 y-Terpinene 1,060 30.366 18.95 Guaiol 1,596

16.614 1.12 Cis-sabinene hydrate 1,068 30.701 25.92 10-Epi-y-eudesmol 1,619

17.311 68.01 Terpinolene 1,088 30.831 7.86 y-Eudesmol 1,631

17.618 1.06 Trans-sabinene hydrate 1,097 31.073 9.36 B-Eudesmol 1,649

17.692 2.48 Linalool 1,099 31.101 19.57 a-Eudesmol 1,653

18.092 3.81 Endo-fenchol 1,112 31.259 25.17 Bulnesol 1,666

18.343 2.83 Cis-pinene hydrate 1,121 31.399 15.22 a-Bisabolol 1,683

18.985 0.58 Trans-pinene hydrate 1,140 31.594 5.86 Juniper camphor 1,691

19.124 1.43 Bicyclo[2.2.1]hept-2-en-7-o0l 1,164 31.798 1.94 Sesquiterpenoid — mw 220

19.729 1.20 Borneol 1,166

20.073 2.55 Terpinen-4-ol 1,177 The bold value represents the main compound in the sample.

20.315 2.32 p-Cymen-8-ol 1,183
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Fig. 20. Gas chromatogram of Futura hemp chemotype.
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Table 27.

RT Normalized % Compound RI RT Normalized % Compound RI
9.286  0.01 Ethylbenzene 855 26.535  1.56 Cis-B-caryophyllene 1,406
9.584  0.05 p-Xylene 859 26.610  0.12 a-Gurjunene 1,409

10.532  0.01 5-Methyl-2-hexanone 865 26712  1.23 Cis-a-bergamotene 1,415

11.397  0.63 5,5-Dimethyl-1-vinylbicyclo[2.1.1] 920  26.879 100.00 B-Caryophyllene 1,418

