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Novel Approaches of E. coli O157: H7 Decontamination
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Abstract: Researchers in the area of microbiological meat safety, in an attempt to reduce beef carcass
contamination, try carcass-washing treatments as an effective method to control pathogenic bacteria. Spray
wash treatments utilizing 3 concentrations (1, 1.5 and 2%) of acetic, lactic, propionic and formic acids were
performed to evaluate their efficacy in reducing numbers of Escherichia coli O157: H7 on meat tissues at 4£1°C.
The meat was decontaminated with hot water and then moculated with E. coli O157: H7, which then was spray
washed with organic acids for 15 sec separately. The population of E. coli O157: H7 significantly (p<<0.05)
reduced after being spray washed with all treatments. The lethality effect of all organic acids according to the
concentration was 2% concentration >1.5% concentration >1% concentration. Mean log reductions of E. coli
0157: H7showed that the antibacterial effect of formic acid >lactic acid >acetic acid >propionic acid. The results
of this study also indicated that formic acid is a good antibacterial agent for decontaminating animals carcass

surfaces.

Kev words: Beef, Escherichia coli ©157: H7. acetic acid, lactic acid, propionic acid and formic acid

INTRODUCTION

The contamination of sterile animal muscle used as
food is a direct consequence of slaughtering and dressing
of animal carcasses. Wide ranges of microorganisms from
different sources are transferred onto meat surfaces that
are rich in nutrients (Marshall and Bal’a, 2001) Hide, hair
and hooves of the animals are some of the most
widespread sources of bacterial contamination of animals
carcass surfaces (Mies et al., 2004).

Escherichia coli O157: H7 is one of the most frequent
pathogen that contaminates meat. E. coli O157: H7
contaminate meat by contact with sewage, or
contaminated skin and equipment during slaughtering
(Tay et al., 2005).

The involvement of E. coli O157: H7 foodborne
illnesses has been associated with the consumption of
meat and meat products, especially undercooked ground
beef (Jay et al., 2005). Meat pathogens can cause self-
limiting human enteric diseases or systemic and fatal
infections of the immunocompromised, the elderly and the
young (Marshall and Bal’a, 2001 ).

E. coli O157: H7 is a Gram negative, facultative
anaerobe, non-sporeforming rod shape bacterium.
Diseases caused by E. coli O157: H7 vary from non
bloody diarthea and Dbloody diarrhea through
haemorrhagic colitis (Adams and Moss, 2000).

With respect to health and economic problems
caused by these bacteria, it is very important to reduce
their initial microbial population on meat. Various

intervention strategies have been developed to reduce the
level of bacteria on surface of animals carcass such as
washing and sanitizing with hot water, chlorinated
water, food grade acids and salts (Dubal et al, 2004,
Smulders and Greer, 1998).

Organic acids are Generally Recognized as Safe
(GRAS) antimicrobial agents and the dilute solutions of
organic acids (1-3%) are generally without effect on
desirable sensory properties of meat when used as a
carcass decontaminant (Smulders and Greer, 1998).

Previous studies focused on limited treatments for
controlling bacteria in which results were inconsistent
because of the extensive variations in conditions of
experiments.

Therefore, this study attempted to compare the
antibacterial effect of large number of different treatments,
three concentrations of four most frequently used organic
acids in previous studies as acetic, lactic, propionic and
formic acids, on one of the important species of bacteria
on meat.

The objective of this research was to study and
compare the antibacterial effect of the studied acids at
three concentrations (1, 1.5 and 2%) on the E. coli O157:
H7 inoculated on meat at 4+1°C.

MATERIALS AND METHODS
Organic acids: Three concentrations (1, 1.5 and 2%) of

four types of food grade organic acids namely Acetic
Acid (100%) (AA), L-Lactic Acid (90%) (LA), Propionic
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Acid (99%) (PA) and Formic Acid (90%) (FA) (Merck,
Germany) were prepared by diluting of glacial form of the
acids in sterile Distilled Water (DW).

