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Abstract: The biocidal activity of  twelve pure chemical substances and crude extracts of onion and garlic
leaves  and  date  palm seeds was investigated  against  P. marginalis  using agar well diffusion method.
Sodium  chlorite, Cetyltrimethylammonium bromide  (CTAB),  hydrogen  peroxide  and crystal violet showed
the most promising biocidal activity, sodium dodecyl sulfate (SDS) and methylene blue showed moderate
activity, ammonium molybdate and silver nitrate showed very low activity, while sodium molybdate,
dinitrophenol, sodium azide and vanillin did not show any inhibitory effect against Pseudomonas marginalis
at the concentration of  10,000 ppm. Water, HCl (0.1N), NaOH (0.1N) and methanol (80%) were used for
extraction of the agricultural wastes of onion, garlic and date palm seeds. Results indicated that water and
methanolic crude extracts had the most promising biocidal activity against P. marginalis.
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INTRODUCTION grouped into two chemical classes: oxidizers (e.g. sodium

The microbiologically induced corrosion (MIC) or (e.g. CTAB and SDS) [9].
biocorrosion  is the  damage  caused  or accelerated by Unfortunately, biocides are inherently toxic and
the presence of microorganisms and their metabolic frequently  are  difficult  to degrade  being persistent in
activities [1]. The main types of bacteria associated with the  n atural environment or able to accumulate in a
metals in pipeline  systems  are  sulphate-reducing variety of matrices and often causing contamination of
bacteria (SRB), iron- and CO -reducing bacteria, iron and areas distant from the site of treatment. Thus, biocides2

manganese oxidizing bacteria [2] and biofilm-forming may have a very negative impact on the environment if
bacteria [3, 4]. In most environments the majority of they are applied without a proper environmental risk
microorganisms are able to grow as biofilms [5]. assessment [7]. Environmental concern has led to
Pseudomonades are one of Gram-negative bacteria and legislation which encourages the replacement of toxic
they have become a key model system for biofilm biocides, widely used in the past (e.g. chlorine) with more
development [6]. readily degradable antimicrobial chemicals that are

One  alternative  method for control of biocorrosion compatible with system operation and less toxic to the
is the use of biocides [7]. Unlike antibiotics, biocides are environment [7]. One innovative attempt is the use of
multi-targeted antimicrobial agents. Several of the naturally-produced compounds, such as plant extracts.
damaging effects reported to occur in the most widely This area of  research  is  of  much  importance  because
studied  bacterial  isolates,  may  also take place to in addition to being inexpensive, readily available and
varying degrees in other organisms. Nevertheless, there renewable sources of materials, plant products are
is a considerable variation in the response of different environmentally friendly  and  ecologically acceptable
microorganisms to biocides [8]. Biocides can be typically [10].

chlorite  and   hydrogen  peroxide)  and  non-oxidizers
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Plants produce a  wide variety of bioactive Bergey’s  manual  of  determinative  bacteriology [24].
metabolites which serve as plant defense mechanisms This bacterial isolate has been tested for its biocorrosion
against microorganisms. Some of these secondary potential in other work (in press).
metabolites give plants their odors (terpenoids), some are
responsible for  plant pigments (quinines and tannins) Tested Substances: Twelve pure chemical substances
and others (e.g., some of terpenoids) are responsible for which were: CTAB, SDS, ammonium molybdate, sodium
plant flavor [11]. These antimicrobial bioactive molybdate, -dinitrophenol, sodium chlorite, sodium
compounds are divided by Cowan [12] into 5 main classes azide, silver nitrate, crystal violet, methylene blue B,
consisting: Terpenoids and essential oils; phenolics and vanillin and hydrogen peroxide and agricultural wastes:
polyphenols;  alkaloids; polypeptides  and mixtures Onion (Allium cepa)  leaves, garlic (Allium sativum)
(crude extract). leaves and date palm (Phoenix dactylifera) seeds crude

In Egypt palm  dates (Phoenix dactylifera) extracts were tested for their biocidal activity against
production  represents 17% of  world production [13]. Pseudomonas  marginalis. These  agricultural wastes
Date palm seeds extracts was reported by many workers were collected from the local markets of Giza city, Egypt
to have antimicrobial activity [14-16]. Date palm seed was during the summer season in 2010 and extracted using
reported to contain alkaloids and steroids [16], whereas water, HCl (0.1N), NaOH (0.1N) or methanol (80%) as
Barreveld [17] and Mutlak  and coworkers [18] reported follows:
the presence of some derived polyphenolic compounds Plant samples  were washed and allowed to dry at
such as polysaccharides, lignans and bioflavonoids. 45°C for 2 hours and ground. Four weights of one gram

