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Growth-Inhibiting Effects of Herb Plants on Human Intestinal Bacteria
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Essential oils of 21 herb plant samples, using spectrophotometric and paper disc agar diffusion methods
under anaerobic conditions, were tested in vitro for their growth-inhibiting activities against
Bifidobacterium bifidum, B. longum, Lactobacillus casei, Clostridium perfringens, and Escherichia coli.
The responses varied with bacterial strains and plant oils. At 10 mg/disk, all essential oils did not inhibit
beneficial intestinal bacteria, except for the oil of Alpinia officinarum and Melaleuca alternifolia against
L. casei. Due to their strong growth-inhibitory activities against C. perfringens, E. coli, and L. casei, the
activites of nine oils were evaluated at low concentrations. In test with C. perfringens at 1 mg/disk, the
oils of Amyris balsamifera, Curcuma longa, M. alternifolia, and Trachyspermum ammi showed moderate
activities. Moderate activities against E. coli were observed with the oils of M. alternifolia and T. ammi.
These results may be indications of at least one of the pharmacological actions of the four herb plants.
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Different types of microflora between 400-500 flourish in
the intestinal tract of human, while approximately 10" microf-
lora per gram are found in the guts.” These intestinal microf-
lora constitute a very complex ecosystem of aerobic and
anaerobic microbes, and are classified, based on the effects on
human health, into two groups, beneficial and harmful bacte-
ria. The valences of beneficial and harmful bacteria are influ-
enced by age, climate, diet, habits, host factors, immune
mechanisms, microorganisms, sex, and stress.” Intestinal bac-
teria contribute to aging, host defense against infection, immu-
nopotentiation, proinflammation, and various disease directly
or indirectly.”* In particular, beneficial bacteria, which pro-
duce lactic acids such as Bifidobacterum and Lactobacillus,
suppress the growth of harmful bacteria by decreasing pH in
guts. In addition, They improve human health by preventing
the colonization of pathogens and producing vitamins, essen-
tial amino acids, folic acid, and antitumorigenic materials.™®
On the other hand, harmful intestinal microflora such as E.
coil, Proteus, Pseudomonas, Veillonella, Staphylococcus, and
Clostridium not only produce carcinogenic substances de
novo but also changes metabolites from dietary sources into
tumor initiators or promoters. Furthermore, they biotransform
various ingested food into harmful products including N-
nitroso compounds, aromatic steroids, phenols and indoles,
which cause, among others, sudden death, proinflammation,”
toxicity, and aging. We therefore focused on plant-derived
growth inhibitors for the prevention of dangerous effects
caused by C. perfringens and E. coli because plants are the
richest source of bioactive chemicals with many of them
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largely free from side effects.*” Growth-inhibitory effects on
human intestinal bacteria were investigated using essential oils
of 21 herb plants for the development of new safer types of
agents.

Materials and Methods

Bacterial strains and culture conditions. Bacterial
strains used were as follows: B. bifidum ATCC 29521, B. lon-
gum ATCC 15707, L. casei ATTC 27216, C. perfringens
ATCC 13124, and E. coli ATTC 11755. Stock cultures of
these strains were routinely stored on Eggerth-Gagnon Liver
extract-Fieldes slants at 80°C and, when required, were sub-
cultured on Eggerth-Gagnon (EG) agar. The plates were incu-
bated at 37°C for 2 days in an atmosphere of 80% N,, 15%
CO,, and 5% H, in an anaerobic chamber (Coy Lab., Michi-
gan, USA). The bacteria were then grown in the EG broth (pH
6.8).

Plants and essential oil preparation. Total 21 plant spe-
cies of 15 families, used not only for flavoring foods but also
for their antiseptic or medicinal properties, were purchased
from a local market in Seoul (Table 1). The plant species were
dried in an oven at 60°C for 2 days and finely powdered using
a blender. Essential oil of individual dried plant (300 g) was
obtained through steam distillation at 100°C for 5 h, and the
extracts were dehydrated with sodium sulphate.

Microbiological assay. To measure the inhibitory effect
on the organisms, one loopful of bacteria was suspended in 1
ml sterile physiological saline. An aliquot (0.1 m/) of the bac-
terial suspensions was seeded on EG agar. Samples (1, 2, 5,
and 10 mg) dissolved in methanol were applied using Drum-
mond microcapillary on to paper discs (Advantec, 8 mm,
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Table 1. Essential oils of 21 herb plants extracted through steam distillation.

