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High demand and supposedly large profits are bringing more and
more manufacturers of cannabis medicines onto the market. But
can the products on offer provide the required quality? Since
cannabis is to be sold in Germany as a pharmaceutical product, its
production is regulated by the German Medicines Act and the
Good Manufacturing Practice (GMP) guidelines. The guidelines
aim to ensure the production of pharmaceutical products of
consistent and high quality. However, product recalls in Canada
are showing increased issues with microbial contamination, which
can pose a health risk to patients. Such recalls prove how difficult
it is to ensure the required quality of herbal pharmaceutical
products, such as medicinal cannabis. This article describes the
specifications for the cultivation of cannabis set by GMP and
GACP guidelines as well as the quality controls imposed by the
pharmacopeial monographs. It will be explained how the quality of
the plant can be improved during cultivation and whether the
current specifications of the monographs are sufficient to evaluate
the quality of the products.

Quality issues

Following the legalization of can-
nabis for medical purposes in
2017, it was initially difficult to
meet the demand from patients. In
the meantime, there is a wide
range of dried cannabis flowers
from various manufacturers avail-
able in pharmacies. Additionally,
some manufacturers also offer
cannabis extracts. For this dosage
form, the ingredients of the plant
– the cannabinoids – are extracted
from the flowers, dissolved in oil,
and then distributed in liquid
form. Both products are sold in
pharmacies as pharmaceuticals
and are therefore subject to the re-
quirements imposed by the
German Medicines Act (Arznei-
mittelgesetz, AMG) and the Good
Manufacturing Practice (GMP)
guidelines, among others. Espe-
cially the GMP guidelines define

high requirements for the manu-
facturing, processing, packaging,
and storage of pharmaceuticals to
ensure the quality of the products
and patient safety. The main ob-
jective pursued by manufacturers’
regulation is the reproducibility of
pharmaceutical products with
consistently high quality. However,
for such herbal pharmaceuticals,
in particular, the production of
equivalent quality products often
proves challenging. The reasons
for this are manifold. Even if all
plants are produced from clones of
a mother plant and thus have the
same genetic origin, it is still a nat-
ural product and therefore highly
diverse. To reduce the level of var-
iation to a minimum, identical
and constant conditions should al-
ways prevail for all cannabis plants
during cultivation. Influencing fac-
tors such as temperature, humid-
ity, light, or nutrient supply must

be the same for each plant during
the entire growth period, which
can only be achieved with great ef-
fort [1]. In addition, plants are sus-
ceptible to contamination during
cultivation as well as the proces-
sing and are sensitive to the influ-
ence of humidity and temperature
even after drying. Consequently, in
order to supply herbal medicinal
products with the required quality,
precautions must be taken
throughout the value chain to pre-
vent contamination, and defined
environmental conditions must be
maintained.

To draw a conclusion about the
quality of cannabis products dis-
tributed, it is worth looking at the
Canadian market. Since Canada
was one of the first countries to le-
galize the use of cannabis for med-
ical purposes in 2001, there is al-
ready data available on quality de-
fects and the resulting recalls. The
Canadian market is also interest-
ing because a significant share of
the products sold in Germany ori-
ginally come from there. Health
Canada, the Canadian health
authority, has recorded 37 recalls
related to cannabis products since
2018 [2]. The main reason was de-
fective labeling or packaging. In a
total of 30 recalls, 140 000 packag-
ing units were affected. Causes in-
cluded incorrect content informa-
tion on the package [3] or missing
labels [4]. Due to poor quality or
an infestation of the products with
pathogens, 7 recalls with more
than 360 000 packaging units were
conducted, thus significantly lar-
ger in volume than the recalls due
to labeling errors. Microbiological
contamination of cannabis prod-
ucts with molds, yeasts, and bac-
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teria was the main cause but con-
tamination with pesticides was
also the cause of some recalls.
Such contaminations pose an in-
creased risk to patients. The con-
sumption of cannabis flowers that
are contaminated with molds can
lead to allergic symptoms such as
sneezing, coughing, watery and
itchy eyes, but also to severe dis-
eases such as pneumonia or asper-
gillosis [5].

Cannabis plants can be at-
tacked by various types of patho-
gens if treated incorrectly [6].
Among them are molds of the
genus Aspergillus, which produces
toxic metabolites called mycotox-
in, aflatoxin, and ochratoxin. Afla-
toxin in particular has long been
known for its extremely carcino-
genic and hepatoxic properties [7].
Since the toxins are not destroyed
completely during smoking, they
are thus partially absorbed by the
patient [8, 9]. Besides the de-
scribed contaminations, which re-
present an obvious health risk,
other risks arise for the grower.
Microbiological contamination of
cannabis plants can easily spread
throughout the whole production
site, affecting multiple batches of
product, which in turn may result
in even further recalls. The out-
come is a significant cost to the
producer forced to destroy the af-
fected product. Additionally, the
production premises must be
cleaned and disinfected thor-
oughly to prevent the contamina-
tion from spreading to new plants.
Up until the cleaning process of
the rooms and equipment is com-
pleted, production will be halted.
To mitigate the risk of contamina-
tion, it is important to address the
causes with preventive measures
and monitoring/control.

