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Trigonella foenum-graecum L. is a medicinal plant known for its various pharmacological properties,
including the anti-bacterial and the anti-microbial effects. This study aimed to determine and compare
the antibacterial activities of extracts of two Tunisian T. foenum-greacum populations, diploid (2n=16)
and its induced autotetraploid (4n=32). Aqueous and organic extracts (petroleum ether, ethyl acetate
and methanolic fractions) prepared from seeds and leaves were assayed to determine their antibacterial
potential against Staphylococcus aureus, Staphylococcus epidermidis, Enterococcus faecalis,
Escherichia coli and Salmonella Typhimurium using agar disk diffusion method. The minimum
inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) were determined. The
results showed that the organic extracts had no antibacterial potential against the tested bacteria
contrary to the aqueous extracts. The extracts prepared from the seeds were more active compared
to those prepared from the leaves against all tested strains. And the induced autotetraploid population
presented an antibacterial activity higher than that of the diploid population.
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INTRODUCTION

The appearance of resistant pathogens paved the way to
the occurrence of infections that are only treated by a
limited number of antimicrobial agents. Bacterial
resistance to antimicrobial agents is a medical problem
with public health and socio-economic implications. The
change in the resistance patterns will continue to menace
the developed and developing countries (Abdou et al.,
2011). The world is nowadays witnessing an emergence
of several multi-drug resistant organisms rendering the
treatment options more and more limited. The emergence
of resistant Gram negative (Abdel-Massih et al., 2010)
and Gram positive bacteria (Akins et al., 2005) presents a
major challenge for the antimicrobial therapy and
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significantly narrows the treatment options of human
infections. In view of the negligible development of anti-
biotics in the past few years, there is an urgent need for
new antibacterial compounds in order to fight the emer-
gence of these new resistant pathogens.

For centuries, plants have been used as remedies and
treatments of diseases. The Mediterranean region is rich
in plant species many of which are considered to have
medicinal effects. However, there is relatively limited
research on medicinal plants in this region (Saad et al.,
2005). Trigonella foenum-graecum L., or fenugreek, is
one of the oldest medicinal plants, found in nature and
cultivated in North Africa, the Middle East and India
(Petropolous, 2002). It is an annual herb of Fabaceae
which is used as human food and forage. Their seeds are
described in the Greek and Latin Pharmacopoeias for
their various pharmacological properties, including the



anti-bacterial (Bhatti et al., 1996) and the anti-microbial
effects (Alkofahi et al., 1996).

T. foenum-graecum is a diploid plant with 2n = 16
(Ahmad et al., 2000) and the aneuploid forms of this
species have not yet been found (Petropoulos, 2002).
The induced polyploidy can increase variability within
species. The polyploidy plays a very important role in
evolution and constitutes an important mechanism of
diversification and creation of genetic variability. Although
the first polyploid was discovered over a century ago, the
genetic and evolutionary implications of polyploidy are
not clearly elucidated (Bennett, 2004; Soltis et al., 2003)
and artificial polyploids are still used as a valuable tool in
plant breeding programs (Ranney, 2006). The importance
of polyploidy in plants breeding arouses a considerable
interest to induced polyploids development when the
mitotic inhibitors were discovered for the first time in
1930s. At this time, the artificial polyploidy was induced
using the colchicine to inhibit the formation of spindle
fibers which results in a temporal arrest of mitosis at the
anaphase stage (Blakeslee and Avery, 1937). At this
point, the chromosomes have replicated, but cell division
has not yet taken place resulting in polyploid cells
(Ranney, 2006). In later year, a number of other mitotic
inhibitors including oryzalin, trifluralin, amiprophos-methyl
and N,O gas had been identified and used as doubling
agents (Bouvier et al., 1994; van Tuyl et al., 1992; Taylor
et al., 1976), but colchicine was preferred as
polyploidization agent and was by far the substance with
which Beji (1991), Madon et al. (2005) and Wei et al.
(2007) found the best results in their experiments of
polyploidy induction.

We found that the treatment using a 0.5% colchicine
solution on the shoot meristem of T. foenum-graecum
gave a higher survival percentage of polyploid plants than
on germinated seeds (Marzougui et al., 2009). A
comparative study between diploid and autotetraploid
fenugreek (4n=32) populations was conducted to
determine differences of morphology and minerals
contents (Marzougui et al., 2009), vitamins and protein
reserves (Marzougui et al., 2010a), the physiological
behavior (Marzougui et al., 2010b), salt stress tolerance
(Marzougui et al., 2010c) and molecular profile
(Marzougui et al., 2010a) between them. This study is
aimed to determine and compare the antibacterial
activities of extracts of two Tunisian T. foenum-greacum
populations, diploid and its induced autotetraploid.

