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Antibacterial effects of pyroligneous acid of Larix kaempferi
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*1 Forest Science, Tokyo University of Agriculture, Setagaya, Tokyo 156-8502
HOURIER: B ARIER
Abstract: Pyloligneous acid (wood vinegar) is produced as by-product in the making of charcoal. It has been
utilized as a soil improvement material, agricultural chemical, and deodorant. However, its antibacterial effects
are not yet clear and each tree species has different antibacterial effects. Larix kaempferi is only one species
which is an autogenous deciduous conifer in Japan. It has a strong aroma and it has been supposed that it has a
strong allelopathy effect too. This study focused on the antibacterial effects of the pyloligneous acid of Larix
kaempferi and we attempted some basic experiments. 1% and 0.1% solution of pyloligneous acid showed
antibacterial effects (p<0.001, 0.01) against Escherichia coli. 1%, 0.1%, 0.01% solutions showed an effect
against Staphylococcus aureus. These results suggest that pyloligneous acid of Larix kaempferi has certain
antibacterial effects.

Key-words: Larix kaempferi, Pyloligneous acid, antibacterial effects
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I. Introduction

Pyloligneous acid (wood vinegar) is produced as by-product in the making of charcoal. It has been
utilized as a soil improvement material, agricultural chemical, and deodorant (7,2,3). However, its
antibacterial effects are not yet clear, and each tree species has a different antibacterial effect. Larix
kaempferi is only one species which is an autogenous deciduous conifer in Japan. It has a strong aroma
and it has been supposed that it has a strong allelopathic effect as well. This study focused on the

antibacterial effects of pyloligneous acid of Larix kaempferi and we attempted basic experiments.

II. Materials and Methods

Sample of pyroligneous acid was made from branches of a 50-year-old Larix laempferi. It was
located approximately 1200m above sea level in Takato area of Ina city, Nagano Prefecture. Charcoal
temperature was 450 “C. The pH of pyroligneous acid was indicated to be 4.01.

Methods of culturing the bacteria are explained in detail below.

1. Solution:

The solution for the culture medium was made from a LB culture medium (NaCl 5g, Tryptone 5g,
Yeast extract 2.5g, and Agar 5g in 500ml) and 1%, 0.1%, 0.01% pyroligneous acid (Figure 1). In
addition, we set three control groups. One is a plain solution; the others had added HCI in order to

test the antibacterial effects without the strong acidity of pyroligneous acid. The solution was

sterilized by an autoclave and 20ml of the solution was added to a culture dish (8.5cm diameter)

(Figure 2).

Figure 1. The solution for the culture medium



Figure 2.  Solutions in culture dishes

Examined bacterium and culturing method:

Since Eschewrichia coli and Staphylococcus aureus subsp.aureus exist in everyday life they were
selected as the bacteria to be examined. Each of the 10ul of bacterium was put on the center of the
culture dish (Fig.3). Once the preparation of the culture dishes were completed they were cultivated
for one month (average temperature was 28 “C). The area of the growing bacterium for the repeated

10 culture dishes and the 10 control dishes were measured every week.

Figure 3. 10pl of bacterium on the culture dish

2. Method of measuring growing rate of bacterium
To measure the growth rate of the bacterium, we measured the long and short diameter of the

bacterium and calculated the area (Fig.4, 5, 6).



Figure 5. Eschewrichia coli. bacterium conditions after 4 weeks cultivation

Clock-wise from the above left, control, 0.01%, 1%, and 0.1% solutions of pyroligneous acid.

Figure 6. Staphylococcus aureus bacterium conditions after 4 weeks cultivation

Clock-wise from the above left, control, 0.01%, 1%, and 0.1% solutions of pyroligneous acid.



. Results and discussion
1. Antibacterial effect for E.coli
The change of rates for the extended bacterial area of E. coli is shown in Figure 7. Antibacterial

effects were regarded by 1%  (p<0.001) and 0.1% solutions (p<0.01). However, 0.01% solution did

not show the antibacterial effect.
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Figure 7. The effect of pyroligneous acid on the growth rate of Eschewrichia coli.

Next, the changes of the bacterial area among different pyroligneous acid concentrations in solutions
that included HCI (same acidity of pyroligneous acid) were pH 4.94, 6.66, 6.95 are shown in Figure
8, respectively. Even in pH of 4.94, pyroligneous acid plus HCI solution showed significantly higher
antibacterial effects compared to the control. However, in other HCI solutions, antibacterial effects
were not statistically different. These results suggest that 1% of pyroligneous acid may have certain

antibacterial effects against E.coli regardless of its strong acidity.
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1. Antibacterial effect for Staphylococcus aureus
The changes of the bacterial area of S. aureus are shown in Figure 9. All concentrations of

pyroligneous acid showed significant antibacterial effect.
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Figure 9. The effect of pyroligneous acid on the growth rate of Staphylococcus aureus

The antibacterial effects of pyroligneous acid in solutions including HCl (same acidity as
pyroligneous acid) are shown in Figure 10. In the solutions antibacterial effects were statistically
different between different concentrations of pyroligneous acid. These results suggested the
antibacterial effects of pyroligneous acid are effective against Staphylococcus aureus. Also, the

antibacterial effects might be different among different bacteria species.
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Figure 10. The effect of HCI solutions which were same acidity of pyroligneous acid on the growth

rate of Staphylococcus aureus



IV Conclusion

This preliminary study suggests that pyroligneous acid made from Larix kaempferi could have
antibacterial effects to some extent. Therefore, it will be helpful for a practical antibacterial solution.
However, the effects may vary depending on the bacteria species. We need to test the effects against
various bacterial species in order to confirm the antibacterial efficacy.

In addition, the pyroligneous acid of Larix kaempferi has a sweet aroma. Developing methods of

utilization of the pyroligneous acid may have other beneficial possibilities as well.
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