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ARTICLE INFO

Abstract: In this study, we examined the effect of methyl trans-cinnamate against the growth
of the indigenous microbes in the mycorrhizosphere of Tricholoma matsutake that forms an
ectomycorrhizal association with pines. Methyl trans-cinnamate inhibited the growth of most
indigenous bacterial strains isolated from the mycorrhizosphere, but with no negative effect
on the proliferation of Tricholoma matsutake. We might make use of this material in a
successful cultivation of matsutake in the future.
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1. Introduction

Tricholoma matsutake (matsutake) exists in the mycorrhizal association (often
called fairy ring or shiro) consisting of soil, roots, mycorrhizal fungi and soil
microbes as an ectomycorrhizal (ECM) symbiotic fungus of Japanese red pine
(Pinus densiflora) [1]. The infection of pine rootlets by matsutake and the
development of shiro are exceedingly important in the cultivation of yet uncultivable
matsutake. The inhibiting effects of harmful microbes in soil may be one of the main
reasons responsible for the low infection rate of the host by matsutake and for the
low survival rate of the host.

Methyl trans-cinnamate is the major volatile component in matsutake
mushroom [2,3], and shows the antimicrobial effect against bacteria or/and fungi [4—
9]. On the other hand, the cinnamic acid and its derivatives have been shown to
promote the growth of plant-seedlings in low concentrations [10,11]. Recently, it has
been shown that materials obtained from the fairy ring-forming fungi affect the
growth and ectomycorrhizal colonization of herbaceous plants [12,13]. In this study,
we assume as follows: the main aromatic component of matsutake, methyl trans-
cinnamate, inhibits harmful microbes in shiro soil, while not having any inhibiting
effect on matsutake, because it is one of the characteristic odor of the matsutake
mushroom. To the best of our knowledge, this is the first report on the antimicrobial
effect of methyl trans-cinnamate against microbes inhabiting the mycorrhizosphere
of matsutake, though previous studies have shown that it has antibacterial and
antifungal potential [14—17]. We investigated the potential availability of methyl
trans-cinnamate as an inhibitor against harmful microbes in shiro for the cultivation
of matsutake.
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2. Materials and methods

Methyl trans-cinnamate was purchased from Sigma-Aldrich (Germany). The
fungal strain of Tricholoma matsutake used in the present work was AB 188535. To
examine the antimicrobial activity of methyl trans- cinnamate, we used the different
indigenous microbes (65 of bacteria and 24 of fungi) (Table 1) isolated from the soil
of the Yangdok region (126°5024"N, 39°12'36"E, altitude, 560 m), DPR Korea,
where matsutake had ever occurred before. Sampling was conducted directly from
underneath a stand of P. densiflora. Isolations of the bacterial strains were carried out
after the method of Vaario et al. [18]. Fungi were isolated following the method of
Oh et al. [19]. The effect of methyl trans-cinnamate against the growth of different
isolates was examined using the disc diffusion method. In both studies concerning
the antimicrobial effect on the indigenous microbes and promoting effect on the
matsutake, methyl trans-cinnamate was in a concentration range from 200 to 1000
ppm. The antimicrobial activities of methyl trans-cinnamate against the growth of
different isolates were determined by measuring the zone of inhibition using a digital
planimeter. Streptomycin and ethanol were used as positive and negative controls,
respectively. Bacillus cereus served as a test bacterium. The effect of methyl trans-
cinnamate on the growth of matsutake was recorded after the method of Rincon et al.
[20]. A plate inoculated with only matsutake without methyl trans-cinnamate served
as a control. Data are expressed as Mean + SD of five independent analyses. One-
way ANOVA was used to assess the significance of differences in data obtained
from growth cultures (p < 0.05).

Table 1. The typical fungi and bacteria isolated from the shiro soil in Yangdok
region, DPR Korea.

