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Elimination of Escherichia coliO 157:H7 and
Listeria monocytogenes from raw beef sausage
by y-irradiation

Hesham M. Badr

Atomic Energy Authority, Nuclear Research Center, Abou Zaabal, Egypt

The effectiveness of low y-irradiation doses in the destruction of Escherichia coli O157:H7 and
Listeria monocytogenes in raw beef sausages was investigated. Raw samples of fresh manufactured
beef sausage were subjected to y-irradiation at doses of 0, 1, 2, and 3 kGy. Then samples were cold-
stored (4 = 1°C) for 12 days and the effects of irradiation and storage on the counts of these harmful
bacteria were studied. Moreover, the effects of irradiation and storage on the percentages of free fatty
acids (FFAs) in lipids, on the p-anisidine values of lipids, solubility of sarcoplasmic and myofibrilar
proteins, and water-holding capacity (WHC) were also determined. The results showed that y-irradia-
tion at 1 and 2 kGy significantly reduced the counts of E. coli O157:H7 and L. monocytogenes,
while 3 kGy dose effectively eliminated these bacteria by more than 4 log and 3 log units, respecti-
vely, and could keep their counts below the detection level during storage. y-Irradiation had no signi-
ficant effects on the percentages of FFAs in lipids, solubility of sarcoplasmic and myofibrilar pro-
teins, and WHC of samples, while it significantly increased the p-anisidine value of lipids. During
storage, significant increases in the percentages of FFAs and p-anisidine values were observed for
lipids of irradiated and nonirradiated sausages, while the solubility of sarcoplasmic and myofibrilar
proteins showed no significant changes. Moreover, samples of irradiated and nonirradiated sausages
showed significant decreases in their WHC during the first 6 days of storage at 4 + 1°C, then showed
no significant changes. Finally, y-irradiation at a dose of 3 kGy appeared to be sufficient to improve
the microbiological safety of raw beef sausages without adverse effects on their chemical properties.
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1 Introduction Irradiation as a method of meat preservation has an excel-
lent potential to improve meat safety and shelf-life [10, 11].
The approval of meat irradiation by FDA in 1997 has
attracted the attention of industry and consumers concerned
with improving food safety. It is well-established that the
application of this process can virtually eliminate most
vegetative pathogens from fresh meats [12—15]. Its use
within a Hazard Analysis Critical Control Points System in
meat processing plants could positively impact the safety of
these products [3, 15]. Therefore, the objective of the pre-
sent work was to examine the incidence of E. coli O157:H7
and L. monocytogenes in raw beef sausage and their elimi-
nation by low doses of y-irradiation.

Enterohemorrhagic Escherichia coli O157:H7 and Listeria
monocytogenes are pathogenic bacteria that have emerged
as foodborne pathogens of major public health concern [1—
3], causing food poisoning and disease outbreaks around
the world [3—6]. Sausage is one of the meat products that
are gaining popularity because of convenience, variety,
economy, and nutritional value. It takes little time in pre-
paration, with some sausage being ready to serve, and
others needing only to be warmed [7]. However, sausage
may act as a main source of food poisoning and has been
reported as a vehicle transmitting E. coli O157:H7 and L.
monocytogenes in many cases of food-borne diseases [8, 9].
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This study was divided into two stages. In the first stage, we
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cytogenes in raw beef sausage. Sixty samples of well-sealed
prepackaged raw sausages (400 g in a polyethylene pouch)
were randomly collected from three different meat product
markets (in El-Sharkia Governorate, Egypt) which distri-
butes meat products of the most famous meat processing
plants in Egypt. Samples were transported to the laboratory
in an ice-chest and the microbiological analyses were per-
formed immediately on arrival at the laboratory after 1.5 h
of delivery. Analyses were conducted using triplicate sepa-
rated subsamples for each package of sausages. The bacter-
iological survey revealed that 8.3% of the samples (5 sam-
ples) contained E. coli O 157 :H7, while 35% of the samples
(21 samples) contained L. monocytogenes, meanwhile
6.7% of the samples (4 samples) contained E. coli
0157:H7 in addition to L. monocytogenes. Therefore, due
to low probability for the incidence of E. coli O157:H7 in
samples compared to L. monocytogenes, the second stage
of this work was designed to study the effects of irradiation
on the elimination of this pathogen through inoculation
studies, while the study was carried out on L. monocyto-
genes that may be naturally present in samples due to their
relatively higher incidence in sausage samples.

