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Growth Inhibition of Heterofermentative Lactic Acid 
Bacteria by Wild Grass Extracts 

ONO Kouki*lS， URABE Kimiko*2， YABUSHITA Megumi*2 and NADAMOTO Tomonori*2 

* 1 Depar，的1entof Food and Nutrition， Gifu CiηWomen's College， 7-1， Hitoichibakita-machi， G抑，Gifu 501-0192 

* 2 School of Human Cultures， the University of Shiga Prefecture， 2500， Hassaka-cho， Hikone， Shiga 522-8533 

In this study， we examined the growth inhibition of two heterofermentative lactic acid bacteria， 

Lactobacillius brevis and Leuconostoc mesenteroides， by the aqueous extracts of 93 species of wild grasses. 

The aqueous extracts of the 15 species inhibited the growth of the lactic acid bacteria at a 

concentration of 1 % (w / v ). The aqueous extracts of evening primrose (Oenothera biennis)， 

shirobanasakuratade (Polygonum japonicum)， and agrimony (Agrimonia japonica) had particularly low 

minimum inhibitory concentrations， being lower than that of green tea. 

(Received Apr. 13， 2009 ; Accepted Oct. 28， 2009) 
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A swelling phenomenon of packaged processed 

foods that cannot be thermo-sterilized Ci.e.， pickled 

vegetables， vinegar， and sauerkraut)， is often 

observed when the storage temperature of the 

foods is inappropriate. Such a package swelling 

phenomenon results in a commodity loss. Vacuum-

packing results in low oxygen tension， which 

inhibits the growth of several aerobic bacteria， but 

allows certain facultative anaerobic microorganisms 

to grow. There have been some reports that lactic 

acid bacteria and yeasts have been observed iIi 

swollen packages. Analysis of the swollen samples 

revealed that this swelling occurs when carbon 

dioxide gas is produced by the heterofermentation 

of lactic acid bacteria1
).2) or the alcoholic 

fermentation of yeasts3
). These organisms are found 

naturally in fermented products. Therefore， it is 

necessary to suppress their growth in order to limit 

the swelling phenomenon of packaged processed 

foods. 

Recently， from the viewpoint of food preservatives， 

artificial preservatives have tended to be used 

sparingly out of concern for consumers'health. 

Therefore， it is important to identify safe and 

e妊ective preservatives which come from natural 

derivatives. We have previously shown that the 

methanol or aqueous extracts of wild grasses inhibit 

the growth of food spoilage bacteria of Gram.白
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positive or Gram-negative bacteria4
1.5). However， no 

scientific study has been carried out on the growth 

inhibition of heterofermentative lactic acid bacteria 

by wild grasses. The current study focuses on the 

inhibitory e妊ectsof wild grasses on the growth of 

heterofermentative lactic acid bacteria. 

Materials and Methods 

1. Chemicals and Devices 

MRS broth and MRS agar used in this study 

were manufactured by Merck KGaA， Darmstadt， 

Germany. All other chemicals were obtained from 

羽TakoPure Chemical Industries， Ltd.， Tokyo， ]apan 

and were of the highest purity commercially 

available. The AnaeroPack Kenki system was made 

by Mitsubishi Gas Chemical Co.， Inc.， Tokyo， ]apan. 

2. Microorganisms 

Two heterofermentative lactic acid bacterial 

strains， Lactobacillius brevis NBRC 3960 and Leuconostoc 

mesenteroides NBRC 12060， were purchased from 

NITE Biological Resource Center (NBRC)， Department 

of Biotechnology， National Institute of Technology 

and Evaluation (NITE; Chiba， ]apan). These bacteria 

were pre-cultured at 37
0

C for 24 h in MRS broth (10 

mR). The bacterial suspension s were diluted with 

physiological saline and used for measuring 

antimicrobial activities. 
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3. Preparation of aqueous extracts of wild grasses 

Ninety-three species of wild grasses that grew 

naturally in Hikone City， Shiga and in Gifu City， 

Gifu were collected from April 2004 to October 2009. 

The aerial parts of the wild grasses were used. 

Small cut pieces of each of the species of wild 

grasses (100 g) were mixed with 1 ~ of distilled 

water in an Erlenmeyer flask， boiled for 1 h using a 

gas burner， cooled under running water and filtered 

under reduced pressure to remove debris. The 

extract obtained was evaporated to yield about 30m~ 

of concentrate， which was then lyophilized. 