Medical cannabis in the
pharmacopoeias

The manufacture of herbal medici-
nal products such as cannabis is

regulated by the GMP Guide in
general, as is the manufacture of
other pharmaceutical products.
For the production of medicinal
cannabis, Annex 7 – Production of
Herbal Medicinal Products – of
the GMP Guide also applies. This
in turn refers to the Guideline on
Good Agricultural and Collection
Practice for starting materials of
herbal origin (GACP) of the Com-
mittee on Herbal Medicinal Prod-
ucts (HMPC) of the European
Medicines Agency (EMA). These
GACP Guidelines define the re-
quirements for the cultivation, col-
lection, and harvesting of medici-
nal plants. If initial steps of further
processing, like cutting or drying,
are performed in the field the
GACP Guideline also applies to
them. At the latest, the GMP Guide
(Party I and II) then applies to all
subsequent cutting and drying
steps. The GACP Guideline is for-
mulated less strictly than the GMP
Guide and allows the grower more
freedom. It is clearly stated that
the cultivation of medicinal plants
on soils contaminated with, e.g.,
heavy metals or chemicals should
be avoided. The use of pesticides
and herbicides, on the other hand,

is given leeway; the guideline only
recommends that it should be
avoided as far as possible. Both
GACP and GMP Annex 7 call for
only a few preventive measures to
protect plants during cultivation.
Protection from animals, such as
insects and rodents, or cross-con-
tamination by other plants must
first occur in the storage area. Pre-
ventive measures to avoid mi-
crobiological contamination and
mold growth are also not included
in the guides during cultivation.
Nevertheless, the GACP guideline
provides a minimum standard for
the cultivation of medicinal plants,
which is why it is already common
practice for regulatory authorities
to require proof of GACP compli-
ance of starting materials.

For medicinal cannabis, stan-
dards in Europe are primarily set
by the monographs in the phar-
macopoeias in force. For dried
flowers and adjusted cannabis ex-
tracts, reference is made to the
monographs of the German Phar-
macopoeia (DAB). In addition,
the entries for (dried) herbal
drugs and extracts from herbal
drugs of the European Pharmaco-
poeia (Ph. Eur.), among others,
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must be observed. This specifies
the tests and their specifications
that the pharmaceuticals must
undergo or comply with before
they can be dispensed to pa-
tients. According to the DAB,
dried cannabis flowers undergo
tests for identity (optical, micro-
scopic, thin layer chromatogra-
phy), purity (testing for foreign
components, loss on drying, and
cannabinol content), and content
determination by liquid chroma-
tography of Δ9-tetrahydrocanna-
binol (THC) and cannabidiol
(CBD). The Ph. Eur. goes even
further in the tests and specifies
several other criteria during pur-
ity testing. These include the im-
portant tests for the toxins al-
ready mentioned, aflatoxin and
ochratoxin. In addition, tests for
pesticide residues, heavy metals,
and microbial contamination are
also prescribed. Each manufac-
turer is required to demonstrate
compliance with the specifica-
tions set by the pharmacopoeias

prior to sale. For this purpose,
the manufacturer checks the
finished product batches on a
random sample survey. The num-
ber of random samples is deter-
mined on a risk basis and de-
pends on the size of batches. To
ensure that patients receive a
safety product, the pharmacopeia
specifications cover many criteria
to guarantee the quality of can-
nabis-based products and avoid
patient risk. Equally, they are also
an incentive for the grower to
improve the quality of his prod-
ucts.

Cultivation and processing
under quality aspects

Since the cultivation process is
crucial for achieving the required
pharmacopeial specifications, the
demand for quality also affects the
growers. Growers of high-quality
medicinal cannabis have for some
time been increasingly moving to-

wards cultivating the plants in-
doors in greenhouses or special
cultivation rooms because equal
treatment for all plants in the field
is nigh impossible. Indoor cultiva-
tion avoids cross-contamination
and allows for better control of
other environmental factors. By
using automatic lighting and irri-
gation systems, growing condi-
tions can be standardized for all
plants.

As already described, an infes-
tation of the cannabis plant with
mold is often problematic. Mold
growth, including the genus
Aspergillus, is favored by high hu-
midity and warm temperatures.
The compact and interwoven
structure of the flowers makes it
difficult for moisture to evaporate
Measures to prevent this are ade-
quate ventilation and air condi-
tioning of the cultivation rooms.
A disadvantage of cultivation in
classic glass greenhouses is solar
radiation and the associated rise
in temperature inside. This can
often only be regulated by large-
scale air conditioning and venti-
lation systems. Air conditioning
of the premises is therefore al-
most indispensable for a mold-
free product. Supplementary mea-
sures such as maintaining an ap-
propriate distance between plants
further reduce the transmission of
contamination. Likewise, an ap-
propriate distance, or better yet,
different rooms should be cho-
sen for the individual batches. In
this way, the transmission of
possible contaminations among
the batches can be reduced.

