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ABSTRACT

The effect of the treatment with various concentrations of lactic acid (2 %, 5 %,
7.5 % and 10 % wiv) buffer system pH3 (LABS), Modified atmosphere packaging
(MAP) (90 % COz + 10 % O2); combination of 2 % LABS + MAP; 5 % LABS+ MAP;
7.5 % LABS+ MAP and 10 % LABS+ MAP on Escherichia coli 0157:H7 and on the
shelf life of chicken legs stored at § °C was investigaled. The initial contamination
level of Escherichia coli 0157:H7 on chicken legs surface was 3.59 logso cfu / cm? of
skin. Reduction of 0.92, 1.23, 1.39, 1.81 logo units of Escherichia coli 0157, H7 were
obtained by the treatments with 2 % lactic acid buffer system pH3 (LABS), 5 %
(LABS), 7.5 % (LABS) and 10 % (LABS), respectively. The antimicrobial effect
increased with increasing concentrations of lactic acid in the buffer system. On day 3
there was a significant difference (p < 0.05) for the number of Escherichia coli
0157:H7 between all the treatments compared with unireated samples (control).
Treatment with 10 % LABS + MAP, 7.5 % LABS + MAP, 5% LABS + MAP and 2 %
LABS+ MAP eliminated 3.59 logyo cfu/cm? of Escherichia coli O157:H7 from poultry
within 7, 8, 10 and 11days of storage at 5 °C, respactively. Lactic acid buffer system
pH3 (LABS) and Modified Atmosphere Packaging provides a natural means of killing
Escherichia coli O157:H7 in poultry and can be used in other food products. Results
revealed lhat the tolal viable bacleria and lactic acid bacteria were inhibited by all
treatments used as compared with the untreated samples. The highest inhibition was
observed with 10 % LABS+ MAP treatment, followed by 7.5 % LABS+ MAP. The
buffering capacity of the buffer systems (LABS) seem to be sufficient to maintain a low
pH of the skin during storage. Legs treated with 2 % LABS; 5 % LABS; 7.5 % LABS;
10 % LABS; Modified atmosphere packaging (MAP); 2 % LABS + MAP; 5 % LABS +
MAP: 7.5 % LABS + MAP and 10 % LABS + MAP have a shelf life at 5 °C of 7, 8, 10,
11, 12, 13, 14, 15 and 16 days respectively. This signifies a prolongation of shelf iife
at5°Cof2 3,5 6,7, 8 9, 10 and 11 days respectively, as compared with untreated
samples. A synergistic effect between lactic acid buffer system (LABS} and modified
atmosphere packaging (MAP) was evidence.

INTRODUCTION

Escherichia coli Q157:H7 is a major food-borne pathogen, which causes
life threatening hemorrhagic colitis, hemolytic uremic syndrome and
thrombotic thrombocytopenic purpura in the young, old and immuno-
compromised {Doyle, 1991; Rowe, 1995; Acheson et al,, 1996).An estimated
73,480 cases of Escherichia coli O157:H7 related iliness are reported each
year in the United States with approximately 85 % due to food-borne
transmission (Mead et al, 1999; Campbell et af., 2004).Many food vehicles
have been responsible for the transport of Escherichia cofi O157:H7,
including poultry (Doyle, 1991; Chapman ef al,, 1997; Heuvelink et al,, 1999;
Chandler ef al, 2001; Ganiere et al, 2001), meat (Okrend et al, 1990;
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Chapman et a/, 2001 ), fruits (Besser et al,, 1993; Nguyen-the and Carlin,
1994; Cheng-hsin and Cheng-chun,2001), vegetables(Nguyen-the and
Carlin, 1994, Francis and Berine,2001;) and water (Sargeant et al, 2003;
Ibekwe and Grieve, 2004; Shelton et al, 2004). The infection risk for
Escherichia cofi 0157:H7 is high because the infective dose in food is low as
10 cfu/g (Griffin and Tauxe 1991; Coia, 1998; Rasmussen and Casey, 2001).
This development has stimulated the interest of researchers, regulatory
authorities, and the food industry in determining the potential of the organism
to contaminate various foods and survive processing procedures {Doyle,
1991; Coia, 1998; Rasmussen and Casey, 2001).