MATERIALS AND METHODS
Plant material

The seeds of a T. foenum-graecum diploid population were
collected from the north-east of Tunisia in the region of Menzel
Temim characterized by an argillaceous soil. Autotetra-
ploid population was induced by colchicine as described in previous
works (Marzougui et al., 2009; Marzougui et al., 2011). The two
populations were cultivated in pots of 20 cm in diameter in a
conditioned room at 25°C, 70% humidity and photoperiod of 16 h.
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The pots were filled with sandy-loam calcareous soil, characteristic
of the region of Elfejéh in south-east of Tunisia. The establishment
of the pots was conducted in randomized block with four
replications. Plant leaves and seeds were collected, well washed
with water, disinfected by immersion in a 2% sodium hypochlorite
solution for 30 min and rinsed with distilled water to eliminate
residual hypochlorite (Rodr’iguez et al., 2005). The material should
be dried, stored at 4°C and ground into powder when it was used.

Preparation of aqueous extracts

Aqueous decoctions of ground seeds and leaves at 10%
concentration were prepared by boiling 10 g in 100 ml sterile
distilled water for 15 min. The flasks were then plugged and
removed from heat and allowed to cool. After cooling the contents
of flasks were filtered through a Whatman disk and then through a
nitro-cellulose paper (J= 0.45 pm) to reduce the risk of interference
by micro-organisms. Preparation of the aqueous precipitates
consisted in boiling 10 g in 100 ml sterile distilled water for 15 min.
After cooling, centrifugation at 12000 rpm/20 min allowed to
separate the extract from the supernatant for seeds and leaves.
Aqueous extracts pH was measured, but only minor differences
were registered (from pH 5.8 to pH 6.1). The precipitate and
decocted extracts were stored at 4°C.

Preparation of organic extracts

Ten grams of the powdered fenugreek seeds and leaves were
subjected to Soxhlet extraction successively with 100 ml of
petroleum ether, chloroform, ethyl acetate and methanol to obtain
respective fractions at 10% concentration (Haouala et al., 2008;
Hayder et al., 2004). Solvents were evaporated under reduced
pressure using Rotavapour R-114 (Buchi, France) and concen-
trated fractions were stored at 4°C until use.

Antibacterial activity
Bacterial strains

The antibacterial activities of seed and leaf extracts of fenugreek
were tested on five human pathogenic bacteria, including Gram-
positive  bacteria (Staphylococcus aureus ATCC 25963,
Staphylococcus epidermidis CIP 106510 and Enterococcus faecalis
ATCC 29212) and Gram-negative bacteria (Escherichia coli ATCC
35218 and Salmonella Typhimurium ATCC 1408). All these strains
were obtained from the culture collection of the Laboratory of
Analysis, Treatment and Valorization of Environmental Pollutants
and Products (LATVPEP), Faculty of Pharmacy of Monastir,
Tunisia. They were stored on Mueller-Hinton Agar (Bio-Rad) at 4°C.
The Mueller-Hinton agar and the nutrient broth (Bio-Rad) were
used, respectively, for growing and diluting the microorganism
suspensions for the antimicrobial assays.

Agar disk diffusion method

In vitro antibacterial activities of T. foenum-graecum extracts were
determined by the agar disk diffusion method according to Ghalem
and Mohamed (2009). Disk assays were found to be a simple,
cheap and reproducible practical method (Maidment et al., 2006).
The inocula grown in the nutrient broth at 37°C for 24 h were diluted
to approximately 10° CFU/ml in nutrient broth. The concentration of
the suspension used for inoculation was standardized by adjusting
the optical density to 0.5 at 570 nm wavelength (spectrophotometer
UV/visible, Jenway 6405). Absorbent disks (Whatman disk of 6 mm
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Table 1. Antibiogram results of studied strains with tested antibiotics.

Tested bacteria

Antibiofics Disk load S. aureus S. epidermidis E. faecalis E. coli S. Typhimurium
(Mg) Iz Result IZ  Result Iz Result 1z Result IZ  Result
Ampicillin 10 1940 I 15+0 R 18+0.5 I nd nd 15+0 R
Penecillin G 6 nd nd nd nd nd nd nd nd nd nd
Nalidixic Acid 30 21£0.5 S nd nd 2341 S 19+0 I 23+1.2 S
Kanamycin 30 100 R nd nd 11£1.5 R 21£0.5 S 15+0 I
Chloramphenicol 30 25+0.2 S nd nd 30+1 S 26+1 S 19+0.2 I
Streptomycin 10 nd nd nd nd nd nd 15+0 S nd nd

Source: Wei et al. (2007).

