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Abstract: In addition to their practical importance as a medicinal plant, animal feed and a source of materials for
the textile and construction industry, industrial varieties of Cannabis sativa L. (hemp in a wider sense) provide
an alternative for controlling infectious diseases in livestock. Despite the genetic divergence between two pri-
mary groups of cannabis, i.e. medicinal cannabis and technical hemp, hemp plants also produce a wide spectrum
of secondary metabolites. These include the main classes of cannabinoids and terpenoids, as well as representa-
tives of flavonoids, stilbenoids, steroids, alkaloids, spiroindans, dihydrophenanthrenes, and lignanamides. Many
of them exhibit antibiotic activity which can substitute or complement the use of traditional antibiotics in animal
husbandry. For example, the cannabinoid fraction exhibits activity against the Gram-positive bacteria and some
fungi. While the activity against Gram-negative bacteria is not characteristic of cannabinoids, these pathogens
can still be affected by hemp terpenoids and flavonoids. The synergy among the secondary metabolite fractions
or between the hemp metabolites and traditional antibiotics is also a favourable factor. The search for alternatives
to traditional antibiotics is further driven by the increasing prevalence of genetically determined antibiotic resis-
tance among veterinary pathogens, which poses the additional risk of transferring resistance traits to the human
pathogens. The content of antibiotically active compounds in hemp can be enhanced through selection among
existing genotypes, targeted breeding, cultivation conditions, and even by specific elicitation of secondary metabo-
lites with the natural antibiotic function in the disease resistance of the plant. The switch to hemp metabolites
is also supported by their compatibility as natural components of plant-based animal feed, and by favourable
economic considerations.
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INTRODUCTION by a negligible content of psychoactive substances.

Hemp (Cannabis sativa L., of the family Cannaba-
ceae) is widely used as a technological raw material
and a fodder crop in agriculture, in parallel to its
well-known applications in medicine and its abuse
as a recreational drug. In response to diverse hu-
man uses, the originally wild-growing plant has
differentiated into a range of specialised varieties.
The species originates from Central and Northeast
Asia and was initially used for medicinal and rec-
reational purposes (Karas et al. 2020). Historical
evidence suggests that hemp cultivation in China
began approximately 6 000 years ago in the Yunnan
province (Gao et al. 2020), as suggested by chlo-
roplast DNA marker analyses (Osterberger et al.
2022). However, it seems that cannabis was used
in parallel for its fibre as a textile raw material.
Independent domestication in Europe may have
occurred later, during the Copper or Bronze Age,
as suggested by fossil pollen evidence (McPartland
et al. 2018).

Following the incorporation of cannabis in agri-
culture, two basic groups of varieties emerged. The
first group comprises the so-called medicinal vari-
eties, denoted as drug-type ones, medicinal canna-
bis or marijuana, with a high content of secondary
metabolites active in humans and animals. The bio-
logically active compounds in medicinal varieties
are represented by the class of cannabinoids in the
first place, where the main and best-known sub-
stance with biological activity is A®-tetrahydrocan-
nabinol (THC). The second important cannabinoid
is cannabidiol (CBD), also associated with the ac-
tion against stress and anxiety, however, without
pronounced occurrence among medicinal varieties
(Brunetti et al. 2020). Nevertheless, a wide array
of other active substances has been detected, in-
cluding the second important group of terpenoids
(Kaur et al. 2023). The primary medicinal effects
include the treatment of various diseases and re-
lief of symptoms such as pain, nausea and anxiety.
Additionally, the immunological effects are primar-
ily associated with the suppression of inflammation
(Leung 2011).

In contrast, a range of varieties developed for
their final use in agriculture, as a building material
or in the textile industry have been created. This
group of genotypes is denoted as technical hemp,
fibre-type cannabis or industrial hemp (Kleinhenz
et al. 2020). These varieties are characterised
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In addition to the shoot matter as fodder, the seeds
are used as a feed in both monogastric animals
and ruminants. They are processed in the form
of hemp seed cakes or hemp oil, as summarised
by Papatzimos and Kasapidou (2024). The cannabis
oil extracted from seeds is used both for food and
technical purposes (Clarke and Merlin 2016).

The distinction between the cannabis groups
is determined by the value of THC content
in the plant dry mass. While the content in fibre-
type plants is below 0.3%, the drug-type plants are
supposed to contain more THC than this level. This
value is reflected in the allowable THC thresh-
old <£0.3% for cannabis cultivation laid down
in the European Union by the EU Regulation
2021/2115 (European Union 2021). The last
classification reflecting major genes controlling
the cannabinoid production is based on the THC
and CBD ratios (Mandolino et al. 2003). While
type I (mostly for recreational use) contains high
THC vs low CBD, type II has a balanced THC/CBD
ratio and is optimal for medical use, and type III
is characterised by low THC and high CBD and
includes industrial hemp. Unfortunately, the psy-
choactive properties of marijuana have contributed
to its widespread misuse, making it the most com-
monly abused illicit drug in the world (Hurgobin
et al. 2021).

Compared to other forage crops, hemp offers
high yields of green matter and a very high adapt-
ability to unfavourable natural conditions. That
is why it is widely grown and used for animal pro-
duction, mainly in arid Mediterranean and sub-
tropical regions. Nevertheless, its cultivation range
extends as far north as the Scandinavian coun-
tries and Northern Russia. For this reason, interest
in its cultivation persists regardless of the periods
of restrictive measures motivated by the necessity
to maintain control over the misuse of the medici-
nal varieties. An example of such a trend is illus-
trated by developments in the USA in the 1970s
(Welling et al. 2016).

Many secondary metabolites produced in hemp
shoots, including cannabinoids and terpenoids, ex-
hibit antimicrobial activity (Iseppi et al. 2019; Alfei
etal. 2023). They may therefore influence the animal
health by reducing levels of unfavourable micro-
organisms and enhancing their immune response.
Even residual levels of psychoactive compounds
from the cannabinoid group can affect the behav-
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iour and physiological state of livestock animals.
In this context, many studies have focused on the
health effects of residual concentrations of can-
nabinoids, as well as on the identification of other
products of secondary metabolism with antibacte-
rial activity. The current understanding of the non-
psychotropic effects of cannabinoids from cannabis
has recently been examined by Alfei et al. (2023)
and Sionov and Steinberg (2022).

The demand to replace traditional antibiotics
in animal production with available phytochemi-
cals, including those contained in hemp, is evident
(Mala et al. 2021). The massive use of antibiotics
in livestock production brings a real risk of gener-
ating and transmitting microbial genes coding for
antimicrobial resistance (Kirchhelle 2018; Ahmed
et al. 2024). Any possibility to circumvent this
threat with global consequences should be consid-
ered. The renewed interest in hemp as a forage crop
also depends on the ability to control the genetic
structure of the cultivated cannabis varieties and
to control the content of active substances (Sawler
et al. 2015).