hexane 27.084  0.14 Sesquiterpene - mw 204

11.760  0.57 a-Thujene 929 27233 11.15 Trans-a-bergamotene 1,435

11.964 49.47 a-Pinene 937 27372 048 Aromadendrene 1,440

12476 0.75 Camphene 953  27.447  0.07 Guaia-6,9-diene 1,443

12.718  0.01 Dehydrosabinene 956  27.540  0.01 Epi-B-santalene 1,448

13.489 17.80 B-Pinene 979  27.623  0.09 Sesquiterpene — mw 204

14.122  74.77 B-Myrcene 991  27.726 40.37 a-Humulene 1,454

14.373  0.05 A*-Carene 1,001 27912 242 Epi-B-caryophyllene 1,466

14.494 231 a-Phellandrene 1,005 28.116  0.13 4,5-Di-epi-aristolochene 1,476

14.689 4.20 A3-Carene 1,011 28.265 0.59 y—Muurolene 1,477

14921 176 a-Terpinene 1,017 28274  0.55 B-Himachalene 1,499

15200  0.61 p-Cymene 1,025  28.358  0.22 a-Muurolene 1,499

15.331 10.96 Limonene 1,031  28.442 1.88 Sesquiterpene - mw 204

15.336 1.02 1,8-Cineole 1,032 28.507 5.54 B-Selinene 1,486

15712 2.48 a-ocimene 1,039  28.600  0.20 Cis-B-guaiene 1,490

16.047 29.24 B-ocimene 1,040 28.656  1.22 Valencene 1,492

16.242  0.32 1,4-Diethylbenzene 1,041 28.693  3.88 a-Selinene 1,494

16.363 1.45 y-Terpinene 1,060  28.879  0.62 a-Farnesene 1,508

16.623  0.05 Cis-sabinene hydrate 1,070  28.907  1.66 B-Bisabolene 1,509

17.330 61.71 Terpinolene 1,088 28.962  0.71 B-Curcumene 1,514

17.711  0.27 Linalool 1,099 29.046  0.35 y-Cadinene 1,513

18.064  0.11 Monoterpene - mw 134 29.120 1.01 Sesquiterpene - mw 204

18.111  0.16 Endo-fenchol 1,112 29.195  1.82 Sesquiterpene — mw 204

18.362  0.11 Cis-pinene hydrate 1,121 29.260  0.16 Sesquiterpene — mw 204

18.632  0.53 Neo-allo-ocimene 1,131 29.437  3.01 y-Selinene 1,544

18.808  0.15 Monoterpene - mw 134 29.465  2.18 Sesquiterpene - mw 204

18911  0.10 Trans-pinocarveol 1,139  29.511 1.21 a-Bisabolene 1,512

19.004 0.09 Monoterpene — mw 136 29.548 4.04 Selina-3,7(11)-diene 1,542

19.385  0.03 Monoterpenoid - mw 134 29.799  0.54 Germacrene B 1,557

19.654  0.02 Pinocarvone 1,164 29.883  0.52 Sesquiterpene - mw 204

19.738  0.07 Borneol 1,166  30.199  4.95 Caryophyllene oxide 1,581

20.082  0.48 Monoterpenoid — mw 154 30.320  0.02 Sesquiterpene - mw 204

20.324  0.42 p-Cymen-8-ol 1,183 30422  0.10 Humulene epoxide I 1,604

20491  0.20 a-Terpineol 1,189  30.487  0.07 Sesquiterpene - mw 204

20.547  0.11 Hexyl butanoate 1,192 30571  1.11 Humulene epoxide II 1,606

21.226  0.05 2-Methyl-2-nonen-4-one 1,215 30.664  0.33 Sesquiterpenoid - mw 220

21.589  0.03 Citronellol 1,228 30906  0.44 Caryophylla-4(12),8(13)-dien-5-B-ol 1,631

25.001  0.07 a-Cubebene 1,351 31.408  0.11 a-Bisabolol 1,684

25596  0.22 Ylangene 1,372 31.603  0.06 Juniper camphor 1,692

25717  0.14 Copaene 1,376 33.547  0.24 Diterpene - mw 272 1,939

25912 017 Hexyl hexanoate 1,384 33.788  2.87 m-Camphorene 1,960

25.987  0.07 B-Longipinene 1,403 34.039 141 p-Camphorene 1,995

26.061  0.17 Sesquithujene 1,402

26.173  0.16 Sesquiterpene — mw 204 The bold value represents the main compound in the sample.

26.461  0.24 Sesquiterpene - mw 204
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Fig. 21. Gas chromatogram of Black Dream cannabis chemotype.
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Table 28.

