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ABSTRACT

Three types of disinfectant solutions (chlorine, iodine and
mixture of both) were applied on three different types of food contact
surfaces (stainless steel, wood and plastic) to examine their ability to
remove the already attached biofilms on these surfaces. Two different
trials were carried out; the first trial is application of the disinfectant
solutions at 25 °C and at specific pH of each solution and the second at
70 °C and at pH 5. A total of 60 samples (10 of each surface for each
trial) were examined for the effect of these disinfectants. The results
declared that iodine solution was more effective than chlorine especially
in trial 2 in spite of isolation of persister spore-forming bacteria. There
were no significant differences between reduction rates of iodine and
mixture, while chlorine was significantly different and less effective in
biofilm removal. This may be attributed to developed microbial
resistance to chlorine as a result of chlorination of water supply.
Moreover, the high efficacy of tested disinfectants in trial 2 may be
aided by high temperature which has bactericidal effect and acidic pH
which aids in break down of exopolysaccharide matrix.

INTRODUCTION:

Microbial bio films on surfaces
cost the nation billions of dollars
yearly in equipment damage, pro-
duct contamination, energy losses
and medical infections. Conven-
tional methods of killing bacteria

{(such as antibiotics, and disinfe-
ction) are often ineffective with
biofilm bacteria. The huge doses
of antimicrobials required to rid
systems of biofilm bacteria are
environmentally undesirable and
perhaps not allowed by environm-
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ental regulations. Efforts to control
food borne pathogens and spoilage
Microorganisms in the meat proc-
esssing industries have accelerated
in recent years. Biofilm formation
can compromise the sanitation of
food surfaces and environmental
surfaces by spreading detached
organisms to other areas of pro-
cessing plants. On occasion, parts
of the biofilm slough off into the
surrounding environment. After
sloughing, the bacteria incorpor-
ated in the biofilm can contamin-
ate other surfaces, as well as food
products. For this reason, removal
of biofilms in the food processing
environment is critical (Virginia
and Jean, 2003). Nowadays, the
food hygienist faces a tremendous
challenge in overcoming problems
stemming from the formation and
persistence of bacterial biofilms in
food industry. So, the present
study is aimed to determine the
effect of three types of disin-
fectants which can be safely used
in food industry to eliminate the
biofilms. These objectives will be
obtained through investigating the
following points:

A. Trial 1: Studying the effect of
three types of disinfectants that can
commonly and safely used in food
processing establishments (Chlor-
ine, lodine and mixture of both) at
recommended concentrations at

usual temperature and pH circu-
mstances.

B. Trial 2: Studying the effect of
these disinfectants on attached
microorganisms on food contact
surfaces at 70° C and pH 5.
MATERIALS & METHODS
Trial 1: Application of disinf-
ectants at recommended concen-
trations at usual temperature and
pH circumstances: A total of thirty
samples (Ten samples of each
surface) were collected from the
washed, cleaned and stored stai-
nless steel, wood and plastic food
contact surfaces. The preparation
of tested area was done as applied
in food service establishments,
Efficient washing and rinsing of
tested surfaces by warm water
and liquid soap to remove all
debris and fat then rinsing with
tape water to remove any traces of
detergent then allowed to dry in
closed and clean chamber. Then
the area was measured (10 cm?)
by using a template (2X5 cm) and
swabbed by 70 % alcohol to
eliminate the surface contamina-
nts.

Disinfection protocols: Three
different disinfection solutions were
applied (Chlorine, lodine and mix-
ture of both). The effect of these
disinfection solutions were tested
on the attached microorganisms on
the experimental food surfaces as
follows:
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Preparation of disinfectant solut-
ions: These disinfectants were
diluted to the indicated concen-
trations as recommended by CFR
(2005) with sterile distilled water.
The pH value was determined
before application of each disinf-
ectant:

Chlorine: 200 ppm chlorine solu-
tions were prepared from
household bleach (Clorox®) by ad-
ding 4 ml Clorox™ to one litre
distilled water. The pH value was 8.
Todine: 25 ppm iodine solutions
were pr%\pared by adding 0.25 mi
Betadine™ to one litre distilled. The
pH value was 6.

Mixture of chlorine and iodine:
From the previously prepared sol-
utions, equal amounts of both
disinfectant solutions were mixed.
The pH value was 7.3.