A number of studies have proven that onion have sample were  weighed  and to each weight 10 ml of
antibacterial and antifungal properties and the potential distilled water [25], 0.1N HCl [26], 0.1N NaOH [10, 27] or
use  of   onion  against   human  pathogenic organisms 80% methanol [25, 28] were added and incubated for 72h
[19-21]. It is a rich source of flavonoids, polyphenols, at room temperature [10, 29, 30]. Crude extracts were
organic sulfur, saponins and many other secondary obtained by squeezing and filtered using filter paper.
metabolites, which are  mainly responsible for its Filtrates were allowed to dry at 50°C under vacuum in a
medicinal activities [21]. clean,  well  dried  and  pre-weighed  (A) glass watch.

Also,  it  has been  reported and established that After complete dryness, glass watches were re-weighed
garlic (A. sativum) has an antimicrobial potency [22, 23]. (B) and  the extracts weight were calculated as follows:
The antimicrobial activity of the garlic has been attributed
to its phytochemical component, allicin (a thiosulfonate) Extract weight (g) = B-A
whose removal completely renders garlic ineffective
against microorganisms [22]. Sterile distilled water was added to the extracts and

Onion, garlic and palm dates are implanted in a huge then used for biocidal testing.
quantity in Egypt and the wastes produced by them are
useless and  result in bad environmental impacts. It will Evaluation of Biocidal Activity: The well diffusion
be of high benefit if these wastes containing valuable technique [31, 32]  was  used  to test the ability of the
substances can be used as biocides. The main approach pure chemical substances (at 10,000 ppm) and crude
of the present work was to evaluate pure chemical extracts (at 1000 ppm) [33] to inhibit the growth of
substances and the extracts of some natural waste Pseudomonas marginalis. P. marginalis was spread on
products for their abilities to inhibit the growth and nutrient agar plate and 200µl of the tested substances
activity of Pseudomonas marginalis as a representative were  added  to each well. Plates were incubated for 24 h
of biofilm forming bacteria which is one of the main at 30°C. After  incubation  period,  the  radius  of clear
causes of biocorrosion. zone around each well was measured. All experiments

MATERIALS AND METHODS mean ± standard error (SE) (mm).

Test Microorganisms: Pseudomonas marginalis have Statistical Analysis: All experiments were conducted in
been isolated purified and characterized according to triplicates.   Data  were averaged and analyzed statistically

were done  in triplicates and data were represented in
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by   determination    of   least    significant   difference
(LSD at p<0:05) using StatistiXL (version 1.7) compared
with CTAB.

RESULTS

Biocidal   Activity    of   the   Pure   Chemicals  Against
P.  Marginalis:  In   Table   (1),   sodium  chlorite
(oxidizing biocide) showed the  maximum  biocidal
activity against P. marginalis compared with CTAB
(cationic surfactant), crystal violet (dye) and hydrogen
peroxide (oxidizing biocide)  had  the same  biocidal
activities followed by SDS (anionic surfactant) and
methylene blue B (dye). Ammonium molybdate and silver
nitrate  showed  the  minimum  biocidal  activity  against
P. marginalis. P. marginalis  showed  resistance against
sodium molybdate, -dinitrophenol and vanillin.
Although sodium azide showed a great  reduction  in the
intensity of bacterial growth, P. marginalis developed
resistance against  it and  formed a faint growth in the
inhibition zone.

Biocidal Activity of the Agricultural Waste Extracts
Against P. Marginalis: Data represented in Table (2)
showed that onion leaves extracted by methanol had the
best biocidal activity against P. marginalis (26 mm clear
zone)  followed  by  garlic   leaves   extracted   by  water
(24 mm clear zone) and date palm seeds extracted by
methanol (23.3 mm clear zone), while HCl-extracts did not
inhibit the growth of P. marginalis at the specified
conditions. Despite the methanolic extraction exhibited
the highest biocidal activity in case of onion leaves and
date palm seeds, aqueous extracts exhibited the highest
activity in case of garlic and with reasonable biocidal
activities in case of onion leaves and date palm seeds.