RT Normalized % Compound RI
9.268 0.02 Ethylbenzene 855
9.565 0.06 p-Xylene 865

11.211 0.04 2,6-Dimethyl-4-octene 911

11.481 0.18 Tricyclene 926

11.741 0.12 a-Thujene 929

11.946 67.03 a-Pinene 937

12.457 2.11 Camphene 953

12.690 0.03 Dehydrosabinene 956

13.471 34.15 B-Pinene 979

13.750 0.09 mw 138

14.084 33.17 B-Myrcene 991

14.177 0.36 mw 138

14.270 0.07 mw 138

14.447 3.74 p-Mentha-1(7),8-diene 1,004

14.680 0.10 A3-Carene 1,011

14.903 0.21 a-Terpinene 1,017

15.182 0.62 p-Cymene 1,026

15.312 18.87 Limonene 1,031

15.386 0.78 1,8-Cineole

15.693 0.18 a-Ocimene 1,039

16.028 1.14 1,3-Diethylbenzene 1,032

16.223 0.34 1,4-Diethylbenzene 1,041

16.344 0.24 y-Terpinene 1,060

17.218 0.05 Monoterpene - mw 136

17.302 3.37 Terpinolene 1,088

17.683 2.25 Linalool 1,098

18.083 0.79 Endo-fenchol 1,112

18.204 0.07 Exo-fenchol 1,116

18.613 0.04 Allo-ocimene 1,129

18.883 0.05 Trans-pinocarveol 1,139

19.096 0.07 Cis-verbenol 1,142

19.440 0.10 Isoborneol 1,157

19.719 0.16 Borneol 1,166

20.305 0.12 p-Cymen-8-ol 1,183

20.473 0.48 a-Terpineol 1,189

20.528 0.23 Hexyl butyrate 1,192

20.677 0.12 y-Terpineol

20.872 0.02 mw 152

21.561 0.13 Citronellol 1,228

21.821 0.03 mw 152

23.234 0.19 Bornyl acetate 1,284

24.713 0.06 Methyl anthranilate 1,343

25.884 0.22 Hexyl hexanoate 1,384

26.507 0.06 B-Cis-caryophyllene 1,406

26.851 100.00 B-Caryophyllene 1,418

27.056 0.26 10,10-Dimethyl-2,6-dimethylenebicyclo[7.2.0]Jundecane 1,440

27.586 0.10 Sesquiterpene/mw 204

27.698 10.65 a-Humulene 1,454

27.884 0.10 Alloaromadendrene 1,461

29.195 0.03 Trans-calamenene 1,529

29.316 0.38 Nerolidol 1,534

29.808 0.80 Trans-nerolidol 1,564

30.041 0.07 Sesquiterpenoid — mw 220

30.190 1.31 Caryophyllene oxide 1,581

30.552 0.09 Humulene epoxide II 1,606

30.887 0.05 11,11-Dimethyl-4,8-dimethylenebicyclo[7.2.0]undecan-3-ol

33.770 0.11 m-Camphorene 1,960

34.030 0.04 p-Camphorene 1,995

The bold value represents the main compound in the sample.
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Discussion

The purpose of this study was to identify and compare
different strains of C. sativa L. with emphasis on terpenes/
terpenoids percentages. We tried to identify the most
common, the most abundant, and the most interesting
compounds in dry flowering tops and etheric oils of hemp
and cannabis.

From the chromatograms and tables, one can see that
there are many different chemotypes of C. sativa accord-
ing to their terpenes/terpenoids and that the main vola-
tiles can differ one from the other. This will also influence
the industrial, medicinal, and recreational use of this
plant. The most important is the content of these volatile
compounds in medicine as they will influence the treat-
ment of different diseases.

Comparison of essential oils from hemp and cannabis
gave different results. In essential oil of hemp, there were
mainly monoterpenes, while in cannabis, the sesquiter-
penes/sesquiterpenoids predominate. In any of the 108
chemotypes, the main compounds were B-caryophyllene,
B-myrcene, a-pinene, a-humulene, limonene, and
B-pinene.

Between all the 108 chemotypes were the ones where
the main terpene/terpenoid was [-caryophyllene,
B-myrcene, a-pinene, limonene, terpinolene, linalool, se-
lina-3,7(11)-diene,  y-selinene,  10-epi-y-eudesmol,
B-eudesmol, a-eudesmol, bulnesol, or a-bisabolol. In
plant material (inflorescence) of cannabis (54 chemo-
types), the main compounds were [-caryophyllene,
B-myrcene, guaiol, 10-epi-y-eudesmol, selina-3,7(11)-di-
ene, and a-humulene.

When we evaluated hemp and cannabis inflorescence
and essential oil samples for 10 the main terpenes in any
from 108 analyzed chemotypes, between them were 58
different terpenes/terpenoids. From these 44 different ter-
penes/terpenoids were found in 54 chemotypes of canna-
bis inflorescence samples, 27 different ones in 46 chemo-
types of cannabis essential oils, and 17 different ones were
found in 8 chemotypes of hemp essential oils. Sometimes
we can see that the main terpene/terpenoid does not reach
20% of total ones in the analyzed sample: Kilimanjaro -
a-pinene (17.45%) (Fig. 4); Durban Poison - 3-myrcene
(16.75%) (Fig. 5); Edom - P-caryophyllene (15.74%)
(Fig. 9); Lemon OG Kush - selina-3,7(11)-diene (10.03%)
(Fig. 10); Fuji - y-selinene (10.85%) (Fig. 11); Lemon De-
luxe - 10-epi-y-eudesmol (10.37%) (Fig. 12); Alaska -
B-eudesmol (8.96%) (Fig. 13); EINa - a-eudesmol (9.66%)
(Fig. 14); Berry Deluxe - bulnesol (14.72%) (Fig. 15); and
Bubble Gum - a-bisabolol (16.03%) (Fig. 16).
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Table 29. Inflorescences of cannabis chemotypes (the main ter-
pene in the sample is above 20% of total)