Application of disinfectant soluteons:
The tested area was divided into four
parts (each part was measured by
using a 2X5 cm template). The
first part was covered with
chlorine solution; the second was
covered with iodine solution; the
third was covered with the mixture
of both solutions and the fourth
part was considered as control.
The contact time was 15 minutes
and the temperature of solutions
was 25 °C.

Detection of attached food contact
surfaces biofilms: Afler the contact
time, each experimental surface was

rinsed with sterile distilled water
to neutralize the disinfectant solu-
tion. Then the sampling proce-
dures were carried out according
to Sinde and Carballo (2000) and
Donald (2007).

Microbiological techniques: The
microbiological methods for ACC,
Staphylococcus aureus counts and
Enterobacteriacae counts were carried
out as recommended by ISO. And for
Clostridium perfringens (MPN/cmz)
was determined according to Bee-
rens et al {1980). And total
aerobic spore forming counts and
coliforms counts were carried out
as recommended by APHA (1992).
The treatment efficacies and
biofilms resistance to each disinfectant
were measured by the reduction
rate |Reduction rate = (N;-N3) /
Nix100], where N; is the initial
count of CFU/cm® on control
surfaces and Ns is the count of
CFU/em? after treatment on exp-
erimental surfaces.

Trial 2: Studying the effect of
these disinfectants on attached
microorganisms on food contact
surfaces at 70° C and pH 5: A
total of thirty samples (Ten
samples of each surface) were
collected from the washed, clea-
ned and stored stainless steel,
wood and plastic food contact
surfaces. The same procedures
that carried in trial 1 were applied
in trial 2 by using the same
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selective disinfectants with chan-
ges in pH and temperature of the
disinfectant solutions. The tempe-
rature was elevated up to 70 °C
and the pH value was adjusted at
5 by using lactic acid. And the
reduction rates were recorded.
RESULTS AND DISCUSSION :
Reduction rates of chlorine in
trial 1: The results showed that the
reduction rate after application of
chlorine in a concentration of 200
ppm at 25 °C and at pH 8 did not
exceed 67 %. This higher percent
of reduction rate was obtained in
Clostridium perfringens counts on
stainless steel surface. Meanwhile,
the lower percent of reduction rate
was obtained in aerobic colony
counts on wood surface (8.17%).
Nevertheless, no significant differ-
rence between mean counts after
application of chlorine on stainless
steel and plastic surfaces, while, in
general, wood surface represents
high and significantly different counts.
Reduction rates of iodine in trial
I: The results were pointed out
that the reduction rate after dis-
infection with iodine in a conc-
entration of 25 ppm at 25 °C and
at pH 6 did not exceed 85 %, and
this occurs also in Clostridium
perfringens counts on stainless
steel surface. On the other hand,
the lower percent of reduction
rate was obtained in aerobic
colony counts on wood surface

(35.12%). No significant difference
between the mean counts after
application of iodine on stainless
steel and plastic surfaces, while,
wood surface represent high and
significantly different counts.

Reduction rates of mixture in
trial 1: The results were declared
that the reduction rate after
disinfection with the mixture of
both disinfectants at 25 °C and at
pH 7.3 did not exceed 85 %, and
this occurs also in Clostridium
perfringens counts on stainless steel
surface. On the other hand, the
lower percent of reduction rate
was obtained in aerobic colony
counts on wood surface (19.55%).
No significant difference between
mean counts after application of
iodine on stainless steel and
plastic surfaces, while, in general,
wood surfaces represent high and
significantly different counts with
exception of total aerobic colony
counts which are significantly
different in the three surfaces. In
addition, these data revealed that
there was no significant difference
between the reduction rates of the
mixture and iodine. The chlorine
resistant microorganisms isolated
from tested food contact surfaces
at 25 °C and at pH 8 and their
incidence were Escherichia coli
(16.67%), Bacilus cereus (16.67%),
Bacillus stearothermophilus (13.88%),
Clostridium. ~ perfringens  (13.88%),
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Staphylocoocus aurews  (11.12%),
Streptococcus faecalis (11.12%),

Bacillus coagulance (11.12%), Bacillus
subtifis (2.77%) and Pseudomonas
putida (277%). And the iodine
tested food contact surfaces at 25 °C
axd at pH 6 were Bacillus coagulance
(16.39%), Bacillus subtilis (16.39%),
Clostridiumt  perfringens (13.12%),
Bacillus cereus (13.12%), Bacillus stea-
rothermophilus (11.48%), Escherichia
coli {8.19 %), Strept-ococcus faecalis
(8.19%), Pseudo-monas putida (6.56%)
and Staphyi-ocoocus aureus (6.56%).
While the mixture resistant microor-
ganisms isolated from tested food
contact surf-aces at 25 °C and at
pH 7.3 were Bacillus coagulance
(17.38%), Bacillus subtlis (17.38%),
Clostridium  perfiingens  (17.38%),
Bacillus cereus (15.23%), Bacillus stea-
rothermophilus (15.23%), Escherichia
ooli (8.7%) and Staphvlococcus aureus
(8.7%).