DISCUSSION

Twelve pure chemical substances and three
agricultural wastes were studied for their biocidal activity
against P. marginalis. Sodium chlorite and CTAB
represented the highest biocidal activity. Ammonium
molybdate   represented   a   moderate    activity  against
P. marginalis. These three substances are promising for
combating MIC of P. marginalis and they were
significantly different (p<0.05). The biocidal activity of
chlorine-releasing agents (CRAs) has been reported
elsewhere  [7,   8,  34].  In  contrast  to  free  chlorine  and

Table 1: Biocidal activity of the pure chemicals against P. marginalis:
Pure tested Zone of inhibition1

Substance code substances mean ± SE (mm)
1 CTAB 29 ± 1
2 SDS 21.67 ± 0.83
3 Ammonium molybdate 12 ± 0
4 Sodium molybdate N
5 -dinitrophenol N
6 Sodium chlorite 36.67 ± 0.167
7 Sodium azide N
8 Silver nitrate 13.33 ± 0.167
9 Crystal violet 26 ± 0
10 Methylene blue B 20.67 ± 0.33
11 Vanillin N
12 Hydrogen peroxide 26.33 ± 0.167
The diameter of the well is 10 mm.
N: no inhibitory effect.
SE: Standard Error.

Table 2: Biocidal activity of the agricultural wastes crude extracts against
P. marginalis

Zone of inhibition1

Agricultural waste Solvent mean ± SE (mm)
Onion leaves Water 19.67 ± 0.167

HCl (0.1 N) N
NaOH (0.1 N) 14.67 ± 0.33
Methanol 26 ± 0

Garlic leaves Water 24 ± 0
HCl (0.1 N) N
NaOH (0.1 N) 17.33 ± 0.167
Methanol 17 ± o.5

Date palm seed Water 18 ± 0
HCl (0.1 N) N
NaOH (0.1 N) 15.33 ± 0.33
Methanol 23.33 ± 0.33

monochloramines  that  increase  the corrosion rate of
iron, Eisnor and Gagnon [35] reported that in addition to
the disinfection efficacy, sodium chlorite has low
corrosion  rates,  which  are  affected both by the
hydraulic retention time and the disinfectant dose.
Additionally, acidified sodium  chlorite (a two-component
system of sodium chlorite and mandelic acid) has been
described as an effective antiseptic [36]. Therefore, using
sodium  chlorite  is a highly recommended  biocide in
case of Pseudomonas spp. biofouling.

Shanthyand and co-workers [37] reported the
corrosion inhibition efficiency and biocidal activity of
CTAB (surfactant) against E. coli, Salmonella and
Shigella at concentration (  25 ppm). Jigletsova et al. [38]
reported the biocidal efficacy of CTAB against many
bacterial  and fungal  isolates  including  Pseudomonas
sp, although some workers reported resistance of CTAB
by some bacterial isolates [39, 40]. Additionally, CTAB
was reported to act as inhibitor of corrosion of steel by
Khamis et al. [41].
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Sodium dodecyl sulfate (SDS) had a moderate disinfectant  in  medical  applications (e.g.,  burn salve)
biocidal activity against P. marginalis. Bremer et al. [42] [56, 57], many silver-resistant bacterial strains have been
reported the  biocidal efficiency of SDS (surfactant) for isolated including; Staphylococcus aureus [58, 59],
the treatment of various bacterial species commonly Pseudomonas aeruginosa [59], Enterobacter cloacae
found  in dairy  processing plants. SDS was found to be [60], Salmonella typhimurium [61] and Klebsiella
an effective corrosion inhibitor [43]. The biocidal activity pneumoniae and E. coli [62].
of CTAB and SDS against P. fluorescens have been Although,  crystal  violet  as  well    as  methylene
evaluated in presence of bovine serum albumin (BSA) blue   represented    a   good   biocidal   activity   against
where P. fluorescens was completely inactivated by P. marginalis, crystal violet  was not significantly
CTAB (5 mM) and was resistant to SDS [44]. different (p>0.05) while methylene blue was significantly

Surfactants are proved to be one of the best eco- different (p<0.05). Several  hypothesis have been
friendly  anti-corrosion substances to protect the provided to explain the selective toxicity of crystal violet
materials from corrosion [43]. Surfactant inhibitors have in  microorganisms: (1) poisoning of  the redox potential
many advantages; high inhibition efficiency, low price, by the dye; (2) formation of an unionized complex of the
low toxicity and easy production [45- 47]. microorganisms with dye; (3) inhibition of protein