Chemotype % of total terpenes/ Terpene/terpenoid
terpenoids
Doblin 33.37 B-Caryophyllene
Jericho 30.21 a-Pinene
White widow 27.51 a-Pinene
Pandora’sboxdry  25.32 B-Caryophyllene
Tel Aviv 24.99 a-Pinene
Pandora’s box fresh  24.55 Terpinolene
21.16 B-Caryophyllene
DOV 22.45 B-Myrcene
Maui Waui 22.09 Selina-3,7(11)-diene
Kira Kush 21.61 Selina-3,7(11)-diene
Jack Herer 21.39 Terpinolene
Kush 20.66 a-Pinene

Table 30. Hemp essential oils (the main terpene in the sample is
above 20% of total)

Chemotype % of total terpenes/ Terpene/terpenoid
terpenoids

Tisza 27.60 B-Caryophyllene
Fedora 26.19 B-Caryophyllene
Ferimon 23.63 B-Caryophyllene
Futura 21.47 B-Caryophyllene
Tiborszallasi 21.27 B-Myrcene

Felina 21.14 B-Myrcene

It is also worth to discuss degree of terpenes/terpe-
noids diversity, since it is very different between various
chemotypes. Unfortunately, we did not have access to the
hemp inflorescence, so we just present only inflorescenc-
es of different cannabis chemotypes (Table 29). When we
compare hemp essential oil (Table 30) and cannabis es-
sential oil (Table 31), it became clear that almost in all
cannabis essential oil samples, the concentration of the
main terpene/terpenoid is higher than that in hemp ones.
Moreover, in 8 cases, concentration of the main terpene/
terpenoid in cannabis essential oil is higher than 50% of
total amount of terpenes/terpenoids. It is interesting that
the main terpenes/terpenoids above 20% in the analyzed
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Table 31. Cannabis essential oils (the main terpene/s in the sample is above 20% of total)

Chemotype % of total terpenes/  Terpene/terpenoid Chemotype % of total terpenes/  Terpene/terpenoid
terpenoids terpenoids
Key Lime Pie 65.86 B-Caryophyllene 24K Gold 37.13 B-Caryophyllene
Gorilla Glue 65.77 pB-Caryophyllene 22.95 Limonene
SEV OG 57.62 B-Caryophyllene Critical 37.05 a-Pinene
3 Kings 56.92 B-Caryophyllene Chocolate Mint OG  36.59 Limonene
2531 Limonene 34.92 B-Caryophyllene
OG Kush 54.26 B-Caryophyllene AK-47 36.43 B-Myrcene
Lemon cookies 54.13 B-Caryophyllene 31.86 B-Caryophyllene
Truth 50.15 B-Caryophyllene Sweet tooth 36.04 Limonene
20.94 B-Myrcene 27.65 B-Caryophyllene
Gipsy Haze 50.09 Terpinolene Critical Jack 35.56 Terpinolene
Gelato 49.06 B-Caryophyllene Wifi OG 34.88 a-Pinene
30.64 Limonene 26.57 B-Caryophyllene
Grapefruit OG 46.68 B-Caryophyllene Black dream 34.90 B-Caryophyllene
26.42 Terpinolene 23.39 a-Pinene
Girl Scout Cookies  45.71 B-Caryophyllene TNT Kush 34.45 B-Myrcene
22.89 Limonene Monster 33.84 B-Caryophyllene
Holy Grail Kush 45.51 B-Caryophyllene 20.35 B-Myrcene
Cheese 45.25 B-Caryophyllene Furious Candy 33.40 B-Caryophyllene
Tangie 45.17 B-Caryophyllene 24.47 B-Myrcene
Chemdawg 4 44.90 B-Caryophyllene Pink plant 33.33 B-Caryophyllene
23.16 Limonene 21.40 B-Myrcene
Orange turbo 44.36 B-Caryophyllene M.I.B 30.08 B-Caryophyllene
Amnesia 43.92 Terpinolene 25.46 B-Myrcene
707 Truthband 42.81 B-Caryophyllene Jamaican dream 28.35 B-Caryophyllene
Sugaree 41.62 B-Caryophyllene 22.13 a-Pinene
Veneno 41.03 B-Caryophyllene Lavender 26.36 a-Pinene
Kashmir Kush 40.27 B-Caryophyllene 25.67 B-Caryophyllene
Sour diesel 39.88 B-Caryophyllene High level 25.05 a-Pinene
28.95 Limonene 22.16 B-Caryophyllene
10K Jack 39.76 Terpinolene Mojito 21.36 B-Caryophyllene
22.64 B-Caryophyllene Sensi star 21.25 Terpinolene
Blackberry Kush 39.69 B-Caryophyllene Dosidos 20.33 Linalool
Cinderella 99 38.78 B-Myrcene
20.89 a-Pinene
Importance of Terpenes and Terpenoids Med Cannabis Cannabinoids 2020;3:25-60 55
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Fig. 22. GC/MS chromatogram of 23 terpenes/terpenoids stan-
dards (RESTEK Catalog. No. 34095 and 34096). Key: 1, a-pinene;
2, camphene; 3, (-)-P-pinene; 4, p-myrcene; 5, A3-carene; 6,
a-terpinene; 7, p-cymene; 8, d-limonene; 9, 1,8-cineole; (10, 31%