Meat preparation: Fresh meat was obtammed from a local
butchery mn Serdang, Selangor, Malaysia. Having been
packed m sterile bags, the meat was transported to
laboratory in a cool box. The samples were prepared
immediately after transferring meat to laboratory. Several
10 g pieces of meats were procured from freshly
slaughtered cow.

Bacterial strains: Escherichia coli 0157. H7 ATCC
888402 was obtammed from the American Type Culture
Collection (ATCC).

Sample preparation: E. coli 0157 H7 was cultured on
standard plate count agar (Merck, Germany) and was then
mncubated for 24 h at 37°C. After 24 h of incubation, a
number of colonies were inoculated in sterile DW
and the cell concentration was adjusted to about
10° bacteria mL. ™"

The prepared 10 g pieces of meat were
decontaminated by washing with hot sterile DW (80°C)
for 30 sec (Chowdhury et al., 2006), then they were kept
for few minutes to reach room temperature. At this stage,
about 107 bacteriamL " (Benscn, 2001) of E. cofi ©0157: H7
was noculated on decontaminated meat by pouring and
swabbing over the meat surfaces (Dorsa et al, 1997).
Subsequently, the
bacterium was kept for 20 mm to allow attachment and
absorption of bacterium however, some of the inoculated
pleces of meat were kept as inoculation centrol
(Dubal et al., 2004).

After 20 min, the inoculated meat was spray washed
with organic acids for 15 sec individually (Bell et al.,
1997). Once the inoculated meat was spray washed and

mnoculated meat with selected

dramned, they were packed i sterile bags that were stored
at 44+1°C. Another set was also prepared at the same time
as a replicate.

Microbiological — analyses
mnmediately after spray washing until the 12th day of
refrigeration. The surface pH of samples was measured by
using flat probe pH meter (Prescisa, Switzerland) on 0,
2nd, 6th and 12th days of storage. At this step, each piece
of meat (10 g) was aseptically blended with 90 mIl. of
sterile peptone water (Merck, Germany) in a laboratory
blender (AOAC, 1990). After that 1 mL of the blended
sample of each inoculated meat with E. coli O157: H7 was

were carried  out

transferred onto Petri dishes for pour plate culturing with
standard plate count agar (Merck, Germany) individually.

159

Again, another 1 mI of the same suspension was cultured
as a duplicate. The Petri dishes were then incubated for
24 h at 37°C. After 24 h of incubation, the number of
colonies was enumerated in each Petri dish.

Statistical analysis: The bacterial population (CFU mL™")
was obtained from four replications performed on separate
days and their means were converted to log;, CFU mL ™.
Differences between log,, CFU mL™ of untreated beef
carcass tissue and log,, CFU mI.™" of treated beef carcass
tissue were calculated as log reduction (Bjornsdottir et al.,
2006; Bell et al., 1997). Log reductions of treatments were
compared by Analysis of Variance (ANOVA) test using
the general lmear models of SPSS 12.0 for windows,
p<0.05 was considered as sigmficant.

RESULTS AND DISCUSSION

The wmtial surface pH of meat decreased directly after
spray washing with treatments. With progress of storage,
it increased, while the pH of controls decreased. A
significant (p<0.05) reductions were found in the
population of E. coli O157: H7 after being exposed to all
treatments. The mean log reductions of E. coli O157: H7
showed 1£0.5, 1.1440.5 and 1.2840.5 log,, cfu mL™
reductions after being exposed to AA at 1, 1.5 and 2%
concentrations (Fig. la) and at pH range 4.86-5.79,
4.74-5.70 and 4.65-5.66, respectively. 1.08+0.5,1.22+0.5 and
1.3540.5 log,, cfu mL ™" reducticns after being exposed to
LA at 1, 1.5 and 2% concentrations (Fig. 1b) and at pH
range 4.70-5.65, 4.59-5.55 and 4.47-5.44, respectively.
0.8940.5, 1.0240.5 and 1.1740.5 logy; cfu mI.~" reductions
after being exposed to PA at 1, 1.5 and 2% concentrations
(Fig. 1c)and at pHrange 5.14-5.98, 5.02-5.93 and 4.89-5 .80,
respectively and 1.4140.5, 1.58+0.5 and 1.8440.5 log,, cfu
mL ™" reductions after being exposed to FA at 1, 1.5 and
2% concentrations (Fig. 1d) and at pH range 4.39-5.46,
4.30-5.39 and 4.23-5.35, respectively. The untreated meat
showed no significant change in the population at pH
range 6.18-4.50.

