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Abstract: The presence of moulds inside buildings has been a growing concern as it may affect the integrity of
buildings and the health of occupants. Most studies have focused on growth conditions involving moisture,
temperature and construction materials. Though moulds are known to have light responses, ranging from
developmental regulating to metabolites producing, it is unclear whether they respond to light levels found
indoors. This study analysed the influence of indoor light of varying colour temperature and illuminance on
germination, growth and sporulation of Aspergillus versicolor. Mould germination was not significantly affected
by colour temperature or light intensity. The development of mycelia was inhibited when completely exposed
to light (1050 Ix), both warm and cool lighting, and the cool colour temperature had a stronger effect. If the
illuminance increases from darkness to 1050 Ix, changes in the morphology and biological process were
observed. Colonies exposed to high illuminance were high and denser; however, incubation under dark or weak
light intensity triggered mould conidiation earlier. This difference in light responses of A. versicolor may result
from protective mechanisms against environmental or light-relevant stress. With the results, this study
demonstrates the role of indoor lights in regulating fungal development in buildings.

Keywords: Aspergillus versicolor; Mould lifecycle; Artificial lights; llluminance; Colour temperature

1. Introduction
The prevalence of mould growth in buildings has been highlighted around the world.
According to the World Health Organization (2009), between 10 % and 50 % of buildings were
estimated to have mould and dampness issues spanning Europe, Asia and America, which
may be due to poor performance and maintenance of buildings. The presence of mould
indoors can affect the integrity of buildings and the health of occupants. The building
structure may be at risk of damage due to biodeterioration caused by moulds, such as the
wood structure in an old house (Viitanen, 1994). Also, the health of occupants may be
adversely affected by mould growth within buildings. Microbial volatile organic compounds
(MVOCs) can be released by moulds, as well as unpleasant smells. Clinical research
demonstrated a strong link between mould-infested houses and respiratory disease (asthma,
coughing, respiratory infections) (Quansah et al., 2012; Kanchongkittiphon et al., 2015).
Mould pollution would potentially develop the progression and exacerbation of respiratory
disorders (Mendell et al.,, 2011). In particular, moulds forming toxins cause intoxication
reactions in humans, expanding body immune responses and thus inducing adverse effects
on the respiration of dwellers (Jarvis et al., 2005). In addition, mould growth threatens
heritage collections as the degradative abilities of the mould are devastating in archives
(Bastholm et al., 2022).

The growth of mould is a consequence of interactive effects between environmental
factors. Humidity and temperature are the main environmental factors affecting the growth
of mould in buildings and have been studied extensively. Growth conditions vary between



mould species. In general, moulds have a wide range of temperature tolerances and thrive
between 5 °C and 35 °C (Panasenko, 1967). Some moulds can grow at relatively low relative
humidity levels of 75% (Johansson et al., 2012), while most mould species require high relative
humidity to achieve growth conditions (Heseltine et al., 2009). Even for the same species,
their growth condition differs between life phases (Grant et al., 1989). Building materials can
be used as nutrients. Different materials have distinct susceptibilities to mould growth and
exhibit different growth propensities (Vacher et al., 2010). In addition to these, light may also
influence mould growth.

Light can affect fungal germination and proliferation, given the spectrum and species
(Buhler et al., 2015). Exposure to the ultraviolet spectrum may be detrimental and even lethal.
The effects within this wavelength band are typically associated with the germination and
sporulation stages of fungi (Cheong et al., 2016). Some mould species can produce spores in
the darkness (Fuller et al., 2015), and the presence of light may encourage sporulation, while
inhibition of growth happens accompanied by direct light or in a particular part of the light
spectrum (Faneil et al., 2012; Cheng et al., 2012). These effects are significant in determining
the ability of mould to grow in various lighting conditions. However, the effects of mould
development and viability by light exposure are no more thoroughly understood than those
of other factors. There is a great need to study the effects of lighting on mould, particularly
of species developing in the built environment.

