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Inhibition of Biofilm Formation in
Yersinia enterocolitica by Edible Plant Extracts Including
Polygoni Multiflori Radix
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ABSTRACT

Yersinia enterocolitica, which causes yersiniosis, is a bacterium that produces biofilms effectively. The inhibition of biofilm
formation provides a method for preventing infections with Y. enterocolitica. In this study, the inhibitory activity of Y.
enterocolitica biofilm formation was investigated in a library of 140 edible plant methanol extracts including forest products.
It was identified that the biofilm formation could be inhibited by 12 extracts of plants, Agastachis Herba, Agrimoniac Herba,
Diospyros kaki leaves, Elsholtziae Herba, Ginkgonis Semen, Lycopi Herba, Melonis Pedicellus, Menthae Herba, Mori Radicis
Cortex, Polygoni Multiflori Radix, Prunellae Spica, and Schizonepetae Spica. After changing the solvent to ethanol and water,
the greatest inhibition of biofilm formation was produced by a 50% ethanol extract of Polygoni Multiflori Radix. A method

to effectively prevent yersiniosis can be developed using the edible plant extracts identified in this study.
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1. INTRODUCTION

Yersinia enterocolitica is the causative agent of bac-
terial gastroenteritis (Riahi er al, 2021), specifically
yersiniosis (Carniel and Mollaret, 1990), which produces
symptoms of fever and abdominal pain. However, it can
also cause serious infectious diseases, such as myoperi-
carditis (Nehoff et al., 2022), endocarditis (loannou et al.,
2021), and autoimmune thyroid disorders (Zangiabadian
et al., 2021). In general, yersiniosis heals spontaneously,
however, in children, it may produce more serious symp-
toms (CDC, 2016a) such as diarrhea, which is often

bloody, although it can be cured by antibiotics (CDC,
2016b). Y. enterocolitica can grow at low refrigerator
temperatures (Palonen et al., 2010), and thus it is an
enteric infectious disease that has spread because of the
use of refrigerators. The Centers for Disease Control and
Prevention of the United States estimates that each year
in the United States alone 117,000 people become infec-
ted, 640 hospitalized, and 35 die from this disease (CDC,
2016c¢).

It is important to treat the disease after symptoms
appear, but prevention is even more important. Preven-

tion is more important in the management of yersiniosis
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because an effective treatment is possible when the
diagnosis is clearly indicative of yersiniosis. Hygienic
methods that are useful for controlling general bacterial
infections may be applied for preventing yersiniosis as
well. Additionally, contamination by Y. enterocolitica can
be controlled by inhibiting the formation of biofilms. Y.
enterocolitica is a bacterium that uses flagella to form
biofilms (Kim et al, 2008). The presence of biofilms
not only makes it difficult to physically remove the bac-
terial cells, but also increases their resistance to ethanol
(Park et al., 2015), the most commonly used sterilizing
agent. Inhibiting the formation of biofilms therefore pro-
vides an effective sanitary method to control bacterial
contamination.

In this study, we identified natural products that can
inhibit the formation of biofilms that are produced by Y.
enterocolitica. Plant natural products, including forest
products, contain compounds with various biological
functions (Adfa et al., 2020; Ahn et al., 2021; Arsyad
et al., 2020, Ham and Kim, 2019; Huh et al., 2022; Lee
et al., 2021; Na and Kim, 2022; Nkogo et al., 2022;
Oramahi et al., 2022; Yang et al., 2022; Yoon and Kim,
2021). The library of extracts used in this study is a
collection of extracts of plants that include forest pro-
ducts that are used as foods or herbal medicines, and
since they are natural materials, they are considered to
be safe. If an edible plant extract is used as an inhibitor
of the formation of biofilms produced by Y. enterocoli-
tica, it can be used in foods that are expected to be con-
taminated with Y. enterocolitica within a concentration
range that does not significantly change the flavor or
preference of the food, and it can be applied as a coating
agent for packaging materials, or as a disinfectant on the

food surface.

2. MATERIALS and METHODS

2.1. Forest product extract library and
media

The methanol extract library that was used in this
study was prepared in a previous study (Ham and Kim,
2018). The distilled water, 50% ethanol, and 95% ethanol
extracts of selected edible plants were prepared as pre-
viously described (Ham and Kim, 2018).

