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n Abstract
To be used as disinfectants in Europe, biocidal products such as alcoholic disinfectants are regulated by the EU’s Biocidal Prod-
uct Regulation (BPR) EU No. 528/2012. Due to varying lengths of authorization procedures under the BPR, EN (European Norm)
methods may change during the evaluation of BPR product authorizations, which may result in different antimicrobial efficacy
claims for identical formulations such as 70 % (v/v) propan-2-ol. In this study, we investigated the impact of cultivation of
A. brasiliensis established in EN 1650 in 2013 compared to the previous version of EN 1650 on fungicidal efficacy against
A. brasiliensis. For this, 70 % (v/v) propan-2-ol and 80 % (v/v) ethanol were used as test formulations. Direct comparison of
efficacy data based on differing protocols given in different versions of EN 1650, revealed significant differences for efficacy of
70 % (v/v) propan-2-ol against A. brasiliensis, whereas no significant difference was found for 80 % (v/v) ethanol.

n Keywords
Disinfection | GMP | Pharma-Production | Fungicidal Efficacy | European standards

Introduction

Alcohols such as propan-2-ol or ethanol are widely used as
disinfectants in contamination control in pharmaceutical
manufacturing processes. Their rapid mode of action and
evaporation without residues renders alcohols specifically
interesting biocidal molecules to ensure good production hy-
giene. To be used as disinfectants in Europe, biocidal prod-
ucts such as alcoholic disinfectants are regulated by the EU’s
Biocidal Product Regulation (BPR) EU No. 528/2012) [1,2],
under which antimicrobial efficacy must be demonstrated
using laboratory studies. The quantitative suspension test
EN 1650 [3,4,5] for example provides a basis for claiming effi-
cacy against yeasts (yeasticidal efficacy) or fungicidal effi-
cacy (efficacy against yeasts and molds).

In EN 1650 [3,4,5], the filamentous fungus Aspergillus
brasiliensis is used as a test organism to demonstrate fungi-
cidal efficacy. For this, cultivation and preparation of coni-
diospores is regarded crucial. To ensure standardized
robustness of fungal spores, cultivation and preparation of
A. brasiliensis conidiospores has been amended in EN 1650
in 2013. Figure 1 shows a timeline of redrafting events of
EN 1650 beginning 2008.

In EN 1650:2008 [3] cultivation of A. brasiliensis is con-
ducted on malt extract agar (MEA) containing soy peptone.
In contrast, in newer versions of EN 1650 [4,5], beginning with
version EN 1650:2008+A1:2013 [5], cultivation of A. brasilien-
sis is conducted on MEA containing no soy peptone. In addi-
tion, specification of conidiospores to be used in the experi-
ments is much more precisely given in newer versions of
EN 1650, beginning with version EN 1650:2008+A1:2013 [5].
Beginning with version EN 1650:2008+A1:2013 [5], pictures of
A. brasiliensis cultures on MEA without peptone as well as
microscopic pictures of conidiospores have been integrated in
EN 1650. In addition, suitability of conidiospores is described
more precisely. In the more recent versions of EN 1650, it is
clearly indicated that spore suspensions need to be checked
microscopically for mycelium, round conidiospores, and spiky
spores. Also, it is specified that a fungal suspension to be used
in the experiments needs to consist of ≥75 % so called “spiky
spores”and does not contain any mycelium.

Due to varying lengths of authorization procedures under
the BPR [1], European Norm (EN) methods may change dur-
ing the evaluation of BPR product authorizations, which
may result in different antimicrobial efficacy claims for iden-
tical formulations such as 70 % (v/v) propan-2-ol.
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To test the products at a higher concentration, tests were
conducted using 9,7 mL test product in the quantitative sus-
pension test, equaling 97 % of the test product, i.e. 97 % of
70 % (v/v) propan-2-ol or 97 % of 80 % (v/v) ethanol, respec-
tively. These tests were conducted following the modified
test procedure for ready to use products when tested using
9,7 mL of the test product as described in EN 13624:2021 [6].