Plant species Common Name Family Tissue Sampled
Alpinia officinarum Galangal Zingaberaceae root
Amyris balsamifera Amyris Rutaceae whole plant
Armeniaca vulgaris Apricot Rosaceae whole plant
Azadirachta indica Neem Meliaceae leaf
Cananga odorata var. genuina Ylang Ylang Annaceae leaf
Carya illinoensis Pecan Juglandaceae nut
Citrus aurantium var. amara Petitgrain Rutaceae leaf
Citrus reticulata Orange Rutaceae fruit
Curcuma longa Oleoresin Zingiberaceae root
Hllicium verum Aniseed Illiciaceae whole plant
Melaleuca alternifolia Tea Tree Myrtaceae leaf
Mpyristica fragrans Nutmeg Myristicaceae fruit
Pelargonium graveolens Rose Geranium Geraniaceae leaf
Persea americana Avocado Lauraceae fruit
Pimenta officinalis Allspice Berry Myrtaceae fruits
Piper nignum Black Pepper Piperaceae fruit
Ravensara aromatica Ravensara Lauraceae leaf
Santalum album Sandalwood Santalaceae seed
Sassafras albidum Sassafras Lauraceae root bark
Thuja occidentalis Thuja Cupressaceae leaf
Trachyspermum ammi Ajowan Apiaceae seed

Table 2. Growth-inhibitory activities of 21 essential oils against intestinal bacteria at 10 mg/disk.

Bacterial Strain

Sample
B. longum B. bifidum L. casei C. perfringens E. coli
A. officinarum - - ++ ++ -
A. balsamifera - - - T+ .
A. vulgaris - - - +++ ++
A. indica - - - - -
C. odorata var. genuina - - - - -
C. illinoensis - - - ++ _
C. aurantium var. amara - - - -+ +
C. reticulata - - - ++ .
C. longa - - - +H+ ++
1. verum - - - - -
M. alternifolia - - +++ 4+ T+
M. fragrans - - - + -
P, graveolens + - + + -
P. americana - - - - -
P, officinalis - - - - -
P nignum - - - +++ -
R. aromatica - - - +++ -
S. album + - - + -
S. albidum - - - + -
T. occidentalis - - - ++ -
T ammi - - - . 4

“Strong response +++, zone diameter >20 mm; moderate ++, zone diameter 16-20 mm; weak +, zone diameter 10-15 mm; no
response -, and zone diameter <10 mm.

Toyo Roshi, Japan). After evaporation, the paper discs were trol discs received methanol. All inhibition tests were tripli-
placed on EG agar surface and were incubated at 37°C for 2 cated.
days in an atmosphere of 5% H,, 15% CO,, and 80% N.. Con-
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Results and Discussion

Growth-inhibitory activities of the essential oils from 21
herb plant samples (15 families) on the intestinal bacteria are
shown in Table 2. The growth responses differed according to
bacterial strains and plant oils. At 10 mg/disk, all essential oils
did not inhibit the growth of beneficial intestinal bacteria,
except for the essential oils of Alpinia officinarum and Mela-
leuca alternifolia. The essential oils of Amyris balsamifera,
Armeniaca vulgaris, Citrus aurantium var. amara, Curcuma
longa, M. alternifolia, Piper nignum, Ravensara aromatica,
and Trachyspermum ammi showed significant growth inhibi-
tion (+++) against C. perfringens, and those of A. officinarum,
Carya illinoensis, Citrus reticulata and Thuja occidentalis
showed a moderate activity (++). Furthermore, the oils of
Myristica fragrans, Pelargonium graveolens, Santalum
album, and Sassafras albidum showed weak inhibition (+). In
a test with E. coli, the oils of A. balsamifera, M. alternifolia,
and 7. ammi showed significant growth inhibitory activities,

and those of A. vulgaris and C. longa showed moderate activi-
ties.

Nine essential oils were selected according to their strong
growth-inhibitory activities against C. perfringens, E. coli, and
L. casei, and their growth-inhibitory effects were evaluated at
low concentrations of 1.0, 2.0, and 5.0 mg/disk (Table 3). At
these low concentrations, the essential oils of A. balsamifera,
A. vulgaris, and C. longa did not inhibit the growth of L. casei,
but significantly inhibited the growth of C. perfringens and E.
coli. In particular, the essential oil of 7. ammi had strong inhib-
itory effects against C. perfringens and E. coli at 5.0 mg/disk.
In test with C. perfringens at 1 mg/disk, all essential oils did
not inhibit the growth of beneficial intestinal bacteria such as
L. casei. However, the essential oils of A. balsamifera, C.
longa, M. alternifolia, and T. ammi showed moderate activi-
ties.