Legal measures prohibiting the preventive
mass use of antibiotics seem to be a major factor
forcing the search for alternative solutions. The
danger of the uncontrolled spread of bacterial
epizootics on large-scale farms is a limitation
for further growth of the industry and even for
the operation of the facilities of a current stan-
dard. The uncontrolled spread of salmonellosis
or E. coli infection on a poultry farm might lead
to the mortality of tens of percent. Therefore, any
alternatives of the missing wide antibiotic pre-
treatment are extremely valuable. The infections
caused by Salmonella can be taken as an exam-
ple. Even not considering the huge economic
losses caused by salmonellosis in poultry, its
role in causing zoonoses is decisive by itself.
The worldwide incidence of human salmonellosis
is 1.3 billion, and approximately 3 million of pa-
tients die annually (Chimalizeni et al. 2010).

In the present review, we aim to summarise the
current state of research on constitutively formed
secondary substances with desirable as well
as harmful activities in cannabis. Furthermore,
this review summarises the antibacterial resis-
tance related to diseases in livestock, primarily
the gastrointestinal ones, followed by an overview
of the reported antimicrobial activity of cannabis
against the most commonly encountered bacteria.

At the same time, strategies for enhancing the levels
of beneficial compounds in hemp tissues are out-
lined. Finally, the review also summarises the pros-
pects for the future use of cannabis in livestock
production.

CLASSES OF SECONDARY
METABOLITES DOCUMENTED
FOR CANNABIS

In a classical survey of the phytochemical diver-
sity of C. sativa, more than 480 compounds were
detected, including 180 cannabinoids and abundant
terpenes (Fischedick et al. 2010). Subsequently,
among 554 identified compounds in C. sativa
plants, 113 phytocannabinoids were identified and
120 terpenes (Calvi et al. 2018). Consistent with
these findings, a recent survey of cannabis lines
grown in the USA illustrates their rich chemical
diversity according to the specific arrays of can-
nabinoids and terpenes formed (Smith et al. 2022).

In addition to the traditional division into mari-
juana types (for medicinal and general human con-
sumption) and technical varieties (hemp), further
clusters of chemical phenotypes (chemotypes)
could be distinguished. Notably, the cannabinoid
content in female inflorescences (C. sativa is a di-
oecious species) is decisive for the classification
of cannabis varieties as this is the plant part used
for narcotic purposes (Smith et al. 2022). However,
the role of terpenes as active substances of cannabis
is of comparable importance for distinguishing the
chemotype (Iseppi et al. 2019).

Cannabinoids

The scheme of synthesis of common cannabi-
noids in the cannabis plant from geranyl-pyroph-
osphate (GPP) is illustrated in Figure 1.

Cannabinoids are biosynthesised as prenylated
aromatic carboxylic acids. While neutral cannabi-
noids are almost absent in fresh plants, the acidic
forms can be converted into their neutral homo-
logues by spontaneous decarboxylation in the pres-
ence of light or heat. Moreover, cannabinoids can
be oxidised, for example THC can be converted
into cannabinol (CBN).

The first cannabinoid in the biosynthetic path-
way is cannabigerolic acid (CBGA). It is sequen-
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tially transformed into tetrahydrocannabinolic acid
(THCA), cannabidiolic acid (CBDA), and canna-
bichromenic acid (CBCA), each by a particular
synthase (Figure 1). The two major cannabinoids,
which are best known for their therapeutic poten-
tial, are THC and CBD, i.e. the neutral homologues
of THCA and CBDA, respectively. THC is the
main psychoactive agent of C. sativa and it has
anti-inflammatory, analgesic, appetite-stimulant,
and antiemetic properties (Sionov and Steinberg
2022). In addition to cannabinoids, monoterpenes
and sesquiterpenes are derived from different ad-
dition reactions of geranyl (C,,H,,) and farnesyl
(Cy5H,,) units, respectively.

The major component of the hemp plant, al-
beit without direct psychoactive properties,
is cannabidiol (CBD), a small molecule of 314 Da
(Blaskovich et al. 2021). A pentyl-substituted bis-
phenol aromatic group (pentylresorcinol) is linked
to an alkyl-substituted cyclohexene terpene ring
system according to Figure 1 (Mechoulam and
Shvo 1963). Although CBD has no psychoactive
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properties (Wu et al. 2023), this substance can
still modulate the euphoric effects of THC and
it has antipsychotic, neuroprotective, antican-
cer, antidiabetic, and other positive effects, such
as the ability to reduce tobacco addiction. CBD
can easily be transformed to THC. Golombek et al.
(2020) listed 16 different products of CBD conver-
sion by a single reaction. A simple treatment with
hydrochloric acid in an anhydrous environment
of cyclohexane is sufficient for the intramolecular
cyclization driven by the addition of a phenolic
group to one of double bonds leading to A°>~THC
and A3-THC (trans-A®-tetrahydrocannabinol). The
possibility of CBD conversion ix vivo in the acidic
environment of gastric juice has been considered
as well. The ease of chemical conversion makes
CBD a substance prohibited in many countries
in parallel to THC (Brunetti et al. 2020).

The second significant area of exploitation
of cannabinoid compounds is their antimicrobial
activity, which is summarised in Table 1. Zdenek
Krejci (Krejci 1952) is likely a key personality in the
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Figure 1. Synthesis of common cannabinoids in cannabis (https://x.com/smokereports 2008—2011)
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Table 1 to be continued

Reference

Antimicrobial activity

Occurrence and physiological activity

Substance

Vikram et al. (2010)

inhibits quorum sensing in V. harveyi, inhibits biofilm formation
in V. harveyi and E. coli O157:H7

Naringenin

Zengin et al. (2018)

active against G* S. aureus, G~ H. pylori

Kaempferol

Vikram et al. (2010)

inhibits quorum sensing in V. harveyi, inhibits biofilm formation
in V. harveyi and E. coli O157:H7

Kaempferol

Zengin et al. (2018)

active against G* S. aureus, G~ H. pylori

Quercetin

Vikram et al. (2010)

inhibits quorum sensing in V. harveyi, inhibits biofilm formation
by V. harveyi and E. coli O157:H7

Quercetin

Zengin et al. (2018)

active against G* S. aureus, G~ H. pylori, has antioxidant
properties

Rutin

Helicobacter pylori; L. mono-

Escherichia coli; E. faecalis = Enterococcus faecalis; H. pylori

A. brasiliensis = Aspergillus brasiliensis; B. subtilis = Bacillus subtilis; E. coli

minimum inhibitory concentra-

cytogenes = Listeria monocytogenes; M. smegmatis = Mycobacterium smegmatis; M. tuberculosis = Mycobacterium tuberculosis; MIC

tion; MRSA

Salmonella enterica;

methicillin-resistant Staphylococcus aureus; N. gonorrhoeae = Neisseria gonorrhoeae; S. aureus = Staphylococcus aureus; S. enterica

Vibrio harveyi

Salmonella typhimurium; V. harveyi

S. mutans = Streptococcus mutans; S. typhimurium

field of modern medicine. He and his collabora-
tors isolated cannabidiolic acid (CBDA) and dem-
onstrated its antimicrobial activity (Krejci 1958).
Following the subsequent work by van Klingeren
and Ten Ham (1976), the next key study on the an-
timicrobial activity of CBD and related compounds
was not published until recently (Appendino et al.
2008). In this work, five major cannabinoids,
namely CBD, cannabichromene (CBC), cannab-
igerol (CBG), THC and cannabinol (CBN), were
tested against a set of six methicillin-resistant
Staphylococcus aureus (MRSA) strains, all of which
were of clinical relevance. At the same time, all
tested strains demonstrated very promising values
of minimum inhibitory concentration (MIC) be-
tween 0.5 and 2.0 pg/ml with respect to the covered
compounds.

