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To study antimicrobial activity of ethanolic extract of maize silk. Staphylococcus aureus, Pseudomonas
aeruginosa, Bacillus cereus, Bacillus coli and Candida albicans were chosen as detected germs. Using
methods of agar plated diffusions and tube continuous dilution to detect antimicrobial activity and MIC
(minimum inhibitory concentration) of ethanolic extract of maize silk. Ethanolic extract of maize silk can
inhibit microbial activity against bacteria such as S. aureus, P. aeruginosa, B. cereus, B. coli and C.
albicans and the diameter of bacteriostatic circle is 19, 20, 28, 15 and 21 millimeter, respectively.
Ethanolic extract of maize silk has the best antimicrobial activity against Bacillus cereus. The MIC to B.
coli is 15.625 mg/ml, while the MIC to S. aureus, P. aeruginosa, C. albicans are all the 31.25 mg/ml.
Ethanolic extract of maize silk has antimicrobial activity on S. aureus, P. aeruginosa, B. cereus, B. coli

and C. albicans.
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INTRODUCTION

Maize (Zea mays L) silk is the stylet or stigma of maize.
Maize silk is line pattern and generally form a loose
cluster. It has some colors such as lightgreen, kelly or
brownish red. It is soft and bland and has no smell
(Beiding, 2010; Nanjing medicine college and Chinese
Herbal Medicine Pharmacology, China, 1980). As the
results of many researches show (Bobryshev, 1962;
Hanping et al., 2009), maize silk contains lots of com-
ponents such as fatty oils, volatile oils, gums, resins and
so on. It also has large numbers of potassium nitrate and
a-tecopherol quinone. Natural products are in great
demand due to its extensive biological properties and
providing source for the discovery of many types of
effective bioactive compounds. Maize silk has been
recognized for their many pharmacological activities
such as reducing blood sugar (Wastl, 1947), inhibiting
the growth of tumor and urinary stone (Habtemaram,
1998), inducing diuresis (Dzhamalieva, 1954) and
accelerating the coagulation of blood. It also has
some effects on circulatory system (Hahn, 1973).
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Therefore, maize silk has been used as traditional
Chinese medicine for the treatment of hydragogue,
cholagogue, hyperglycemia, antiphlogistic, etc
(Nanjing medicine college and Chinese Herbal Medicine
Pharmacology, China, 1980).

There is little research about antibacterial activity of
ethanolic extract in recent years (Zhou et al., 2008; Lilian
and Renxiang, 2001). Moreover, all the strains used in
recent studies are bacteria. Whether ethanolic extract
of maize silk can restrain the growth of funguses
which are also related to the safety of food and the
health of our bodies, more researches need to be
done. Therefore, the aim of this study is to explore
the antimicrobial activity of ethanolic extract of maize
silk, and hopefully to get lots useful information for
the exploit of maize silk.

MATERIALS AND METHODS
Plant material

Air-dried maize silk was collected in Yueyang, Hunan, China.
Microorganisms S. aureus (ACCC 01331, P. aeruginosa (GIMT
1.074, B. cereus (CPCC 100005), Bacillus coli (CMCCB
44102) and C. albicans (CAU 0037) were selected as the



336 Afr. J. Microbiol. Res.

Table 1. Results of the inhibition zone of ethanolic extract of maize silk.

Zone of Inhibition (mm)

Plant extracts

S. aureus B. coli P. aeruginosa B. cereus C. albicans

Ethanolic extract of maize silk 19 15 20 o8 21
(treatment group)

Sterile purified water (control) — — — — —
Extract of andro_graphls 29 23 o5 30 31
paniculata (positive control)
Table 2. Results of the MIC of ethanolic extract of maize silk.

. Concentration (mg/ml
Strains (mg/mb) control
250 125 62.5 31.25 15.625

S. aureus - - - + +H+ +H+
B. coli - - + ++ +++ +++
P. aeruginosa - - - + o+ T+
B. cereus - - - - - T+
C. albicans - - - + - T+

Note:“—"stands for no bacteria growth;“+"stands for very few bacteria growth;“+ +"stands for part bacteria growth;“+ + +"stands

for vigorous bacteria.

tested microorganisms. Various microbial strains were
obtained from the National Institute for the Control of
Pharmaceutical and Biological Products (NICPBP).

Preparation of crude ethanolic extract of maize silk

For ethanolic extraction, 50 g of air-dried powder was placed in
ethanol and boiled for 6 h. At intervals of 3 h, the solvent was
removed in vacuum. The supernatant was then collected. After 6 h,
the supernatant was concentrated to make the final volume to 100
ml. Finally, the 500 mg/ml concentration of ethanolic extract of
maize silk was obtained. It was then autoclaved at 121°C and 15
Ibs pressure and stored at 4<C.

Agar diffusion method

The qualitative antimicrobial assay of the ethanolic extracts of
maize silk was performed by the disc diffusion method
(Cauwelier et al., 2004; Felten et al., 2002; Huys et al., 2002;
Wilkins and Thiel, 1973). It was performed by using culture
growth at 37°C for 18 h and adjusted to approximate ly 3 x 108
colony-forming unit per milliliter (CFU/ml). The culture medium
used for the bacteria was Mueller Hinton Agar (MHA), whereas
Potate Dextrose Agar (PDA) was used for growing the fungi.
500 microliters of the inoculum was spread over plates
containing MHA or PDA and a Whatman paper disc (5 mm)
impregnated with 1 ml of the extract that was placed on the
surface of the media. The plates were left 30 min at room
temperature to allow the diffusion of the oil. They were
incubated 24 h at 37<C for the bacteria and 48 h at 37T for
the fungi. After incubation period, the inhibition zone obtained
around the disc was measured. Two controls were included in
the test. The first involved the presence of microorganisms
without test material and the second was one standard

antibiotic: that is, the extract of Andrographis paniculata was
used as control. The experiments were run in triplicate, and
the developing inhibition zones were compared with those of
reference discs (Table 1) (Bauer et al., 1966; Marmonier, 1987).