One way to retard microbial growth is through antimicrobial agents. Lactic
acid has bactericidal properties (Zeitoun and Debevere, 1990; Sawaya et al,
1995; Dorsa and Marshall, 1995) and can be used as a natural antimicrobial
agent for poultry and meat products (Smulders et al, 1986; Zeitoun et al,
1994; Sawaya et al., 1995).

Modified atmosphere packaging of fresh food has been used increasingly
in recent years (Jayas and Jeyamkondan, 2002; Panagiotis and George,
2002; Khawla et al, 2005) and has been shown to be effective against
pathogenic bacteria and for extension of the shelf life of poultry (Zeitoun and
Debevere, 1993b; Sawaya et al,, 1995; Jimenez ef al,, 1999; Khawla et al,
2005).

The objectives of the present investigations were to evaluate the effect of
the treatment with different concentrations of lactic acid buffered system pH3
orfand modified atmosphere packaging on inactivation of Escherichia cofi
0157:H7 and on the shelf life of poultry stored at 5 °C.

MATERIALS AND METHODS

Materials:

Fresh chicken legs were obtained from a local commercial poultry
processing plant (Al-Hausa, Saudi Arabia). They were taken from the
production line and transported under refrigeration to the laboratory of
College of Agricultural and food sciences, King Faisal University of Saudi
Arabia within an hour. Legs were used for practical reasons, instead of whole
carcasses.

Escherichia coli: Escherichia coli 0157:H7 was kindly provided by
prof.J.M.Debevere (Faculty of Agriculture Sciences, University of Gent,
Belgium). Intermediate cultures were prepared by inoculating a loopful from
the slant into liquid brain heart infusion (BHI) (Oxoid CM 225) which was then
incubated aerobically at 37 °C for 24 h One drop of this BHI culture was
transferred into a second tube of sterile BHI, which was again incubated for
24 h at 37 °C. One loop of this culture was streaked onto plate count agar
(PCA) (Oxoid CM 325) and incubated for 24 h at 37 °C. A colony of the PCA
culture was transferred into 100 ml of sterile BHI and incubated for 24 h at 37
°C. The working culture of Escherichia coli O157:H7 was prepared by diluting
the BHI culture in 25 liter sterile physiological saline containing 0.1% peptone
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so that the number of Escherichia coli O157:H7 was 21x 10° cfu/ml. The
working cultures were made in duplicate (each 25 liter).

Artificial contamination of the chicken legs: Two hundred and thirty of
fresh chicken legs were submerged in the working culture of Escherichia coli
O157:H7 {(Each 115 in 25 liter of working cultures) for 15 s. After this artificial
contamination the legs were then kept at 5 °C for 2 h to drain and to allow the
attachment of the Escherichia coli O157:H7 cells on the skin. The
contamination level was 39 x 10° cfufcm® (None treated Controis). Non
treated samples (Controls) were packed separately in polyethylene bags
(70pum thickness, with oxygen permeability of 750 ml / m? /24 h at 1
atmosphere and 23 °C) and stored at 5 °C.

Lactic acid buffer systems pH3 (LABS) treatment: After artificial
contamination, chicken legs were decontaminated by spraying with lactic acid
buffer systems pH3 (LABS) at four concentrations, 2%, 5%, 7.5% and
10%(wiv). After treatment the chicken legs were aliowed to drain at 5 °C for 2
hours (Zeitoun and Debevere, 1990} A half of the treated samples were
packed separately in polyethylene bags and stored at 5 °C.

Gas packaging: The second half of the treated samples were packed
separately under modified atmOSphere {90%CO, + 10% Q) in Sidamil plastlc
bags (permeability : 6ml O, /m® 124 h, 15 ml CO, /m? 124 h, 2ml N, /m? 124
h, at 1 atmosphere and 23 °C) and stored at 5 °C (Zeitoun and Debevere,
1992).