IZ: Inhibition zone in diameter (mmxSD). R: resistant, S: sensitive, I: intermediate, nd: not detected.

in diameter) were impregnated with 20 pl of different extracts
dilutions and then placed on the surface of inoculated plates (90
mm) and incubated at 37°C for 24 h. Antimicrobial activity was
assessed by measuring the inhibition zone in millimeters (Tepe et
al., 2004). This was the diameter of the zone visibly showing the
absence of growth, including the 6 mm disk, where there was no
inhibition. Ampicillin, penicillin G, nalidixic acid, kanamycin,
chloramphenicol and streptomycin were used in this study as
positive controls for the tested strains. The antibiotic susceptibility
was determined by using the Kirby—Bauer method and Mueller—
Hinton agar plates supplemented with 1% NaCl as described by
Hajlaoui et al. (2010). After incubation at 37°C for 18-24 h, the
diameters of the inhibition zones were measured and interpreted
according to the Comité de la Société Francaise de
I'Antibiogramme (Bonnet et al., 2010). All the tests were performed
in triplicate.

Determination of minimum inhibitory concentration

The minimum inhibitory concentration (MIC) is the lowest
concentration of an antimicrobial agent that will inhibit the visible
growth of a micro-organism after overnight incubation. MICs are
important in diagnostic laboratories to confirm resistance of micro-
organisms to an antimicrobial agent and also to monitor the activity
of new antimicrobial agents (Andrews, 2001). The inocula of the
bacterial strains were prepared from 12 h broth cultures. A range of
concentrations was prepared with sterile distilled water for each
extract. A volume of 1 ml of each concentration was added to 1 ml
of bacterial inoculum in hemolysis tube. Positive and negative
controls were used. The negative control tube contained 1 ml of
sterile distilled water and 1 ml of sterile broth; the positive one was
constituted by 1 ml of sterile distilled water and 1 ml of inoculum.
The inocula were spread over the surface of the Petri plate
containing Mueller-Hinton agar medium. Four disks were placed on
agar containing different extract dilutions. In the center of the Petri
plate, a control disk was impregnated in parallel with 2 pl of the
same solvent as that used to dissolve the plant extracts. The Petri
plates were then incubated at 37°C for 24 h.

Determination of minimum bactericidal concentration

The minimum bactericidal concentration (MBC) was determined by
subculturing samples from the tubes with concentrations above the
MIC on new plates of Mueller-Hinton Agar. The MBC corresponded
to the lowest concentration of the extract associated with no
bacterial culture (Bolou et al., 2011).

Statistical analysis

All tests were carried out in triplicate and the results were presented
as mean * standard deviation (SD). One-way analysis of variance
(ANOVA) was used to compare data of growth inhibition zones
affected between the diploid and autotetraploid populations using
SPSS 16.0 for Windows program. Differences were considered
significant when P < 0.05.

RESULTS
Resistance profile of the tested strains

The antibiotic resistance and susceptibility pattern of the
Gram-negative and positive bacteria was listed in Table
1. The most effective antibiotics against S. aureus and E.
faecalis were nalidixic acid and chloramphenicol, but
none of the tested antibiotics had activity against the third
Gram-positive bacteria, S. epidermidis. While, the most
effective antibiotics against the Gram-negative bacteria
E. coli were kanamycin, chloramphenicol and
streptomycin. The second Gram-negative bacteria S.
Typhimurium was sensitive to nalidixic acid.

Comparisons of activities of aqueous and organic
extracts from both seeds and leaves

