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Abstract

Background: Bambusa vulgaris (bamboo) is a common plant in tropical regions of the world, with multiple biological activities. Ce-
real steep liquors have been identified to act against some fecal bacteria. Given the increasing prevalence of antimicrobial resistance
coupled with the cost of antibiotics, there is a need for mitigation efforts and the shift by locals to herbal products.
Methods: The factorial study design was employed. Bamboo leaves were washed, dried, milled, and soxhlet extracted for 16 h using
the steep fermented liquor from Zea mays subsp. mays as the solvent. Rotary evaporated extracts of various weights were used to
carry out sensitivity and minimum inhibitory concentration (MIC) tests. Oral acute toxicity was determined. The in vivo assay was
used to determine the effective dosage for the treatment of infected mice while distilled water and ciprofloxacin served as negative
and positive controls, respectively.
Results: The average inhibition zone diameters in the sensitivity test at 25, 50, and 100 mg/mL concentrations were 16.20 ± 0.06
mm, 19.10±0.02 mm, and 22.10±0.05 mm, respectively, while the MIC against Salmonella typhi was 25 mg/mL. The extract was found
to be safe at up to 5000 mg/kg dose, which means that the LD50 was ≥ 3808 mg/kg. The Widal test revealed that mice responded to
treatment with the extract at different concentrations (50, 100, and 200 mg/mL) as the number of days increased. The in vivo assay
on day 14 showed the bactericidal property at a dosage of 200 mg/mL.
Conclusions: Bamboo leaves extract in steep liquor from fermented yellow maize displayed excellent pharmacological activity
against the pathogenic organism of typhoid fever with a potential source of active agents.
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1. Background

The deadly threat to human health by infectious dis-
eases such as typhoid fever and other relevant disorders is
felt by a vast majority of tropical countries due to limited
chemotherapy and nonavailability of vaccines (1). Given
the increasing prevalence of antimicrobial resistance cou-
pled with the cost of antibiotics and its associated clin-
ical implications, there is a need for mitigation efforts.
Nowadays, people are switching to natural products over
synthetic compounds, which can be easily obtained from
locally available plants and can help in reducing public
health costs. The use of natural products is playing a piv-
otal role in developing countries’ healthcare delivery sys-
tem due to the earning power or poverty level of the peo-

ple (2). In Africa, many plant species are used traditionally
to cure infectious diseases; hence, fighting infections us-
ing natural products will be advantageous and affordable
to most local patients (3) in the face of the increasing cost
of orthodox medicines.

Salmonella infection is rated among the most common
food-borne diseases worldwide. The persisting morbidity
and mortality of Salmonella infections, primarily S. typhi in-
fection, may be attributed to the increasing resistance rate
of this pathogen to a few commonly used antimicrobial
compounds (4) in many developing countries. Thus, novel,
efficient, safe, and affordable remedies for typhoid fever or
salmonellosis are necessary for these countries.

Bambusa vulgaris (bamboo) leaves contain higher pro-
tein levels than the stem. The aqueous extract of ma-
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tured bamboo leaves contains six phenolic acids, includ-
ing chlorogenic acid, ferulic acid, coumaric acid, protocat-
echuic acid, vanillic acid, and caffeic acid. These phenolic
acids might be responsible for the allelopathic (weedici-
dal) effects (5, 6). Bamboo leaves are used to treat febrile
disease, thirst-related symptoms, and palsy, and they are
an effective treatment of cough, phlegm, and fever. They
are also used for treating hemoptysis and swelling, induc-
ing urination, and stopping bleeding (7).

The most commonly used diagnostic test for typhoid
fever in developing countries like Nigeria is the Widal test.
The levels of the agglutinating antibody against O and H
antigens are used for Salmonella typhi. The serological re-
sponse in acute typhoid fever raises the titer value of the O
antibody, with an elevation of the H antibody titer develop-
ing more slowly (8).

Earlier studies have proven that steep fermented
liquor from different grains has appreciable antimicrobial
activity against test organisms (9, 10). This finding was
irrespective of the steeping procedure used. This study
aimed to determine the dosage and toxicity level in the
ethnopharmacological use of fermented maize liquor ex-
tract of Bambusa vulgaris leaves for the treatment of ty-
phoid fever in Nigeria.