In this study, the influence of light levels of varying colour temperature and intensity on
a common mould species, Aspergillus versicolor, has been assessed. Emphasis was laid on
germination, growth and sporulation and the differences that could be found in the reaction
between light conditions.

2. Materials and methods

2.1 Strains and growth conditions

Aspergillus versicolor strain was obtained from the Biology Lab in this experiment. It was
inoculated onto malt extract agar (MEA). Each inoculated point in a Petri dish was marked
and performed in triplicate. The mould cultures were incubated at 30 °C.

2.2 The light incubation equipment

Three light boxes were constructed to enable the incubation of the cultures under different
colour temperatures of light. Each light box was subdivided into six rooms with the following
illuminances, reduced through the use of neutral density (ND) filters: room 1, ND3 filter (427
Ix); room 2, ND6 filter (240 Ix); and room 6, ND 9 filter (157 Ix). Room 3 was fully exposed to
the lighting (1050 Ix), and room 5 was covered with black cardboard as a control group in
darkness. An internal humidity, temperature and illuminance data logger (Onset HOBO U12-
012, USA) was mounted inside room 4. Three different indoor LED lights (Lumenpulse,
Manchester, United Kingdom) were used with respective colour temperatures: warm (3000
K for light box 1), cool (5600 K for light box 2) and neutral (4000 K for light box 3). The light
intensity was kept at the same level on top (2135 Ix) and inside (1050 Ix) of the box. All
measurements of light intensities were measured with an illuminance meter (Konica Minolta
T-10A, Japan). Light boxes were placed in a test chamber (JTS Ltd, United Kingdom) isolated
from the external environment during incubation. Inoculated Petri dishes were incubated in
the boxes at 30 °C and sealed with laboratory film maintaining a stable relative humidity of
80 to 90 %.



2.3 Growth assessment

For analysing germination, growth and morphology the colonies were single point inoculated
on MEA agar, grown under the respective light conditions and imaged. The diameter of a
colony was measured in two orientations at right angles to one another. Three replicates were
measured and made up of a measurement sample of one mould colony.

3. Results

3.1 Influence of light levels on mould germination
1050 Ix

(a)
1050 Ix

(b)

(c)
Figure 1. Spores and germ tubes of Aspergillus versicolor under different colour temperatures: warm light
3000 K (a); cool light 5600 K (b); and neutral light 4000 K (c). The diameter of spores was approximately 5 um.
All scale bars represent 20 um in length.

Mould germination was checked after 24 hours, including samples grown at different
illuminances (0 Ix, 427 Ix and 1050 Ix) under warm and cool colour temperatures, and the
sample cultivated at 427 Ix under neutral illumination as a substitute for the contamination
of whole light and darkness. Figure 1 shows images of spores and germ tubes under the digital
microscope. Most (over 50 %) spores germinated for the samples observed since germ tubes
that had grown were approximately triple the diameter of spores. For different light
conditions, the length of the germ tubes did not vary. In addition, minor changes in the



morphology of germinated spores occurred, and slight branching hyphae were noticed in the
sample incubated without light. Though some spores were inactive, the mould incubated
under different light environments did not show a significant difference in germination
compared to controls grown in the dark. This indicates that the germination was not
significantly affected by colour temperature or light intensity.

3.2 Influence of light levels on mould growth

Hyphae grew and interlaced in mass on inoculated points to form mycelium, which saturated
the area of points five days after inoculation. Colonies grown for 30 days reached 6 to 8 mm
in diameter, with high and dense hyphal aggregates under total light exposure; those in the
dark featured flat appearances but were slightly larger. However, no colour pigmentation of

hyphae was seen in these samples.
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Figure 2. Colony diameter (a) and radial growth rate (b) of Aspergillus versicolor under different light levels:
3K 1050, warm light 3000 K 1050 Ix; 56 K 1050, cool light 5600 K 1050 Ix; and D, dark. Error bars are standard
errors of three replicates for each light treatment.