Powdered extracts were dissolved in the extract sol-
vent at a concentration of 50 g/L and the undissolved
particles were removed by centrifugation at 12,000xg
for 20 min and then filtered using a syringe filter
(catalog number: FIJ25ASCCA002DL0O1, GVS Korea,
Namyangju, Korea). The extract library was stored at
-80C.

The following media were prepared as previously
described (Kim ez al., 2008). LB agar plates were pre-
pared with 25 g/ LB broth (REF: 244620, Becton
Dickinson Korea, Seoul, Korea) and 15 g/L agar. TYE
broth containing 10 g/L tryptone (REF: 211705, Becton
Dickinson Korea) and 5 g/L yeast extract (REF: 212750,
Becton Dickinson Korea), and TYE plates were prepared
using TYE broth and 15 g/L agar. M63 glucose medium
(M63GM, 1 L) contained 200 mL of x5 M63 medium
(15 g/L KH,POs, 35 g/L K,HPO,4, 10 g/L (NH,),SOs,
2.5 mg/L FeSO4), 10 mL of 20% glucose, and 1 mL of
20% MgSO; in distilled water.

2.2. Y. enterocolitica and its culture
conditions

Y. enterocolitica (KCCM 41657) cultures were ob-
tained from the Korean Culture Center of Microorga-
nisms (Seoul, Korea) and were stored at =80T . The cells
were streaked on LB plates and grown at 26C for 2
days to obtain a single cell colony. The single cell colony
that was obtained was streaked on fresh TYE plates and
grown at 26C for 2 days to obtain a second-round sin-
gle cell colony. The newly obtained single cell colony
was inoculated into 5 mL of TYE broth then incubated
overnight at 26C to obtain a pre-culture. Pre-cultures

were inoculated into each well of a 96-well polyvinyl
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chloride (PVC) plate at an Absgy of 0.05 in 100 pL of
M63GM. The cells were incubated for 24 h at 26T.
Cell growth was measured by Absses before quantification
of biofilm formation using a microplate reader (Opsys

MR™ microplate reader, Dynex, Incheon, Korea).

2.3. Quantitative analysis of biofilms

The biofilm that was produced was evaluated quanti-
tatively using crystal violet as previously described (Kim
et al., 2008). Cell growth was evaluated by measuring
Abssos of the culture before applying crystal violet.
Planktonic cells were rinsed with water, and 100 gL of
1% crystal violet was added to each well and incubated
at room temperature for 15 min. The wells were then
rinsed three times with water, and 100 xL of 95% etha-
nol was added to each well. After allowing the crystal
violet to dissolve in the biofilm for 15 min, the absor-
bance was measured at 595 nm using an Opsys MR™
microplate reader. Inhibition of biofilm formation was

calculated by the following Equation.

Inhibition of biofilm formation (%) =
(Ab5595, cv-0 Astos, CV»S) / Ast95, cvo % 100

Abssos, cv.s 1s the amount of biofilm produced by the
extract and Abssos, cv.o is the amount of biofilm pro-
duced without extract, 0 g/L of extract. The inhibited
biofilm formation was expressed as a positive value and
the enhanced biofilm formation was expressed as a
negative value. All biofilm amounts were expressed as
Abssys after crystal violet staining. The values of mean

and SD were calculated using six results.

3. RESULTS and DISCUSSION

3.1. Inhibition of Y. enterocolitica biofilm
formation by methanol extracts

The inhibitory activities of the various extracts from

the 140 methanol extract library described previously
(Ham and Kim, 2018) on the formation of Y. enterocoli-
tica biofilms were evaluated. The extracts were cultured
for 24 hours at a concentration of 0.5 g/L and 12 ex-
tracts that inhibited biofilm formation by more than 70%
were selected (Fig. 1). The selected plants were Agas-
tachis Herba, Agrimoniae Herba, Diospyros kaki leaves,
Elsholtziae Herba, Ginkgonis Semen, Lycopi Herba,
Melonis Pedicellus, Menthae Herba, Mori Radicis Cortex,
Polygoni Multiflori Radix, Prunellae Spica, and Schizo-
nepetae Spica. At a concentration of 0.12 g/L, all ex-
tracts exhibited similar results compared to the maximum
inhibitory effect that was obtained at 0.5 g/L. The ex-
tracts of Prunellae Spica and Schizonepetae Spica show-
ed strong inhibitory activity.