The antibacterial activities of T. foenum-graecum L.
extracts against bacteria examined in the present study
and its potency were qualitatively and quantitatively
assessed using the presence or the absence of inhibition
zone diameter; MIC and MBC values. The results for both
seed and leaf extracts for the diploid and the
autotetraploid populations are given in Table 2 and
presented an inhibitory activity comparable to that of the
reference antibiotics (diameter of inhibition zone 1Z
between 19 and 25 mm in Table 1). The results showed
that only the aqueous extracts from seeds of the diploid
population had substantial antibacterial activity. The
decocted showed activity against S. Typhimurium ATCC
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Table 2. Comparison of antibacterial activities of seed and leaf extracts of diploid and autotetraploid populations of Trigonella foenum-graecum on the tested bacteria.
p PM Bacteria Decocted Precipitate Petroleum ether Chloroform Ethyl acetate Methanol
1z MIC MBC 1z MIC MBC IZ MIC MBC IZ MIC MBC IZ MIC MBC IZ MIC MBC
S. aureus nd nd nd 19.97+£0.95* 0.72 25 nd nd nd nd nd nd nd nd nd nd nd nd
S. epidermidis nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Seeds  E. faecalis nd nd nd 20.35+0.58* 0.072 5 nd nd nd nd nd nd nd nd nd nd nd nd
E. coli nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
S. Typhimurium ~ 19.674£0.57* 0.79 25 211* 0.72 5 nd nd nd nd nd nd nd nd nd nd nd nd
Diploid
S. aureus nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
S. epidermidis nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Leaves E. faecalis nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
E. coli nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
S. Typhimurium nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
S. aureus nd nd nd 27.35+2.5* 0.074 >10 nd nd nd nd nd nd nd nd nd nd nd nd
S. epidermidis 14.5+0.5 0.82 10 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Seeds  E. faecalis 1540.2* 0.082 10 23.7+1.5 0.74 10 nd nd nd nd nd nd nd nd nd nd nd nd
E. coli 14.77£0.25* 082 >10 5.35+2* 0.74 5 nd nd nd nd nd nd nd nd nd nd nd nd
S. Typhimurium ~ 20.2+0.72*  0.82 5 25+2* 0.74 5 nd nd nd nd nd nd nd nd nd nd nd nd
Autotetraploid
S. aureus 7.03£0.15* 056  >10 513+0.15*  0.68 5 nd nd nd nd nd nd nd nd nd nd nd nd
S. epidermidis 7.07£0.11* 006 25 7.13£0.15* 0.68 >10 nd nd nd nd nd nd nd nd nd nd nd nd
Leaves E. faecalis 5.27+0.25*  0.056 5 10.3£0.26* 034  >10 nd nd nd nd nd nd nd nd nd nd nd nd
E. coli 4974015  0.56 5 3.38+0.12*  0.68 10 nd nd nd nd nd nd nd nd nd nd nd nd
S. Typhimurium nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

P: population, PM: Plant material, IZ: Inhibition zone in diameter (mm+SD), MIC: Minimum Inhibitory Concentration (mg/ml), MBC: Minimum Bactericidal Concentration (mg/ml), nd: not detected. *: significant at P<0.05.

1408 only (1Z=19.67 mm), while the precipitate
had inhibitory activity against S. aureus ATCC
25963, E. feacalis ATCC 29212 and S.
Typhimurium ATCC 1408 (IZ between 19.97 and
21 mm). Concerning the autotetraploid population,
the organic extracts from leaves and seeds had
not also an antibacterial effect against all tested
bacteria whereas the aqueous extracts had
antibacterial activity against the majority of them.

In fact the seed decocted inhibited the growth of
all bacteria except for S. aureus ATCC 25963 (IZ
from 14.5 to 20.2 mm) and the seed precipitate
had no inhibitory effect against S. epidermidis CIP
106510 only (IZ between 5.35 and 25 mm). The
aqueous extracts from leaves of the autotetraploid
population had antibacterial potential against all
tested bacteria except for S. Typhimurium ATCC
1408. Statistical analysis showed significant

variations (P<0.05) between the diameters of
inhibition zones caused by the antibacterial
activity of decocted extracts from seeds and from
leaves of the diploid population against S.
Typhimurium ATCC 1408 and for the precipitate
variations were significant against S. aureus
ATCC 25963, E. faecalis CIP 106510 and S.
Typhimurium ATCC 1408. MIC and MBC values
varied for aqueous extracts from seeds of the
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diploid population from 0.072 to 0.79 mg/ml and from 2.5
to 5 mg/ml, respectively (Table 2). For the autotetraploid
population, MIC and MBC values of aqueous extracts
from seeds were from 0.082 to 0.82 mg/ml and from 5 to
10 mg/ml or higher, respectively. The aqueous extracts
from leaves showed MIC and MBC values ranged from
0.056 to 0.56 mg/ml and from 2.5 to 10 mg/ml or higher,
respectively. The report MIC/MBC reveals the bactericidal
and bacteriostatic powers of the tested plant extracts.
Extract has a bacteriostatic power when this report = 4
and bactericidal when this report is < 4 (Dramane et al.,
2010). In our case all extracts of T. foenum-graecum
showing an inhibitory effect had bactericidal power.

