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ABSTRACT

An investigation into the effectiveness of chlorimash onListeria monocytogendsiofilm on onions
was carried out. Whole white onion bulbs were pasel from a retail shop at Nottingham, UK, andarsof
L. monocytogenegNCTC 11944) was obtained from Food Microbiology tediory, University of
Nottingham, UK. Chlorine treatment dn monocytogenebiofilm was done according to standard method.
Using different chlorine concentrations (20, 5001050 and 200 mg/l) for different time duratio@s5( 1, 2,
5, 10, 15 and 20 minutes) at pH 6.5, inoculatedmrbieces were treated. Bacterial enumeration wag do
using serial dilution and spread plate method ororogenicListeria selective plates. Reduction &f
monocytogenesiofilm ranged from 1.5 — 2.4 lggwith the maximum reduction observed with 200 mg/l
chlorine at 20 minutes treatment time. Similar timeant ofL. monocytogeneis suspension (planktonic cells)

gave up to 5 log reduction when 200 mg/I chloriresvapplied for 20 minutes. The effectiveness obrié
was more or.. monocytogends suspension than as a biofilm on onion.
© 2014 International Formulae Group. All rights mrged.
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INTRODUCTION

Listeria monocytogeneds a food-borne
pathogen of public health significance and
economic importance to the food industry
with a death rate of about 20% (Rocourt et al
2000). L. monocytogeness an opportunistic
pathogen and can cause listeriosis in the
immuno-compromised, elderly, infants and
pregnant women (Montville and Karl, 2008).
It has been shown that vegetables are a major
route of transmission df. monocytogenet
man. The first documented incidence of
listeriosis, due to contaminated coleslaw,
occurred in 1981 at Canada where 18 out of
the 41 cases led to death (Schlech et al.,

1983). L. monocytogeneshas extreme
resistance  to adverse  environmental
conditions and this makes it a major concern
for the food industry as it is able to persist as
biofilms on surfaces and contaminate finished
products.

The prevalence of contamination of
foods byL. monocytogeneis fresh vegetables
is 11%, raw meat (13%), dairy product (3%)
and seafood (3%) (Juneja and Sofos, 2010).
A zero-tolerance in 25 g sample of food is the
regulation in the United Kingdom and United
States and Italy. However, most European
countries like Germany have a regulation of
<100 CFU/g for foods that would not support
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the growth ofL. monocytogeneand is not
meant for susceptible populations (Birgit,
2000; Montville and Karl, 2008).

L. monocytogends a major concern in
minimally processed vegetables with extended
shelf-life because it is able to survive at
refrigeration temperatures and increase in
numbers during storage. The presencd_of
monocytogenes in  minimally processed
vegetables has been reported (Froder et al.,
2007; De Curtis et al., 2002). Though there is
limited information about.. monocytogenes
in onions, it has been shown that
monocytogenesvill grow and/or survive in
most fresh produce (Porto and Uboldi, 2001).
Onion, Allium cepa, belongs to the family
Allium together with other vegetables such as
garlic and leek (James, 2008). Contamination
of onions withL. monocytogenesan occur at
any step of the food chain from field to
harvesting to factory processing,
transportation to point of sale (Inatsu et al.,
2010).

Biofilms are resistant to disinfecting
agents, act as a reservoir for recontamination
and once established can be very difficult to
get rid of. L. monocytogenes able to form
biofilms and this limits the effectiveness of
chlorine wash because of their ability to form
adherent microcolony cells on surfaces of
produce (Olmez and Kretzchmar, 2009).

Fresh-cut industries usually rely on
washing with chemical disinfectants to
produce safe end products with extended
shelf-life. Produce washing is aimed at
removing dirt, microorganisms and cell
exudates that encourage their growth as well
as pesticide residues (Gill et al., 2009).
Chlorine is the most commonly used in fresh-
cut industries because it is relatively
inexpensive, has a wide spectrum application
and is effective when correctly applied. The
lack of understanding of key areas of chlorine
chemistry, for example the control of pH, has

resulted in less than maximum effectiveness
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(Gill et al, 2009). Chlorine effectiveness is
also affected by organic matter and
temperature. An industry standard of 50-200
ppm free chlorine is the established standard
in the washing of commercial fruits and
vegetables (Haute et al., 2013). Kim (2007)
has noted however that though surface
decontamination of fresh vegetables can
improve shelf-life and product quality, it
cannot be depended upon to totally remove
pathogenic microorganisms present. Strict
hygienic measures and HACCP must be in
place at all times to ensure safety of
vegetables. The aim of this project was to
investigate the effectiveness of chlorine wash
on L. monocytogeneas a biofilm on onion
and as free-living in culture.