The inhibition of cell growth was evaluated in cultures
that were under the same conditions for biofilm forma-
tion (Table 1). The 12 extracts that were selected all
inhibited growth, although there was a difference in the
degree of inhibition. At 0.5 g/L, the Menthae Herba ex-
tract produced the lowest level of inhibition (14%), while
the Melonis Pedicellus extract produced the greatest
amount of inhibition (71%). The inhibition of cell growth
can reduce the amount of biofilm. When comparing the
inhibition of biofilm formation with the inhibition of
cell growth, the Melonis Pedicellus extract at 0.5 g/L
reduced biofilm formation by 86% and cell growth by
71%, which suggests that a significant portion of the
inhibition of biofilm formation is due to the inhibition
of cell growth. However, in the case of the Menthae
Herba extract, biofilm formation was decreased by 94%
and cell growth was decreased by 14%, suggesting that
the inhibition of biofilm formation is not only due to
simple cell growth inhibition, but also a biological me-
chanism that selectively inhibits only biofilm formation
by Menthae Herba extracts. The growth-inhibiting effect
provides a more effective method of cell removal be-
cause the inhibition of biofilm formation is directed at

the removal of Y. enterocolitica to promote good hygiene.
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Fig. 1. Inhibition of biofilm formation by methanol extracts of 12 plants, (A) Agastachis Herba, (B) Agrimoniae
Herba, (C) Diospyros kaki leaves, (D) Elsholtziae Herba, (E) Ginkgonis Semen, (F) Lycopi Herba, (G) Melonis
Pedicellus, (H) Menthae Herba, (I) Mori Radicis Cortex, (J) Polygoni Multiflori Radix, (K) Prunellae Spica, and
(L) Schizonepetae Spica. The data presented represent the average of seven experiments. The amount of biofilm
was measured using crystal violet (CV).
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Table 1. The effect of methanol extracts on the
growth of Yesinia enterocolitica. Cell densities are
presented as absorbance values at 595 nm

Extract amount (g/L) 0 0.062 0.495
Agastachis Herba 0.6798 0.4526 0.3812
Agrimoniae Herba 0.7806  0.3276  0.3258

Diospyros kaki leaves 0.7516 03710  0.4286

Elsholtziae Herba 0.6796  0.4156  0.3616
Ginkgonis Semen 0.7098  0.4054  0.4840
Lycopi Herba 0.6940 0.3554 0.3470

Melonis Pedicellus 0.6528 03936  0.1912
Menthae Herba 0.6530  0.4978 0.5632
Mori Radicis Cortex 0.6870 03324 0.4775
Polygoni Multiflori Radix 0.7862  0.3128  0.4160
Prunellae Spica 0.7186  0.4514  0.4688

Schizonepetae Spica 0.6986  0.5260  0.4650

3.2. Inhibition of biofilm formation by Y.
enterocolitica by water and ethanol
extracts

Methanol as a solvent is effective at extracting a
wide range of hydrophilic and hydrophobic substances
from plants, but it cannot be used to manufacture edible
products due to safety concerns. Since Y. enterocolitica
causes gastroenteritis by the ingestion of contaminated
food, water and ethanol extracts of 12 selected plants
that can be applied as food were prepared and their
inhibitory activities on the formation of biofilms were
evaluated (Table 2). Among the extracts prepared using
water, 50% ethanol, or 95% ethanol, the 50% ethanol
extract consistently exhibited strong inhibitory activity
against the formation of biofilms. When 0.5 g/L of 50%
ethanol extracts were used, Lycopi Herba, Melonis Pedi-
cellus, and Agastachis Herba extracts produced 15%,
27%, and 37% inhibition of biofilm formation, respecti-

vely, and their strong biofilm formation inhibitory acti-

vity of methanol extracts was eliminated. Diospyros kaki
leaves, Elsholtziac Herba, Mori Radicis Cortex, Prunellae
Spica, Agrimoniac Herba, Menthae Herba, Schizonepetae
Spica, and Ginkgonis Semen extracts demonstrated re-
duced inhibitory activity when considering the biofilm
formation inhibition change according to the dilution of
the extract (Fig. 2). The 50% ethanol Polygoni Multiflori
Radix extract was the only extract that produced a st-
ronger inhibitory effect on biofilm formation than me-
thanol extracts. The Polygoni Multiflori Radix 50%
ethanol extract inhibited biofilm formation by 99.7% at
0.5 g/L, and it produced an inhibitory effect of 85% at
0.13 g/L.