Indoor cultivation also offers
more security in terms of protec-
tion from insects and rodents.
However, the mere protection pro-
vided by indoor cultivation is not
sufficient, as insects and rodents
will still find their way to the
plants. So, it must be supplemen-
ted by a suitable Pest Control pro-
gram. Insects are problematic in 2
ways: Firstly, as plant pests them-
selves, and secondly, insects such

n Figure 1

Mold on cannabis flowers (Source of the figure: the authors).
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as aphids or whiteflies secrete
honeydew, which causes coloniza-
tion of sooty mold and other types
of molds.

Changes in the plants can be
quickly detected by appropriate
and regular inspections. It also
makes sense to introduce micro-
biological monitoring so that con-
tamination of individual plants
can be detected at an early stage
and appropriate measures can be
taken. The measures presented for
improving quality in cultivation
are only a selection and only
roughly represent the spectrum of
possibilities. Concrete measures
always depend on the conditions
at the site and must be taken on a
risk-based approach. Currently,
manufacturers have recognized
the problem, but have not yet
completely solved it. A currently
common method for the there-
fore necessary sterilization of
cannabis flowers after harvest is
irradiation with gamma radiation.
This process kills bacteria and
mold but is very costly and time-
consuming for the producer due
to additional regulatory require-
ments and necessary licenses.
The content of aflatoxin already
present can be slightly reduced
by irradiation, but the complete
destruction of the toxin does not
occur as a result of irradiation
[10].

Are the tests in the
pharmacopeias sufficient?

The monographs mentioned above
cover many relevant testing points
and quality characteristics of can-
nabis. However, both the cultiva-
tion and the product itself are ex-
tremely demanding, which raises
the question of whether the tests
described in the monographs are
sufficient to assess the quality of
medical cannabis. Should further
criteria be introduced to guaran-
tee a product that is safety for the

patient, or are there other charac-
teristics that can tell something
about quality?

When cultivating cannabis, a
variety of factors affect the plant.
Abiotic factors such as tempera-
ture, water, and nutrient supply or
light irradiation are damaging to
the plant in the event of both a de-
ficiency and an oversupply and,
generate stress for the plant. Biotic
factors such as the infestation of
plants by microorganisms or in-
sects are also classic stress factors.
Stress has an influence on the pri-
mary metabolism of the plant, i.e.,
on its growth and development.
However, research results also
show the influence of plant stress
on secondary metabolism, i.e., the
production of non-essential meta-
bolites [11]. Since a majority of
cannabis plants are cultivated in
greenhouses for use as pharma-
ceuticals, plant stress due to heat
and resulting water shortage is a
quite realistic scenario. Summer
sunlight alone can cause the often
poorly air-conditioned green-
houses to heat up considerably.
The heat leads to increased tran-
spiration and thus to increased
water uptake. In addition, if the
water supply is not adjusted ac-
cordingly, there will also be a lack
of water. Like any plant, the canna-
bis plant reacts to changed envir-
onmental conditions. It responds
with morphological, physiological,
and biochemical adaptations.
Morphological changes in canna-
bis are easily seen by eye. For ex-
ample, plants suffering from heat
stress have curling and wilted
leaves. The tips of the leaves may
be dry or brown. The flowers are
unusually wide open, airy, and
long. If such changes are found on
the flowers, whether by the pro-
cessing company, the pharmacist,
or, in the last instance, the patient,
this is a clear sign that the envir-
onmental conditions during culti-
vation were not optimal for the
plants and thus make for low-
quality flowers.

The background to the morpho-
logical changes is the switch on or
off the metabolic pathways. The
plant reacts with chemical adapta-
tions to the changed living condi-
tions. The pharmaceutical effect of
cannabis is attributed to hundreds
of secondary metabolites in addi-
tion to the well-known cannabi-
noids CBD and THC, including
other cannabinoids, but also ter-
penes and flavonoids. Terpenes
and flavonoids are ingredients re-
sponsible for the colour, smell, and
taste of the cannabis plant. In ad-
dition, they are said to have a
pharmacological effect, which de-
scribes improved efficacy under
the term entourage effect, the in-
teraction with cannabinoids [12].
Now, if there is a change in the me-
tabolic pathways due to plant
stress, the metabolic products also
change. That is, plants of the same
genetic origin have different or dif-
ferently concentrated ingredients
when cultivated under different
growing conditions [13]. Conse-
quently, although cannabis plants
originate from the same variety,
they may show different effects.
Since the decoding of the terpene
profile is not part of the standard
analytics, it is possible that the
THC or CBD content corresponds
to the specification, but neverthe-
less, the desired effect does not oc-
cur in the patient.

The cannabis plant offers great
therapeutic potential; however, it
exhibits great chemical variability.
Despite the high demand for can-
nabis products and the long his-
tory of cannabis cultivation, there
is almost no scientifically sound
knowledge about the regulation of
secondary metabolism in cannabis
plants and especially about the ef-
fects of environmental and cultiva-
tion conditions. The entourage ef-
fect has also not been adequately
described. Such information is im-
portant for optimizing cultivation
to produce high-quality standard-
ized material for use as pharma-
ceutical products. To counteract
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highly variable product qualities
and to produce a safety product,
basic binding standards for the
quality of the products have to be
defined and the implementation
has to be controlled.
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