2. Objectives

The study provides scientific evaluation for treatment
claims and accurately disseminates better information to
people regarding efficient treatment and improved health
status. The extraction of bamboo leaves with fermented
maize steep liquor alines with the 1991 WHO guidelines for
the assessment of herbal medicine and the sixth Interna-
tional Conference of Drug Regulatory Authorities held in
Ottawa for quality assessment, stability, safety assessment,
and efficacy assessment (11).

3. Methods

3.1. Preparation of Fermented Maize Steep Liquor

The steep liquor from Zea mays subsp. mays (yel-
low maize) was produced from clean and healthy grains
bought from the market in Akungba community in Ondo-
State, Nigeria. Then, 1.5 kg of the grains were washed thor-
oughly, submerged in 3.5 liters of clean tap water, and al-
lowed to ferment for four days. The fermented maize was
milled and sieved with a sterile cotton sieve. The filtrate
was fermented for 24 h, and the steep maize liquor, which
was a fluid free from sediments, was stored in plastic kegs
in a refrigerator at 4°C for further use (9).

3.2. Crude Extraction of Bamboo Leaves Components with Fer-
mented Maize Steep Liquor

Bambusa vulgaris Schrad. Ex. J.C. Wendel (Bamboo)
leaves, the Poaceae family, was collected at the Faculty
of Pharmacy Building, Obafemi Awolowo University, Ile-
Ife, Nigeria. The voucher specimen deposited at the Fac-
ulty of Pharmacy Herbarium included in the index herbar-
ium online, with voucher number FPI 2204. Leaves were
oven-dried at 60°C and ground using a mechanical grinder
to obtain a smooth powder. One kilogram of the pow-
dered bamboo leaves was extracted with seven liters of fer-
mented corn steep liquor using the hot Soxhlet extraction
method for 8 h (12). The extract was filtered, concentrated
with a rotary evaporator (Stroglass, Italy) at 50°C under re-
duced pressure, and lyophilized with a freeze drier (Zirbus,
Germany) (13). The percentage yield was 12.24%.

3.3. Microorganism Suspension Standardization

Salmonella typhi (ST0042) used for this experiment was
obtained from the Nigerian Institute of Medical Research
Laboratory (NIMRL), Yaba, Lagos. The activation of the iso-
lates was carried out by culturing on Salmonella-Shigella
agar (Difco) and incubated at 37°C for 24 h. The pure cul-
ture subcultured on Salmonella-Shigella broth (Difco) at
37°C for 18 h.

The standardized culture of Salmonella typhi (ST0042)
to the 0.5 McFarland concentration

was used with approximately 1 to 2× 108 CFU/mL con-
centrations of young cultures (14).

3.4. Antimicrobial Property

3.4.1. Screening of the Extract for Antibacterial Activity

Fifteen portions of 18.0 mL of Muller Hinton agar
(Scharlua, Spain) were prepared, sterilized, and left to cool
to about 47°C. One milliliter of the 18 h Salmonella typhi
(ST0042) broth culture was seeded into each of the agars.
The seeded agars were poured into sterile Petridishes
and labeled accordingly (15). Then, 100.0 mg/mL, 50.0
mg/mL, 25.0 mg/mL concentrations of the crude extract
were weighed in triplicate into distilled water for reconsti-
tution, while ciprofloxacin and distilled water served posi-
tive and negative controls, respectively. A sterile cork borer
of 8 mm diameter was used to make three wells in each of
the seeded agars and 0.1 mL of each concentration of the
crude extract was dispensed into the wells with a sterile mi-
cropipette. The plates were left for 30 min for the extract to
diffuse into the agar and later kept in an incubator for 24
h at 37°C. The inhibition zone diameter was measured and
recorded. The experiments were performed in triplicate.
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3.4.2. Determination of the Minimum Inhibitory Concentration

Crude extracts at concentrations 50, 25, 12.5, 6.25, 3.125,
and 1.56 mg/mL were prepared in sterilized McCartney bot-
tles. Then, 18 mL of sterilized molten Muller Hinton agar
(Scharlua, Spain) was added to each extract diluent at 45°C,
mixed well by rolling between palms, poured aseptically
into sterile Petri dishes, and allowed to gel. A loop full of
18 h Salmonella-Shigella broth culture was streaked on re-
spective plates containing different concentrations of the
extract and incubated at 37°C for 24 h. The concentration at
which there was no visible growth indicated the minimum
inhibitory concentration (14). Ciprofloxacin was tested at
the same concentrations.