Comparisons of antibacterial activities between
diploid and autotetraploid populations

The results comparing the antibacterial potential between
the diploid and the autotetraploid populations of T.
foenum-graecum were presented in Table 2. The data of
zones of growth inhibition (IZ in mm) scored in Mueller—
Hinton agar demonstrated that the seed precipitate
of the diploid population had antibacterial activity against
three of the five tested bacteria (S. aureus ATCC 25963,
S. epidermidis CIP 106510 and S. Typhimurium ATCC
1408) with an 1Z between 19.97 and 21 mm, while the
precipitate prepared from the seeds of the autotetraploid
population showed activity against E. faecalis ATCC
29212 and E. coli ATCC 35218 in addition to S. aureus
ATCC 25963 and S. Typhimurium ATCC 1408 (IZ
between 5.35 and 27.35 mm). The seed decocted of the
diploid population had inhibitory activity against S.
Typhimurium ATCC 1408 only with an 1Z equal to
19.67 mm. In contrast the decocted of the autotetraploid
population had antibacterial activity against S. epidermidis
CIP 106510, E. faecalis ATCC 29212, E. coli ATCC
35218 and S. Typhimurium ATCC 1408 (IZ from 14.5 to
20.2 mm). For extracts prepared from leaves, all extracts
of the diploid population had not inhibitory activities
against the tested bacteria, whereas the aqueous
extracts prepared from the autotetraploid population had
antibacterial potential against S. aureus ATCC 25963,
S. epidermidis CIP 106510, E. faecalis ATCC 29212
and E. coli ATCC 35218 (IZ between 3.38 and 10.3 mm).
Statistical analysis showed significant variations between
the diameters of inhibition zones caused by the anti-
bacterial activities of aqueous extracts of diploid and
autotetraploid populations (P<0.05).

MIC and MBC values confirmed the fact that the
fenugreek autotetraploid population had higher anti-
bacterial activity than that of the diploid population. They
were ranged for aqueous extracts from seeds of the
autotetraploid population from 0.082 to 0.82 mg/ml and
from 5 to 10 mg/ml or higher, respectively (Table 2).
Values of aqueous extracts from leaves were comprised
between 0.056 and 0.56 mg/ml and from 2.5 to 10 mg/ml

or higher, respectively.

DISCUSSION

From all these results, it can be considered that the
prepared organic extracts show no antibacterial potential
against the tested bacteria contrary to the aqueous
extracts. And concerning aqueous extracts, precipitate
has an antibacterial potential higher than decocted. We
can explain these results by the difference in composition
of antibacterial substances between the tested extracts.
In fact, antibacterial substances showed different solu-
bility depending on the extract solvent used (Qstensvik et
al, 1998). Water allows the extraction of very polar
substances such as flavonoids, tannins, alkaloid, etc.
(Snyder and Kirk, 1979). And these substances belong to
the major classes of antimicrobial compounds in plants
(Cowan, 1999). Organic solvents allow a better extraction
of less polar compounds such as terpenic derivatives (Ali-
Emmanuel et al, 2002). Qualitative and quantitative
analyses of compounds of the different studied extracts
are needed to justify our results. The work of Abdel-
Massih et al. (2010) on antibacterial activity of the
extracts obtained from the seeds of T. foenum-graecum
on highly drug-resistant Gram negative bacilli confirmed
our results. They have not detected an antibacterial
effect with their fenugreek organic extracts (petroleum
ether, dichloromethane and ethyl acetate) on E. coli and
K. pneumonia and noted an antibacterial potential with
their aqueous extract prepared from fresh plants. Their
MIC and MBC values were from 10 to 20 pg/pl and 10
Mo/ul, respectively. The organic extracts of T. foenum-
graecum could have activity against other microorganisms
such as fungi. This was demonstrated by Haoula et al.
(2008) which studied the antifungal potential of petroleum
ether, ethyl acetate and methanolic fractions of the aerial
fenugreek parts and showed that the antifungal activity
resided mainly in the methanol fraction. MIC of methanol
fraction which caused total inhibition of Rhizoctinia solani
and Alternaria sp. was 60 pg/ml.