Ammonium molybdate showed very low biocidal synthesis because the ribosomes to which the dye is
activity while sodium molybdate did not show biocidal bound function less efficiently; (4) inhibition of glutamine
activity against P. marginalis. This observation was synthesis; and (5) inhibition of the formation of the
confirmed by Chen and coworkers [48] who reported that bacterial wall at a point different from that affected by
sodium  molybdate  did  not  inhibit the MIC caused by penicillin [63].
the  iron-oxidizing  bacterium  coded  as  TPH-7  up to Methylene blue and its derivatives were reported to
(100 ppm). Although  they  did  not  show biocidal be  effective  for the inactivation of pathogens [64, 65],
activity, sodium molybdate and ammonium molybdate e.g. Candida species [66], S. aureus [67] and MRSA [68],
were  reported  to have a  corrosion  inhibition  activity tropical  diseases [69] or  several viruses [70] and
[48, 49]. therefore  finds  its  application  in antimicrobial  fields,

Hydrogen peroxide showed a good biocidal activity like blood disinfection [71-73]. Owing to its structure,
against P. marginalis with no significant difference methylene blue can penetrate cells and bind with
(p>0.05). This result can be supported by many workers cytoplasmic structures within the cell and interference
[50, 51]. Although widely considered innocuous and with  oxidation/reduction processes [74] may lead to
environment  friendly, relatively  high concentrations killing of bacteria, fungi, viruses or parasites.
need to be applied because of the significant catalase -dinitrophenol   did   not   inhibit   the   growth   of
activity of  several bacteria [52] The antimicrobial action P. marginalis  although, -dinitrophenol  is well known
of hydrogen peroxide  is not due to its oxidative for its metabolic inhibition and antimicrobial activity.
properties as a molecule, but primarily in the production Lenke et al. [75] reported two Rhodococcus erythropolis
of other powerful oxidants such as singlet oxygen, strains, HL 24-1 and HL 24-2 that had the ability to
superoxide radicals and the hydroxyl radical [53]. degrade 2,4-dinitrophenol. Contrarily, Tavío et al. [76]

Sodium azide did  not completely inhibit the growth reported the susceptibility of E. coli to -dinitrophenol.
of P. marginalis. Wang et al. [54] reported the resistance Cammarota   and     Sant’Anna     [77]     reported    that
of E. coli J53 Az to sodium azide. Higher concentration of 2,4-dinitrophenol could  block  extracellular
sodium azide  may be required for complete inhibition of polysaccharide  (EPS)  synthesis and consequently
P. marginalis. Sodium azide mode of action depends on reduce biofilm accumulation. 
the  inhibition  of  the biomass  respiration (blockage of Vanilla did not inhibit the growth of P. marginalis.
the ATP synthesis) which is known to be obtained by Krasaekoopt  and co-workers [78] reported resistance of
addition of the appropriate quantity of sodium azide E. coli to the crude vanilla extracts. Alternative to the
(NaN ) [55]. current study, vanilla was reported to exhibit several3

Silver nitrate represented very low biocidal activity bioactive compounds that have antimicrobial activity
against P. marginalis with significant difference (p<0.05). against yeast, molds [79] and bacteria [80, 81] and can
Although, silver has been used for many years as a inhibit bacterial quorum sensing, as it has been reported
disinfectant for hot water systems as well as a topical by Choo et al. [82].
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Data showed that although garlic and onion belong agricultural  wastes as biocides and corrosion inhibitors
to the same family (Liliaceae), they differed in the is  uprising  and  promising  new  field  that  will be the
phytochemical compound (s) responsible for their key solution  for  many agricultural  and economic
antimicrobial activity. This can be elucidated due to the problems. In general, the solvent system used for the
reverse  effect  of  their aquatic and methanolic extraction plays a significant role in the solubility of the
extractions. active ingredients of plant materials which in turn

Although plant extraction took place using acidic influences the antibacterial activities of the extracts.
solvents or used to inhibit corrosion in acidic conditions Further researches and investments should be directed to
by many workers [83-85], it did not show any antibacterial the use of agricultural wastes for mitigation of
activity against P. marginalis. These results assure that biocorrosion.
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