3.5. Determination of the Acute Toxicity of the Extract

The OECD method (16) was used for acute toxicity mea-
surement, which involved two phases. Twenty-two mice
were weighed and divided into two groups for the first and
second phases of the test. Twelve mice were used for the
first phase and the other ten mice for the second phase.
The control group was administered normal saline while
the others were administered a dosage of the extract. The
determination of the acute toxicity started with using 10
mg/kg, 100 mg/kg, and 1000 mg/kg bodyweight for the first
phase and then increased to 1000 mg/kg, 1600 mg/kg, 2900
mg/kg, and 5000 mg/kg body weight in the second phase,
the results of which were used to determine the LD50. The
different body weight of the mice determined the dosage
of the extract and were marked for easy identification. The
mice used were denied food for almost five hours before
the test. The bamboo extract was administered to them
orally with the aid of a canular, and mice were closely mon-
itored for 24 h.

3.6. Dosage Determination

3.6.1. Dosage Determination of Extract

A total of 25 Albino mice (male and female) were used
and randomly distributed into five test groups of five mice
each. The working doses should be less than 50% of the
LD50, which was > 5000 mg/kg (17). The dosages were 250
mg/kg body weight (group B), 500 mg/kg (group C), and
1000 mg/kg (group D). Distilled water was administered to
group A as the negative control group, while 500 mg/kg
bodyweight ciprofloxacin, a commercial antibiotic, was
used as the positive control given to group E. A 10 mL of 18
h Salmonella-Shigella broth (Difco) culture of Salmonella ty-
phi was prepared and 1.0 mL of the culture was given orally
to the test groups A-E on day zero. The calculated doses in
each group per average weight per mouse were given from
day zero (18).

3.6.2. In vivo Assay of Salmonella Infection

The Widal agglutination test was carried out using
HiPer® 169 Widal test Teaching Kit (Slide Test; code: HTI017;
HiMedia Laboratories Pvt. Limited, Mumbai-400 086, In-
dia) to determine the extent of Salmonella infection in ex-
perimental animals. The consecutive treatments of both
extracts and controls on days one, seven, and 14 were em-
ployed for the agglutination test. The test sera were ob-
tained by collecting blood from the tail of mice at dilutions
of 80 µL, 40 µL, 20 µL, 10 µL, and 5 µL each for four anti-
gens. The experiments followed the manufacturer’s speci-
fication and quantified using the procedure for the serial
titer value of Salmonella antibodies. The level of infection
was estimated depending on the extent of the clump’s for-
mation of blood samples according to the modified tech-
nique of Akinyemi et al. (19).

3.7. Gross Behavioural Studies of Mice for Dosage Determina-
tion

The gross behavioral changes in albino mice due to the
administration of different doses were observed at sched-
uled time intervals (6).

3.8. Statistical Analysis

The one-way Analysis of Variance (ANOVA) was used for
determining the statistical differences of various extract
concentrations between the control and test groups. The
levels of significance were set at 0.05 and 0.01 (20). SPSS for
Windows version 17 was used for statistical analysis.

4. Results

The percentage yield of the crude extract of bamboo
leaves with steep corn liquor was 12.24%. In the Salmonella
typhi sensitivity test, there was an increase in the diame-
ter of the clear zone from 16.20± 0.66 to 22.10± 0.05 mm
as the concentration of B. vulgaris steep liquor extract in-
creased from 25.00 to 100.00 mg/mL (Table 1). The level of
sensitivity with ciprofloxacin (21.30±0.04 to 38.40±0.05)
increased significantly at the same concentration. The re-
sult of the MIC assay (Table 2) revealed complete clarity, in-
dicating no observable growth at levels of 25 mg/ml and
50 mg/mL of the crude extract. Hence, the minimum in-
hibitory concentration was 25 mg/mL. The ciprofloxacin
MIC assay showed clarity, with no observable growth at
3.125 mg/mL.