These reports on the antimicrobial activ-
ity of CBD against Gram-positive bacteria spe-
cies have been confirmed in subsequent studies,
namely, on S. aureus, Streptococcus pneumoniae,
and Clostridioides difficile. The activity against
S. aureus is considered as critically important since
this species is known for harbouring antibiotic
resistance in MRSA strains. For this species, the
MIC was observed at the traditionally recognised
antimicrobial value of 1 pg/ml. In addition, the
first observation of CBD activity in Gram-negative
bacteria, including Neisseria gonorrhoeae, was re-
ported (Blaskovich et al. 2021). Consistently with
these works, the correlation between the cannabi-
noid content in the shoot of hydroponically grown
hemp and the antimicrobial activity as determined
against S. aureus has been documented (Malikova
et al. 2024).

Concentrating on cannabis varieties without
psychoactive cannabinoid compounds simplifies
the approved legal use in animal production and
veterinary science.

Terpenoids

The significant role of terpenes as active com-
ponents in cannabis essential oil was demonstrat-
ed by Iseppi et al. (2019) through phytochemical
characterization of 17 kinds of oils from different
varieties. Among the 71 identified compounds,
the terpenes B—myrcene, a-pinene, a-terpinolene,
B-pinene, trans-ocimene and limonene prevailed
(Figure 2).
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Figure 2. Basic terpenoids and flavonoids from cannabis extracts cited in the text

Consistently, 66 compounds were identified
in the oil fraction and hydrolate from industrial
hemp in a later study by Sovljanski et al. (2024).
They formed classes of monoterpenes (9 species),
oxygenated monoterpenes (24), sesquiterpenes
(17), oxygenated sesquiterpenes (8) and eight non-
classified compounds. Notably, their mixture dem-
onstrated antimicrobial activity against nine model
microorganisms: Escherichia coli, Pseudomonas ae-
ruginosa, S. typhimurium, S. aureus, Enterococcus
faecalis, Listeria monocytogenes, Saccharomyces
cerevisiae, Candida albicans, and Aspergillus
brasiliensis.

The number of terpenes and terpenoids can even
be extended (Kaur et al. 2023) using a two-dimen-
sional gas chromatograph with a time-of-flight
mass spectrometer (GC x GC-TOFMS). When the
dried female flowers of six lines of C. sativa were
surveyed, a total of 146 terpenes and terpenoids
were detected. Twenty compounds were resolved
additionally using enhanced separation in the sec-
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ond dimension. The identified compounds mostly
belonged to the classes of monoterpenes, mono-
terpenoids, sesquiterpenes, and sesquiterpenoids.
Four new terpenoids of cannabis were reported for
the first time.

Other active compounds

As stated by Pollastro et al. (2018), the phyto-
chemical analysis of cannabis demonstrated the
presence of other classes of compounds with
a potential for physiological activity in addition
to cannabinoids and terpenoids. These compounds
include flavonoids, spiroindans, dihydrostilbenes,
dihydrophenanthrenes, lignanamides, steroids
and alkaloids (Figure 2). The class of polyphe-
nols includes prenylated flavonoids, stilbenoids
and lignanamides. Consequently, the interaction
of these compounds with the group of proper can-
nabinoids should be taken into account when esti-
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mating or predicting the desirable effects of hemp
products. However, a thorough survey of the range
of compounds present in the hemp material is still
conditional on the application of complementary
extraction methods aimed at different groups
of compounds (Brkljaca et al. 2023).

Recently, the gradual ethanolic extracts of hemp
have been demonstrated to contain a number
of flavonoids and terpenoids as major compounds
in addition to cannabinoids, namely quercetin,
kaempferol, rutin, chlorogenic acid, ferulic acid,
CBG and alpha-tocopherol (Lanzoni et al. 2024a).
This finding is consistent with the basic role of fla-
vonoids in the formation of the antimicrobial re-
sistance of plant hosts (Carlson and Dolphin 1981;
Novak et al. 1995).

METHODS FOR TESTING BIOLOG-
ICAL ACTIVITIES OF SECONDARY
METABOLITES OCCURRING

IN CANNABIS

The use of cannabis for medicinal purposes
is well-documented as far back as 2 700 years BPE
(Li 1974). The first studies dealing with the antibac-
terial activity of extracted cannabinoids appeared
in the 1950’s (Krejci 1952; Krejci 1958; Rabinovich
et al. 1959). Starting from the 70’s, more system-
ic tests were performed on the level of purified
individual compounds. Both A°>THC and CBD
have partly been shown to be bacteriostatic and
bactericidal towards Gram-positive bacteria (van
Klingeren and Ten Ham 1976).

Various methods have been used for obtaining
C. sativa extracts. However, the method of extrac-
tion of active compounds can be crucial in such
tests. The concentrates include both essential oil
and extracts obtained with petroleum ether, metha-
nol, and hot water. Although the traditional tech-
niques employ cold-pressing and solvent extraction,
advanced technologies which generate analogical
products are now expanding. They comprise pres-
surised liquid extraction without filtration and
ultrasonic-assisted extraction. In this way, these
methods reduce the processed volumes of solvent
while preserving high yields of active compounds
(Fathordoobady et al. 2019).

However, essential oils obtained without the ex-
traction step are the main source of hemp terpenes
used to test activity against both Gram-positive

and Gram-negative pathogenic bacteria. It has been
shown that the most abundant terpenoid com-
pounds in hemp oil samples are a-pinene, myrcene,
trans-B-ocimene, a-terpinolene, trans-caryophyl-
lene and a-humulene (Novak et al. 2001). These
types of hemp extracts, i.e. the essential oil and
the hydrolate type, are almost free of cannabinoids,
thus simplifying the test result interpretation.
Consistently, extracts from seeds obtained either
with non-polar petroleum ether or with metha-
nol demonstrated an effect against Gram-positive
pathogens in both cases, when the cup plate agar
diffusion method was used for the activity assay.
However, no antifungal activity was noticed in the
same study.

Along with the cup plate agar diffusion method,
disc diffusion experiments are the main sources
of information about the antimicrobial proper-
ties of cannabis plant extracts or the fractioned
mixture up to pure components. The diameter
of the inhibition zone is a characteristic of the test-
ed mixture/compound activity. Different bacterial
species can be used in this simple system, as ex-
emplified in a set of nosocomial infection agents
S. aureus, MRSA, E. coli, K. pneumoniae, P. aeru-
ginosa or Acinetobacter baumannii (Sarmadyan
et al. 2014).

Alternatively, the MIC values can be deter-
mined for submerse bacterial cultures in suitable
laboratory microtubes or other microplastics with
a corresponding determination of optical density
or dissipation. In the most rational variant, the
plastic optical microplates are used for the serial
dilution of the tested agent and cultivation. The
inhibitory effect is then read on a standard mi-
croplate reader or on a real-time PCR device (e.g.
Iseppi et al. 2019). This technique is recommended
as the gold standard for antimicrobial susceptibil-
ity testing in the CLSI M100 manual (CLSI 2025).