No Fungi No Bacteria

1 Penicillium sp. 1 Bacillus cereus

2 Trichoderma sp. 2 Bacillus pumilus

3 Aspergillus sp. 3 Bacillus mycoides

4 Mucor sp. 4 Micrococcus sp.

5 Laccaria sp. 5 Pseudomonas aeruginosa
6 Tomentella sp. 6 Pseudomonas tolaasii

7 Tylopilus sp. 7 Pseudomonas fluorescens
8 Lactarius sp. 8 Pseudomonas sp.

9 Rhizopogon sp. 9 Agrobacterium sp.

10 Russula sp. 10 Burkholderia sp.

11 Cenococcum sp. 11 Acetobacter sp.

12 Suillus luteus

13 Amanita sp.

14 Mortierella sp.




Trends in Horticulture 2026, 9(1), 11718.

3. Results and discussion

We evaluated the effect of methyl trans-cinnamate against the growth of 65
bacteria and 24 fungi originating from shiro soil of matsutake in slant culture (Table
2). It was found that methyl trans-cinnamate can inhibit the growth of different kinds
of microbes from the soil in this study. In the presence of 1000 ppm, methyl trans-
cinnamate was effective against all 65 bacteria, with strong inhibition against 42
strains, whereas it was entirely ineffective against any fungi in this concentration.

Table 2. The inhibiting effect of methyl trans-cinnamate on the growth of matsutake and the different microbes

isolated from shiro soil of matsutake in the Yangdok region, DPR Korea.

Concentration of methyl trans-cinnamate (ppm)

°(CN) 200 400 600 800 1000
Bacteria n n n 32/12° 65/31 65/42
Fungi n n n n n n
Colony radius ? 13.5£1.4 17.0+£0.3* 18.2+0.8%* 14.8+£0.8 14.2+1.2 14.0£1.6

a Radial growth of Tricholoma matsutake on the 30th day in Petri dish (mm). ® The total number of
strains inhibited/the number of strains strongly inhibited in the presence of methyl trans-cinnamate. The
term “strong inhibition” represents ones with the diameter of the inhibition zones of over § mm. CN:
Control (without methyl frans-cinnamate), n: not inhibit. * Values with an asterisk represent a
significant difference compared to control (p < 0.05).

Based on the above results, the inhibition zones of bacteria were measured in a
petri dish containing methyl trans-cinnamate (Table 3). When the concentration of
methyl trans-cinnamate is 1000 ppm, the inhibition zones of methyl trans-cinnamate
against bacteria ranged from 8.5 to 9.5 mm. In this study, methyl trans-cinnamate
had a positive effect on the proliferation of matsutake in the concentration of 400
ppm, showing no negative effect, even in the 1000 ppm (Table 2) and the
proliferation of fungi was not inhibited in the concentration of 1000 ppm. Previous
studies [14,15] revealed that methyl trans-cinnamate showed an antibacterial and
antifungal effect with MIC values ranging between 61 uM and 1.5 mM, and between
50 and 301 puM, respectively. While Ohta [21] reported that the concentrations of
methyl cinnamate in the fruiting body of matsutake were about 236 ppm. Compared
to these reports, our result may be because the fungi and matsutake have been
adapted to their major volatile component, methyl trans-cinnamate, in such an
environment for a long time. In general, methyl trans-cinnamate has broad-spectrum
antimicrobial activity, that is, it can inhibit not only bacteria but also fungi [9].
Methyl cinnamate also exhibited strong inhibition against collembolans at high
concentrations of 1000 ppm [3]. As previously supposed, methyl trans-cinnamate,
one of the characteristic odors of matsutake mushrooms, inhibits harmful microbes
in shiro soil without any inhibiting effect on matsutake at less than 1000 ppm. We
think that most fungi, as well as matsutake, may all be inhibited in above 1000 ppm.
But in our case, such a result is insignificant when the proliferation of matsutake is
inhibited, and so we have not discussed the effect of this material above 1000 ppm,
because the object of this study is to find an inhibitor that can inhibit harmful
bacteria to expansion of shiro and has no adverse effect on the growth of matsutake.
On the other hand, methyl trans-cinnamate also promoted the generation of new
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roots of pine seedlings (our unpublished data). We think methyl trans-cinnamate may
be used as a protector of matsutake against harmful bacteria for future cultivation of
matsutake in the field, although further analyses are needed to test the inhibiting
effect of this material against more microbes originating from the pine forest. If this
odor component affects the growth of the beneficial microbes in shiro soil, the
ecosystem of the matsutake may be implicated. Therefore, it is necessary to consider
and solve such problems in further research.