Compared with dark conditions, regarding the radial growth, the light was found to have
a slightly positive influence on growth in a few days following inoculation (Figure 2 a), and
treatment with warm lighting was able to attain the growth rate to the extent of darkness
sometimes, but as the incubation time increased, the development of mycelia was also
inhibited (2 b). Significant inhibition of colony growth was found in both light groups. In the
presence of cool lighting, the reduction in the radial growth rate of A. versicolor was more
significant. The complete stalling effect on the growth was not observed under a warm or
cool light. The mould colony could grow and expand better under dark than full light and
showed a slightly increased growth rate later.

These results suggest that A. versicolor is responsive to light levels found indoors with
respect to its difference in growth and morphology. Moreover, a cool colour temperature
leads to more growth suppression than a warm one.

3.3 Influence of light levels on sporulation

As described above, light treatments did affect the growth rate of mould colonies. In order to
test the influence of light levels on the sporulation, the dense mycelia were microscopically
observed in the central area of mould colonies. The differences in the shape of stalks (or
spore-bearing stalks) were noted under different light intensities. Many conical-shaped and
swollen apices (vesicles) were observed on stalks in control groups, suggesting initiation of
spore formation occurred, and spores would be further produced. The stronger the light
intensity to which the mould was exposed, the less the number of swollen portions was found.
A further increase in the illuminance to 1050 Ix led to the complete abolition of detectable
vesicles, and only thin mycelia were found (Figure 3). Comparisons at different colour



temperatures showed the initiation of sporulation occurred more noticeably when the mould
was exposed under cool lighting. This result shows that incubation in a dark or dim
environment resulted in mould conidiation earlier.
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Figure 3. Image comparison of Aspergillus versicolor on stalks and mycelia under different light levels: warm
light 3000 K (a); and cool light 5600 K (b). All scale bars represent 250 um in length.

4. Discussion

The previous analysis of Schmidt-Heydt et al., (2011) had reported that Aspergillus incubated
under white light generally grew better than in darkness, indicating that the light could
promote the growth of Aspergillus, which may also apply to A. versicolor in the same genus.
However, this conclusion is contrary to the results of the present study. When the mould was
exposed to indoor lights, colonial growth was inhibited. One reason for this disparity could be
that tested species varied, as these influences may be specie-dependent as white light slowed
down the radial growth for A. fumigatus, instead of promoting it, (Fuller et al., 2013). A likely
explanation is that the mixed spectrum lights used in their experiment led to different
responses in the species tested. These influences were then integrated by themselves as a
cooperative effect (Cheng et al., 2012). The red and blue light was shown to influence
Aspergillus in previous studies, depending on the specific species (Schmidt-Heydt et al., 2011;
Chengetal., 2012). Treatment with multiple wavelengths of light may have a more significant
regulatory effect on growth, using monochromatic blue could not reach the extent of white
light on growth inhibition in A. fumigatus (Fuller et al., 2013).

When A.versicolor was incubated under intense light, there were changes in morphology
and biological process. While variations in stalk shape and structure had been noted, it is
unclear how the mould itself determines the initiation of sporulation. A study of A. nidulans
suggested that the initiation of sporulation is controlled in two pathways; sporulation could
occur as a programmed event or in response to environmental stress (Adams et al., 1998).
The difference in sporulation in this study may be a protective mechanism when A. versicolor
was exposed to light-relevant stress or other environmental stress.



Overall, these findings demonstrated that the presence of light with different colour
temperatures or intensities did not influence spore germination of A. versicolor. Light
exposure could alter the morphology, more importantly, reduce the radial growth rate;
moreover, incubation under cool lighting had a strong inhibitory. A significant biological
feature to note was that the initiation of sporulation occurred earlier under darkness or weak
light, which did not occur at strong light intensity of 1050 Ix. These results suggest the role of
lights found indoors in regulating the growth and sporulation of A. versicolor.
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