MATERIALSAND METHODS

A strain of Listeria monocytogenes
(NCTC 11944) was obtained from the Food
Microbiology Research Laboratory, Food
Science Division, University of Nottingham,
UK. Chlorine (NaOCIl) granules were
obtained from a UK-based company
specializing in the supply of fresh fruits and
vegetables. Onion samples were purchased
from an open market at Nottingham, UK. The
experiments were carried out at the Food
Microbiology Laboratory, University of
Nottingham, UK.
Chlorine treatment of L. monocytogenes-
inoculated onion

This was done according to the method
of Park et al(2008) and it is as follows:
Preparation of inoculum

An overnight Brain Heart Infusion
(BHI) broth culture ofL. monocytogenewas
centrifuged at 4000 x g for 30 minutes 2C1
Pelleted cells were re-washed trice in 5 ml
buffered peptone water (Oxoid Ltd, UK) and
re-suspended in 5 ml buffered peptone water
to produce a culture of approximately 210
CFU/ml. Initial inoculum count was
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enumerated by plating on chromogenic
Listeria selective medium.
Preparation of inoculated onions

Onions were cut into roughly 5 x 5 cm
pieces using a sterile scalpel. 10 g of onions
were washed in sterile deionised water, placed
on a sterile aluminium foil and allowed to dry
in a laminar flow biological safety cabinet.
Using a micropipettor, 0.1 ml of previously
prepared and standardized {10FU/ml) L.
monocytogenesulture was applied as 30
droplets on onion surface. Inoculated onion
pieces were left to dry in the biological safety
cabinet for 4 hours to allow the attachment of
bacteria.
Treatment with chlorine

Onion pieces were dipped into various

chlorine concentrations (20, 50, 100, 150 and
200 mg/l) for different treatment times (0.5. 1,
2, 5, 10, 15 and 20 minutes). Control was
prepared by dipping into sterile deionized
water. After each treatment time, each 10 g
treated onion was immediately transferred to a
stomacher bag and homogenized in 50 mi
neutralizing broth (Difco) using a stomacher.
Bacterial enumeration

One (1) ml of stomached sample was
serially diluted in 9 ml of buffered peptone
water. Dilutions 10 and 1G° (0.1 ml) were
spread plated unto chromogenicisteria
selective plates and incubated at°87for 24-

48 hours after which colonies were counted.

Treatment ofL. monocytogenepure
culture with chlorine was also carried out for
effective comparison between L.
monocytogenem a biofilm and in free-living
state.

An overnight broth culture ofL.
monocytogenewas prepared by incubating in
a shaker at 37°C (concentration of T0
CFU/ml). Chlorine solutions were prepared by
dissolving Sodium hypochlorite (NaOCI)
granules in sterile water to give different
concentrations: 20, 50, 100, 150 and 200 mg/I

713

and pH adjusted to 6.5 using 25% HCI. Broth
culture was serial diluted (10-fold) with each
chlorine solution. Using the Miles and Misra
(1938) method, 0.01 ml of dilutions f@nd
10° were plated in triplicate on Brain Heart
Infusion (BHI) plates, allowed to dry and
incubated at 37C for 24+2 hours.

Tests were carried out in triplicates and
Analysis of Variance (ANOVA) was
performed using SPSS software, 15.0 version.
Significant differences between results were
determined at P < 0.05.

RESULTS

For the treatment of onions inoculated
with L. monocytogenesfeduction of L.
monocytogenesanged from 1.5 — 2.4 lgg
with the maximum reduction observed with
200 ppm chlorine at 20 minutes and minimum
at 20 ppm at 0.5 minute treatment time. This
is shown in Figures 1 and 2. Figure 1 shows
an increasing gradient of log reduction as both
time and concentration increase (significant at
P<0.05).

