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Quantification of Microbial Growth Pattern on Growth
Medium Using Image Processing Program and
Evaluation of Antifungal Activities of Wood Vinegar

Byeongho Kim, Kyoung-Chan Park, Hanna Park, and Se-Yeong Park *

Digitized growth pattern images of wood-rotting fungi Fomitopsis palustris
(FOM) and Trametes versicolor (TRA) were used with a video processing
program with a new formula to calculate the numerical results of microbial
inhibition by an active substance (wood vinegar). First, images of daily
growth pattern were collected to generate calibration curves for each
fungus. FOM stopped growing in 7 days, whereas TRA stopped growing
in 11 days. The calibration curves FOM and TRA showed R? = 0.9899 and
0.8880, respectively. The new methods allow numerical comparison by
adding different concentrations of active components (wood vinegar) to
assess the inhibition effect of microbial growth. Using the formula allowed
the results of inhibition effect to be collected as numerical data. Through
the image data, it was possible to present daily inhibitory efficacy data in
detail, numerically. Based on these results, microbial growth pattern could
be evaluated.
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INTRODUCTION

Carbon neutrality policies are being pursued worldwide in response to climate
change, and consequently utilization of wood, an eco-friendly and sustainable resource,
has been suggested as an alternative source (Lee et al. 2018). As the most abundant natural
polymeric material, wood has advantages of high specific strength, intrinsic quality, and is
known for its beautiful patterns (Chen et al. 2020). Wood has been widely used in building
materials, for furniture, and everyday utensils. However, wood is a biodegradable polymer
comprising an assortment of organic matter; it is vulnerable to deterioration by biological
factors such as wood-rotting fungi, wood stain fungi, insects, and non-biological factors
such as ultraviolet rays, heat, and water (Ruel et al. 1994; Kim 2017).

Wood contains cellulose, hemicellulose, and lignin, and depending on their type,
wood-rotting fungi that utilize these components as nutritional sources and can selectively
decompose wood components (Blanchette et al. 1985). A small proportion of these are
classified under Ascomycota, whereas more than 90% are classified under Basidiomycota;
the latter reproduce inside wood and penetrate cell membrane to destroy and decompose
wood structure (Jo et al. 2012). Generally, wood-rotting fungi are classified into brown-rot
fungi that decompose polysaccharides from amongst the wood components, and white-rot
fungi that simultaneously decompose polysaccharides and lignin. Wood that has been
damaged by wood-rotting fungi undergoes changes in its physical characteristics, such as
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loss of weight and strength. Because of this, tests are needed to check for fungal resistance
to ensure that products that use wood as a raw material are safe for use (Won et al. 2017).

Various chemical treatments are used to prevent biodegradation of wood; however,
wood itself may possess growth inhibitory substances that provide protection against
external invasive organisms. Typically, the presence of plant extracts inhibits microbial
growth. Active components including secondary metabolites such as fatty acids,
terpenoids, and flavonoids, which can be used in preservatives, food products, cosmetics,
and pharmaceuticals, are extracted from various plant parts (Xie et al. 2017).

Inhibition of microbial growth by active components derived from plants is
assessed using several methods, amongst which the disk diffusion method is the most
common (Yang and Clausen 2007). In the case of bacteria, a fluorescent microscope can
be used for assessment after genetically expressing the fluorescent substance observed
(Vesterlund et al. 2005 ). Experimental procedures conducted in Petri dishes are required
to test the efficacy of active components against wood-rotting fungi and for fungal
resistance of the wood itself. The fungal resistance tests for wood can be conducted in
accordance with Korean Standard (KS) F 2213 regulations, and one of the four grades can
be awarded to it, after assessing weight reduction rate over 8 weeks of decomposition.
However, this method is disadvantageous as it requires a considerable amount of time.
Conducting the fungal resistance test using an active component by inoculating the
microorganism in a Petri dish can lower the accuracy of the test, as the researcher has to
visually observe the growth of the microorganism through time (YYang 2016). Furthermore,
microbial growth may not be uniform, indicating the experimental method needs
improvement to obtain accurate numerical results while measuring size and diameter of
microbial growth.

This study quantitatively digitized growth pattern images of wood-rotting fungi
using video processing programs obtained through hourly recorded area measurements.
Fomitopsis palustris, a brown-rot fungus, and Trametes versicolor, a white-rot fungus,
were used as experimental strains in accordance with the Korean Standards (KS). The
growth images of each fungus were digitized to determine calibration curves. Based on the
calibration curves presented for each experimental strain, new methods that allow for
numerical comparison by adding different concentrations of active components (wood
vinegar) for the assessment of microbial growth inhibition were proposed.