All experiments were carried out as independent experi-
ments and data presented are based on at least 3 experi-
ments. Validation controls A, B, and C were found to be
effective in all experiments.

Statistical evaluation
Statistical significance was determined by Student’s t-test.
Statistical evaluation was only performed by unpaired (inde-
pendent) 2-sample t-test. A threshold level of 0.01 (highly
significant) and 0.05 (significant) was applied.

Results

Two alcoholic formulations commonly used in pharmaceuti-
cal production hygiene were evaluated for efficacy against
the filamentous fungus A. brasiliensis. For this, 70 % (v/v)
propan-2-ol and 80 % (v/v) ethanol were tested. Quantitative
suspension tests according to EN 1650 were conducted under
conditions of low organic soiling (i.e., 0,03 % BSA) using 2 dif-
ferent protocols for the test organism A. brasiliensis. The
2 different protocols are referred to as “A. brasiliensis MEA w/

peptone”, i.e. cultivation acc. to EN 1650:2008 [3] and “A. brasi-
liensis MEA w/o peptone”, i.e. cultivation acc. to EN 1650:2019 [4].

Efficacy data are shown in Fig. 2 (70 % (v/v) propan-2-ol)
and Fig. 3 (80 % (v/v) ethanol). Data presented in Fig. 2
shows that a reduction of appr. 4 decimal logarithms (log10)
as required by EN 1650 to claim fungicidal efficacy was ob-
tained at 30 min contact time for A. brasiliensisMEA w/ peptone
for 70 % (v/v) propan-2-ol) when tested at 97 % concentra-
tion (i.e. logarithmic reduction factor [RF] 3.98). In contrast,
for A. brasiliensis MEA w/o peptone reduction was significantly
lower, indicated by a reduction of 3.33 log10.

Likewise, at 15 min contact time a reduction of 3.50 log10
was obtained for A. brasiliensis MEA w/ peptone, whereas for
A. brasiliensis MEA w/o peptone reduction resulted in 3.17 log10.

Similarly, efficacy data obtained for 70 % (v/v) propan-2-
ol tested at 80 % (v/v) concentration resulted in higher loga-
rithmic reduction both at 15 min and 30 min contact time:
At 15 min a reduction of 3.50 log10 was obtained using
A. brasiliensis MEA w/ peptone, whereas using A. brasiliensis
MEA w/o peptone resulted in a reduction of 3.17 log10. At 30 min
contact time a reduction of 3.70 log10 was obtained for
A. brasiliensis MEA w/ peptone, whereas using A. brasilien-
sis MEA w/o peptone resulted in a reduction of 3.22 log10.

Data presented in Fig. 3 shows that using 80 % (v/v) etha-
nol at 97 % test concentration resulted in a reduction of
>4.00 log10 at either contact time, irrespective of the proto-
col. The same was found using 80 % (v/v) ethanol at 80 %

Figure 1: Timeline demonstrating the publication of dif-
ferent issues of the method EN 1650 (all figures provided 
by the authors).

The aim of this study was therefore to evaluate whether 
different versions of EN 1650 based on a different cultivation 
for fungal conidiospore test suspensions impact fungicidal 
efficacy data of alcoholic disinfectants, commonly used in 
pharmaceutical production hygiene.

Material and Methods

Test organisms and growth conditions
All experiments were conducted using Aspergillus brasilien-
sis ATCC 16404 purchased from the German Collection of 
Microorganisms and Cell Cultures (DSMZ). Cultivation of 
A. brasiliensis was conducted either following the cultiva-
tion protocol given in EN 1650:2008 [3] or the cultivation
protocol given in EN 1650:2019 [4]. Specifically, the cultiva-
tion medium used for cultivation of A. brasiliensis was
either MEA with peptone as described in EN 1650:2008 [3]
(containing 30 g/L malt extract, 3 g/L soy peptone, and
15 g/L agar), or MEA without peptone as described in
EN 1650:2019 [4] (containing 30 g/L malt extract, and 15 g/L
agar) with an incubation of 42 h to 72 h at 30 °C ± 1 °C.