The biofilm assay can also be used for the anti-
microbial activity determination, as applied against
S. aureus ATCC 25923 (MSSA) and S. aureus ATCC
43300 (MRSA) by Blaskovich et al. (2021) in micro-
plates in combination with crystal violet staining.
Similarly, this technique was used for comparing
the antibiotic activity of ethanolic extracts of C. sa-
tiva and of other nine plant species. The extracts
were tested against methicillin-resistant S. aureus
(MRSA). C. sativa demonstrated the highest activ-
ity among the 10 plant species tested, where MIC
of the dry extract was 0.25 mg/ml with 86% mortal-
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ity. At a concentration of 0.125 mg/ml, the biofilm
was reduced by 71% (Roshan et al. 2024). The ma-
jor cannabinoids detected in this case of C. sativa
extract were CBD and A°-THC.

Variability in antimicrobial activity has also been
documented among cannabis cultivars. In a recent
work by Paulova et al. (2025), shoot ethanolic ex-
tracts from four cultivars of technical hemp (in-
cluding cv. Bialobrzeskie, Santhica, Felina, and
Futura) were tested against three bacterial patho-
gens, namely S. aureus, Streptococcus agalactiae
and Streptococcus dysgalactiae. MICs were ob-
served to range from 128 pg/ml to 2 048 pg/ml
extract.

In another example reported, an acetone extract
from hemp with a rich scale of isolated compounds
displayed superior bactericidal properties (Lone
and Lone 2012). Although a certain response was
observed against all tested bacterial strains, Vibrio
cholerae was the most sensitive bacterium, followed
by P. aeruginosa. Antifungal activity was observed
against C. albicans and Candida neoformans
as well. This study also documented the antioxi-
dant properties of C. sativa extract, thus widening
its potential for clinical use.

On the contrary, no inhibition by cannabis was ob-
served in Gram-negative bacterial species included
in the above experiments reported by Blaskovich
etal. (2021). This observation is consistent with the
specific action of hemp extracts only against Gram-
positive bacteria as compared to Gram-negative
species, as documented by Sarmadyan et al. (2014).
This opinion was also confirmed independently
by Vu et al. (2016) and Lelario et al. (2018).

It should be taken into account that the anti-
microbial effects of crude cannabis extracts can
be at least partially due to other classes of com-
pounds than cannabinoids themselves. This opinion
is confirmed by the observation that the activities
against the Gram-positive bacterial species are
present even in the essential oil that has been made
free of A°>-THC. Therefore, the modified version
of essential oil is intended for use in medicinal, cos-
metic, veterinary, agronomic and food applications.
The flavanone naringenin has been linked to this
residual antimicrobial activity, typically assessed
against Gram-positive S. aureus. Although some
activity of the cannabinoid-free fraction was also
expressed against the Gram-negative bacterium
H. pylori, no antifungal activity was observed like
in the total extracts (Zengin et al. 2018).
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In view of a parallel occurrence of antimicrobial
activity both in the conventional and the terpe-
noid fractions, a synergistic effect cannot be ruled
out. In any case, synergistic effects of cannabis
extracts with extracts from other plant species
have been reported. Combining 1:1 with other
medicinal plant extracts such as Psidium guajava
and Thuja orientalis demonstrated a synergistic ef-
fect, whereby the inhibition zone diameters ranged
from 25 mm to 30 mm in most pathogens. However,
the action on the cannabis side was ascribed solely
to the presence of gallic acid, quercetin and other
flavonoids such as catechin. These compounds
were detected in the leaf extracts. No effect was
ascribed to cannabinoids in this case, in contrast
to the expectation (Chakraborty et al. 2018).

FACTORS AFFECTING PRODUCTION
OF SECONDARY METABOLITES
IN CANNABIS TISSUES

The main factors that might contribute to an in-
crease in the content of antimicrobial compounds
in cannabis plants exploited in agriculture are sur-
veyed in Table 2.

Genetic factors

The differences in the chemical composition
of the cannabis shoot fully reflect genetic factors.
Although the draft genome of C. sativa was pub-
lished already in 2011 (van Bakel et al. 2011), an as-
sembly of sufficient quality was only accomplished
upon a subsequent sequencing programme (Gao
etal. 2020). PacBio single-molecule sequencing and
Hi-C technology were used for obtaining a high-
quality genomic sequence. The wild-type varieties
of cannabis from Tibet as the original area of the
species were intentionally chosen for establishing
the reference genome of this key crop. The C. sa-
tiva reference genome is approximately 808 Mb
long, however, the repetitive elements comprise
74.75% of the total sequence. Since C. sativa is a di-
oecious plant, and the Y chromosome is larger
than the X chromosome, the female haploid ge-
nome is 818 Mb in size, in contrast to the male
genome of 843 Mb (Sakamoto et al. 1998). The
C. sativa genome codes for 38 828 protein products
according to Gao et al. (2020). Cannabis DNA is di-
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Table 2. Factors enhancing the content of secondary metabolites of cannabis with antimicrobial action

Type of a factor

Reference

Genetic factors

Identification of genetic factors controlling production of secondary
metabolites across the genome to be used in targeted breeding

Traditional breeding based on the combining ability of the traditional
germplasm

Documentation and archiving of genetic diversity in the global centres
of C. sativa genetic resources as a prerequisite for directed breeding

Growing conditions and agronomy

Using the environmental factors including soil characteristics that affect the
secondary metabolism of cannabis

The known effects of the controlled growing conditions including hydropony
on the cannabinoid metabolism both in industrial hemp and medicinal cannabis

Exploiting the time course of accumulation of cannabinoids and terpenes
in C. sativa plants

The effect of UV irradiation on secondary metabolism both in the open
ground and under controlled conditions can be exploited

Elicitation of plant defence reactions

Enhanced production of secondary metabolites upon the treatment with
pathogenic factors in shoot, root and inflorescences, demonstrated, e.g.
for Golovinomyces spp., Fusarium spp., Botrytis cinerea and Pythium spp.

Non-specific elicitors of the plant defence system like salicylic acid, methyl
jasmonate, y-aminobutyric acid or chitosan can be applied in cannabis
to enhance secondary metabolism

Soil contaminated with inorganic elicitors like copper ions can increase
secondary metabolism, including cannabinoids THC and CBD

Chen et al. (2022)

Cai et al. (2021);
Osterberger et al. (2022)

Torkamaneh and
Jones (2022)

Payment and Cvetkovska
(2023)

Sikora et al. (2011); Malik et al. (2021);
Jemison (2024)

Aizpurua-Olaizola et al. (2016);
Malikova et al. (2024)

Grisebach and Ebel (1978); Marti
et al. (2014); Sirangelo et al. (2023);
Timmons and Mattson (2023)

Punja and Rodriguez (2018);
Balthazar et al. (2020); Hurgobin et al.
(2021); Trono (2024)

Matton et al. (1990); Mirzamoham-
mad et al. (2021); Garrido et al. (2022);
Beleggia et al. (2023)

Quagliata et al. (2021);
Cahill et al. (2024)

vided into 10 chromosomes, where 3 + 1 genome
duplication events were detected (Gao et al. 2020).
Two duplication events are shared by the closely
related plant Trema (Parasponia) orientale of the
same family Cannabaceae.