The 50% ethanol extract of Polygoni Multiflori Radix
inhibited cell growth by 73% at 0.5 g/L of, thus a signi-
ficant portion of the inhibitory activity on biofilm for-
mation was attributed to the inhibition of cell growth.
Agrimoniae Herba and Diospyros kaki leaf extracts exhi-
bited cell growth inhibitory activities of 71% and 66%,
respectively. Ginkgonis Semen, Lycopi Herba, and Mori
Radicis Cortex extracts produced growth inhibition of
30%, 29%, and 25%, respectively, and the remaining six
extracts (Menthae Herba, Agastachis Herba, Melonis
Pedicellus, Schizonepetae Spica, Elsholtsiae Herba, and
Prunellae Spica) produced similar or increased cell
growth effects, although biofilm formation was inhibited.
The 50% ethanol extract of Schizonepetae Spica inhibited
biofilm formation by 99.4%, despite a 23% increment in
cell growth, and 50% ethanol extracts of Menthae Herba
inhibited biofilm formation by 96%, even though it
increased cell growth by 30%. This suggests that these
two extracts have a biological mechanism that specifi-
cally inhibits the formation of biofilms that is indepen-
dent of cell growth.

Bacterial biofilm formation could be inhibited by in-
terfering quorum sensing system, interfering the interac-
tion between bacterial surface and biofilm-forming sur-
face, interfering alarmone function, and interfering bio-

film formation regulation mechanism (Srinivasan et al.,
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Table 2. The effect of extracts on biofilm formation and cell growth of Yesinia enterocolitica.

Biofilm (Absses, CV") Cell density (Abssos)
Extract amount (g/L) 0 0.495 Ing? (%) 0 0.495 Inc® (%)

4 Water 1.6994 12188 28 0.7442 1.0474 41
Aggztri‘;h‘s 50% ethanol 1.7534 1.0982 37 0.7294 0.9280 -27
95% ethanol 1.7148 1.6670 3 0.5948 0.5954 0
o Water 1.5542 0.7700 51 0.7642 0.2790 64
Aggre‘;g‘;me 50% ethanol 1.6838 0.1306 92 0.7132 0.2084 71
95% ethanol 1.5148 1.2628 17 0.6898 02372 66
' ‘ Water 1.7280 0.9954 4 0.7756 0.5230 33
b m‘l’ey:voss aki 50% ethanol 1.5784 0.6744 57 0.6636 0.2240 66
95% ethanol 1.6336 0.8906 46 0.6546 03242 51
_ Water 1.7508 1.7036 3 0.7362 0.4254 4
Elsgll;’rliae 50% ethanol 1.8038 0.7084 61 0.7396 0.8784 -19
95% ethanol 1.5498 1.0638 31 0.7622 0.6996 8
. _ Water 1.4806 1.2940 13 0.7226 0.8860 23
Glslzknfzgls 50% ethanol 1.6688 0 100 0.7472 0.5206 30
95% ethanol 1.6670 0 100 0.6994 03114 56
4 Water 1.5772 1.7966 -14 0.6650 0.2738 59
Ig;‘t’)‘: 50% ethanol 1.5620 1.3348 15 0.7696 0.5444 29
95% ethanol 1.7486 1.4988 14 0.6882 0.6942 -1
Water 1.9298 1.7792 8 0.7448 0.9682 -30

Melonis
Padionllng 50% ethanol 1.6574 1.2080 27 0.7490 0.9318 24
95% ethanol 1.7834 1.5688 12 0.6212 0.6162 1
Water 1.8598 1.4862 20 0.6340 03412 46

Menthae
e 50% ethanol 1.8302 0.0768 96 0.6834 0.8912 -30
95% ethanol 1.5280 0.3960 74 0.5964 0.8578 -44
Mori Water 1.7942 0.8664 52 0.7384 0.8096 -10
Radicis 50% ethanol 1.5884 0.6168 61 0.6936 0.5228 25
Cortex 95% ethanol 1.6426 0.7638 54 0.6864 03190 54
Polygoni Water 1.3580 0.1712 87 0.7316 0.2482 66
Multiflori 50% ethanol 1.3904 0.0048 100 0.6694 0.1792 73
Radix 95% ethanol 1.5210 0.2904 81 0.7042 03292 53
Water 1.7172 1.8892 -10 0.6700 0.6512 3
Pr;‘;ecliae 50% ethanol 1.6442 0.2876 83 0.7564 0.7846 -4
95% ethanol 1.6260 0.8640 47 0.7226 0.4340 40
. Water 1.5222 1.3038 14 0.6998 0.4340 38
SChlg;?sfetae 50% ethanol 1.6364 0.0098 99 0.6942 0.8538 23
95% ethanol 17224 03618 79 0.7372 0.7380 0

Y CV: Absorbance of crystal violet.