The phase I acute toxicity showed no death in all the
groups. Only one animal died in the second phase at the
highest concentration administered (5000 mg/kg body
weight). Hence, the acute toxicity of the crude extract of
bamboo leaves was less than 3808 mg/kg body weight. [The
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Table 1. The Activity of Yellow Maize Fermented Liquor Extract of Bambusa tuldoides
cv. ventricosa Against Salmonella typhia , b

Concentration, mg/mL Zone of Inhibition, mm

Sensitivity activity of crude extract

25.00 16.20 ± 0.06 A

50.00 19.10 ± 0.02 B

100.00 22.10 ± 0.05 C,D

Sensitivity activity of ciprofloxacin

25.00 21.30 ± 0.04 C

50.00 28.10 ± 0.02 E

100.00 38.40 ± 0.05 F

aDistilled water (negative control) had no activity.
bValues are expressed as means ± standard deviation on a wet basis. Means
of triplicate determinations ± SD. Means with different superscripts (capital
letter) on the same column are significantly different at P ≤ 0.05.

Table 2. Minimum Inhibitory Concentration (MIC) of Yellow Maize Fermented
Liquor Extract of Bambusa tuldoides cv. ventricosa Against Salmonella typhia

Concentration, mg/mL Observation

Crude extract

50 No visible growth

25 No visible growth

12.5 Visible growth

6.25 Visible growth

3.125 Visible growth

1.56 Visible growth

Ciprofloxacin

50 No visible growth

2 No visible growth

12.5 No visible growth

6.25 No visible growth

3.125 No visible growth

1.56 Visible growth

aThe MIC of the crude extract was 25 mg/mL, while that of ciprofloxacin was
3.125 mg/mL.

formula for LD50 was
√

(D0×D100) where D0 is the high-
est dose with no mortality, and D100 is the highest dose
with mortality; in this case:

√
(2900× 5000)].

Tables 3-5 show the result of the Widal test assay for the
confirmation of S. typhi infection in experimental mice. Ag-
glutination in each of these assays was noted. 80 µL cor-
responded to 1 in 20 dilutions, 40 µL to 1 in 40, 20 µL to 1
in 80, 10 µL to 1 in 160, and 5 µL corresponded to 1 in 320
titers. On day 1, the effectiveness of all the three dosages (O
antigen 1/160; H antigen-1/160) was not significantly differ-
ent for S. typhi from the effectiveness of ciprofloxacin as the

positive control (O antigen-1/160; H antigen-1/160) (Table 3).
On day 7 of continuous administration of the extract, there
was a significant reduction in O and H antigens with the in-
creased dose (Table 4). The bamboo leaf extract given at a
treatment dosage of 50 mg/mL had the highest O antigen
of 1/80, with its H antigen of 1/80 for S. typhi, compared to
the treatment dose of 200 mg/mL with a lower O antigen
of 1/40 and H antigen of 1/40.

Table 3. Widal Test for the Presence of Salmonella typhi on Day One in Mice Groups
Treated with Different Extract and Control Dosages

Microbial Strain O Antigen H Antigen

Group A 10 mg/mL distilled water

Salmonella typhi 1/160 1/160

Salmonella paratyphi A 1/80 1/80

Salmonella paratyphi B 1/80 1/80

Salmonella paratyphi C 1/160 1/80

Group B 50 mg/mL extract

Salmonella typhi 1/160 1/160

Salmonella paratyphi A 1/80 1/80

Salmonella paratyphi B 1/80 1/80

Salmonella paratyphi C 1/160 1/80

Group C 100 mg/mL extract

Salmonella typhi 1/160 1/160

Salmonella paratyphi A 1/80 1/80

Salmonella paratyphi B 1/80 1/80

Salmonella paratyphi C 1/160 1/80

Group D 200 mg/mL extract

Salmonella typhi 1/160 1/160

Salmonella paratyphi A 1/80 1/80

Salmonella paratyphi B 1/80 1/80

Salmonella paratyphi C 1/160 1/80

Group E 100 mg/mL ciprofloxacin

Salmonella typhi 1/160 1/160

Salmonella paratyphi A 1/80 1/80

Salmonella paratyphi B 1/80 1/80

Salmonella paratyphi C 1/160 1/80

Mice treated with 500 mg/kg of the crude extract (100
mg/mL) showed no significant difference between their O
and H antigens (1/40 and 1/80, respectively) for S. typhi.

