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Abstract

In recent years many antimicrobial agents became ineffective against bacteria. This lead to many
studies of the antimicrobial effects among plants. Bulgarian vegetables are ingredients in many traditional
Bulgarian foods. The aim of the study was to compare the antibacterial activity of organically grown pars-
ley, tomatoes, cayenne peppers, onions and garlic against referent test bacteria - Bacillus subtilis No8751
and Escherichia coli No8752, supplied by the National Bank for Microorganisms and Cell Cultures. Six-
teen vegetable samples were analyzed. Petri dishes were cultivated at 37°C for 24 hours. Our results demon-
strated low antibacterial activity of tomato and parsley samples against the Gram(+) B. subtilis and from
weak to no activity against the Gram (-) E. coli. Fresh garlic samples showed low antibacterial activity
against Gram (+) bacteria with only fresh garlic leaves displaying wider sterile zones. No antibacterial ac-
tivity was demonstrated by the fresh onion bulbs and leaves. In contrast, the mature garlic bulbs showed
pronounced activity against the Gram (-) E. coli (30 mm zone d). Cayenne pepper tissue and seeds possess
antibacterial properties against both Escherichia coli and Bacillus subtilis. Strong antimicrobial activity
against B. subtilis was shown by the mature onion samples with 25 mm zone diameter for the red onion
bulbs and 27 mm zone diameter for the white onion bulbs. Both mature onion samples demonstrated low
activity towards E. coli.

Pesrome

[Ipe3roauHUTE MHOTO aHTUMUKPOOHH BEIIIECTBA CE MPEBbpPHaxa B HeepekTuBHU. TOBa J0BEIE 10 MHOTO
HOBHM IIPOYYBaHUS 32 aHTUMUKPOOHO JIeHCTBHE Cpe/l pacTeHHuATa. bbarapckure 3eJieH4yIH ca ChCTaBKH Ha
MHOTO TPaIUIIMOHHM Hallk XpaHu. LlenTa Ha mpoyuBaHeTo Oe Ja ce cpaBHH aHTHOAKTEpHATHATA AKTHBHOCT
Ha OPraHWYHO OTIVICKJIAHW MAarJaHo3, JOMAaTH, JIOT YepBEH IHUIIEp, JIYK M 4YeChH cpeuly pedepeHTHU
TecToBU OakTepuu - Bacillus subtilis No8751 u Escherichia coli No8752, npenocraBenu ot Harmonanuara
banka 3a Mukpoopranmzmu u Knerpunu Kyntypu. B mpoyuBanero Osxa m3mon3Banu 16 pacTUTEIIHH
npoou. Excriepumentute Osixa npoBeieHu 1mo Merona audysus B arap. [lerpura 0sxa KyJITHUBUPAaHU TPU
37°C B npombinkeHue Ha 24 vaca.HamuTe pe3ysiTaTd NOKa3BaT HUCKA aHTHOAKTEpHalHA aKTHMBHOCT Ha
MPOOUTE OT AOMATH U MargaHo3 cpenty ['pam (+) B. subtilis n ot cmaba 10 OTCHCTBAIA AKTUBHOCT CPEILy
I'pam (-) E. coli. IIpobute mpeceH 4eChH MOKa3axa HUCKA aHTHOAKTEepHaIHa aKTUBHOCT cpenry ['pam (+)
OaKkTepuu camo JIUCTaTa OT MPECEH YEChH, MOKa3axa MO-IUPOKU CTEPUIIHU 30HU. [J1aBUTE U JIUCTATa OT
MIPECEH JIyK HE JICMOHCTHUpPaxa aHTHOAKTEPHAITHO JCHCTBHE.3peNuTe IIaBH YeChH, 00ade, MoKa3Bar SICHO
n3paszeHa akTuBHOCT cpenty I'pam (-) E. coli (30 MM auameThp Ha 30HU). ThKaHUTE M ceMEHaTa OT JIFOT
YepBeH MUIEp MPUTEKaBAaT aHTUOAKTEPUATIHA CBOWCTBA KaKTo cpemty E. coli, Taka u cpemy B. subtilis.
CunHa aHTUMHKpPOOHAa aKTUBHOCT cpelty B. subtilis Oemie moka3zaHa oT npoOuTe 3psi JIyK C AUAMETHD
25 MM TIpU 30HHUTE OT YEPBEH JYK M 30HU C TUAMETHP OT 27 MM 3a IiaBute 051 JIyK. M nBeTe mpoou 3psit
JYK MOKa3axa HUCKa aKTUBHOCT KbM E. coli.
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Introduction