Quantitative suspension Test – EN 1650
Quantitative suspensions tests were carried out as described 
in EN 1650:2008 [3] or EN 1650:2019 [4], respectively. Efficacy 
against the filamentous fungus A. brasiliensis was studied 
using 2 alcoholic formulations, commonly used in pharma-
ceutical production hygiene, namely 70 % (v/v) propan-2-ol 
(100 g contain: 70 % (v/v) propan-2-ol) and 80 % (v/v) etha-
nol (100 g contain: 80 % (v/v) ethanol). Both formulations 
were kindly provided by Schülke & Mayr GmbH, Germany. 
Quantitative suspension tests according to EN 1650 [3,4,5] 
were conducted at contact times of 5 min, 15 min, and 
30 min at the indicated concentrations of the test formula-
tions being 80 % and 97 %, respectively.

For neutralization purposes a combination of 0,1 % Tryp-
tone, 0,85 % NaCl, 3 % Polysorbate 80, 0,3 % Lecithin, 3 %
Saponin and 0,1 % Histidine was found to be effective and 
was therefore used throughout the experiments. Experi-
ments were carried out under conditions of low organic soil-
ing (0.3 g/L bovine serum albumin (BSA); “clean conditions”) 
as defined in EN 1650:2019 [4].

Briefly, 8 mL test product, equaling 80 % of the test product, 
i.e. 80 % of 70 % (v/v) propan-2-ol or 80 % of 80 % (v/v) ethanol, 
respectively, were mixed with 1 mL organic soiling (3 g/L BSA; 
“clean conditions”) and 1 mL fungal spore suspension.
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test concentration at 15 min contact time. At the shorter
contact time of 5 min reduction was slightly lower, however
not significantly, when using A. brasiliensis MEA w/o peptone
(i.e. 3.95 log10), whereas using A. brasiliensis MEA w/ peptone
resulted in 4.17 log10.

Discussion

Biocidal products such as alcoholic disinfectants are regulat-
ed by the EU’s biocides legislation BPR EU No. 528/2012 [1].
To be legally used as disinfectants in Europe, they need to
be authorized. Within the product authorization process, ef-
ficacy data based on EN are an integral part of the docu-
ments to be reviewed by the authorities [1].

Test methods such as EN are subject to a continuous
process of review and redrafting based on technical progress.

Figure 1 illustrates the technical evolu-
tion of EN 1650 as an example. In Tab. 1
the methodological similarities and dif-
ferences of the different issues of
EN 1650 are summarized.

Data presented in this study indi-
cates that different protocols published
in different issues of EN 1650 may
result in differing susceptibilities of
fungal conidiospores. Following the
protocol of EN 1650:2008 [3] a signifi-
cantly higher log10 reduction was
found for A. brasiliensis for 97 % of
70 % (v/v) propan-2-ol at a contact
time of 30 min as compared to the pro-
tocol of EN 1650:2019 [4]. As given in
Tab. 1, EN 1650:2019 [4] requests culti-
vation of A. brasiliensis on MEA with-
out peptone and gives a much more
precise specification of adequate fun-
gal conidiopores to be used in the test.

Tsukahara et al. [7] investigated the
micromorphology of conidiospores of
Aspergillus niger by electron micro-
scopy. According to their investiga-
tions, the spore coat varies signifi-
cantly in thickness, depending on the
stage of maturation and swelling of the
conidia. Tsukahara et al. [7] also report
variations of cytoplasmic density of
conidiospores, which they attribute to
condensation of cytoplasmic material
and the metabolic state of the cell.

