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Introduction

Diseases of strawberries and other fruits such as
gray mold (Botrytis cinerea), powdery mildew
(Podosphaera aphanis), Cladosporium sp. and
others can cause severe losses by reducing yield
and causing fruit decay during production and
after harvest [1]. This study aimed to evaluate the
efficacy of photodynamic therapy (PDT) or
antimicrobial photoinactivation (API) using natural
photosensitizers (PS) in combination with 405 and
450 nm light against mold spores. Natural PS such
as riboflavin (RF) and chlorophyllin (Chl) that are
commonly used as vitamin B-2 and food additives,
respectively, and do not cause any harm to human
health, were used in this work. For the analysis,
the fungi were isolated from strawberries samples
taken from the greenhouse of “Audriaus Juškos
ūkis” farm, located near Anykščiai, Lithuania.

Methods

The molds were isolated from strawberries by swab
sampling and bulk sampling methods. Potato
Dextrose Agar (PDA) and Malt Extract Agar (MEA)
media were used for the fungi incubation. Agar
plates were placed for 7 days in a laboratory
thermostat at stable test conditions (dark place,
25˚C). For further analysis, genomic DNA extraction
was performed using the Zymo Quick-DNA
Fungal/Bacterial Miniprep Kit (USA). Molecular
barcoding of isolated fungi and more accurate
identification of the fungi using PCR amplification
and sequencing of the internal transcribed (ITS)
region and 28S large subunit (28S LSU) nrRNA. Two
pairs of primers for PCR amplification (sequence 5'-
->3'): ITS1F (CTTGGTCATTTAGAGGAAGTAA) and
ITS4 (TCCTCCGCTTATTGATATGC) (for ITS region
amplification), LR0R (ACCCGCTGAACTTAAGC) and
LR6 (CGCCAGTTCTGCTTACC) (for 28S LSU coding
nrRNA region amplification) were used.
Spore suspension was obtained by mechanically

disrupting colonies of isolates using 0.1% Tween

solution. In total, 50 mL of suspension was made.

To determine the spore number, Thoma cell

counting chamber was used. Final spore

concentration used for the API study was 104

spores/mL. Therefore, for the API, appropriate

volumes of spores were added to a solution, where

the final riboflavin (RF) concentration was 1.1⋅10-4

M and the other with chlorophyllin (Chl) 1.5⋅10-4

M. As a control, 0.01 M PBS was added instead of

photosensitizers, as well. Spores were pre-

incubated in mentioned RF, Chl and PBS solutions

for 1 h prior to API. In order to perform RF-API (RF-

mediated API) and Chl-API (Chl-mediated API), 200

µL of each of pre-incubated solutions was sampled

into 96-well microtiter plates and irradiated with

450 and 405 nm light, respectively, for 2 hours with

the intensity of 350 W/m2 (equals to the irradiation

dose of 252 J/cm2). After photoinactivation, all

samples were collected and 100 µL of the

appropriately diluted samples were spread on PDA

plates and incubated at 25 °C for at least 3 days.

After the incubation number of CFU was

determined. Appropriate dark controls were also

studied.

Another study investigated the antimicrobial
efficiency of RF-API. Results, presented in Fig. 4
have shown that RF in combination with 450 nm
light reduced number of CFU by 0.94 log.
Compared to all control groups (RF- hv+, RF+ hv-,
RF- hv-) it was the most effective approach. For
instance, RF alone reduced CFU by 0.23 log, and
450 nm light reduced by 0.41 log.

Fig. 4. Results of inactivation of Cladosporium spp. spores
by RF-API in comparison with control groups. RF+ hV+:
spores pre-treated with RF and irradiated with 450 nm
light. RF- hV+: spores irradiated with 450 nm light and PBS
was used instead of RF. RF+ hV-: spores pre-treated only
with RF, no irradiation. RF- hV-: neither RF nor 450 nm
light was applied.

The main advantage of Chl-API is its high efficiency
against a wide range of microorganisms, including
fungi [3]. Our data indicate that the application of
Chl photosensitizer combined with irradiation is
more effective (by ∼ 0.5 log CFU/mL) compared
to RF-API.

Fig. 3. Results of inactivation of Cladosporium spp. spores by
Chl-API in comparison with control groups. Chl+ hV+: spores pre-
treated with Chl and irradiated with 405 nm light. Chl- hV+:
spores irradiated with 405 nm light and PBS was used instead of
Chl. Chl+ hV-: spores pre-treated only with Chl, no irradiation.
Chl- hV-: neither Chl nor 405 nm light was applied.

Conclusions

Experimental data support the idea that RF- and
Chl-API exhibit antifungal capacity on
Cladosporium sp. by reducing number of CFU after
the treatment of its spores. However, higher
irradiation doses are required to obtain more
efficient inactivation. Since photosensitization
treatment depends on the exposure time and light
intensity, there is a possibility to increase
treatment efficiency. Results obtained in this study
maintain the idea that RF- and Chl-API have
potential in the future for the development of
completely safe technology against molds in the
fruits industry.

Results

In the present study, 20 morphologically different
isolates were obtained using PDA (Potato Dextrose
Agar) and MEA (Malt Extract Agar) media.
Macromorphological and microscopic structures
revealed that isolated fungi could belong to
different Cladosporium, Penicillium, Rhizopus, and
Aspergillus species (Fig.1).

Fig. 1. A-H: fungal isolates obtained from strawberry samples on PDA
media after 7 days of incubation at 25˚C and their microscopic
structures under x400 magnification.

Molecular barcoding of isolated fungi and more
accurate identification of the fungi using PCR
amplification and sequencing of the ITS region and
28S SSU nrRNA coding fragment [2]. ITS and 28R
SSU fragments were succesfully amplified (Fig.2).

I                                            II
Fig.2. I – products obtained after PCR amplification with LR0R and 
LR6 primers (∼ 1200 base pairs); II – products obtained after PCR 
amplification with ITS1 and ITS4 primers (∼ 600 base pairs); 
M – 1 kB GeneRuler (Thermo Scientific, Lithuania), A – H indication
corresponds with the indication of isolates shown in Fig.1. Amplicons 
during the preparation of the poster were still being sequenced.  

Further, regarding API, this study focused on
Cladosporium spp. since it is reported as one of the
most prevalent pathogens of the strawberries and,
yet only a little or no research on Cladosporium sp.
inactivation has been done. Some primary results
of RF and Chl-based API of Cladosporium sp. are
presented in this work.
The obtained data (Fig.3) indicate that Chl in
combination with 405 nm light reduced number of
CFU by 1.55 log compared to dark control where
neither irradiation or Chl was used. Furthermore,
spores exposed to 405 nm light alone, without any
Chl, had an effect of reduction of CFU by 0.49 log.
405 nm light alone is ∼ 3 times less effective
treatment compared to the photoactivation with
Chl. Chl alone was detected as inefficient.
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