MIC determination

The minimal inhibitory concentration (MIC) of ethanolic extracts
was determined by using the Mueller Hinton Broth (MHB)
dilution method (Eloff, 1998). Bacterial strains were cultured
overnight in MHB at 37C. Tubes of MHB containing v arious
concentrations of extracts (Table 2) were inoculated with 10 pl
of 3 x 10® CFU/ml of standardized microorganism suspen-
sions. They were incubated in a shaker (120 rpm) at 37°C for
24 h. Control tubes without tested samples were essayed
simultaneously. All samples were tested in triplicate. The MIC
was defined as the lowest concentration preventing visible
growth (Vanden and Vlietinck, 1991; Burt, 2004; May et al., 2000;
Delaquis et el., 2002).

Statistical analysis
One-way analysis of variance (ANOVA) was performed on the

data of all tables and figures, and significant differences
among the means were determined by multiple range tests.

RESULTS AND DISCUSSION
Antimicrobial activity

The results of the antimicrobial activity of ethanolic
extracts of maize silk determined by diameters of



inhibition zones are presented in Table 1. It indicated that
the diameters of inhibition zones varied from 17 to 28 mm
and 23 to 32 mm for the extracts of maize silk and
andrographis  paniculata, respectively. Extract of
Andrographis paniculata was used as a standard
antibiotic at the concentration of 500 mg/disc and it
exhibited higher diameters of inhibition than ethanolic
extracts of maize silk. Ethanolic extracts of maize silk
revealed interesting antimicrobial activities on three of the
five enterobacteria tested. Maximum antimicrobial
activities were shown against Bacillus cereus, followed by
Candida albicans and Staphylococcus aureus. Ethanolic
extracts of maize silk was not able to inhibit Bacillus coli
and Pseudomonas aeruginosa. By comparing the
diameters of inhibition zone, ethanolic extracts of maize
silk showed less activity than standard antibiotic.

The results of the antimicrobial activity of ethanolic
extracts of maize silk determined by MICs are repre-
sented in Table 2. The MIC tests of ethanolic extracts of
maize silk against 5 microbial species were carried out
using the broth dilution technique. The MIC values of
ethanolic extracts ranged between 62.5 and 500 mg/ml.
These results revealed that ethanolic extracts of maize
silk showed maximum activity with MIC 62.5 mg/ml for B.
cereus. The MICs of the ethanolic extract against S.
aureus and C. albicans were 500 and 250 mg/ml.
Ethanolic extracts had very low or no activity, even in the
highest concentration (500 mg/ml) MIC against B. coli
and P. aeruginosa.

In this study, ethanolic extracts of maize silk was active
against most of the investigated microbial strains. The
plant extracts were more active against the Gram-positive
microorganisms than against the Gram-negative micro-
organisms. This is in agreement with previous reports
which showed that plant extracts are more active against
Gram-positive bacteria than against Gram-negative
bacteria (Vlietinck et al., 1995; Rabe, and Van Staden,
1997; Marjorie, 1999). This higher resistance among
Gram-negative bacteria may be due to the differences in
the cell membrane of these bacterial groups. Indeed, the
external membrane of Gram-negative bacteria renders
their surfaces highly hydrophilic (Smith-Palmer et al.,
1998), whereas the lipophilic ends of the lipoteichoic
acids of the cell membrane of Gram-positive bacteria
may facilitate penetration by hydrophobic compounds
(Ultee et al., 1999; Cox et al., 2000).

B. cereus was the most susceptible bacteria amongst
all the bacterial strains investigated in the present work.
An interesting antifungal activity against fungi (C.
albicans) was noted with ethanolic extracts of maize silk.
Such result proved that the ethanolic extracts may
possess antifungal properties.

The correlation between two different screening
methods examined in this study was in accordance,
larger inhibition zone related to lower minimum inhibitory
concentration. Additionally, with the concentration of
ethanolic extract lowering, the growth of microorganism
was better. Therefore, it showed that ethanolic extract's
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antimicrobial activity was associated with the
concentration. The effect is more significant with the
higher concentration of the extract.

It was found that the ethanolic extract of maize silk
contains fatty acids and flavone, with the latter as main
component. This is in accordance with what have been
reported (Bobryshev, 1962; Hanping et al., 2009;
Nozzolillo and Reid, 1992). The flavone is said to exhibit
antibacterial activity (Huang, 2008; Wang et al., 2005;
Augustin, 1994). Fatty acids also have antibacterial and
antifungal properties (Hayes and Berkovitz, 1979), in
addition to being selective against Gram-positive
organisms by targeting the structure and function of
bacterial cell walls and membranes (Kabara et al., 1972).
These components may be the contributing factors to the
effect demonstrated by the crude extract of maize silk.

Conclusion

Ethanolic extracts of maize silk showed the broad
spectrum of antibacterial activity on the tested micro-
organisms. It exhibited high inhibitory potency against S.
aureus, B. subtilis and C. albicans. These derivatives
could be potential alternatives to the traditional control of
bacteria and fungi at the storage of food. Furthermore,
our approach will be focused on isolating and purifying
some unknown compounds from the ethanolic extracts of
maize silk. Moreover, further studies also shoud be
carried out to ascertain the mechanism of these
compounds.
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