Table 3. The inhibition zones (diameter, mm) of methyl trans-cinnamate against
typical bacteria isolated from shiro soil of the matsutake in the Yangdok region, DPR

Korea.
Bacteria
1¢ 2 3 4 dTest bacteria
Methyl trans-cinnamate ¢ o , () 95402 8.5+02 92+02 105+05
(1 000 ppm)
Positive control ® 102+03  161+05 13804 15109  173+06

Negative control ® - - - -

2 Streptomycin (1000 ppm). ® Ethanol. “Typical strains isolated from shiro soil of matsutake in the
Yangdok region (1-Pseudomonas aeruginosa, 2- Bacillus pumilus, 3- Agrobacterium sp., 4-
Acetobacter sp.). ¢ Bacillus cereus.

4. Conclusion

The present study reports that methyl trans-cinnamate has an inhibitory effect
against the growth of the indigenous microbes in the mycorrhizosphere of 7.
matsutake that forms an ectomycorrhizal association with pines, but with no negative
effect on the proliferation of matsutake. For these reasons, Methyl trans-cinnamate
can be considered as a useful material in the production of the inoculum of
matsutake in the future.

Author contributions: Conceptualization: H-wK, S-iP; Investigation: K-iT;
Methodology: H-wK, C-rZ; Formal analysis: C-rZ; Writing—original draft: CK, K-
iT; Writing—review & editing: H-wK, S-iP; Supervision: H-wK; Validation: M-hC,
S-iP; Resources: M-hC, S-jK; Data contribution: CK, S-jK

Acknowledgement: We thank researchers in the Central Mushroom Institute in
Ministry of Agriculture, DPR Korea for their kind help with conservation pine forest.

Reviewers are gratefully acknowledged for their kind help in elaborating our
manuscript and in encouraging our further study.

Contflict of interest: All authors declare that they have no conflict of interest.

1. Peter M, Ectomycorrhizal fungi—fairy rings and the wood-wide web. New Phytologist. 2006;171(4):685—687.
doi:10.1111/.1469-8137.2006.01856.x

2. Cho IH, Namgung HJ, Choi HK, et al. Volatiles and key odorants in the pileus and stipe of pine-mushroom (Tricholoma
matsutake Sing.). Food Chemistry. 2008;106:71-76.



Trends in Horticulture 2026, 9(1), 11718.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Sawahata T, Shimano S, Suzuki M, Tricholoma matsutake 1-Ocen-3-ol and methyl cinnamate repel mycophagous
Proisotoma minuta (Collembola: Insecta). Mycorrhiza. 2008;18:111-114.

Ali N, Rahmani M, Shaari K, et al. Antimicrobial activity of Cinnamomum impressicostatum and C. pubescens and
bioassay-guided isolation of bioactive (e)-methyl cinnamate. Journal of biological sciences. 2010;10(2):101-106.

Guanfang H, Yuling W, Yingqgian L, et al. Use of cinnamate compounds in the control of fungal diseases of crops. 2021; US
Patent 2021/0137110 A1, 4 February 2021.