Reduction rates of chlorine in
trial 2: The resuits pointed out that
the reduction rate after disinfection
with chlorine in a concentration of
200 ppm at 70 °C and at pH 5
reached 100 % in many app-
lications. This total removal of att-
ached microbes was obtained in
Staphylococcus counts, coliforms
counts, and Enterobacteriacae cou-
nts after application of chlorine on
stainless steel and plastic surfaces.
In contrast, the application proce-

dures on wood surface does not
reached 100 % for the same bac-
terial groups. Meanwhile, the
lower percent of reduction rate
was obtained in Clostridium perfr-
ingens counts on stainless steel
surface (29.71%). No significant
difference between the mean counts
after application of chlorine on
stainless steel and plastic surfaces,
while wood surface represents high and
significantly different counts.
Reduction rates of iodine in trial
2: The results declared that the
reduction rate after disinfection
with iodine in a concentration of
25 ppm at 70 °C and at pH 3
reached 100 % in many appli-
cations. This high percent was
obtained in Staphylococcus courts, coli-
forms ocounts, and Enferobacteriacae
oounts after application of iodine on
stainless steel and plastic surfaces.
But the application procedures on
wood surface does not reached
100 % for the same bacterial
groups. Meanwhile, the lower per-
cent of reduction rate was obtained
in aerobic spore forming counts on
stainless steel surface (74.19%).
No significant difference between
mean counts after application of
chlorine on stainless steel and
plastic surfaces, while, in general,
wood surface represent high and
significantly different counts.
Reduction rates of mixture in trial
2: The results declared that the
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°C and at pH 5 reached 100 % in
many applications. This was
obtained in Staphylocoocus couris, col-
ifforms ocourts, and Enterobacteriacae
counts after application of iodine on
stainless steel and plastic surfaces.
But the reduction rates on wood
surface do not reach 100 % for the
same bacterial groups. Meanwhile,
the lower percent of reduction rate
was obtained in aerobic spore
forming counts on stainless steel
surface (77.06%). No significant
difference between mean counts
after application of chlorine on
stainless steel and plastic surfaces,
while wood surface represent high
and significantly different counts.
The chlorine resistant microrga-
nisms isolated from tested food
contact surfaces after disinfection
at 70 °C and at pH 5 and their
incidence were Bacillus cereus
(24.59%), Bacillus stearotherm-
ophiius (24.59%), Bacillus subtilis
(19.68%), Clostridium perfringens
(16.39%) and Bacillus coagulance
(14.75%). While the iodine resis-
tant microorganisms isolated from
tested food contact surfaces at 70
°C and at pH 5 and their incidence
were Bacillus stearothermophilus
(26.92%), Bacillus cereus (19.23%),
Bacillus subtilis (19.23%), Clostridium
perfringens  (19.23%) and Bacillus
coagulance  (1539%). The mixture
resistant microorganisms isolated from

and at pH 5 and their incidence
were Bacillus stearothermophilus
(25%), Clostndium perfringens (25%),
Bacillus subxilis (20.83%), Bacillus

cereus  (1667%), and  Bacillus
coagulance (12.5%). None of the
reduction rates of  tested