EXPERIMENTAL DESIGN

Materials

Brown-rot fungus (Fomitopsis palustris, FOM), and white-rot fungus (Trametes
versicolor, TRA) were provided from the National Institute of Forest Science in South
Korea. Both fungi were cultivated in potato dextrose agar (PDA) at 26 + 2 °C.

Wood vinegar as active substances was provided from Hongcheon Charcoal Co.,
Ltd in South Korea. It was collected at a temperature of 400 to 600 °C during charcoal
production process.

Growth Condition of Fungi

Culture medium was prepared by using 39 g of PDA powder into 1 L of distilled
water. After sterilizing the PDA medium in an autoclave at 121 °C for 15 min, fungal
strains of FOM and TRA (50 each) were inoculated on Petri dishes. These Petri dishes
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were sealed and placed in the culture chamber at 26 + 2 °C. Cultivation was terminated
after all Petri dishes were covered with mycelia.

Quantification of Image Data

The growth pattern of fungi was photographed daily. These photographs were used
to measure the growth area of fungus using ImageJ, an image processing program. Prior to
measuring the growth area, measurement units were adjusted using the set scale function
of ImageJ. Freehand selection tool in the program was then used to display fungal growth
outline according to the fungal morphology. Fungal growth area was quantified daily
within displayed lines, and the corresponding data was recorded. Finally, the daily growth
area data collected for each strain were represented as a calibration curve (Fig. 1).
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Fig. 1. Flow chart of experimental process

Evaluation of Microbial Growth Inhibition

The inhibition effect of wood vinegar (Hongcheon Charcoal Co., South Korea) was
assessed. Before testing, the acquired wood vinegar was passed through a filter paper using
an aspirator. After sterilizing wood vinegar and PDA medium in an autoclave at 121 °C
for 15 min, these were mixed to adjust the concentration of wood vinegar to 2, 3, 4, 5, and
6%, and 20 mL of t mixture was poured into each Petri dish. Once the medium solidified,
pre-cultured mycelial disks of FOM and TRA were placed at the center of each plate to
initiate cultivation and five replicates were prepared for each condition. Daily growth
patterns were observed in the cultivation mediumat 26 = 2 °C, and image data was obtained
using ImageJ as described above.

Experiments were terminated when no microbial growth was observed in the
experimental group with the addition of wood vinegar. In the control group (where wood
vinegar was not added), the experiments were concluded terminated when mycelium
covered the entire Petri dish.

RESULTS AND DISCUSSION

Distribution of Fungal Growth Area

Conventionally, the diameters of growth patterns of wood decay fungi are measured
and differences in the growth diameters between the experimental groups are compared
visually. In this study, the ImageJ program was used to calculate the area ratio and compare
the growth patterns of the two types of wood decay fungi.
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Results of daily growth areas of FOM and TRA quantified using the freehand
selection tool in the ImageJ are shown in Figs. 2 and 3, respectively. The experiment with
approximately 50 iterations showed maximum growth areas of FOM and TRA on days 7
and 11, respectively, in most experimental groups. Similar to the observations in previous
studies (Ismayati et al. 2019; Olatinwo et al. 2019), the growth rate of FOM was faster
than that of TRA, and growth of FOM was complete on day 7, whereas that of TRA was
complete on day 11.

The distribution area of both wood decay fungi increased with increase in the
number of growth days. These results show the manner in which previously mentioned
problems of observing and comparing microbial growth area through the naked eye could
have manifested. However, in this study, the area ratios of the experimental groups were
calculated and compared using the Image] program. In previous research, growth
competition between fungi was studied using ImagelJ (Baribault ef al. 2012; Chi et al. 2015;
Irin 2019). In the present study, only two wood-decay fungi were assessed; however,
quantifying the growth area of various other fungi is necessary in the future.
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Fig. 2. Daily FOM growth area ratio (%)
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Fig. 3. Daily TRA growth area ratio (%)
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Calibration Using Average Growth Area

Figures 4 and 5 show the average growth area rates of FOM and TRA. The
calibration curves were generated by taking the average area value for 50 experimental
groups of each wood decay fungus. Subsequently, a polynomial equation was used for
generating the calibration curve, resulting in relatively high R? values for FOM (0.9899)
and TRA (0.8880).