4. Determination of antimicrobial activity 

Antimicrobial activity was measured by the agar 

di妊usionmethod as used by Ono et al.51
• A pre-

cultured bacterial suspension of L. brevis was diluted 

to A削 O.08 with physiological saline， and a pre-

cultured bacterial suspension of Leu. mesenteroides 

was diluted to AG60 O. 009 with the saline. This 

diluted suspension contained the viable bacteria at 

105 cells / m~. Fifty microliters of diluted bacterial 

suspension were transferred onto the surface of the 

MRS agar plate containing the aqueous extract of 

wild grass and spread-plated， then incubated at 37
0

C 

for 24 h in both an aerobic culture and an anaerobic 

culture using the AnaeroPack Kenki system. 

Antimicrobial activity was determined by visually 

monitoring the growth of each strain. All assays 

were carried out in triplicate. 

The minimum inhibitory concentrations (MICs) of 

the aqueous extracts against L. brevis and Leu. 

mesenteroides were determined by a two-fold serial 

dilution method. On the assays of MIC， the MRS 

agar medium was dispensed in a test tube， and the 

aqueous extract of wild grass was added to yield 

concentrations of 6.25， 12.5， 25. 50， 75， and 100mg 

dry weight/10m~. The medium was then adjusted to 

pH 7.0 with NaOH， autoclaved and poured into 

Petri dishes (diameter， 30皿 in2. 5m~ portions. Fifty 

microliters of the precultured cell suspension (diluted 

to about 105 cells/m~) was transferred onto the surface 

of the agar plate and spread-plated， then incubated 

at 37
0

C for 24 h in both an aerobic culture and an 

anaerobic culture using the AnaeroPack Kenki 

system. Antimicrobial activity was determined by 

visually monitoring the growth of each strain. Green 

tea， which is well-known as an antimicrobial substance， 

was used as a reference. 

Results and Discussion 

In this study， the growth inhibition of L. brevis 

and Leu. Mesenteroides by the aqueous extracts of 93 

species of wild grasses was tested (cf.， Table 1) • 

First. antimicrobial activities of the extracts on both 

aerobic and anaerobic cultures were evaluated at a 

concentration of 1 % (w / v). Of the extracts， 15 

species exhibited antimicrobial activities against L 

brevis or Leu. mesenteroides (cf.， Table 1). It was 

Table 1 Antimicrobial activities of the aqueous extracts of wild grasses against Lactobacillius brevis and Leuconostoc mesenteroides 

Wild只rass L. brevis Leu. mesenteroides 

English name or Japanese name Scientific name Part used Anaerobic Aerobic Anaerobic Aerobic 
culture culture culture culture 

Threeseeded copperleaf Acalypha australis Aerial parts場

Pig's knee Achyranthes戸uriei Aerial parts 
Agrimony Agrimonia japonica Aerial parts + + + 
Couch grass Agropyron tsukushiense Aerial parts 

Livid amaranth Amaranthus lividus Aerial parts 
Hosoaogeitδ Amaranthus patulus Aerial parts 

Kawarayomogi Artemisia capillaris Stems and leaves + 
Himeyomogi Artemisiaタddei Aerial parts 

]apanese mugwort Artemisia princeps Stems and leaves 
Shirayamagiku Aster scaber Aerial parts 

Annual saltmarsh aster Aster subulatus Aerial parts + + 
Yomena Aster yomena Aerial parts 

Konsendangusa Bidens pilosa Aerial parts 
]apanese false bindweed Calystegia hederacea Aerial parts 

]apanese bindweed Calystegia japonica Aer匂1parts 
Bushkiller Cayratia japonica Aerial parts 

Sticky chickweed Cerastium glomeratum Aerial parts 
1九Thitegoosefoot Chenopodium album Aerial parts 

Noazami Cirsium japonicum Aerial parts 
Sweet autumn virgn's bower Clematis terniflora Aerial parts 

羽Tildbasil Clinopodium gracile Aerial parts + 
Inutδbanα Clinopodium micranthum Aerial parts 
Dayflower Commelina communis Aerial parts 

Hairy fleabane Conyza bonariensis Aerial parts 
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Thickhead I Crassocephalum crepidioides I Aerial parts 
Panicled tick司clover Desmodium paniculatum Aerial parts 

Crabgrass Digitaria ciliaris Aerial parts 
American false daisy Ecl伊ωprostrata Aerial parts 

Naginaω初>ju Elsholたiaciliata Aerial parts 
Horsetail Equisetum arvense I Stems and leaves 