disinfectants exceeded 85 % in
trial 1, meanwhile in trial 2 the
reduction rates were usually exceeded
this percent and sometimes reached
100 %. And it is necessary to
stress the fact that the impro-
vement in reduction rates in trial 2
were obtained after increased app-
lication temperature up to 70 °C
and adjustment of pH value 5§ of
the disinfectants. This can be expl-
ained by: 1) The high temperature
gives an advantage over the
bactericidal effect of the disinfe-
ctant when applied at lower temp-
eratures. 2) The acidic pH of the
disinfectant solutions (pH 5) aids
in the breaking down and dige-
stion of the exopolysaccharide
matrix. This resulting in more
effective penetration of the disinf-
ectants and also prevent its
exhaustion before reaching the
protected microorganisms. The
reduction rates of iodine and
mixture are higher than chlorine at
the same application circumstan-
ces. In addition, there are no
significant difference between the
reduction rates of iodine and
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mixture. The lower values of chlo-
rine reduction rates in this study
could be interpreted as the micro-
rganisms can develop resistance to
chlorine as a result of water chlo-
rination and its repeated use in
regular sanitation procedures in
tested establishments. Moreover, it
is clear that the effect of tested
disinfectants on wood surfaces is
lower than on other two surfaces.
These this was attributed to the
wood surfaces can protect these
microorganisms due to its topogra-
phical properties which include
pitted surface and hydrophilic
nature. These properties provide
physical protection for the biofilm
from the cleaning solutions. This
can occur to greatly lesser extend
in stainless steel and plastic
materials. Concerning the pH of
disinfectant  solution, Nomman
(200%), Simone et al. (2007) and Pan-
agiotis ef al. (2009) reported that the
acidic pH has an advantage over
alkaline pH. Meanwhile, opposite
data reported by Antoniou and
Frank (2005) and Sharma et al
(2005). While Gibson et al (1999),
Parkar et al. (2004) and Giaouris ef al
(2005) stated that the biofilm
formation was found to be indep-
endent of the pH wvalue. The
reduced ability of chlorine to

remove biofilms was in agreement
with the data reported by Keesha
and Joseph (2006), Byun et al. (2007),
Donald (2007), Mangalappalli-liathu
et al. (2008) and Yong et al. (2009). In
contrast, opposite results were recorded
by Jang et al. (2006), Norman
and Robert (2006), Park et al
(2006) and Craig (2008). On the
other hand Akiyama et al. (2004)
and Thorn et al. (2009) reported
the improvement of iodine effect
over other biofilm removing age-
nts. Meanwhile, the iodine resist-
ance was reported by Barry and
Gordon (1990) and Elisabeth et
al. (2007).

CONCLUSION:

The problem of biofilm control
can be summarised in two points,
the first one is prevention of
bacterial attachment and the seco-
nd is removal of already attached
bacteria. So the biofilm control
should be carried out by two
parallel procedures, limiting of
bacterial attachment as possible
and removal of formed biofilms
by suitable disinfectant.
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Table (1):

Mean values of reduction rates of disinfectants

on the attached microorganisms on food contact surfaces

. i s . Saphylo -
Disinfeciin Triak Surfce X N ; fcm?mg COUCAS Cdliforms . C"
t microorganisms | miguorganiams oriacas pafiingens
Stainless 19.37
o 17.91 % 19.04 % o 2557% | 30.15% | 67%
29.95
No.l | Wood 8.17 % 32.15% 2842% | 13.58% | 43.63%
. %
Plastic 16 % 19.42 % 23‘;2 A6 | 2057% | 4131 %
Chlorine
51?:::55 6575 % 29T % 0% | 100% W% | 297 %
No.2 | Wood 94.24 % 6331 % S‘f:‘ 702 % | 9261% | $220%
Plastic 91.48 % 81.32% 100% | 100% 0% | 3M%
Swainless | oy 11 g p28s% | BB geie |a206% | 85%
steel T
5088
No.i | Wood 35.12 % 45,04 % . 5644 % | 4638% | 5313 %
Plastic 44.07 % 18,84 % 47,; Y| s0a69 | 3429 | T8ET%
Iodine —
5‘2::1‘1’55 92,05 % 419 % 100% | 100% 100% | 7163 %
98.33
No.2 | Wood 97.14 % 9291 % o R782% | 98.01 % | 9481 %
Phastic 96.34 % 92.46 % 0W0% | 100% 100% | 9072%
Suiniess | o1 g 502% | Y2 swne {a2e% | 85%
steel %
5435
No.l | Wood 19.55 % 4878 % G 4738% | 524% | STIT%
. 57.65
Plastic 49.09 % 4532 % a 5741% | 4971% | 6291 %
Mixiure Sl
o ;ss 93.15 % 7706 % 100% | 100% 00% | 7955%
98.03
No.2 | Wood 9723 % 91.80 % % B837T% | 9798% | 9683 %
Piastic 97.80 % 0277 % 100% | 100% 100% | B453%
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