Currently there is a need for new antimicro-
bial agents, because of the multidrug resistance of
pathogenic bacteria. Many studies are focused on
finding new bio-active compounds in extracts de-
rived from plants. Preparations containing such
compounds as the principal physiologically active
constituents have been used to treat human diseas-
es. Reports of activity in the field of antibacterial
flavonoid research are widely conflicting, probably
owing to inter- and intra-assay variation in suscep-
tibility testing (Tim and Lamb, 2006). Yee-Lean et
al. (2003) reports, that among the vegetable and
fruit extracts, all fresh vegetables showed no anti-
bacterial activity, but purple and red vegetable and
fruit juices had antibacterial activities.

Petroselinum crispum has been widely used
in folk medicine and has been reported to possess
antibacterial activity against both Gram (+) and
Gram (-) bacteria (Bin et. al., 2007; El Astal et. al,
2005; Peter et al., 2006; Sayyednejad and Damab,
2008).

Tomatoes are potent antioxidants and scaven-
gers of free radicals (Richard and Pajkovic, 2008).
Tomato-based bio-films have been reported to pro-
tect against bacterial pathogens and spoilage while
also enhancing sensory properties of foods (Wen-
Xian et al., 2008, 2012).

Capsicum species produce fruits that synthe-
size and accumulate unique hot compounds known
as capsaicinoids in the tissues and seeds (Cesar et
al., 2011; Mariangela et al., 2011). Bio-autographic
tests have demonstrated that capsaicin is the main
antimicrobial component (Soediro et al, 1997).
Capsicum annuum fruits have also been used in
traditional medicine for their antibacterial activ-
ity against a broad spectrum of bacterial species
(Mariangela et al., 2011; Rose et al., 2012; Soed-
iro et al., 1997). Antimicrobial, antifungal and an-
tioxidant activity has also been reported for Alli-
um cepa, showing it as a new potential source of
bio-active compounds due to the presence of Flavo-
noids (Cammue et al.,, 1995; Chun-Lin et al., 2013;
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Freddy et al., 2006; Jonathan et al., 2010).

Garlic has been used for its medicinal prop-
erties for thousands of years, investigations on its
mode of action were recently performed. Recent
research shows Allium sativum as a promising
source of antibacterial agents that can be used in
food preservation and pharmaceutics (Srinivasan et
al., 2009).

The geographic location of Bulgaria pro-
vides one of the best environments for cultivating
organic vegetables rich in bio-active substances,
without the need for chemically enriched manure
or other soil additives. The aim of our study was
to compare the antibacterial activity of organical-
ly grown Bulgarian parsley, tomatoes, peppers,
onions and garlic against referent Gram (+) and
Gram (-) test bacteria.

Materials and Methods

Nine different organically grown vegetables
were used in our study: parsley, two varieties of
tomato, cayenne peppers, white, red and fresh on-
ions, mature and fresh garlic. The vegetable sam-
ples were divided in two parsley samples, eight to-
mato samples, three garlic samples and four onion
samples. Samples were prepared in a way closest
to human consumption. The samples were analyzed
viaagar diffusion method against Gram (-) E. coli
and Gram (+) B. subtilis, supplied by the National
Bank for Microorganisms and Cell Cultures.

e Parsley samples were separated in stems and
leaves.

e Tomato samples from two varieties were
used: D5 - “Rose” and D6 - “Ideal”. The sam-
ples were prepared as dried tomato puree, raw
tomato puree, tomato seeds and tissue slices
in order to note the antibacterial properties of
each part of the tomato fruit for both variet-
ies.

e The pepper fruits were cut open with a sterile
scalpel and were separated in 3 samples - raw
tissues, tissue disks (d = 0.5mm) and seeds.

e The onion samples were divided in white and
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Samples: tomatoes (a), cayenne peppers (b), white onion (¢), red onion (d), fresh onion (e), mature garlic

(f) and fresh garlic (g)



Fig. 1. Antibacterial activity of parsley leaves
against B. subtilis N°8752 and E. coli No8751

red onion bulbs, fresh onion bulbs and fresh

onion leaves.

e Mature garlic bulbs, fresh garlic bulbs and
fresh garlic leaves were used for the garlic
samples.