The knowledge of the full cannabis genome has
found utilisation in the identification of key genes
that were under selection for the development
of specific traits. It has been demonstrated for
Chinese traditional cultivars that functional genes
related to flowering time, seed germination, seed
size, embryogenesis, growth, and stress responses
have been selected during the process of canna-
bis domestication (Chen et al. 2022). For example,
the adaptation of cultivated cannabis to different
photoperiods along the latitude gradient occurs
through the regulation of the expression of the
FT-like gene (Flowering locus T-like).

The approach of further breeding aimed at in-
creasing the content of biologically active sub-
stances in hemp is feasible. The directed breeding
can be based both on the combining ability of the
traditional germplasm and on the mutational
approach.

However, the application of genetic manipula-
tion techniques, albeit justified for pure research
purposes, would inevitably lead to legal constraints
and negative public opinion in most countries. The
fact that the resources of C. sativa for traditional
breeding have been concentrated in several global
centres of plant genetic resources can be consid-
ered as an advantage (Cai et al. 2021; Osterberger
et al. 2022), although the system of archiving and
documentation of cannabis genetic diversity is still
considered to be far from complete (Torkamaneh
and Jones 2022).
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Modern association studies including the ad-
vancement of the genomics of C. sativa should
lead to the identification of genetic factors control-
ling the production of secondary metabolites across
the genome. The paradigm of such an approach
is provided by a comprehensive study on the fac-
tors controlling the traits of sex determination and
flowering time in this species performed by Petit
et al. (2020).

Cultivation conditions and agronomy

The methods of growing hemp plants can affect
the content of different low-molecular-weight sub-
stances. The effect of environmental factors includ-
ing soil properties on the activation of the secondary
metabolism of cannabis has recently been sum-
marised by Payment and Cvetkovska (2023). The
effect of the growing conditions on the cannabinoid
metabolism has been characterised many times,
e.g. for medicinal cannabis by Jemison (2024) and
for industrial hemp by Sikora et al. (2011).

Moreover, the effect of the vegetation phase
on the cannabinoid spectrum and accumulation
has been thoroughly described by Jemison (2024)
in medicinal hemp and by Sikora et al. (2011) for
industrial varieties. The time course of accumula-
tion of cannabinoids and terpenes in three che-
motypes of C. sativa plants has been characterised
by Aizpurua-Olaizola et al. (2016) at one-week
resolution when growing under controlled condi-
tions. Flower and leaf samples were analysed for
eight major cannabinoids using HPLC-DAD and
28 terpenes using GC-FID combined with GC-MS.
The tetrahydrocannabinolic acid/cannabidiolic
acid (THCA/CBDA) ratio was sufficient to stably
distinguish chemotypes during growth. The dy-
namics of terpene content followed the division
into chemotypes as well.

In the particular case of hydroponic cultivation
using a nutrient solution according to Malik et al.
(2021) and the expanded clay, i.e. keramzite, the ef-
fect of the growth phase on the cannabinoid range
was described by Malikova et al. (2024), when the
stage at 7-8 weeks from sowing was associated with
a maximum in cannabinoid accumulation.

Consequently, the harvesting date must be con-
sidered as another important factor determining
the content of active compounds. A shift in har-
vesting might even lead to a switch to a different
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legal class of production, e.g. a different category
of legal classification of cannabis products accord-
ing to the content of psychoactive compounds.
Namely, the critical level is 0.3% of THC in the
EU legislation as promoted by the European Union
Drugs Agency - EUDA (until July 2, 2024 acting
as EMCDDA - European Monitoring Centre for
Drugs and Drug Addiction). Naturally, the EU legis-
lation is harmonised with most of global legislation
supported by the United Nations Office on Drugs
and Crime (UNODC).

The comprehensive picture of chemical variabili-
ty in cannabis on a time scale provides a framework
for directed breeding for enhanced content of de-
sirable chemical compounds. While standardised
cultivation experiments are carried out in a fully
controlled environment, including artificial light
provided by fluorescent lamps in combination with
wire bulbs, the plants grown in the open ground
are often exposed to the effect of UV irradiation
contained in sunlight. The UV component can af-
fect the secondary metabolism in a pronounced
way. This phenomenon is well known and exem-
plified for alpine plants (Grisebach and Ebel 1978).
Therefore, the influence of UV light on the content
of secondary compounds in the hemp aboveground
parts was examined by Timmons and Mattson
(2023). As a result of a short-time exposure for
15, 30, and 60 min at 7 W m~2 of UV-B radiation
at the end of flowering, the cannabinoid content
increased only slightly and below the significance
threshold. Nevertheless, the influence of the el-
evated altitudes of growing sites should gener-
ally be considered when growing hemp for feed
(Giupponi et al. 2020) and might contribute to the
high activity of medicinal cannabis illegally grown
and distributed in the mountain regions of Central
Asia and Latin America (Trancoso et al. 2022).

Elicitation of plant defence reactions

This new approach has been taking shape over re-
cent years. Although plant defence responses at the
level of secondary metabolites with antimicrobial
properties have been thoroughly described in many
traditional species, starting from pea (Carlson and
Dolphin 1981), cannabis seems to have escaped sys-
tematic study in this direction. Nevertheless, en-
hanced production of secondary metabolites upon
the so-called elicitation process, i.e. after treatment
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with stimuli mimicking the presence of pathogens,
has been observed in a series of published works.
Enhancing the accumulation of valuable bioactive
compounds is potentially a way to increase the
health effects of this crop.

A review by Sirangelo et al. (2023) attempted
to summarise the current understanding of can-
nabis defence responses against common plant
pathogens, including Golovinomyces spp. (a pow-
dery mildew causal agent), Fusarium spp. (root and
vessel pathogens), Botrytis cinerea (gray mould dis-
ease) and Pythium spp. (seedling damping-off), in-
cluding the related disease-resistance genes of the
host. The known defence-associated substances
of cannabis have been summarised in the latest
review by Trono (2024).

Additional studies have focused on the effects
of elicitation in this expanding area of research
on hemp. An effort to demonstrate cannabis
plant immunisation at the seedling stage against
the Botrytis mould infection using pre-treatment
with Pseudomonas and Bacillus strains has not pro-
vided any positive evidence, however, the defence
response to the B. cinerea inoculation by itself
was recorded (Balthazar et al. 2020). On the basis
of synthesis of the data for other plant groups and
published observations in C. sativa, the set of host
defence genes ERFI1, HEL, PAL, PR1, and PR2 was
suggested to form the hemp response to pathogens
and the resulting activation of secondary metabo-
lism (Sirangelo et al. 2023). This paper is probably
the first attempt to describe the cannabis defence
response at the molecular level.

The consequences of plant defence responses are
observable in the marijuana shoot as well as in the
root tissues (Punja and Rodriguez 2018), and also
in inflorescences (Hurgobin et al. 2021). Different
kinds of known elicitors have been shown to be ac-
tive in cannabis, which means the same as being
recognised by the plant receptors. Salicylic acid
(SA), which is known to be a non-specific elicitor
of the plant defence system (Matton et al. 1990),
acted in this species as well (Mirzamohammad et al.
2021; Garrido et al. 2022).