samples were only p-caryophyllene (39x), a-pinene (8x),
B-myrcene (8x), terpinolene (8x), limonene (8x), selina-
3,7(11)-diene (2x), and linalool (1x).

B-Caryophyllene and B-myrcene are without any
doubt the most common (and often the main ones) ter-
penes in C. sativa L. plant. Because of their unique
properties, these are probably the terpenes that play an
important role in medicinal properties of hemp and
cannabis.

We would like to inform readers also about the mono-
terpenes/monoterpenoids-sesquiterpene/sesquiterpe-
noids ratio in the analyzed samples. Our results show that
this ratio does not depend if the sample is hemp, canna-
bis, or essential oils from them. The content of monoter-
penes/monoterpenoids prevailed in most samples, some-
times several times more. Very rarely, the content of ses-
quiterpenes/sesquiterpenoids was higher, but only
slightly more. There is a difference between fresh and dry
plant monoterpene content, and between etheric oil and
organic solvent extract (it also depends on the type of sol-
vent). Different work-up of different solvent extracts can
lead to the loss of monoterpenes. Essential oil and organ-

56 Med Cannabis Cannabinoids 2020;3:25-60
DOI: 10.1159/000509733

a-ocimene + 11, 69% B-ocimene); 12, y-terpinene; 13, terpinolene;
14, linalool; 15, (—)-isopulegol; 16, geraniol; 17, p-caryophyllene;
18, a-humulene; (19, 39% cis-nerolidol + 20, 61% trans-nerolidol);
21, (-)-caryophyllene oxide; 22, (—)-guaiol; 23, (-)-a-bisabolol.

ic solvent extract constituents can be different before and
after drying process, and before and after storage. A con-
siderably lower content of monoterpenes can be found in
the solvent extract compared with the essential oil from
steam distillation. Steam distillation also promotes dehy-
dration of labile alcohols.

The most important is which type of information we
need. From biogenetic point of view, the best is headspace
gas chromatography of the fresh plant material immedi-
ately after its harvest. From pharmacological point of
view, the best is to analyze the preparation which is used
for medicinal purposes. It is without any doubt that in the
course from the living material in the plant to the product
we are analyzing, there is a loss of volatile substances, es-
pecially monoterpenes.