The parsley leafs and stems were homoge-
nized using a mortar and pestle, while the tomato,
onion and garlic samples were separately homoge-
nized using a sterilized blender. The dried tomato
puree was prepared by drying part of the raw puree
at 370C for 24 hours. The cayenne pepper tissues
were scraped away with a sterile scalpel.

Nutrient agar petri dishes were inoculated
with 0.1ml 1x10° CFU/ml of the test microorgan-
isms the Gram ( - ) E. coli No8752 and Gram(+)
B. subtilis No8751 (supplied by the National Bank
for Microorganisms and Cell Cultures). Wells
(d = 9mm) were then aseptically perforated in the
Nutrient agar to hold the homogenized samples and
the raw cayenne pepper tissues.

The tomato and pepper seeds, tomato tissue
slices and the pepper tissue disks were placed on
the surface of the inoculated agar.

Petri dishes were cultivated at 37°C for 24
hours. Sterile zones around the wells, seeds and
slices were then measured.

Fig. 2. Antibacterial activity of parsley stems
against B. subtilis No8752 and E. coli No8751

Results and Discussion

The obtained results demonstrateddiverse ef-
fects of the vegetable samples on the test bacteria’s
growth ranging from no to strong antibacterial ac-
tivity as follows:

Parsley Antibacterial Activity

Parsley leafs inhibit the growth of B. subtilis
(2 mm inhibition zone) and are not active against
E. coli. Similar results were obtained for parsley
stems: no antibacterial activity was registered (Fig.
1, Fig. 2). At the same time, El Astal ef al. (2005)
reports that E. coli was more affected by the etha-
nolic parsley extracts than Gram (+) bacteria (6).

Raw Tomato Puree Antibacterial Activity

Wan-Xian D.’s research (2008) shows that
edible films made from tomatoes containing car-
vacrol possess antimicrobial effects against E. coli.
Our investigation demonstrated that the raw puree,
from sample D5 (“Rose”) exhibited no antibacte-
rial activity against B. subtilis and E. coli. Sample
D6 (“Ideal”) displayed antibacterial activity against
both B. subtilis and E. coli with zone diameter of 4
mm against B. subtilis and about 4.5 mm against E.
coli. (Fig. 3)

Fig. 3. Antibacterial activity of raw tomato puree,of variety D5 (a.) and D6 (b.), against B. subtilis N°8752 and
E. coli N°8751.



Fig. 4. Antibacterial activity of dried tomato puree, of variety D5 (a.) and D6 (b.), against B. subtilis

N°8752 and E. coli N°8751.
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Fig. 5. Antibacterial activity of tomato seeds and tissue slices, of variety D5 (a.) and D6 (b.), against B.

subtilis N°8752 and E. coli N°8751.

The D5 dried puree samples also displayed
no antibacterial activity against B. subtilis and E.
coli. The D6 dried puree samples also displayed-
larger sterile zonesthan the D5 dried puree samples
against bothbacteria -with zone diameter of 5 mm
against B. subtilis and about 3.5 mm against E. coli
(Fig. 4).

Tomato tissue slices from samples D5 and D6
display no antibacterial properties against B. subti-
lis, or against E. coli. (Fig. 5)

Tomato seeds of samples D5 (Rose) and D6
(Ideal) inhibit the growth of B. subtilis, but dis-
play no antibacterial activity against E. coli, for
both samples D5 and D6. The D5 (“Rose” variety)
sample exhibited sterile zones with range between
4 mm. and 7 mm, while the D6 (“Ideal” variety)
zones had a range of about 5 mm. A more recent
research made by Naseer ef al., (2012) showed re-
sults similar to ours as it reports low antibacterial
activity in tomato fruits against E. coli (Fig. 5).