Another non-specific elicitor chitosan, a sub-
stance known to mimic the presence of pathogenic
fungi, has been demonstrated to be active in can-
nabis upon foliar application (Beleggia et al. 2023).
Differentially accumulated metabolites were moni-
tored in the inflorescences of cv. Codimono treated
with chitosan of three molecular weight fractions

in solutions of 25 mg/1 and 50 mg/l. The induced
metabolites included cannabinoids, carotenoids,
tocopherols, flavonoids and phenolic acid classes.

Similarly to the traditional plant species used
in the studies of defence responses like tobacco,
soybean or Arabidopsis, the suspension cell cul-
ture turned out to be a useful model system for
C. sativa (Gabotti et al. 2019). In the case of in-
dustrial hemp (Futura variety), the well-known
nonspecific elicitor methyl jasmonate (Me]Ja) in-
creased both the activity and expression of the
key enzymes of the isoprenoid synthesis pathway,
namely phenylalanine ammonia-lyase (PAL) and
tyrosine aminotransferase (TAT). As expected, the
Me]Ja elicitation combined with tyrosine supple-
mentation as an additional PAL substrate enhanced
radical scavenging activity and antioxidant activity
in a human erythrocyte model.

Another general factor associated with elicit-
ing plant defence responses, UV irradiation, was
tested by Marti et al. (2014) for the ability to induce
secondary metabolites in cannabis. Clear modifi-
cations of phenylpropanoid metabolism were de-
tected that led to an increased level of cinnamic
acid amides, stilbene derivatives and other stil-
bene-related compounds. These changes induced
by UV-C radiation were interpreted as induction
of phytoalexins, i.e. plant antibiotics upregulated
by infection (Carlson and Dolphin 1981). The anal-
ogy with the genus Vitis was likely considered since
stilbenes are typical phytoalexins in grapevine.

To what extent the general defence response
in cannabis involves the cannabinoid class of mol-
ecules was addressed by Garrido et al. (2022) in the
context of medical cannabis. Signalling molecules
known to be involved in the plant defence re-
sponse, namely salicylic acid (SA), jasmonic acid
(JA), and y-aminobutyric acid (GABA), were tested
by foliar application. SA, MeJA, and GABA pro-
duced changes in the accumulation of the two
major cannabinoids, CBDA and THCA, in leaves
and inflorescences of a medical cannabis variety.
The combination of SA and MeJA at 0.1 mM in-
creased CBDA and THCA accumulation in leaves
by up to 57.3%.

Not surprisingly, growing hemp in the soil con-
taminated with copper, although feasible (Quagliata
etal. 2021), has been demonstrated to cause an in-
crease in secondary metabolites, including THC
and CBD (Cahill et al. 2024). This observation fully
corresponds to the known elicitor activity of cop-
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per ions, as well as other heavy metal salts, as de-
scribed in a model species like pea (Carlson and
Dolphin 1981).

In summary, the presence of inducible com-
pounds should also be taken into account when
using hemp as feed. This principle of considering
inducible secondary metabolites is already estab-
lished in human dietology (Jeandet et al. 2014).

Taking into account the assumed origin of the
increased level of cannabinoids in traditional and
medicinal cultivars of cannabis as a consequence
of genetic deregulation of the corresponding path-
ways, the effects of genetic mutations resulting
in the spontaneous activation of defence metabo-
lism are not excluded. On the other hand, such
a mutational change might represent a way for
obtaining a cannabis line with an improved anti-
microbial effect.

ANTIMICROBIAL RESISTANCE
Mechanisms of cannabinoid action

It should be realised that two different types
of cannabinoid action are considered while they
should be associated with two different mecha-
nisms. The one is psychotropic action. The oth-
er is antimicrobial action, which is also ascribed
to this class of compounds. On the other hand, the
terpenoid class of compounds and other substances
of secondary metabolism are mostly treated only
with respect to their antimicrobial action or for
their role of synergetic enhancers of the primary
action of cannabinoids.

Moreover, two levels of action must be consid-
ered in the case of antimicrobial compounds. While
the psychotropic action is mediated only by the or-
ganism of humans or animals, the antimicrobial
action may be expressed both on the microorgan-
ism level and on the level of the host cell. As stat-
ed by Sionov and Steinberg (2022): “while much
is known about the cannabinoid targets in mam-
malians, little has been known about the micro-
bial targets of these compounds so far”. It is logical
to postulate the existence of specific targets for this
group of compounds in the microbes.

The perception of cannabinoids in the organism
of animals, including humans, is mediated by can-
nabinoid receptors. They are denoted as CB1 and
CB2 in mammals, and in a corresponding manner
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in the main livestock species including cattle. In ad-
dition to their role in affecting the neural system,
cannabinoid receptors are also present in immune
cells. Consequently, cannabinoids can modulate
the immune system directly (Hernandez-Cervantes
et al. 2017). It is an important feature of cannabi-
noids that both kinds of their action are mediated
by the same receptor system, i.e. the same system
of CB receptors is supposed to mediate the psycho-
tropic and the antimicrobial action of cannabinoids
(Karas et al. 2020; Wu et al. 2023).

The range of overlapping specific effects of in-
dividual cannabinoids in animals has been de-
scribed by Aizpurua-Olaizola et al. (2016). For
example, CBD is associated with the antipsychot-
ic and neuroprotective action but it is considered
to be nontoxic (Brunetti et al. 2020; Wu et al. 2023).
On the other hand, A’-THC acts as a partial ago-
nist of the CB1 receptor and is considered toxic
(Lambert and Fowler 2005). The action of canna-
binoids also extends to the cardiovascular system:
the adverse effect is ascribed to A°-THC, which
again acts via the CB1 receptor. On the other hand,
CBD is supposed to exert a beneficial effect on the
cardiovascular system (Pacher et al. 2018). A path-
way of cannabinoid detoxification and catabolism
is postulated, cytochrome P450 being the main
member (Stout and Cimino 2014).

For understanding the psychotropic action of can-
nabinoids, the original physiological role of the
perception system must be taken into account.
The system of cannabinoid receptors evolved
from the perception of the so-called endocannabi-
noid compounds. They are of endogenous origin,
in contrast to cannabinoids in the true sense, and
comprise, among others, the endogenous lipids
2-arachidonoyl glycerol (2-AG) and arachidonoyl
ethanolamide (anandamide) (Lu and Mackie 2016).
Their original physiological role consists in the psy-
chological stabilisation of an individual and their
disturbance leads to psychotic symptoms. However,
the same receptor system is involved in the percep-
tion of cannabis metabolites and in the formation
of their addictive effects.

The question remains as to what extent the sec-
ond major effect of cannabinoids in addition to the
psychotropic one, i.e. their role as antimicrobial
agents, is mediated by the cannabinoid recep-
tor system of animal hosts. Most of the reported
antimicrobial effects of the cannabinoid fraction
(Appendino et al. 2008; Malikova et al. 2024;
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Paulova et al. 2025) reflect a direct interaction with
microorganisms of both bacterial and fungal type,
as implied by the in vitro assay systems. However,
the beneficial effect of cannabinoids on infection
resistance in eukaryotic organisms may also be just
a consequence of the primary effect on the im-
mune system since it is known that the activation
of cannabinoid receptors CB1 and CB2 can enhance
the immunity function (Hernandez-Cervantes
et al. 2017).