In their studies, Hayer et al. [8] in-
vestigated the germination of Asper-
gillus niger conidia. They report ni-
trogen compounds such as some
L-aminoacids as well as peptone as
triggering compounds, which trigger

the breaking of dormancy in A. niger conidiospores. Con-
sidering the findings of Hayer et al. [8], germination of
conidia of A. brasiliensis may be triggered upon growth
on MEA with peptone in our experiments, resulting in a
higher proportion of more susceptible conidia. Cultivation
on MEA without peptone on the other hand may in con-
trast result in a higher proportion of conidia, that have
not been triggered to germinate. This provides an explana-
tion for the differences in susceptibility of A. brasiliensis
conidia we observed in this study when applying the dif-
ferent protocols of EN 1650 (see Tab. 1): EN 1650:2008 [3]
does not differentiate between “round” and “spiky spores”
nor is the proportion of spiky conidiospores specified.
Consequently, A. brasiliensis was significantly more sus-
ceptible to 70 % (v/v) propan-2-ol following the protocol
EN 1650:2008 (cultivation on MEA with peptone) as com-

Figure 2: Chemical susceptibility of A. brasiliensis cultivated on MEA with
(w/) or without (w/o) peptone against 70 % (v/v) propan-2-ol. *significant
(P < 0.05).

Figure 3: Chemical susceptibility of A. brasiliensis cultivated on MEA with
(w/) or without (w/o) peptone against 80 % (v/v) ethanol.
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Method EN 1650:2008 EN 1650:2008 + A1:2013 EN 1650:2019

Growth medium
Malt extract: 30 g/L
Soya Peptone: 3 g/L
Agar: 15 g/L

Malt extract: 30 g/L
Agar: 15 g/L

Malt extract: 30 g/L
Agar: 15 g/L

Microscopic evaluation of
fungal suspension

requested requested requested

Specification of
conidiospores

n lack of
mycelium

n lack of
germinating
conidiospores

n lack of mycelium
n lack of germinating conidiospores
n differentiation between
round and spiky spores

n request for ≥75% spiky spores

n lack of mycelium
n lack of germinating conidiospores
n differentiation between
round and spiky spores

n request for ≥75% spiky spores

Method description n text

n text
n exemplary pictures of suitable and
non-suitable A. brasiliensis cultures

n exemplary microscopic pictures of
suitable and non-suitable
A. brasiliensis conidiopores

n text
n exemplary pictures of suitable and
non-suitable A. brasiliensis cultures

n exemplary microscopic pictures of
suitable and non-suitable
A. brasiliensis conidiopores

Table 1: Comparison of similarities and differences in different issues of EN 1650 for A. brasiliensis conidiospore
preparation.

pared to the protocol of EN 1650:2019 (cultivation on MEA 
without peptone) [3,4].

When using 80 % (v/v) ethanol in the experiments, we did 
not discover any significant variations in susceptibility of 
conidia. This may be explained by differences in polarity and 
molecular size of the C2-alcohol ethanol in comparison to the 
C3-alcohol propan-2-ol. In their review Jing JLJ et al. [9] sum-
marize, that the mode of action of alcohols is to denature pro-
teins in the cytoplasmic membrane. Variations in cytoplasmic 
density and spore coat thickness of fungal conidiospores thus 
may be more easily overcome by the C2-alcohol ethanol. This 
hypothesis should be verified by further investigations in the 
future.

In conclusion, varying protocols published in different is-
sues of EN 1650 are likely to result in different levels of sus-
ceptibility of A. brasiliensis conidiospores. Based on the data 
presented in this study, susceptibility against the C2-alcohol 
ethanol however is not significantly impacted, whereas sus-
ceptibility against the C3-alcohol propan-2-ol is significantly 
impacted.

Given the fact that authorization procedures under the 
BPR are of varying lengths and in addition to that transition-
al periods for implementation of more recent versions of EN 
exist [10], the findings of this study likely explain varying 
fungicidal efficacy claims for otherwise identical 70 % (v/v) 
propan-2-ol formulations marketed in the EU.
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