Daisy fleabane Erigeron annuus Aerial parts 
Horseweed Erigeron canadensis Aerial parts 

Philadelphia fleabane Erigeron philadelphicus Aerial parts 
Tall fleabane Erigeron sumatrensis Aerial parts 
Sawahiyodori Eupatorium lindlりG削 m I Aerial parts 
Thoroughwort E叫P呪toriummakinoi Aerial parts 

Eyebane Euphorbia削 culaωAerialparts 
Konishikiso Euphorbiり supine Aerial parts 
Catchweed Galium spurium I Stems and leaves 

Carolina geranium Geranium carolinianum Aerial parts 
Ground ivy Glechoma hede円'acea Aerial parts 

J ersey cutweed Gnaphalium affine Aerial parts 
Chameleon plant Houttuynia cordata Aerial parts 
Japanese hop Humulus japonicus Aerial parts 
Week ixeris Ixeris debilis Aerial parts 
Water willow JusfIcia procumbens Aerial parts 
lndian lettuce Lactuca indica Aerial parts 
Dead nettle Lamium album Aerial parts 

Henbit Lamium amplexicaule Aerial parts 
Shi目rone Lycopus lucidus Aerial parts 

Japanese silver grass M町 anthussinensis Aerial parts 
Zakuroso Mollugo pentaphylla Aerial pa巾
Hin吋iso Mosla d，叩 lthera Aerial parts 

Evening primrose Oe仰n即10ωtherabienn附1
Creeping wood sorr代右叫 Oxαl仇ωCωomκdω仰α Ae町凶:n均凶a必1parts 
Violet wood sorrel Oxalis corymbosa Aerial parts 

Skunk vine Paederia scandens Aerial parts 
Shiso Perilla frutescens A巴rialparts 

Pale smartweed Persicaria lapathifolia A巴rialparts 
Japanese butterbur Petasites japonicus I Stems and leaves 

Ribwort Plantago lanceolata Aerial parts 
Knotgrass んらIgonumaviculare Aerial parts 

Shirobanasakuratade Polygonum j叩 onicum Aerial parts 
Tufted knotweed Polygonum longisetum Aerial parts 

Sanaetade 向かgonumscabra Aerial parts 
Mizosoba Polygonum thunbergii Aerial parts 
Purslane Portulacea oleracea Aerial parts 
Potentilla Potentilla fragarωides Aerial parts 

Japanese knotweed Reynoutria japonica I Stems and leaves 
Variableleaf yellow cress Ror伊'paindicαAerial  parts 

Sour dock Rumex acetosa Aerial parts 
Dock R問問 japonicus Aerial parts 

Soapwort Saponaria officinalis Aerial parts 
Tamatsuzuri Sedum morganianum Aerial parts 

Green foxtail Setaria viridus Aer 
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evening primrose， and shirobanasakuratade against Leu. 

mesenteroides were 50mg/10m~ ， 75mg/10m~ ， and 50mg/10 

m~， respectively. Each of these MICs was lower than 

that of the green tea extract. Furthermore， 

regardless of the culture conditions， the activity of 

the extracts of evening primrose and 

shirobanasakuratade was very strong against both of 

the lactic acid bacteria tested; these extracts 

completely inhibited the growth of both of the 

bacteria for at least three days. In comparison with 

the MICs of the extract of evening primrose， the 

MICs of the extract of shirobanasakuratade were low. 

The MICs of the extract of evening primrose 

against Leu. mesenteroides were 100 mg / 10 m~ in 

anaerobic culture and 75mg/10m~ in aerobic culture. 

The MICs of the extract of shirobanasakuratade 

against Leu. mesenteroides were 50mg/10m~ in both 

anaerobic and aerobic cultures. On the other hand， 

the MICs of the extract of evening primrose against 

L. brevis were both 75mg/10m~ in both anaerobic and 

aerobic cultures. The MICs of the extract of 

shirobanasakuratade against L. brevis were 25mg/10~ 

in anaerobic culture and 50 mg / 10 m~ in aerobic 

culture. Consequently， the aqueous extract of 

shirobanasakuratade possessed the highest antimicrobial 

activity against both of the bacteria tested. 