An important factor in understanding the full
scope of antimicrobial cannabinoid action is the
synergism with other phytochemicals or even with
traditional antibiotics. The differences in phar-
maceutical properties of cannabis extracts from
those expected for the particular chemotypes have
been attributed to interactions, defined as “entou-
rage effect”, between cannabinoids and terpenes
as a consequence of their synergism (Calvi et al.
2018). The reports on demonstrated synergies be-
tween individual cannabinoids and between can-
nabinoids and terpenoids have been summarised
in detail by Chacon et al. (2022). However, most
of the published effects can be related to the psy-
chotropic activity of cannabinoids and/or cannabis
terpenes. Information on the antimicrobial action
as enhanced by additional hemp metabolites is still
limited. It is expected that progress in this direction
will be achieved.

The impact of antimicrobial resistance
in livestock

The growing interest in natural crop-derived an-
timicrobials or in finding ways to enhance these
substances in plants reflects the growing global
problem of antimicrobial resistance (AMR), the
related ineffectiveness of the available antibiotics,
and the failure to find new antibiotics. The current
state of the spread of AMR in bacteria pathogenic
to farm animals and the consequences for the pos-
sibilities of treatment are summarised in Table 3.

Although antibiotics have essential applications
in animal husbandry and livestock production
(Williams-Nguyen et al. 2016), their increasing use
and misuse in all sectors leads to the spread of AMR
(Salam et al. 2023). This is partly because the an-
tibiotics have long been administered to livestock
not only to treat infections, but also to improve
feed conversion efficiency and to prevent diseases.

As aresult, the bacteria have been subjected to in-
credible selective pressure, rapidly developing new
survival strategies through mechanisms respon-
sible for antibiotic resistance (Kirchhelle 2018).
This is why AMR is now considered one of the
most formidable global threats of the 21 century
(Ahmed et al. 2024). The incidence and prevalence
of infections caused by antimicrobial-resistant bac-
teria during the 21°' century threaten the global
public health as a silent pandemic and urgently
require intervention (Padiyara et al. 2018; Salam
et al. 2023; Ahmed et al. 2024).

Excessive use of antibiotics in livestock for treat-
ment or growth promotion produces reservoirs
of resistance. The current state with the main
veterinary pathogens (E. coli, S. typhimurium,
C. perfringens, L. monocytogenes, Mycoplasma
bovis, Campylobacter jejuni, S. aureus, C. diffi-
cile, K. pneumoniae) has been reviewed by Doyle
(2015), Halawa et al. (2023), Ahmed et al.
(2024), by Robi et al. (2024) for cattle pathogens
and by Kasanga et al. (2024) for E. coli. Resistant
microbes have spread to the wider environment
through fertilisers, contamination of waterways and
consumer products.

In addition, other reservoirs of antibiotic
residues which induce resistance in microbes
on a global scale are foods of animal origin. These
residues arise from the industrial use of antibiot-
ics. Generally, the use of antibiotics should not
be supported in the production of food for human
consumption, basically because of the possible ac-
cumulation of residues in popular products such
as meat, milk, eggs or honey. The levels of residues
vary according to the geographical location, the
level of development of the country, and the type
of food analysed, with a higher risk in developing
countries where no control measures or monitor-
ing programs for antibiotic residues in food are
implemented (Founou et al. 2016; Ghimpeteanu
et al. 2022). This assumption is supported by a re-
cent survey in Africa, in which higher residues
in Nigeria (Ganiyat and Lateefat 2022), Tanzania
(Kimera et al. 2015) or South Africa (Ramatla et al.
2017; Oladeji et al. 2025) have been reported.
However, increased residue contents are also re-
ported in recent studies from many other countries
such as Italy, Argentina, Tirkiye, Brazil and oth-
ers (Nchima et al. 2017; Ghimpeteanu et al. 2022;
Virto et al. 2022; Owusu-Doubreh et al. 2023;
Adegbeye et al. 2024; Costa et al. 2024).
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In addition, monitoring data indicate an uneven
distribution of antibiotics in animal tissues and
products. Specifically in sheep, higher amounts
of tetracycline were reported in kidney than in liver
or muscle (Sallam et al. 2022). In terms of different
products, tetracyclines are found at higher concen-
trations in cottage cheese or cheese than in prod-
ucts such as butter, buttermilk, whey or cream
(Gajda et al. 2018). However, the distribution and
concentration of individual antibiotic residues can
be influenced by a wide range of factors including
the class of antibiotics, food processing methods,
the nature of specific antibiotics, the rate of elimi-
nation from the organism, the withdrawal peri-
od, the species and physiology of the animal, the
-philic and -phobic nature of antibiotics, differ-
ent metabolism in individual tissues, and last but
not least drug-protein interactions (Hassan et al.
2021; Sallam et al. 2022; Virto et al. 2022; Adegbeye
et al. 2024).

All these factors increase the risks of generation
and transmission of multidrug resistant bacteria,
for example Campylobacter or Salmonella (Doyle
2015). The impact of AMR in relation to live-
stock animals is particularly evident in the bur-
den of foodborne pathogens, which is estimated
to reach 600 million infections and 420 000 deaths
each year (WHO 2015). As a result, treatment op-
tions for resistant pathogens become increasingly
limited. The rising incidence of epidemics in live-
stock, in turn, often necessitates the culling of ani-
mals, which leads to significant economic losses
and threats to food supplies (Ahmed et al. 2024).

Actually applicable treatment
macrolides, chlortetracycline, oxytetracycline,
tetracycline, neomycin, azithromycin,
cephalosporin, quinolone
(Berchtold and Constable 2009; Trott et al. 2021;
Garcia-Diez et al. 2024)

[B-lactams, fluoroquinolones, tetracyclines, clindamy-
cin, trimethoprim-sulfamethoxazole, vancomycin
(Sato et al. 2018; Campbell et al. 2022; Zhang et al.
2023; Stefanetti et al. 2024)

-lactams, amoxicillin, ampicillin
(Kabelitz et al. 2021; Dame-Korevaar et al. 2025)

Resistance documented
ofloxacin, lincomycin, cloxacilin
(Reygaert 2018; Xu et al. 2022; Enshaie et al. 2025)
methicillin, macroclides (azithromycin), linkosamides,
streptogramin type B, fenicol, cycloserine/fusidic acid,
vancomycin, colistin, penicillin (ampicillin, amoxicillin),
tetracycline, chlortetracycline, kanamycin, gentamicin
(Xu et al. 2022; Enshaie et al. 2025; Islam et al. 2025)
tetracycline, macrolides (erythromycin), penicillin
(ampicillin), oxytetracykline, streptomycin, enrofloxacin
(Kabelitz et al. 2021; Fenta et al. 2025)

aminoglycosides, cephalosporin, lincosamides, penicillin,
fluoroquinolones, B-lactams, tetracycline, sulphonamides,
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the use of antimicrobial drugs and the application
of antimicrobial surveillance programmes, which
will lead to a reduction of resistance in animals
(Patel et al. 2023). It is not surprising that the search
for substances with antibiotic properties of plant,
not microbial, origin started on a large scale, in-
cluding the study of the promising group of medi-
um-chain fatty acids from palm oils (Lalouckova
et al. 2019). The quantification of the specific im-
pacts of AMR on the productivity of the livestock
production system is still limited in the framework
of existing reports (Ahmed et al. 2024). Therefore,
a reliable modelling of the actual burden of resist-
ance is extremely useful. Part of the problem stems
from uncertainty about the best ways to monitor
AMR in humans, animals, and the environment
(Wernli et al. 2017).