Furthermore, our findings showed that extracts
prepared from the seeds of T. foenum-graecum are more
active compared to those prepared from the leaves
against the tested bacteria. Wagh et al. (2007) worked on
fenugreek seeds and demonstrated that the oil extracted
from them has high degree of antimycotic and anti-
bacterial activity against Aspergillus niger, A. fumigatus,
Staphylococcus aureus and Pseudomonas aeruginosa,
isolated from India. They concluded that oil of T. foenum-
graecumcan be used for developing plant-derived
antimicrobial drugs. According to Bhatti et al. (1996) the
antibacterial activity shown by fenugreek seed extracts
may be due to its flavonoid content. Increasingly, this
class of natural products is becoming the subject of anti-
infective research, and many groups have isolated and
identified the structures of flavonoids possessing



antifungal, antiviral and antibacterial activity (Tim Cushnie
and Lamb, 2005). The seeds of T. foenum-graecum were
found to contain luteolin (Varshney and Sharma, 1966),
quercetin (Varshney and Sharma, 1966; Shang et al.,
1998), vitexin (Adamska and Lutomski, 1971; Wagner et
al., 1973; Huang and Liang, 2000), isovitexin (Wagner et
al., 1973), orientin (Huang and Liang, 2000), isoorientin
(Wagner et al., 1973), naringenin and tricin (Shang et al.,
1998). Moreover, numerous research groups have
sought to elucidate the antibacterial mechanisms of
action of selected flavonoids. The activity of quercetin, for
example, has been at least partially attributed to inhibition
of DNA gyrase (Tim Cushnie and Lamb, 2005).

To our knowledge, this work represents the first attempt
to study the antibacterial activity of a polyploid fenugreek
induced artificially. In this context, we found that the
aqueous extracts prepared fromthe autotetraploid
population of T. foenum-graecum have antibacterial
potential greater than thatof the diploid population
against S. aureus ATCC 25963, S. epidermidis CIP
106510, E. faecalis ATCC 29212, E. coli ATCC 35218
and S. Typhimurium ATCC 1408. This can be justified by
a probable difference in composition of antibacterial
substances between diploid and autotetraploid popu-
lations. Polyploidy induction of T. feonum-graecum
provoked an increase in the copy number of all
chromosomes (Marzougui et al, 2009; 2011) and that
affects all genes equally and should result in an increase
in gene expression (Comai, 2005) through increase varia-
tion in dosage-regulated gene expression (Osborn et al,
2003). So may be expecting a doubling of the amount in
antibacterial substance in the autotetrapoid population of
fenugreek. This can be proved by initiating a study on the
composition of the studied fenugreek parts in anti-
bacterial substances such as flavonoids and comparing
the compositions in these substances between diploid
and autotetraploid populations. And it is on this topic that
we will focus our future research.

Conclusion

Our results showed that the organic extracts had no anti-
bacterial potential against the tested bacteria contrary to
the aqueous extracts; and for these, the precipitate had
an antibacterial potential higher than the decocted. They
indicated also that extracts prepared from the seeds of T.
foenum-graecum were more active compared to those
prepared from the leaves against the tested strains. We
also noted that the autotetraploid population of T.
foenum-graecum had antibacterial activity higher than
that of the diploid population. Additional chemical studies
of the autotetraploid fenugreek have to be performed if it
is to be used for medicinal purposes.

REFERENCES

Abdel-Massih R, Abdou E, Baydoun E, Daoud Z (2010). Antibacterial

Marzougui et al. 5171

activity of the extracts obtained from Rosmarinus officinalis,
Origanum majorana, and Trigonella foenum-graecum on highly drug-
resistant Gram negative bacilli. J. Bot. ID 464087, 8 pages,
doi:10.1155/2010/464087.

Abdou E, Daoud Z, Abdel-Massih R (2011). Leaf and branch extracts of
Eriobotrya japonica exert antibacterial activity against ESBL-
producing Escherichia coli and Klebsiella pneumonia. Int. J.
Phytomed., 3:120-128.

Adamska VM, Lutomski J (1971). C-flavonoidglycoside in den Samen
von Trigonella foenum-graecum L. Planta Med. 20:224-229.

Ahmad F, Acharya SN, Mir Z, Mir PS (2000). Localization and activity of
rRNA genes on fenugreek (Trigonella foenum-graecum L.)
chromosomes by fluorescent in situ hybridization and silver staining.
Cytobios, 101:37-53.

Akins RL, Pharm D, Haase KK, Pharm D (2005). Gram-Positive
Resistance: Pathogens, Implications, and Treatment Options.
Pharmacotherapy 25:1001-1010.

Ali-Emmanuel N, Moudachirou M, Akakpo AJ, Quetin-Leclercq J (2002).
In vitro antibacterial activity of Cassia alata, Lantana camara
andMitracarpus scaber on Dermatophilus congolensis isolated in
Benin. Bred. Med. Vet. Pays Trop. 55:183-187.

Alkofahi A, Batshoun AR, Owais W, Najib W (1996). Biological activity
of some Jordanian medicinal plant extracts. Phytotherapeutics 67:
435-442.