Microbiological analysis: At each sampling time, three legs were sampled
aseptically taken by means of excision of surface areas of 15 cm? of skin. A
sterile filter paper {6x2.5 cm) was used to outline the area. Filter paper and
skin were homogenized for 2 min in 150 ml sterile physiologica! saline
supplemented by 0.1% peptone, using a stomacher (Lab Blender 400,
Seward Medical, London). From this homogenate, decimal dilutions were
prepared in duplicate in physiological saline containing 0.1% peptone and
were plated in duplicated.

Total viable count of organisms were determined by the pour-plated

method in plate count agar (PCA,; Oxoid CM 325), incubated at 25 °C for 72 h
{Jimenez et al., 1999, Panagiotis and George, 2002}). The sorbitol MacConkey
agar (SMAC) (Oxoid CM981) medium was used for selective enumeration of
Escherichia cofi O157:H7, incubated for 24 h at 37 °C (Heuvelink ef af, 1999,
Rodriguez et al., 2005). Lactic acid bacteria were assessed as colony forming
units on MRS agar (Oxoid CM 361) with an overlay of the same agar
incubated for 3 days at 30 °C (Jimenez et al.,, 1999; Panagictis and George,
2002).
pH measurement: After sampling for microbiological analysis, the rest of the
skin was removed, macerated (skin only) in a blender for 10s (Zeitoun and
Debevere, 1990) and the pH was measured using a digital pH meter (Thermo
Orion, mode! 260A) (USA).
Statistical analysis: Obtained data were analyzed using analysis of
variances two ways (ANOVA) and subjected least significant difference (LSD)
at 0.05% level of significant was used to compare the treatment means
(Waller and Duncan, 1969). Computations were done using SAS (1996).
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RESULTS AND DISCUSSION

The effect of lactic acid Buffer system pH3 (LABS) and Modified
Ammosphere Packaging (MAP) on the totai viable count when the Escherichia
coli O157:H7 was inoculated at 3.59 logyg cfufem? of the skin of chicken legs
are shown in Table 1.The initial total viable bacteria on chicken legs was 5.02
log1o cfufcm®. The decrease in total viable count immediately after
decontamination was more pronounced with increasing the concentration of
lactic acid buffer system (LABS). A according to Zeitoun and Debevere,
(1890}, increasing the concentration of lactic acid to 10% in the buffer system
(LABS) appeared not to influence the sensory quality of the chicken legs
.Several considerations have led to the use of laclic acid as a
decontamination agent because of the excellent bactericidal properties
(Smulders et al, 1986; Zeitoun et al., 1994, Sawaya el al, 1995). At day 5
and 7 of storage at § °C, marked decrease in logs cfulcm? of total viable
count was evident for all samples treated with different concentrations of
lactic acid buffer system (LABS) in combination with modified atmosphere
packaging (MAP) compared with logy, cfufcm® on legs only treated with
MAP. This can be explained by the antimicrobial effect of lactic acid buffer
system (LABS) and a synergistic effect between (LABS) and modified
atmosphere packaging (MAP).On the day of spoilage, corresponding with the
critical spoilage level of log,; CFU= 7.0-8.0, followed by typical off-odours on
the next day (Van der Marel ef al., 1988; Zeitoun et al,, 1994). All samples at
the end of storage pericds were below the critical marginal quality, followed
by off odour next day. Samples treated with 2% LABS; 5% LABS;, 7.5%
LABS; 10% LABS; Madified atmosphere packaging (MAP), MAP+ 2% ABS;
MAP+ 5% LABS; MARP+ 7.5% LABS and MAP+ 10% LABS have a shelf iife
at5°Cof7 8 10, 11, 12, 13, 14, 15 and 16 days respectively. This signifies
a prolongation of shelf life at 5 °C of 2, 3, 5, 6, 7, 8, 9, 10 and 11 days
respectively, as compared with untreated samples. The data revealed that
decontarination of poultry with buffer lactic acid pH3 (LABS) is particularly
suitable in combination with MAP.