The main goal of this study was to mvestigate the
antibacterial effect of various orgamc acids applied as
spray wash treatment and explore thewr effect on
decreasing the microbial loads of bacteria efficiently on
beef tissue. PH is one of the important factors, which
influences the growth of bacteria. Tt has been well
established that most microorganisms grow best at pH
values around 7.0 (Tay et al, 2005), therefore, pH
reduction is one of the inhibitor factors, which can limit
the growth of bacteria. Malicki et @l. (2004) mdicated that
direct bactericidal action of organic acids results from pH
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stored for 12 days. A progressive lowering of E. coli O157: H7 number was detected over time. Dashed line

represents the mean of untreated

decrease within bacterial cell. They also observed that pH
of fish meal decreased directly after acid addition, which
resulted 1n reduction of E. coli ©157. H7 population.
Moreover, Shin et al. (2002) found that the bacteriostatic
effect of propionate against E. coli was proportional to
pH decrease in culture medium.

To date, organic acids have been found as safe
antibacterial agents. Various researchers have proved the
antibacterial effect of organic acids on different types of
pathogenic bacteria (Castillo ef al., 2001; Samelis et al.,
2001 ; Bjomsdottir ef al., 2006).

In this study, the population of E. coli O157: H7
decreased after being exposed to all treatments. The
reduction rate of the selected bacterium was proportional
to the type and the concentration of each organic acid.
Analysis of Variance (ANOVA) for log reduction of
E. coli 0157 H7 showed that there was a significant
difference (p<<0.05) between 1, 1.5 and 2% concentrations
of each organic acid. Log reductions analysis showed that
increase in the concentration of organic acids resulted in
increasing the antibacterial effect of organic acids. These
findings were similar to that of Anderson and Marshall
(1990), who studied the reduction in the microbial
population of E. coli and S. typhimurium exposedto 1, 2
and 3% concentrations of lactic acid They found that
population reduction of E. celi rose by increasing
concentration of lactic acid.
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The antibacterial effect of the organic acids was
found to be caused maly by the undissociated form of
organic acids (Dibner and Buttin, 2002). Non-dissociated
organic acids can passively diffuse through a bacterium’s
cell wall and once internalized into the neutral pH of the
cell cytoplasm, they dissociate mnto amons and protons,
both of which exert an intubitory effect on bacteria
(Ricke, 2003). Releasing proton ions causes the internal
PH to decrease leading to disruption of proton motive
force and inhibiting substrate transport mechanisms
(Russell, 1991).

Analysis of Variance (ANOVA) of mean log
reductions of population of E. coli O157: H7 showed that
there 1s no significant difference (p<t0.05) between lethal
effect of AA, LA and PA, but there was significant
difference between antibacterial effects of FA and other
organic acids. The findings of the current study showed
that FA treatment was the most effective in reducing the
population of selected bacterium. These results were in
agreement with that of Chaveerach et al. (2002), who
indicated that formic acid showed stronger lethal effect on
Campylobacter jejuni than propionic and acetic acids.
The strong antibacterial effect of formic acid 1s related to
its structure. Formic acid is an organic acid with shortest
cham, which could be beneficial for its diffusion nto
the cell and cause acidification of the cytoplasm
(Skrivanova et al., 2006).
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CONCLUSION

Taken together the population of E. coli O157: H7
decreased after being exposed to AA, LA, PA and FA
treatments. Among the treatments, FA showed the best
antibacterial effect on both bacteria. Collectively, formic
acid treatment 1s a feasible and economical method of
decontaminating meat.
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