Cayenne Pepper Antibacterial Activity

Cayenne pepper fruits and seeds inhibit the
growth of both E. coli and B. subtilis. Pepper tissues
displayed no antibacterial activity. Cayenne pepper
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discs showed antibacterial activity against both E.
coli (25 mm inhibition zone diameter) and B. sub-
tilis (24 mm). The seeds also exhibited inhibition
zones of 11 mm against E. coli and 7 mm against
B. subtilis. The results for the pepper tissues are not
shown (Fig. 6 and Fig. 7). Other recent and previ-
ous studies, like the ones conducted by Mariangela
et al. (2011) and Soediro et al. (1997), also report
the Capsicum’s fruit antibacterial activity against
both Gram (+) and Gram (-) bacteria.

Onion Antibacterial Activity

The authors Cammue et al., (1995) and Jona-
than et al., (2010) describe Allium extracts to be more
effective against Gram (+) microorganisms, while
Gram (-) bacteria were reported to be less suscepti-
ble. Freddy et al. (2006) described water extracts from
yellow onion skin to be active against Gram (-) bac-
teria. All of our onion samples showed antibacterial
activity against both Gr (+) and Gr (-) bacteria except
the fresh onion bulbs. White and red onion bulbs dis-
played inhibition zones of 27 mm and 25 mm against
B. subtilis and 3 mm against E. coli. (Fig. 8). Fresh on-
ion bulbs and leaves showed no antibacterial activity
against both bacteria strains (Fig. 9).



Fig. 6. Antibacterial activity of Cayenne pepper
tissue discsagainst B. subtilis N°8752 and E. coli
Neg751.

Fig. 7. Antibacterial activity of Cayenne pep-
per seedsagainst B. subtilis N°8752 and E. coli
Neg751.

Fig. 8. Antibacterial activity of white (a.) and red (b.) onion bulbsagainst B. subtilis N°8752

and E. coli N°8751.

Garlic Antibacterial Activity

Mature and fresh garlic bulbs demonstrated
low antibacterial activity against B. subtilis (7 mm
for mature garlic bulbs and 2 mm for fresh garlic
bulbs). Fresh garlic bulbs displayed no activity
against E. coli, but mature garlic bulbs showed in-
hibition zones on 30 mm against E. coli. (Fig. 10)
The fresh garlic leafs displayed antibacterial activ-
ity against both E. coli (13 mm) and B. subtilis (17
mm). Srinivasan et al., (2009) reports antibacterial

activity of Allium sativum against both Gram (+)
and two Gram (-) pathogenic bacteria, with the
maximum zone of inhibition observed against Ba-
cillus subtilis. His analysis revealed that the antimi-
crobial effectiveness is time- and temperature-de-
pendent (Fig. 11).

Conclusions
In conclusion, cayenne peppers showed
antibacterial activity against both B. subtilis and

a)
Fig. 9. Antibacterial activity of fresh onion bulbs and leavesagainst B. subtilis N°8752 and E.coli N°8751.

b)



Fig. 10. Antibacterial activity of mature (a.) and fresh (b.) garlic bulbsagainst B. subtilis N°8752 and

E. coli N°8751.

Fig. 11. Antibacterial activity of fresh garlic leavesagainst B. subtilis N°8752 and E. coli N°8751.

E. coli. Mature onion bulbs were active against
only B. subtilis. Greatest antibacterial activity
was demonstrated by mature garlic bulbs.
Moderate antibacterial activity was observed
by fresh garlic leaves. Our results demonstrated
low antibacterial activity of tomato and parsley
samples against the B. subtilis and from weak to

no activity against the E. coli.
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Table 1. Antibacterial activity of organically grown vegetables

Parsley Tomato CpEine Onion Garlic
Pepper
Raw Dried Tissue
Seeds )
= %‘E’ 23 purce purce Slices Raw | Tissue White | Red | Fresh | Fresh | Mature | Fresh | Fresh
g @ 2 Seeds
3 E 7 E E tissue | discs Bulbs | Bulbs | bulbs | leaves | bulbs | bulbs | leaves
D5 D6 D5 D6 D5 D6 D5 D6
B.
0 2 0 4 0 5 6 5 0 0 n.a 24 7 27 25 0 0 7 2 17
subtilis
E. coli 0 0 0 4.5 0 3.5 0 0 0 0 n.a 25 11 3 3 0 0 30 0 13

All figures are in mm
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