The group given the dosage of 1000 mg/kg of crude ex-
tract (200 mg/mL) showed a high organism reduction in
the body of infected animals (O antigen-1/40; H antigen-
1/40). The mice group treated with ciprofloxacin showed
a highly significant reduction compared to the crude ex-
tract for the S. typhi antigen (O-1/20; H-1/40), while that of
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Table 4. Widal Test for the Presence of Salmonella typhi on Day Seven in Mice Groups
Treated with Different Extract and Control Dosages

Microbial Strain O Antigen H Antigen

Group A 10 mg/mL distilled water

Salmonella typhi 1/160 1/160

Salmonella paratyphi A 1/80 1/160

Salmonella paratyphi B 1/80 1/160

Salmonella paratyphi C 1/160 1/160

Group B 50 mg/mL extract

Salmonella typhi 1/80 1/80

Salmonella paratyphi A 1/80 1/80

Salmonella paratyphi B 1/80 1/80

Salmonella paratyphi C 1/80 1/80

Group C 100 mg/mL extract

Salmonella typhi 1/40 1/80

Salmonella paratyphi A 1/40 1/80

Salmonella paratyphi B 1/40 1/80

Salmonella paratyphi C 1/40 1/80

Group D 200 mg/mL extract

Salmonella typhi 1/40 1/40

Salmonella paratyphi A 1/40 1/40

Salmonella paratyphi B 1/40 1/20

Salmonella paratyphi C 1/20 1/40

Group E 100 mg/mL ciprofloxacin

Salmonella typhi 1/20 1/40

Salmonella paratyphi A 1/40 1/20

Salmonella paratyphi B 1/20 1/20

Salmonella paratyphi C 1/40 1/40

the negative control group had O and H antigens of 1/160
(Table 4). The Salmonella typhi antigen in treated groups on
day 14 decreased significantly with increasing dosage. The
group treated with the highest dosage of 1000 mg/kg of
crude extract of bamboo leaves had the highest reduction
in both O and H antigen of S. typhi (1/20); this was in com-
parison with the O and H antigens of S. typhi of mice treated
with ciprofloxacin (1/20). The antigens of S. typhi the nega-
tive control group increased from day 1 to 7 but there was
no significant increase from day 7 to 14 (1/160) (Table 5). Ag-
glutination assays used to determine the concentrations
of specific antibodies in mice immune sera revealed that
the anti-Salmonella antibodies in infected mice gradually
reduced in a dose-dependent manner.

Table 5. Widal Test for the Presence of Salmonella typhi on Day 14 in Mice Groups
Treated with Different Extract and Control Dosages

Microbial Strain O Antigen H Antigen

Group A 10 mg/mL distilled water

Salmonella typhi 1/160 1/160

Salmonella paratyphi A 1/160 1/80

Salmonella paratyphi B 1/80 1/80

Salmonella paratyphi C 1/160 1/80

Group B 50 mg/mL extract

Salmonella typhi 1/40 1/80

Salmonella paratyphi A 1/40 1/80

Salmonella paratyphi B 1/40 1/80

Salmonella paratyphi C 1/40 1/80

Group C 100 mg/mL extract

Salmonella typhi 1/40 1/40

Salmonella paratyphi A 1/40 1/40

Salmonella paratyphi B 1/40 1/40

Salmonella paratyphi C 1/40 1/40

Group D 200 mg/mL extract

Salmonella typhi 1/20 1/20

Salmonella paratyphi A 1/40 1/20

Salmonella paratyphi B 1/20 1/20

Salmonella paratyphi C 1/20 1/20

Group E 100 mg/mL ciprofloxacin

Salmonella typhi 1/20 1/20

Salmonella paratyphi A 1/20 1/20

Salmonella paratyphi B 1/20 1/20

Salmonella paratyphi C 1/20 1/20

4.1. Observable Symptoms

At different phases of the acute toxicity test, no signs
of dullness were observed in all mice (Table 6). Only mice
administered with 5000 mg/kg body weight of the extract
showed little signs of paleness.