The pH of foods influences their susceptibility to microbial growth, and
acidification by the addition of acids or by fermentation, is used in
preservation of many types of food (Sawaya et a/., 1995). In situations where
the pH must be altered, it is usually desirable to stabilize the pH at the
desired level through a buffer system. Also, in some foods where substantial
amounts of acid are used, the resulting sour, tart taste will be perceived by
many consumers as flavour detriment. This problem can be soived by
establishing a buffer system of weak organic acids and their salts, which not
only lowers and stabilizes the pH, but also increases the antimicrobial effect
(Zeitoun and Debevere, 1990; 1993,). The evolution of the pH of the chicken
legs treated with various concentrations of lactic acid buffer system pH3
(LABS) and modified atmosphere packaging (MAP) during storage at 5 °C is
Mustrated in Table 2.
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The initial pH value of chicken legs used in this study was 6.54. A reduction
of 0.82, 1.23; 1.91 and 1.97 pH units were abtained by treatment with 2%
LABS; 5% LABS; 7.5% LABS and 10% LABS, respectively as compared with
untreated samples. The pH values of chicken legs treated with 2% LABS;
5% LABS; 7.5% LABS; 10% LABS; modified atmosphere packaging (MAP);
2%LABS+ MAP; 5%LABS+ MAP; 7.5%LABS+ MAP and 10%LABS+ MAP
were significantly decreased (P< 0.05) when stored for 3 and 5 days at 5 °C
as compared with untreated chicken legs. The pH value of untreated samples
increased rapidly, as the microbial population increased (Van der Marel et af,
1988; Sawaya et al., 1995). These results are contradictory to those obtained
for pH and total viable count (Tabie .1). After 5, 7, 8 and 10 days of storage at
5 °C , there was significant decrease (P<0.05) in the pH value for all samples
treated with LABS+ MAP compared with legs only treated with LABS. This
can be explained by a synargistic effect between lactic acid buffer system
pH3 (LABS) and modified atmosphere packaging (MAP). Similar results were
obtained for total viable bacteria (Table 1).On the day of spoilage,
corresponding with the critical spoitage level of log,, CFU= 7.0-8.0, followed
by typical off-odours on the next day (Van der Marel et al, 1988; Zeitoun et
al, 1994), the pH values of all poultry sampies treated with various
concentrations of lactic acid buffer system pH3 (LABS) were still lower than
the initial pH. The buffering capacity of the buffer system seemed to be
sufficient to maintain a low pH of the chicken legs.

The effect of treatment with various concentrations of lactic acid buffer
system (LABS) and modified atmosphere packaging (MAP) on the growth of
lactic acid bacteria are illustrated in Table 3. The numbers of lactic acid
bacteria were reduced by0.66, 0.70, 0.96 and 1.03 logyo cfufcm? for treatment
with 2%LABS, 5%LABS, 7.5%LABS and 10%LABS, respectively. A similar
trained was observed for total viable count {(Table 1). The ANOVA indicates
that storage time and treatment effects were significant (P< 0.05) in lactic
acid bacteria counts. By day 3, populations of lactic acid bacteria on ail
treated samples were significantly lower (P< 0.05) than those counted on
untreated samples (artificially contaminated) This bactericidal effect,
increased with increasing concentration of factic acid in the buffer system
(LABS) combined with modified atmosphere packaging (MAP).As expected,
on the day of spoilage , on all samples packed in modified atmosphere (MAP)
or treated with lactic acid buffer system and packed in modified atmosphere
{LABS+ MAP), lactic acid bacteria were found to be dominating flora. The
data also indicated a synergistic effect between LABS and MAP, which
increase with increasing the concentrations of LABS.