Many terpenes/terpenoids have a therapeutic power in
their mixtures with or without phytocannabinoids, and
can be very useful and sometime powerful in treatment of
diseases. In the Introduction, we have mentioned several
terpenes and their potential medicinal properties. We
found more therapeutically interesting structures upon
doing our analyses. For instance, 10-epi-y-eudesmol is
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Table 32. The relative content of terpenes (%) in the sample ana-
lyzed by GC/MS

Peak Compound % Normalized, %
1 a-Pinene 4.77 61.98
2 Camphene 4.77 61.96
3 B-Pinene 4.28 55.58
4 Myrcene 3.39 44.04
5 A3-Carene 4.61 59.88
6 a-Terpinene 5.09 66.16
7 p-Cymene 6.15 79.84
8 Limonene 3.81 49.50
9 1,8-Cineole 7.70 100.00

10 a-Ocimene (31%) 1.12 14.51

11 B-Ocimene (69%) 2.92 37.96

12 y-Terpinene 5.05 65.55

13 Terpinolene 4.97 64.54

14 Linalool 3.19 41.46

15 Isopulegol 2.61 33.89

16 Geraniol 2.53 32.93

17 B-Caryophyllene 5.59 72.56

18 a-Humulene 5.72 74.29

19 Cis-nerolidol (38%) 1.20 15.59

20 Trans-nerolidol (61%) 2.36 30.67

21 Caryophyllene oxide 7.59 98.58

22 Guaiol 5.50 71.51

23 a-Bisabolol 5.09 66.18

100.00

highly effective against melanoma and column carcino-
ma cells proliferation [108]; B-eudesmol is antihepato-
toxic, antiangiogenic, and antitumor [109-111];
a-eudesmol induces apoptosis [112]; bulnesol possesses
antitussive and expectorant activity [113]; a-bisabolol in-
duces apoptosis of malignant tumor cells, cytotoxicity,
and antigenotoxicity [114-118]; guaiol is an anti-inflam-
matory, antimicrobial, and analgesic terpenoid [70, 71];
and a-humulene acts as an appetite suppressant, antibac-
terial, and antitumor agent and is an effective anti-in-
flammatory and analgesic sesquiterpene [73, 119]. Mono-
terpenoid constituents have antioxidant, anti-inflamma-
tory, and estrogenic effects, and these activities are also
relevant to current Alzheimer’s disease therapy. Several
monoterpenoid alcohols demonstrated good anti-Par-
kinson’s disease activity. Many monoterpenoids demon-
strated promising neuroprotective activity mediated by
various systems [120]. There are some other important
terpenes such as selina-3,7(11)-diene or y-selinene which
have never been tested for their pharmacological proper-
ties.

Importance of Terpenes and Terpenoids
in Cannabis sativa L.

We must realize that if we evaluate the relative content
of terpenes (%) in the sample, it has nothing to do with
their quantitative content in the plant. It is clear from
Figure 22 and Table 32 that when we analyze a mixture
of standards, where each one has the same concentration
(25 ppm in hexane), the area of some peaks is up to 3
times smaller than the area of the largest peak. This is
very good for comparing samples and the ratio of the
content terpenes/terpenoids, but not for quantifying
them.

Today, we know that in the brain concentrations of
anandamide (AEA) are in picomoles and 2-arachidon-
oylglycerol (2-AG) in nanomoles (whatisng AEA/gbrain
or ug 2-AG/g brain) [121]. Terpenes/terpenoids are in
dried cannabis flower material (which is used for medici-
nal purposes) usually at concentrations mg/g [122]. As
mentioned in Casano et al. [123], “the relative content of
terpenoids is strongly inherited while total yield per
weight of tissue is more subjected to environmental fac-
tors.” Relative content (%) of terpenes/terpenoids is more
often used for chemosystematic studies (and it was used
also in this publication). What can we deduce from the
previous few sentences? Receptors need their ligands in
very low concentrations, so it is quite possible that these
terpenes/terpenoids are important in the treatment,
which are in the plant in very low concentrations and
which we are not considering today.

The healing power of cannabis most likely resides in
terpenes/terpenoids and phytocannabinoids, of which
particular compounds, their amount, and the ratio to
each other play the most important role in the treatment
of particular diseases. It should be emphasized here that
flavonoids, flavonoid glycosides, polyphenol, and the
other biodynamic compounds will play this game too.
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