All mice treated with distilled water showed the per-
sistence of catatonic, ataxia, lethargy, respiratory dis-
tress, dehydration, and weight loss as their common be-
havioral characteristics. Group B mice, treated with 50
mg/mL of the extract, initially had a similar persistence
of catatonic, ataxia, lethargy, respiratory distress, dehy-
dration, and weight loss but manifested a brief improve-
ment in these behavioral characteristics as the treatment
approached the 14th day. Group C mice treated with 100
mg/mL of the extract showed drastic improvements in
their behavioral characteristics from the ninth day of treat-
ment to the 14th day of treatment. Group D treated with
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Table 6. Gross Behavioural Studies of Mice Infected with Salmonella typhi and Treated with Yellow Maize/Bamboo Leaf Extract from Day 1 to Day 14a

Days of Treatment Mice Behavioural Characteristics Group Ab Group Bc Group Cd Group De Group Ef

1 Alertness 5 5 4 3 3

2 Loss of appetite 0 0 2 3 3

3 Loss of weight 0 0 3 3 2

4 Reduced activity 0 5 1 4 4

5 Swollen libs 0 3 2 4 4

6 Constriction of pupils 0 1 2 3 4

7 Drowsiness 0 3 2 3 3

8 Alertness 0 4 1 0 0

9 Loss of appetite 0 3 4 5 5

10 Loss of weight 0 3 4 5 5

11 Reduced activity 0 3 4 4 5

12 Swollen libs 0 2 4 4 5

13 Constriction of pupils 2 1 5 4 5

14 Drowsiness 0 1 4 5 5

a0 shows that all five had the characteristics, 1 shows that four out of five had the characteristics, 2 shows that three out of five had the characteristics, 3 shows that two
out of five had the characteristics, 4 shows that one out of five had the characteristics, 5 shows that none of the five had the characteristics.
bGroup A, mice infected with Salmonella typhi treated with 10 ml distilled water.
cGroup B, mice infected with Salmonella typhi treated with yellow maize/bamboo leaf extract at 50 mg/mL.
dGroup C, mice infected with Salmonella typhi treated with yellow maize/bamboo leaf extract at 100 mg/mL.
eGroup D, mice infected with Salmonella typhi treated with yellow maize/bamboo leaf extract at 200 mg/mL.
f Group E, mice infected with Salmonella typhi treated with ciprofloxacin at 100 mg/mL.

200 mg/mL of the extract and group E treated with 100
mg/mL of ciprofloxacin manifested similar sharp improve-
ments in their behavioral characteristics in terms of cata-
tonic, ataxia, lethargy, respiratory distress, dehydration,
and weight loss. Group D started to manifest improved
characteristics from the seventh day of treatment, while
the behavioral improvement in the control group E started
to improve from the fourth day of treatment.

5. Discussion

In this study, the sensitivity test values showed that the
corn liquor extract of bamboo leaf demonstrated an appre-
ciably high activity on Salmonella typhi, with an increase in
the inhibition zone diameters of the organism as concen-
tration increased. This revealed that the action of the ex-
tract was concentration-dependent. The MIC results also
showed that at 25 mg/mL, the extract completely inhibited
the growth of Salmonella. This is in line with the findings
of Adebolu et al. (9). The inclusion of bamboo leaf ex-
tract may improve the activity of the fermented liquor by
increasing its scope of action beyond common diarrheal
bacteria. The biologically active components of bamboo
leaves may be responsible for the above attributes. These
components are saponins, phenols (anthraquinones and

coumarins), tannins, and alkaloids, all of which are rel-
atively strong antibacterial and bactericidal agents (21).
Also, there is the capability of the fermented steep liquor to
enhance the activities of these active components in bam-
boo leaves. The presence of lactobacilli in the cereal fer-
mented steep liquor produced compounds such as organic
acids, diacetyl alcohol, hydrogen peroxide, and bacteri-
ocins, which have inhibitory activities against pathogenic
organisms, including Salmonella typhi (9, 22) and regarded
as a major factor explaining why the extraction of bamboo
leaves biomolecules was useful in this study (21).