Escherichia cofi Q157: H7 is the most notorious serogroup of
verotoxigenic E.cofi (VTEC) and belongs to subgroup of VTEC that is
associated with human disease and referred to as enterohemorrhagic £.colf
(EHEC) (Griffin and Tauxe 1991). EHEC can produce asymptomatic
infections, cause non-bloody diarrhea, bloody diarrhea or hemorrhagic colitis
{HC), hemelytic uremic syndrome (HUS) and thrembocytic thrombocytopenic
purpura (TTP) (Griffin, 1995).Hemorrhagic colitis caused by EHEC is
characterized by severe abdominal cramps, bloody stools, little or no fever
and evidence of colonic mucosal cedema (Griffin and Tauxe 1991).
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Approximately 7% of patients affected by VIEC develop systemic complications,
most commonly HUS, which is characterized by microangiopathic  hemolytic
anemia, thrombocytopaenia, renal failure and central nervous system
symptoms. TTP is considered to be a manifestation of HUS where renal failure is
normally mild but neurological involvement is greater (Griffin, 1995). Escherichia
coli O157:H7 requires a very low infection dose in food to cause sever
manifestations (Griffin and Tauxe 1991).The pathogen has become a major
public heaith concern all over the world (Coia, 1998).Therefore many
investigations about the different properties and the availability of this organismin
different foods have been performed continuously (Nguyen-the and Carlin, 1994,
Heuvelink et al,, 1999; Chandler et al, 2001; Chapman e! al,, 2001; Ganiere st
al., 2001; Rodriguez ef al, 2005).The antimicrobial effect of lactic acid buffer
system pH3 (LABS) and modified atmosphere packaging (MAP) on Escherichia
cofi 0157:H7 are shown in Table 4. The initial contamination level of Escherichia
coli Q157:H7 on chicken legs surface was 3.59 logq, cfulem? of skin. The data
indicate the decontaminating effect of the lactic acid buffer system pH3 (LABS).it
was seemed that a reduction of 0.92, 1.23, 1.39, 1.81 log,, units were obtained
by the treatments with 2% lactic acid buffer system pH3 (LABS), 5% (LABS),
7.5% (LABS) and 10% (LABS), respectively. The antimicrobial effect increased
with increasing concentrations of lactic acid in the buffer system. Jordan et al,
(1999) also reported that Escherichia coli 0157 H7 was sensitive to lactate at
pH3. On day 3 there was a significant difference (P< 0.05) for the number of
Escherichia coli Q157 H7 between all the treatments compared with untreated
samples. These results are contradictory to those obtained for total viable count
(Table.1), pH (Table.2) and lactic acid bacteria (Table.3).The number of
Escherichia coli 0157 H of the untreated artificially contaminated skin remained
constant during 5 days of storage at 5 °C. Coleman e! af., {2003) also reported
that Escherichia coli 0157 H does not grow at 5 °C. At 10% lactic acid (LABS),
Escherichia coli O157:H7 was reduced by 2 24 log.s cfulem® within 5 days from
an initial inoculum of 3.59 log,, cfu/cm’® This means that the probability of its
survival under this condition is 1/anti-log of 2.24 or 1/174, This also means that in
order to have survivors up to day5. there should be > 174 cellsicm? present
initially. On day 7, there was significant decrease (P<0.05) in the number of
Escherichia coli Q157 H for ail samples treated with LABS+ MAP compared with
legs anly treated with LABS. This can be explamned by a synergistic effect
between lactic acid buffer system (LABS) and modified atmosphere packaging
{(MAP). Treatment with; 10%LABS+ MAP, 7.5%LABS+ MAP, 5% LABS+ MAP
and 2% LABS+ MAP eliminated 3.59 log,, cfufcm?® of Escherichia coli O157:H7
from poultry within 7, 8, 10 and 11days of storage at 5 °C, respectively. Such
elimination would improve the safety of poultry.

In conclusion, the effect of lactic acid buffer system (LABS) on the inhibition of
Escherichia coli O157:H7 and on shelf life increases with increasing
concentrations of lactic acid in the buffer system. A synergistic effect between
lactic acid buffer system (LABS) and modified atmosphere packaging (MAP) was
evidence. Lactic acid buffer system pH3 and Modified Atmosphere Packaging
provides a natural means of killing Escherichia coli O157:H7 in poultry and
can be used in other food products.
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