Figure 2 represents survival curves for
L. monocytogeneson inoculated onion
surface. Beginning at log 8, different
concentrations of chlorine wash water (ppm)
and sterile water (control) and for varying
treatment times (minutes) were used to tteat
monocytogene®n onions and least survival
was observed at 200 ppm for 20 minutes (log
5.6). Primary reduction was observed within
the first 30 seconds of exposure for all
concentrations.

Results for the treatment ofL.
monocytogenespure culture with varying
concentrations of chlorine showed no growth
in the 10° and 10 dilution plates for all
concentrations depicting up to 5 log reduction.



B. B. BANIRE and J. JIA/ Int. J. Biol. Chem. S(2)8711-716, 2014

Logl0CFU/g
wn
o

v
o

5.4
20
5.2 L~
: //‘;/——,,z;‘_?,/' - ZL 100 Chlorine
- e -
5 T — {/_/‘ P — concentration
0.5 1 E— 7 (Ppm)
2 5 200
10 15
. 20

Treatmenttime {min)

Figure 1. Reduction ol. monocytogenesn onions with chlorine treatment at various times
A decreasing gradient of lggCFU/g of L. monocytogenes is illustrated as bdtlone concentration and as time

exposure increases. Highest 1(0gFU/g (6.5) is seen at 20 ppm for 0.5 min and dlecreases until the least log
value (5.6) at 200 ppm for 20 min.
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Figure 2: Survival curves fot.. monocytogenesn inoculated onion surface.

Beginning at log 8, different concentrations ofazirie wash water (ppm) and sterile water (contal) for varying
treatment times (min) were used to treatmonocytogenesn onions. Least survival is observed at 200 ppn20
min (log 5.6). Log reduction occurred with incremgichlorine concentration and time (significantPat0.05).
Primary reduction is observed within the first 36f €xposure for all concentrations.
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DISCUSSION

From Figure 1, the effectiveness of the
reduction ofListeria monocytogenebiofilm
on onion surface increased with increasing
chlorine concentration and time ranging from
15 — 2.4 log, It has been reported that
chlorine wash on fresh cut vegetables usually
give 1 — 2 log reductions (Beuchat et al.,
2004; Sapers, 2001). It is observed from
Figure 2, that the greatest part of reduction
occurred during the first 30 seconds of
treatment for all concentrations. Added
treatment time showed further reduction but
minimal in comparison with the initial 30s.
Kim et al. (2000) reported antimicrobial effect
of chlorine onL. monocytogenesvithin the
first 30 seconds of contact.

Treatment with water (control) at
various treatment times gave a maximum of 1
log reduction. According to Beuchat et al.
(2004), a vigorous wash in potable water can
give a 1-2 log reduction df. monocytogenes

Results from the treatment of.
monocytogenesas a pure culture suggest the
effectiveness of chlorine  againstL.
monocytogenesin suspension (planktonic
form) up to a 5 log reduction.

It is observed from the results of this
research thatL. monocytogenesvas more
resistant to the sanitizing effect of chlorine as
a biofilm on cut onion surface than as a pure
culture in suspension. Moreto and Langsrud
(2004) noted that.. monocytogeneshows a
significant resistance to disinfection as a
biofilms than in the free-living state and that
thick complex biofilms are more challenging
to detach than adherent single cells. In
biofilms, microorganisms are able to attach
firmly to the vegetable surface because of
embedding of cells into inaccessible parts
(Olmez and Kretzchmar, 2009; Gill et al.,
2009). It has been observed that the presence
of biofilms on vegetables significantly affects
the effectiveness of disinfectants while
monocytogenesn suspension, shows little or
no resistance to mostly used disinfectants.
This is especially relevant in the case of
minimally processed vegetables requiring no

715

further processing before consumption. The
need for stricter hygiene measures and
effective implementation of HACCP and
GMP from farm to fork is emphasized to
prevent contamination of onions by.
monocytogenes

ACKNOWLEDGEMENTS

The authors wish to acknowledge the
Commonwealth  Scholarship Commission
(CSC) and the University of Nottingham, UK,
for funding Bunmi Banire throughout the
period of study.