The acquired calibration curves for average daily growth area ratios of the two
different strains can be used to predict the average growth area ratio at a specific time.
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Fig. 4. Average daily growth area ratio of FOM (%)
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Fig. 5. Average daily growth area ratio of TRA (%)
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Evaluation of the Growth Inhibition by Addition of Wood Vinegar

Wood vinegar was used to evaluate microorganism growth inhibition. Wood decay
fungi were grown in different concentrations, and the resultant area images were quantified.
The growth rates of FOM and TRA based on varying concentrations are shown in Figs. 6
and 7, respectively. Results showed that growth rates of both FOM and TRA were
suppressed with increasing concentrations of wood vinegar compared with the growth rates
in control samples. At the lowest concentration (1%), no difference in the growth rate was
observed between the two strains and their control samples. Thus, this concentration was
eliminated from the table.
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Fig. 6. Average growth rate (%) of FOM depending on the wood vinegar concentration
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Fig. 7. Average growth rate (%) of TRA depending on the wood vinegar concentration
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As mentioned previously, maximum growth areas were observed on days 7 and 11
for FOM and TRA, respectively. In addition, the growth area exceeded 50% on days 4 to
5 (96 t0120 h) for FOM and days 7 to 8 (144 to168 h) for TRA.

In a study conducted by Ozgeng et al. (2017), wood vinegar showed a higher
inhibition ratio than the bark extracts of the four trees. Similarly, in the current study, results
of the wood vinegar addition experiment showed that growth area was less than 50% on
day six under all concentrations, except 2%, for FOM. Moreover, the growth area ratio was
less than 50% for day 9 under all concentrations, except 2%, for TRA. In contrast, FOM
and TRA growths were completely suppressed at 6% and 5% concentrations of wood
vinegar, respectively. Thus, it was confirmed that the addition of wood vinegar slowed
down or inhibited the growth rate of wood decay fungi. This study also thus assisted in
quantifying the extent of inhibition.

Results of previous experiments were used to improve the evaluation of wood
weathering against bio-degradation. Although the addition of wood vinegar as a microbial
growth inhibitor did not show complete inhibition efficacy, the following equation was
created to numerically compare the experimental group with the control group.

Inhibitory effect of substance (%)
= (Daily growth rate in the group with added effective substance)

/(Daily growth rate of the control group) <100 (1)

The inhibitory effect of the substance was calculated using the ratio of average daily
growth rate of experimental group, which included the active substance, to the average
daily growth rate of the specific wood decay fungus. Because the daily growth rate of each
wood decay fungus is different, the calculations should be specific to the strain evaluated.

Table 1. FOM Growth Inhibition Ratio (%) by Adding Wood Vinegar

Concentration (%) Growing Time (h)
24 48 72 96 120 144 168
2 93.95 63.23 39.54 26.21 23.25 18.40 11.43
3 96.97 97.96 84.14 71.08 57.43 49.20 33.59
4 100.00 99.55 91.26 83.77 69.16 58.85 44.05
5 100.00 99.92 99.83 98.84 96.36 90.33 79.87
6 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

Table 2. TRA Growth Inhibition Ratio (%) by Adding Wood Vinegar

Concentration (%) Growing Time (h)
24 48 72 96 120 144
2 83.86 99.37 96.17 87.07 74.19 53.99
3 100.00 | 100.00 | 100.00 98.49 96.94 89.66
4 100.00 | 100.00 | 100.00 | 100.00 99.56 98.53
5 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
Concentration (%) Growing Time (h)
168 192 216 240 268
2 45.43 34.22 19.53 3.84 2.15
3 82.32 71.22 57.48 38.37 17.05
4 97.28 94.78 92.47 89.08 86.69
5 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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Results of the wood vinegar experiment were substituted in the above equation to
calculate inhibitory effect of wood vinegar. The acquired results are shown in Tables 1 and
2. The conditions and primary information for each available fungal strain that showed
more than 50% inhibition efficiency and 100% inhibition efficiency, depending on the
concentration of wood vinegar added. The standard deviation of ImageJ was lower than
the macroscopic method used in other studies (Theapparat ef al. 2015; Zhao et al. 2020).

CONCLUSIONS

1. The Image] program was used to collect and analyze daily data for growth and
inhibition area of Fomitopsis palustris (FOM) and Trametes versicolor (TRA). It
provided a clearer standard of comparison between the experimental groups in contrast
to the conventional method of observing and measuring the growth diameter with
naked eye.

2. The evaluation results of microbial inhibition after the addition of the active substance
(wood vinegar), which could evaluate the substance’s inhibition efficacy, were
presented as numerical values to obtain more specific information by introducing a new
formula.
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