Andrews JM  (2001). Determination of minimum
concentrations. J. Antimicrob. Chemother. 48:5-16.

Beji M (1991). Evolutionary relationships in the genus Hedysarum.
Contribution of experimentally induced tetraploidy. Thesis of
Biological Sciences. University of Tunis, Tunis, Tunisia.

Bennett MD (2004). Perspectives on polyploidy in plants-ancient and
neo. Biol. J. Linnean Soc. 82:411-423.

Bhatti MA, Khan MTJ, Ahmed B, Jamshaid M, Ahmad W (1996).
Antibacterial  activity of Trigonella foenum-graecum seeds.
Phytotherapia 67:372-374.

Blakeslee AF, Avery AG (1937). Methods of inducing doubling of
chromosomes in plants. Heredity 28:393-411.

Bolou GEK, Attioua B, N'Guessan AC, Coulibaly A, N'Guessan JD,
Djaman AJ (2011). In vitro evaluation of antibacterial activity of
extracts of Terminalia glaucescens Planch. Salmonella typhi and
Salmonella typhimurium. Bulletin de la Societe Royale des Sciences
de Liége. 80:772-790.

Bonnet R, Cavallo JD, Chardon H, Chidiac C, Courvalin P, Dabernat H,
Drugeon H, Dubreuil L, Guery B, Jarlier V, Jehl F, Lambert T,
Leclercq R, Nicolas-Chanoine MH, Plesiat P, Quentin C, Rouveix B,
Soussy CJ, Varon E, Weber P (2010). Committee of
the Antibiogram of the French Society for Microbiology Press.

Bouvier L, Fillon FR, Lespinasse Y (1994). Oryzalin as an efficient
agent for chromosome doubling of haploid apple shoots in vitro. Plant
Breed. 113:343-346.

Comai L (2005). The advantages and disadvantages of being polyploid.
Nat. Rev. Genet. 6:836-846.

Cowan MM (1999). Plant Products as Antimicrobial Agents. Clinical
Microbiology Reviews. Am. Soc. Microbiol. 12:564-582.

Dramane S, Witabouna KM, Kagoyire K (2010). Evaluation
of antimicrobial activities against free radicals and sometaxa
of bioactive Ivory Coast. Eur. J. Sci. Res. 40: 307-317.

Ghalem BR, Mohamed B (2009). Essential oil from gum of Pistacia
atlantica Desf.: Screening of antimicrobial activity. Afr. J. Pharm.
Pharmacol., 3: 87-91.

Hajlaoui H, Mighri H, Noumi E, Snoussi M, Trabelsi N, Ksouri R,
Bakhrouf A (2010). Chemical composition and biological activities of
Tunisian Cuminum cyminum L. essential oil: A high effectiveness
against Vibrio spp. strains. Food Chem. Toxicol. 48:2186-2192.

Haouala R, Hawala S, El-Ayeb A, Khanfir R, Boughanmi N (2008).
Aqueous and organic extracts of Trigonella foenum-graecum L.
inhibit the mycelia growth of fungi. J. Environ. Sci. 20:1453-1457.

Hayder N, Abdelwahed A, Kilani S, Ben AR, Mahmoud A, Ghedira K,
Ghedira LC (2004). Anti-genotoxic and free-radical scavenging
activities of extracts from (Tunisian) Myrtus communis. Mutat. Res.
Genet. Toxicol. Environ. Mutagen. 564:89-95.

Huang WZ, Liang X (2000). Determination of two flavones glycosides in
the seeds of Trigonella foenum-graecum L. Zhiwu Ziyan Yu Huanjing

inhibitory



5172 J. Med. Plants Res.

Xuebao, 9:53-57.

Madon M, Clyde MM, Hashim H, Mohd Yusuf Y, Mat H, Saratha S
(2005). Polyploidy induction of oil palm through colchicine and
oryzalin treatments. J. Oil Palm Res. 17:110-123.

Maidment C, Dyson A, Haysom | (2006). A study into the antimicrobial
effects of cloves (Syzgium aromaticum) and cinnamon
(Cinnamomum zeylanicum) using disc-diffusion assay. Nutr. Food
Sci. 36:225-230.

Marzougui N, Boubaya A, Elfalleh W, Ferchichi A, Beji M (2009).
Induction of polyploidy in Trigonella foenum-graeccum L.:
Morphological and chemical comparison between diploids and
induced autotetraploids. Acta Bot. Gallica 156:379-389.

Marzougui N, Boubaya A, Thabti I, Elfalleh W, Guasmi F, Ferchichi A
(2011). Polyploidy induction of Tunisian Trigonella foenum-greaum L.
populations. Afr. J. Biotechnol. 10:8570-8577.

