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Abstract
The reduction of fungal and mycotoxin loads on model
surfaces and grain kernels using UV-C light at 253.7 nm was
explored. The reduction (>90%) obtained on model surfaces
suggests that the use of UV-C light to mitigate fungal (UV
dose 24 to 95 mJ cm-2) and mycotoxin (UV dose 15 J cm-2)
loads on grain contact surfaces is a feasible strategy. Furthermore, the partial reduction (62 to 79%) of naturally occurring mycotoxigenic fungal growth on maize kernels (UV
dose 5.0 J cm-2) is presented. Finally, challenges and possible
solutions for treating postharvest grain with UV-C light are
discussed.
Introduction
Fungal infections are one of the key factors responsible for
reduced global grain yields. Currently, immediate and effective drying of harvested grains is the most effective strategy
for preventing fungal proliferation. However, the high cost
of mechanical drying often leads to the use of ambient air
drying in the field. This can result in inadequately dried grains
during damp or rainy seasons. In storage, even small localized pockets of higher moisture can initiate fungal growth.
For example, xerophilic fungal species, such as Aspergillus,
have the unique ability to grow under low-moisture conditions. The proliferation and metabolic activity of just one
fungal species can lead to the development of microenvironments with elevated temperature and moisture (Magan et al.
2010). Soon after, less xerophilic and mycotoxigenic species,
such as Penicillium, can become established. Even more
difficult to mitigate are fungal species, such as Fusarium,
which typically infect crops on the field before harvest and
drying. Further, mycotoxigenic fungi can produce secondary
metabolites known as mycotoxins that can be detrimental to
human and animal health and can reduce the quality rating
of grains, thus making them difficult to market, export and
process. This article will explore the effect of UV-C light at
253.7 nm on mycotoxigenic fungi, as well as mycotoxins on
both model surfaces and grain kernels.
Reduction of mycotoxins and
mold on model surfaces
Reduction of fungal growth and/or mycotoxins on grains
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and grain contact surfaces would decrease cross contamination of crops during handling and storage. Previous studies
have shown that Penicillium verrucosum typically contaminates grains during contact with harvesting machinery,
dryers and silos (Hocking 2003). The inactivation of various
food spoilage fungi on model surfaces, such as agar, using
UV-C light has been previously reported (Begum et al.
2009; Valero et al. 2007). However, limited research exists
on the characterization of grain fungi after UV-C treatment.
We have characterized the UV-C treatment of two common
mycotoxigenic grain fungi, F. graminearum and P. verrucosum, on a model agar surface and have determined that
the UV doses required to achieve a 90% decrease in growth
were 95 and 24 mJ cm-2, respectively (Figure 1) (Popović
et al. 2018).

Figure 1. Reduction of percent residual F. graminearum and
P. verrucosum growth using UV-C light at 253.7 nm on the
surface of agar

Murata et al. (2008) have shown that common grain mycotoxins, deoxynivalenol (DON) and zearalenone (ZEN), can
be reduced by >90% on the surface of filter paper using UV-C
light. These results were confirmed, and the reduction of
another common mycotoxin, ochratoxin A (OTA), was also
characterized. (Figure 2). Using a UV dose of 15 J cm-2, the
reduction of DON, ZEN and OTA was 97 ± 0%, 75 ± 5%, and
91 ± 1% on filter paper, respectively (Popović et al. 2018).
Together, these results confirmed that UV-C light can be used
to reduce the growth of F. graminearum and P. verrucosum,
as well as DON, ZEN and OTA on model surfaces.

ment of the entire surface of a single layer of grain kernels in
a static regime (Figure 3). Identical irradiance, as determined
using a radiometer and a germicidal sensor, was applied to
grain kernels from two sets of lamps positioned above and
below the samples.

Figure 2. Reduction of DON, ZEN and OTA percent
residual content on the surface of filter paper using UV-C
light at 253.7 nm

Challenges in UV-C treatment of grain kernels
The biggest hurdle in reducing mycotoxin and fungal loads
on grain using UV-C light is the fact that established fungal
infections eventually migrate inside the kernel germ and away
from the surface, where they become less susceptible to UV-C
light. This is also where the bulk of the produced mycotoxins
are located. Hence, it is plausible that UV-C treatment would
be most effective immediately following harvest before
this occurs. Further, treatment of irregular 3D objects, such
as grain kernels, presents a challenge in itself as the entire
surface area must be exposed to UV-C light. To circumvent
this issue, a benchtop 3D UV-C chamber (Radiant Industrial
Solutions; Houston, USA) was used, which allowed for treat-