? Ing: Inhibition degree of biofilm formation (%) calculated according to the formula in ‘Materials and Method’ section.

9 Inc: Inhibition degree of cell growth (%) = (Abssoso = Abssoss) / Abssesg * 100. The calculation was similar with inhibition
of biofilm formation except for switching Abssos, cv.o to Abssesg and Absses, cv.s to Abssess. Abssoss was the cell growth
by the extract and Abssoso is the cell growth without extract, 0 g/L of extract.
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Fig. 2. Inhibition of biofilm inhibition by 50% ethanol extracts of 12 plants, (A) Agastachis Herba, (B)

Agrimoniae Herba, (C) Diospyros kaki leaves, (D) Elsholtziae Herba, (E) Ginkgonis Semen, (F) Lycopi Herba,
(G) Melonis Pedicellus, (H) Menthae Herba, (I) Mori Radicis Cortex, (J) Polygoni Multiflori Radix, (K)
Prunellae Spica, and (L) Schizonepetae Spica. The data presented represent the average of seven experiments.

The amount of biofilm was measured using crystal violet (CV).
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2021). The extracts presented in this study could inhibit
the biofilm formation of Y. enterocolitica in a similar
way.

In a previous study (Ham and Kim, 2018), it was
shown that 9 methanol extracts among the 12 extracts
presented in this study inhibited the biofilm formation of
Streptococcus mutans, one of the causative bacteria of oral
cavity. In this study, three extracts of plants, Ginkgonis
Semen, Menthae Herba, and Prunellae Spica, were addi-
tionally presented for inhibition of biofilm formation in
Y. enterocolitica. Hydro-distillated extract of Agastachis
Herba showed a 0.021 g/L of minimum inhibitory con-
centration against Escherichia coli and inhibited its bio-
film formation (Haiyan et al., 2016). The water extract
of Agrimoniae Herba inhibited the biofilm formation of
Pseudomonas aeruginosa by about 30% at the concen-
tration range of 0.16-5 g/L, but did not inhibit the bio-
film formation of Proteus mirabilis (Muruzovi¢ et al.,
2016). In the case of Ginkgo biloba, Ginkgo Folium
extract inhibited the biofilm formation of Salmonella
spp. and Listeria spp. (Wu et al., 2016), but we cannot
find any study on the inhibition activity of Ginkgonis
Semen extract on the biofilm formation of bacteria. Pre-
vious studies showing directly inhibitory activity against
bacterial biofilm formation by other extracts presented
in this study were not found.

When comparing the biofilm formation inhibitory ac-
tivity by the methanol extracts in Fig. 1 and that by the
50% ethanol extracts in Fig. 2, the five extracts of
Agastachis Herba, Elsholtsiac Herba, Ginkgonis Semen,
Lycopi Herba, and Melonis Pedicellus reduced the bio-
film formation inhibitory activity significantly in 50%
ethanol extracts. In previous studies, natural compounds,
such as naphthoquinones (Di Marco et al., 2021), chlo-
rogenic acids (Chen et al., 2022), and aporphinoid alka-
loids (Di Marco et al., 2020), were known to inhibit the
biofilm formation of Y. enterocolitica. The content of
these compounds in the extract was changed by the

solubility of these compounds in the extraction solvent,

thereby changing the biofilm formation inhibitory activity
of the extract.

In this study, substances that inhibit biofilm formation
were identified from 140 edible plant extracts, which
can be used to develop safe hygiene methods to prevent

contamination of Y. enterocolitica.

4. CONCLUSIONS

In this study, extracts from 12 edible plants were
demonstrated to inhibit the formation of biofilms by Y.
enterocolitica, a food poisoning bacterium. The greatest
inhibitory activity on biofilm formation was produced
by 50% ethanol extracts of Polygoni Multiflori Radix.
The 50% ethanol extracts of Schizonepetae Spica and
Menthae Herba produced strong inhibition of biofilm
formation in a growth-promoting environment, suggest-
ing the existence of a biological mechanism that speci-
fically inhibits the formation of biofilms. The use of
extracts of edible plants as proposed in this study may
lead to the development of a method for effectively

preventing yersiniosis.
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