REFERENCES

Beuchat LR, Alder BB, Lang MM. 2004.
Efficacy of chlorine and peroxyacetic
acid sanitizer in killing Listeria
monocytogenesn iceberg and romaine
lettuce using simulated commercial
processing conditionslournal of Food
Protection 67:1238-1242.

Birgit DVM. 2000. Microbiological criteria
for Listeria monocytogenesn foods
under special consideration of risk
assessment approachesnternational
Journal of Food Microbiology62: 217-
221.

De Curtis ML, Franceschi O, De Castro N.
2002. Listeria monocytogenes in
vegetables minimally processed.
Archivos Latinoamericanos de
Nutricion, 52(3): 282-288.

Froder H, Martins CG, Souza KL, Landgraf
M, Franco BD, Destro MT. 2007.
Minimally processed vegetable salads:
microbial quality evaluationJournal of
Food Protection70(5):1277-1280.

Gill MI, Selma MV, Lopez-Galvez F, Allende
A. 2009. Fresh-cut product sanitation
and wash water disinfection.
International  Journal  of  Food
Microbiology,134: 37-45.

Haute SV, Sampers |, Holvoet K, Uyttendaele
M. 2013. Physicochemical quality and
chemical safety of chlorine as a
reconditioning agent and wash water
disinfectant for fresh lettuce washing.



B. B. BANIRE and J. JIA / Int. J. Biol. Chem. S¢2)8711-716, 2014

Applied and Environmental
Microbiology, 79(9): 2850-2861.

Inatsu Y, Kitagawa T, Bari ML, Nei D, Juneja
V, Kawamoto S. 2010. Effectiveness of
acidified sodium chloride and other
sanitizers to control Escherichia coli
0157:H7 on tomato surfaceSoodborne
Pathogens and Diseasg): 627-635.

James LB. 20080nions and other Alliums
CABI Publishing: Wallingford.

Juneja VJ, Sofos JN. 201®athogens and

Toxins in Foods: Challenges and

InterventionsASM Press: Washington

DC.

C, Hung YC, Brackett RE. 2000.

Efficiency of electrolyzed oxidizing and

chemically modified water on different

types of foodborne  pathogens.

International  Journal of  Food

Microbiology, 61:199-207.

Kim JG. 2007.Fresh-cut Produce Industry
and Quality ManagementSemyeong
Press: Republic of Korea.

Miles AA, Misra SS. 1938. The estimation of
the bactericidal power of the blood.
Hyg. Cud. 38: 732.

Montville TJ, Karl RM. 2008. Food
Microbiology (2 edn). ASM Press:
Washington DC.

Moretro T, Langsrud S. 2004Listeria
monocytogeneshiofiims formation and
persistence in food-processing
environmentBiofilms, 1: 107-121.

Olmez H, Kretzchmar U. 2009. Potential
alternative disinfection methods for

Kim

716

organic fresh-cut industry  for
minimizing water consumption and
environmental impactood Science and
Technology42: 686-693.

Park EJ, Alexander E, Taylor GA, Costa R,
Kang D. 2009. The decontaminative
effect of acidic electrolyzed water for
Escherichia coli 0157:H7, Salmonella

typhimurium and Listeria
monocytogeneson green onions and
tomatoes  with  differing  organic

demands.Food Microbiology 26: 386-
390.

Porto E, Uboldi EMN. 2001. Occurence of
Listeria monocytogenesn vegetables.
Dairy, Food and Environment
Sanitation 21: 282-286.

Rocourt J, Jacquet C, Reilly A. 2000.
Epidemiology of human listeriosis and
seafoods International Journal of Food
Microbiology, 62:197-209.

Schlech WF, Lavigne PM, Bortolussi RA,
Allen AC, Haldane EV, Wort AJ,
Hightower AW, Johnson SE, King
SH,Nicholls ES, Broome CV. 1983.
Epidemic listeriosis-evidence for
transmission by foodNational English
Journal of Medicine308: 203-206.

Sapers GM. 2001. Efficacy of washing and
sanitizing methods for disinfection of
fruit and vegetable productsFood
Technology and Biotechnolog39: 305-
311.