Figure 3. The 3D UV-C chamber used for the treatment
of grain kernels was coated in reflective material and
contained a UV-C permeable sample tray in between 12
lamps emitting light at 253.7 nm

Reduction of fungal growth on grain kernels
Previous studies have shown that naturally occurring fungal
growth on grains can be partially reduced using UV-C light.
Paez et al. (2011) have shown a 43 to 52% reduction in
Fusarium spp. growth on two strains of maize, while Hidaka
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Figure 4. Development of Fusarium spp. (left) and Penicillium spp. (right) on maize kernels incubated on 2% water agar
over 20 days at ambient temperature
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Figure 5. Effect of UV-C treatment on the growth of Penicillium spp. and Fusarium spp. on maize kernels incubated on 2%
water agar over 20 days at ambient temperature

and Kubota (2006) have shown a 90% reduction of Aspergillus and Penicillium spp. on wheat kernels using an industrial UV-C unit at 253.7 nm and a UV dose of 195 J cm-2.
The reduction of naturally occurring Penicillium spp. and
Fusarium spp. growth on dried wheat and maize kernels was
characterized post UV-C treatment. Following treatment, the
kernels were incubated on 2% water agar at ambient temperature and the development of fungal growth was monitored
over 20 days (Figure 4 on page 19).
Maize kernels treated with a UV dose of 5.0 J cm-2 showed
a 79% reduction in Penicillium spp. growth after 20 days in
comparison to the untreated kernels (Figure 5) (Popović et
al. 2018). Penicillium spp. growth was not observed on any
tested wheat kernels. Similarly, a 62% reduction in Fusarium
spp. growth on maize kernels was observed using a UV dose
of 1.0 J cm-2. However, no significant (p > 0.05) reduction in

Fusarium spp. growth was observed on UV-C treated wheat
kernels.
The reduction of Penicillium spp. growth resulting from
surface inoculated spores was also characterized. These
results showed that fungal growth could be reduced
by ~94% on both maize and wheat using a UV dose of
0.50 J cm-2, which was significantly more effective when
compared to naturally occurring fungal growth (Popović
et al. 2018). This is likely due to the migration of mold
beneath the surface of the kernel, which emphasizes the
importance of treating grains in the early onset of infection/
contamination.
Reduction of mycotoxins on grain kernels
It is believed the use of UV-C light to decrease mycotoxin
concentrations on grain kernels has not been previously

Figure 6. Reduction of DON, ZEN and OTA on the surface of maize (left) and wheat kernels (right) after UV-C treatment at
253.7 nm
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explored. There was moderate success in the reduction of
surface inoculated DON (2 mg kg-1), ZEN (2 mg kg-1), and OTA
(20 μg kg-1) on grain kernels (Figure 6) (Popović et al. 2018).
Using a UV dose of 10 J cm-2, reduction of ZEN on maize and
wheat kernels was 52 ± 7.4% and 48 ± 5.4%, respectively.
Overall, ZEN was the most UV sensitive mycotoxin tested
as DON and OTA did not surpass 30% reduction following
exposure to a UV dose of 15 J cm-2 on either maize or wheat.
Given these results, it is unlikely that UV-C treatment at
253.7 nm is a feasible strategy for the reduction naturally
occurring mycotoxins on grains. However, UV-C treatment
of ground feed has shown promising success. Ameer Sumbal
et al. (2016) have reported the complete reduction of 500 μg
kg-1 of OTA in poultry feed using a UV dose of 1.1 J cm-2.
Presumably, this success was due to the release of OTA
located beneath the surface of grain kernels upon grinding.
Quality of grain kernels post UV-C treatment
Exposure of maize kernels to a UV dose of 5.0 J cm-2 was
shown to have no significant (p > 0.05) impact on moisture,
crude protein content or germination (Popović et al. 2018).
In the case of wheat kernels, other than a 19% reduction in
germination, no significant impact on quality parameters was
observed using the same UV-C dose. These results showed
that common grain quality parameters are mostly unaffected
during treatment up to a UV dose of 5.0 J cm-2.
Conclusions
The use of UV-C light to decrease mycotoxigenic fungal
loads and eventual mycotoxin production on maize kernels is
a feasible strategy. The effectiveness of the treatment should
increase if applied early in the harvest before mold migrates
beneath the surface of the kernels. Further, UV-C light has
shown to be effective at reducing both mycotoxins and fungal
spore growth on model surfaces, suggesting that its use on
postharvest grain contact surfaces could prevent upstream
contamination. The industrial feasibility of postharvest UV-C
intervention should be tested by integrating UV-C treatment
with a dynamic transportation mode of kernels and use of
more powerful continuous or pulsed UV light sources. n
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