The indigenous microflora has been recognized as a major
factor in human’s health and diseases.'"'” Among the various
human intestinal microorganisms, C. perfingens is believed to

Table 3. Growth-inhibitory activities of 21 essential oils against intestinal bacteria at low concentrations.

Dose, mg/disk

Plant Species

Bacterial Strain 1.0 20 5.0

A. officinarum L. casei 2 - +
C. perfringens - + ++

E. coli - - -

A. balsamifera L. casei - - -
C. perfringens ++ ++ 4+

E. coli - + ++

A. vulgaris L. casei - - -
C. perfringens + ++ ++

E. coli - + ++

C. aurantium var. amara L. casei - - -
C. perfringens - + ++

E. coli - - -

C. longa L. casei - - -
C. perfringens ++ +++ 4+

E. coli + T+ ++

M. alternifolia L. casei - + ++
C. perfringens ++ T+t ot
E. coli ++ ++ +H+

P. nignum L. casei - - -
C. perfringens - + ++

E. coli - - -

R. aromatica L. casei - - -
C. perfringens - + ++

E. coli - - -

T ammi L. casei - - -
C. perfringens ++ +++ +++
E. coli ++ ++ +++

*Strong response +++, zone diameter >20 mm; moderate ++, zone diameter 16-20 mm; weak +, zone diameter 10-15 mm; no

response -, zone diameter <10 mm.
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be related to aging."’ C. perfringens has alpha toxin and phos-
pholipase C, which plays a significant role in the development
of gas gangrene,' a dramatic and life-threatening syndrome
caused by C. perfingens type A. Clinical features include
localized pain, swelling, myonecrosis, and tachycardia. When
medically untreated, the patient goes into shock and dies.”
Furthermore, C. perfringens produces harmful enzymes such
as B-glucuronidase as well as produces putrefactive products
in the intestine. E. coli produces cytotoxic necrotising factor
(CNF) that induces cell multinucleation in Vero and Hel a tis-
sue and causes necrosis in the rabbit skin.'*'” In addition,
these harmful bacteria cause proinflammation, toxicity,
mutagenesis, carcinogenesis, and aging. Bifidobacterium and
Lactobacillus inhibit the growth of harmful bacteria such as C.
perfringens and E. coli by producing lactic acid, acetic acid,
and antibiotics.”® 2-Pyrrolidone-5-carboxylic acid (PC), an
antibiotic, was isolated from the cultures of L. casei spp. casei
LC-10 (LCC) and L. casei spp. pseudoplantaarum LB1931
(LCP)."” An antimicrobial substance against various harmful
bacterial species such as Salmonella, Listeria, Campylobacter,
Shigella, and Vibrio cholerae was extracted from eight species
of bifidobacteria.”” In addition, bifidobacteria indirectly elimi-
nate the source of procarcinogens®” or harmful enzymes such
as nitroreductase, azoreductase, and P-glucuronidase. How-
ever, beneficial bacteria are not always more dominant in the
gut than harmful bacteria, because the valences of beneficial
and harmful bacteria are influenced by physical, biological,
chemical, environmental or host factors. Therefore, popula-
tions of beneficial bacteria in the intestine should be kept high,
while those of harmful bacteria kept low for good health and
longevity. In our study, effects on the growth-inhibition of
beneficial bacteria and harmful bacteria were investigated
using essential oils of 21 herb plant samples. At 10 mg/disk,
all essential oils did not inhibit the growth of beneficial intesti-
nal bacteria, except for the essential oils of A. officinarum and
M. alternifolia. Additionally, the essential oils of A. balsam-
ifera, A. vulgaris, and C. longa did not inhibit growth of L.
casei, but significantly inhibited the growth of C. perfringens
and E. coli at 1.0, 2.0, and 5.0 mg/disk. These results indicate
that the chosen nine essential oils have selective strong inhibit-
ing activities on the growth of harmful bacteria at low concen-
trations. These results may be indications of one of the
pharmacological actions of herb plants. Further investigation
will be performed to establish whether these activities are
applicable in vivo.
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