As stated earlier， the aim of this study is to 

search for new natural antimicrobial agents which 

are able to inhibit the growth of heterofermentative 

particularly interesting that 8 of the 15 species have 

been traditionally eaten or used for their medicinal 

properties in Japan. A few studies have evaluated 

antimicrobial activities of the extracts of edible 

plants4HJ
. In these studies， it was reported that the 

aqueous， ethanol and methanol extracts of 

km叩 rayomogi(Artemisia capil/aries) showed inhibitory 

effects against food-spoilage microbes， such as lactic 

acid bacteria， yeasts and molds， and food-poisoning 

bacteria， such as Eschreichia coli， Staphylococcus 

and Bacil/us subtilis. In this study， the 

aqueous extract of kωvarayomogi only suppressed the 

growth of Leu. mesenteroides in the aerobic culture 

at a concentration of 100mg/m~ (cf.. Table 2). Because 

antimicrobial components in edible plants are 

natural， these are comparatively safe materials for 

use in the development of food preservatives. 

A discussion of the results (cf.， Table 2) follows 

The aqueous extract of green tea only showed 

antimicrobial activity against Leu. mesenteroides in 

aerobic culture with an MIC of 100mg/10m~ ， and the 

result was consistent with that of the kawarayomogi 

extract. As seen in our past studiesへtheMICs of 

kawarayomogi extract against B. subtilis and S. aureus 

were 50mg/10m~ and 25mg/10m~ ， respectively. These 

results suggest that kawarayomogi extract had higher 

antimicrobial activity against Gram-positive bacteria. 

Relative to the MIC of green tea extract in aerobic 

culture， the MICs of the extracts of agrimony， 

( 26 ) 2010 NO.1 VOL. 36 Food Preservation Science 26 

aureus， 
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grasses against Lactobacillius brevis and 

Minimum inhibitory concentration (mg/10mf!) 

明Tildgrass L. brevis Leu. mesenteroides 

Anaerobic culture Aerobic culture Anaerobic culture Aerobic culture 

Agrimony* *** >100帥榊 100 50 
Kawarayomogi* >100 

Annual saltmarsh aster >100 >100 
Wild basil >100 

Carolina geraniumキ >100 >100 
Shirone 100 100 

Evening primrose帥 75 75 100 75 
Shiso水** >100 

Pale smartweed >100 >100 100 100 
Knotgrass* >100 

Shirobanasakuratade 25 50 50 50 
Sanaetade 50 100 >100 100 
Potentilla >100 >100 100 >100 

J apanese knotweed*'帥 100 100 
Otokobudδ** 50 >100 >100 

ーーーーーーーーーーーーー一一ーー-ーーーー一一ーーーーー ーー【ーーーー-ーーーーーーーーーーーーー一一ー

Green tea >100 

Table 2 Minimum inhibitory concentrations of aqueous extracts of wild 

Leuconostoc mesenteroides 

本Medicinalplant 帥 Edibleplant.村*ー， no growth inhibition. "" > 100， growth was suppressed compared with control at a 
concentration of 100mg/lOmR， and therefore mininum inhibitory concentration was above 100mg/10mE. 
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lactic acid bacteria. The results of this study 

suggest that the extracts of edible plants， such as 

evening primrose， have a potential for application as 

a natural inhibitor of heterofermentative lactic acid 

bacteria in foods 
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野草抽出物のヘテロ型乳酸菌に対する

生育阻害作用
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(干501-0192 岐阜県岐阜市一日市場北町 7-1)

* 2 滋賀県立大学人間文化学部

(干522-8533 滋賀県彦根市八坂町2500)

岐阜県岐阜市と滋賀県彦根市内に自生している93種の

野草から熱水抽出物を調製し 2種のヘテロ型乳酸菌

Lactobacillius brevis， Leuconostoc mesenteroidesに対する

生育抑制効果を測定した。野草抽出物を 1% (w/v)添

加したMRS寒天平板培地に乳酸菌を接種し，嫌気下あ

るいは好気下で乳酸菌の生育状態を調べ，その生育の有

無で生育抑制作用を判定した。この結果， 15種の野草抽

出物が乳酸菌に対して生育抑制作用を示した。さらに生

育抑制作用が認められた野草抽出物の乳酸菌に対する最

小生育阻止濃度 (MIC) を測定したところ，メマツヨイ

グサ (Oenotherabiennis)，シロパナサクラタデ

(Polygonum japonicum) ，キンミズヒキ (Agrimonia

japonica)が強い抗菌活性を示し，それらのMICは緑茶

抽出物のMIC(100mg/10mR)よりも低値であった。

(平成21年4月13日受付，平成21年10月28日受理)
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