The probable modes of action of phenolic compounds
as antimicrobial agents, which are significant components
of bamboo leaves (5, 6, 21), are not explicit. The effect
of phenolic compounds can be concentration-dependent.
At low concentrations, phenols can affect enzyme activ-
ity, particularly those associated with energy production,
while at high levels, they can cause protein denaturation.
The antimicrobial effect of phenolic compounds has its
ability to alter cell permeability, hence permitting the loss
of macromolecules. They also interfere with membrane
function (electron transport, nutrient uptake, protein syn-
thesis, nucleic acid synthesis, and enzyme activity). Phe-
nolic compounds interact with membrane proteins, caus-
ing deformation in structure and functionality. The high
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antibacterial activity of phenolic components can be ex-
plained by alkyl substitution into the phenol nucleus (23).

The viewpoint of concentration-dependent activity of
the extract is acceptable so long as the toxicity level will
be high enough to allow for an increased amount of con-
sumption dosage. Aprevious investigation by Gabriel-
Ajobiewe et al. (24), revealed that the fermented steep
liquor extracts of Bambusat uldoides cv. ventricosa leaves
were active against bacterial species. The result of acute
toxicity showed the median lethal dose (LD50) of the ex-
tract was 3808 mg/kg body weight of experimental ani-
mals, indicating the safety of the leaves of the plant (25).
The result of the Widal test also revealed the activity of the
extract against Salmonella in vivo (Table 6). The effective-
ness of the extract increased with days and concentrations
consumed by experimental mice.

The findings of this study suggested that the extract
was bacteriostatic at lower concentrations while display-
ing bactericidal activity at higher levels according to Tiwari
et al. study (25).

The decrease in antigen titer as the concentration in-
creased was revealed coupled with the length of days pro-
gressed. Serum agglutinin showed the level of agglutina-
tion, and the higher the level of agglutination, e.g., 1/160,
the higher the presence of S. typhi antigen and vice versa.
The fact that S. typhi possesses capsular polysaccharides
(VI antigen) (26), which makes it more virulent than other
serotypes implicated in typhoidal-salmonellosis, can re-
sult in the above action.

Moreover, the potent antimicrobial effect of bamboo
leaves extracts with the steep fermented liquor on S. ty-
phi infection may be due to the mixture of bioactive com-
pounds present compared to the pure compound in stan-
dard antibiotics (6).

The manifestation of the persistent behavioral charac-
teristics of catatonic, ataxia, lethargy, respiratory distress,
dehydration, and weight loss in mouse model infection
treated with placebo agrees with the findings of some re-
searchers (27-29). The demonstration of the reversal of be-
havioral characteristics of the mice model at higher doses
in comparison with ciprofloxacin antibiotic tallies with
the findings of Talukdar et al. (27) and Panda et al. (28).

A detailed consideration of various disadvantages as-
sociated with the use of antibiotics and the rather small
disparity between the effectiveness of bamboo leaf extract
and the standard drug used make the exploitation of ex-
tracts from medicinal plants such as bamboo an attractive
alternative in the early treatment of typhoid and paraty-
phoid fever, together with other diseases caused by non-
typhoidal Salmonella.

5.1. Conclusions

The results obtained in this experiment showed that
Zea mays subsp. mays fermented liquor extract of the bam-
boo leaf can be a potential source of active bio-agents and
if subjected to further studies and processing procedures,
could be employed as a medicinal drink in the treatment of
common infectious diseases caused by Salmonella species.
The introduction of pharmaceutical materials into the hu-
man food chain may be prospective for pharmaceutical
products from plants for use in food crops. This is in
line with the advocacy of the World Health Organization
for countries through their interactions with traditional
medicines to identify and exploit aspects that provide safe
and effective remedies for ailments of both microbial and
non-microbial origins (11).
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