PROSPECTS FOR THE USE OF HEMP
ANTIMICROBIAL AGENTS IN ANIMAL
PRODUCTION

The data collected on the effects of hemp inclu-
sion in the diet of monogastric animals has recently
been summarised by Lanzoni et al. (2024b). The
promising results of investigations on the applica-
tion of hemp or hemp-derived compounds in an-
imals published to date cover a range of animal
species. The accumulated data supports the policy
of the European Food Safety Authority FEEDAP
panel as claimed in the 2011 report (EFSA 2011).

In the general approach, crude ethanol extract
from the inflorescences of C. sativa cv. Futura 75
(a technical hemp variety) was tested directly
against the bacterial pathogens L. monocytogenes,
S. typhimurium, Escherichia coli and Staphylococcus
spp. on the nutrient agar plates with CBD as a refer-
ence compound. When spotted on agar, all products
were efficient only against Gram-positive bacteria.
Specifically, the extracts corresponding to 0.017
and 0.3 mg/ml CBD were effective against L. mono-
cytogenes and Staphylococcus spp., respectively.
However, all bacteria including the Gram-negative
family of Enterobacteriaceae and coliforms were
suppressed at least during meat storage (Pasquali
et al. 2020).

Nevertheless, the beneficial effect of a hemp diet
on the health of domestic species has been reported
independently of any targeted phytochemical re-
search. For example, a study of the effect of hemp
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seed oil supplementation on the plasma lipid pro-
file, liver function, milk fatty acid, cholesterol, and
vitamin A content in goats was carried out (Cozma
et al. 2015).

The practical application of cannabinoids has also
been tested in the model of cattle. The in vitro effect
of CBD on ruminal microflora was estimated by in-
cubating the rumen fluid on agarised amino-acid
medium for 24 h in the presence of CBD. Although
the highest concentration of CBD caused a reduc-
tion in produced ammonia by 10-15 mM at the
highest tested concentration (860 pg CBD/ml),
this approach is not yet considered as ready for
use in practice (Lakes et al. 2024).

The same approach in poultry can be illustrated
by the specific case of laying hens. The addition
0f 9% of hemp co-product had a documented posi-
tive effect on egg production and on yolk qual-
ity (Lanzoni et al. 2025). In an effort to employ
CBD against Clostridium perfringens in broiler
chickens, 30 g CBD/1 000 g of feed was admin-
istered following a challenge with C. perfringens
bacteria and lipopolysaccharide added to feed.
The CBD treatment helped to maintain blood
biochemical and antioxidant parameters and fi-
nally it increased the body weight (Bien et al.
2024). To identify the mechanism of CBD effect
on C. perfringens in broiler chickens, CBD was ap-
plied in combination with selenium nanoparticles.
As a result, the upregulation of genes for the gut
barrier function was observed, in parallel to shifts
in the gut bacterial enzyme activity towards the
increased energy uptake. Collagenase was upregu-
lated as well (Konieczka et al. 2020).

Some positive effects can be indirectly caused
by hemp products just by stimulating the capac-
ity of the immune system. Accordingly, the inclu-
sion of dried Cannabis sativa leaves in the feed
mixture of broiler chickens increased the CD4(+)
and CD8(+) lymphocyte subpopulations and it also
increased the CD4(+): CD8(+) cell ratios (Balenovic
et al. 2024). Consistently, different levels of hemp
seeds in the diet of broiler chickens led to a signifi-
cant reduction in serum lipids and total cholesterol.
In parallel, coliform counts in the caecum and je-
junum were reduced linearly with the hemp seed
percentage (Vispute et al. 2019).

In horses, CBDA or the combination of CBG/
CBD were tested for the alleviation of chronic os-
teoarthritis. The ethanolic leaf extracts of C. sativa
enabled pain modulation and welfare improvement.
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In the used extract, the major cannabinoids de-
tected were CBD and A’>-THC (Aragona et al. 2024).

Cannabis products may also find application
in such unusual disease models as scrapie in sheep,
a specific case of transmissible spongiform enceph-
alopathy. Application of CBD inhibited the neu-
rotoxicity of protease-resistant prion protein and
also affected the microglial cell migration (Dirikoc
et al. 2007).

There is a general assumption that cannabis-de-
rived compounds can possess antimicrobial activity
based on a different mode of action from traditional
antibiotics. They can thus avoid the already estab-
lished microbial resistance and do not impose any
additional selection pressure on promoting new
genetic resistance factors in pathogens. Genetic
recombination in the environment and in the hosts
leads to the spread of multidrug-resistant bacte-
ria (MDR), which can disrupt even well-organised
medical care. To illustrate the seriousness of the sit-
uation, it suffices to note that only four new classes
of antibiotics have been developed and approved
during the last four decades (Homer et al. 2025).
This trend has been a source of growing concern
since 2011 (Cooper and Shlaes 2011).

The presence of antimicrobial compounds in the
shoot of cannabis is fully compatible with its use
in animal forage. This automatically solves the prob-
lem of delivery, which is perceived with traditional
antibiotics that have to be artificially combined with
feed or administered by injection. These promis-
ing prospects for cannabis as an antimicrobial agent
were discussed in the review by Karas et al. (2020).

CONCLUSION

Although the antimicrobial activity of cannabis
has been known since the early 1950’s, interest
in its potential use for livestock production and
veterinary solutions has surged in recent years. The
main reason for this turn is undoubtedly the spread
of genetic determinants of resistance among vet-
erinary pathogens and further. This process in its
turn has led to massive restrictions on the exploi-
tation of traditional antibiotics in agriculture and
veterinary practice.

The possibility of replacing traditional antibiotics
with antimicrobial substances from fodder plants
has prompted intensive research focused on this
goal in cannabis. This direction brought almost

exhaustive data on the array of secondary metabo-
lites in cannabis and on their associated antimicro-
bial activities. Moreover, strategies for enhancing
or modifying the composition of cannabis secondary
metabolites are taking shape, whether through the
selection of genotype, by cultivation conditions and
technology, or the targeted elicitation of hemp me-
tabolites involved in the natural response to the mi-
crobial pathogens of plants (phytoalexins). Using the
synergy between the cannabis metabolites and the
traditional antibiotics is taking shape as well. The
cannabinoid group of compounds remains the first
choice due to the combination of the antimicrobial
activity with positive effects on animal physiology
and their advanced characterisation.

Although the collected research data allow con-
sidering a large-scale use of cannabis feed or other
products for reducing the veterinary infections,
the testing under production conditions still has
to be pursued on a large scale. Nevertheless, sup-
port to this type of projects on a production or pi-
lot scale can be expected given the research data
collected to date.
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