Marina M, Carmela C, Annalisa DR, et al. Synthesis and Biological Evaluation of Novel Cinnamic Acid-Based
Antimicrobials. Pharmaceuticals. 2022;15:228. doi: 10.3390/ph15020228

Wei-Jia C, Jin-Wei Z, Ping-Ping Z, Quorum sensing inhibition and tobramycin acceleration in Chromobacterium violaceum
by two natural cinnamic acid derivatives. Applied Microbiology and Biotechnology. 2020. doi: 10.1007/s00253-020-10593-
0

Yuting G, Lv J, Zhao Q, et al. Cinnamic Acid Increased the Incidence of Fusarium Wilt by Increasing the Pathogenicity of
Fusarium oxysporum and Reducing the Physiological and Biochemical Resistance of Faba Bean, Which Was Alleviated by
Intercropping With Wheat. Frontiers in Plant Science 2020;11:1-13. doi:10.3389/fpls.2020.60838

Huang QS, Zhu YJ, Li HL, et al. Inhibitory Effects of Methyl trans-Cinnamate on Mushroom Tyrosinase and Its
Antimicrobial Activities. Journal of Agricultural and Food Chemistry 2009;57:2565-2569.

Wu FZ, Huang CH, Zhao FY, Effects of phenolic acids on growth and activities of membrane protective enzymes of
cucumber seedlings. Agricultural Sciences in China 2002;1:900-904.

Liu Y, Xu W, Xu W, Production of Trans-Cinnamic and p-Coumaric Acids in Engineered E. coli. Catalysts. 2022;12:1144.
https:// doi.org/10.3390/catal12101144

Choi JH, Abe N, Tanaka H, et al. Plant growth regulator, imidazole-4-carboxamide, produced by the fairy ring forming
fungus Lepista sordida. Journal of Agricultural and Food Chemistry. 2010;58:9956€9959. doi: 10.1021/jf101619a

Shota N, Takashi Y, Hirokazu K, Effects of imidazole-4-carboxamide and 2-azahypoxanthine on the growth and
ectomycorrhizal colonization of Pinus densiflora seedlings inoculated with Tricholoma matsutake. Mycoscience
2020;61:259-263. doi: 10.1016/j.myc.2020.04.004

Narasimhan B, Belsare D, Pharande D, et al. Esters, amides and substituted derivatives of cinnamic acid: Synthesis,
antimicrobial activity and QSAR investigations. European Journal of Medicinal Chemistry. 2004;39:827-834.

Bisogno F, Mascoti L, Sanchez C, et al. Structure—antifungal activity relationship of cinnamic acid derivatives. Journal of
Agricultural and Food Chemistry. 2005;55:10635-10640.

Saavedra LM, Saavedra DR, Gustavo PR, et al. Quantitative Structure-Antifungal Activity Relationships for cinnamate
derivatives. Ecotoxicology and Environmental Safety. 2015;122:521-527.

DeVita D, Giovanna S, Fabiana P, et al. Exploring the anti-biofilm activity of cinnamic acid derivatives in Candida albicans.
Bioorganic & Medicinal Chemistry Letters. 2016;26:5931-5935.

Vaario LM, Asamizu S, Sarjala T, et al. Bioactive properties of streptomyces may affect the dominance of Tricholoma
matsutake in shiro. Symbiosis. 2020;81:1-13. doi: 10.1007/s13199-020-00678-9

Oh SY, Park MS, Lim YW, The Influence of Microfungi on the Mycelial Growth of Ectomycorrhizal Fungus Tricholoma
matsutake. Microorganisms. 2019;7:169.

Rincoén A, Ruiz-Diez B, Garcia-Fraile S, et al. Colonisation of Pinus halepensis roots by Pseudomonas fluorescens and
interaction with the ectomycorrhizal fungus Suillus granulatus. FEMS Microbiology Ecology. 2005;51(3):303-311.
doi:10.1016/j.femsec.2004.09.006

Ohta A, Quantitative analysis of odorous compounds in the fruit bodies of Tricholoma matsutake. Transactions of the
Mycological Society of Japan. 1983;24:185-190.