Marzougui N, Elfalleh W, Boubaya A, Guasmi F, Ferchichi A, Lachieheb
B, Beji M (2010a). Repercussion of polyploidy on ISSR molecular
profile and on the content of vitamins and proteins in Trigonella
foenum-graecum L. Acta Bot. Gallica 157:89-99.

Marzougui N, Guasmi F, Elfalleh W, Boubaya A, Touil L, Ferchichi A,
Lachieheb B, Beji M (2010b). Physiological performance of induced
autotetraploid genotype of Trigonella foenum-graecum L. compared
with diploid genotypes. Acta Bot. Gallica 157:117-126.

Marzougui N, Boubaya A, Guasmi F, Elfalleh W, Touil L, Ferchichi A,
Beji M (2010c). Repercussion of artificial polyploidy on tolerance to
salt stress in Trigonella foenum-graecum L. in Tunisia compared to
diploid genotypes. Acta Bot. Gallica 157:295-303.

Osborn TC, Pires JC, Birchler JA, Auger DL, Chen ZJ, Lee HS, Comai
L, Madlung A, Doerge RW, Colot V, Martienssen RA (2003).
Understanding mechanisms of novel gene expression in polyploids.
Trends Genet. 19:141-147.

Petropoulos AG (2002). Fenugreek : the genus Trigonella. Taylor and
Francis. London, New York. p. 200.

Qstensvik Q, Skulberg OM, Underdal B, Hormazabal V (1998).
Antibacterial properties of extracts from selected planktonic
freshwater cyanobacteria-a comparative study of bacterial bioassays.
J. Appl. Microbiol. 84:1117-1124.

Ranney TG (2006). Polyploidy: From Evolution to New Plant
Development. Combined Proc. Int. Plant Propagators’ Soc. 56:137-
142.

Rodriguez J, Hern"andez-Castillo D, Rodriguez-Garc’ia R, Angulo-
S’anchez JL (2005). Antifungal activity in vitro of Aloe vera pulp and
liquid fraction against plant pathogenic fungi. Ind. Crop Prod. 21:81-
87.

Saad B, Azaizeh H, Said O (2005). Tradition and perspectives of Arab
herbal medicine. Evid. Based Complement Alternat. Med. 2:475-479.

Shang M, Cai S, Han J, Li J, Zhao Y, Zheng J, Namba T, Kadota S,
Tezuka Y, Fan W (1998). Studies on flavonoids from fenugreek.
Zhongguo Zhongyao Zazhi, 23:614-616.

Snyder L, Kirk J (1979). Introduction to modern liquid chromatography.
Wiley. New York. p. 278.

Soltis DE, Soltis PS, Tate JA (2003). Advances in the study of
polyploidy since Plant Speciation. New Phytol. 161:173-191.

Taylor NL, Anderson MK, Wuesenberry KH, Watson C (1976). Doubling
the chromosome number of Trifolium species using nitrous oxide.
Crop Sci. 16:516-518.

Tepe B, Donmez E, Unlu M, Canian F, Daferera D, Vardar-Unlu G,
Polissiou M, Sokmen A (2004). Antimicrobial and antioxidative
activities of the essential oils and methanol extracts of Salvia
cryptantha (Montbret et Aucher ex Benth.) and Salvia multicaulis
(Vahl). Food Chem. 84:519-525.

Tim Cushnie TP, Lamb AJ (2005). Antimicrobial activity of flavonoids.
Int. J. Antimicrob. Ag. 26:343-356.

van Tuyl JM, Meijer B, van Dién MP (1992). The use of oryzalin as an
alternative for colchicine in in-vitro chromosome doubling of Lilium
and Nerine. Acta Hortic. 325:625-629.

Varshney IP, Sharma SC (1966). Saponins and sapogenins XXXII
Trigonella foenum-graecum seeds. J. Indian Chem. Soc. 43:564-567.

Wagh P, Rai M, Deshmukh SK, Teixeira Durate MC (2007). Bio-activity
of oils of Trigonella foenum-graecum and Pongamia pinnata. Afr. J.
Biotechnol. 6:1592-1596.

Wagner H, lyengar MA, Hérhammer L (1973). Vicenin-1 and -2 in the
seeds of Trigonella foenum-graecum Linn. Phytochemistry 12:25-48.
Wei L, Dong-nan H, Hui L, Xiao-yang C (2007). Polyploid induction of
Lespedeza formosa by colchicine treatment. Forestry Stud. China

9:283-286.