2.2 Beef sausages

Raw beef sausages were purchased freshly after manufac-
turing from a meat processing company (10" of Ramadan
City, Egypt) and used in the second stage of the present
study. The main formula consisted of frozen beef meat
(flank (65%) and forequarters (10%)), dextrose (0.695%),
sodium caseinates (0.794%), soya (0.993%), ecolin
(0.894%), dried garlic (0.198%), tripolyphosphate
(0.396%), sodium chloride (1.142%), water and ice
(19.148%), nitrite and nitrate (0.01%), and spices
(0.730%). The obtained sausages were ground and well-
mixed under aseptic conditions using a Braun Hand Mixer
(model #MR5550MBC), then divided into three portions.
The first and second portions were subdivided into appro-
priate samples (~100 g) in polyethylene pouches for che-
mical determinations and determinations of L. monocyto-
genes, respectively. The pouches were sealed by heat. The
third portion of the ground sausage was used for inoculation
with E. coli O157:H7.

2.3 Inoculation of E. coliO 157 : H7

Inoculation of E. coli O157:H7 in ground sausage was
done as described by Lopez-Gonzélez et al. [15]. Con-
firmed cells of E. coli O 157 :H7, which were isolated from
sausage samples in the first stage of our study and con-
firmed using the dry-spot E. coli O157:H7 latex test
(Oxoid), were incubated in tripticase soy broth (TSB; Difco
Laboratories, Detroit, MI, USA) for 24 h at 35°C, followed
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by storage at 4 + 1°C. When needed, 24 h before purchasing
the samples, cultures were grown in 10 mL TSB at 35°C for
18 h. Then, 0.1 mL of the culture was transferred to 10 mL
TSB and grown at 35°C to early stationary phase (8 h), at
which time the approximate bacterial population in the cul-
ture reached 10® cells per mL (as indicated by the direct
microscopic count using a hemocytometer before inocula-
tion, while the confirmed count reached 1.04 x 108 cfu/mL
as indicated by the plate count on Sorbitol MacConky agar
(Oxoid). One mL of the culture was transferred to 100 mL
TSB and the diluted culture was added to the ground sau-
sage at 10 mL per each 500 g. The inoculated sample was
mixed at slow speed (139 rpm) in a meat mixer (Hobart, N-
50 with stainless steel beater), followed by grinding and
further mixing by the hand mixer to assure uniform distri-
bution of the inoculum. The inoculated samples were also
subdivided into appropriate samples (~ 100 g) in polyethyl-
ene pouches and sealed by heat. Then all pouches of the
three portions under investigation were transferred to irra-
diation treatments.

2.4 Irradiation and storage

Samples of the three sausage portions under investigation
were exposed to y-irradiation at doses of 0, 1, 2, and 3 kGy
using a Cobalt-60 source, providing a dose rate of 9.23
kGy/h (National Center for Radiation Research and Tech-
nology, Nasr City, Cairo, Egypt). Irradiation was carried out
at room temperature and dosimetry was conducted with fer-
rous sulfate/cupric sulfate dosimeters. Then all samples
were stored at 4 + 1°C for 12 days and periodically analyzed
at 3-day intervals. Analysis of all samples was stopped
when decomposition of the control nonirradiated samples
became apparent (after 12 days).

2.5 Bacteriological analyses

For bacteriological determinations (in all stages of this
study), pouches were aseptically opened. The initial 1/10
dilution as well as the other appropriate serial dilutions
were prepared in 0.1% peptone water diluent. Then the col-
ony forming units of E. coli O 157 :H7 were enumerated by
surface plating on Sorbitol MacConkey agar and incubation
at 35°C for 24 h, while representative colonies were con-
firmed as E. coli O157:H7 using dry-spot E. coli
O157:H7 latex test [16]. Listeria monocytogenes was
counted (after enrichment using selective enrichment med-
fum prepared from buffered Listeria enrichment broth base
and Listeria selective supplement, Oxoid) on Listeria selec-
tive medium (prepared from Listeria-selective agar base
CMS856 and Literia-selective supplement SR140, Oxford
formulation) after 24—48 h of incubation at 35°C [16]. Cul-
tures were examined after 24 and 48 h incubation and typi-
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cal colonies were confirmed through biochemical tests
according to Bille and Doyle [17].

2.6 Chemical analyses

2.6.1 Lipid analysis

Lipids were extracted with chloroform/methanol (2:1)
according to the method of Folch ef al. [18] and the FFAs
were determined in the extracted lipids according to the
official methods of AOCS [19], while the lipid oxidation
potential was evaluated by the determination of the para-
anisidine value as described by Egan et al. [20].

2.6.2 Protein solubility and water-holding capacity

Sarcoplasmic proteins were determined according to the
method described by Diaz et al., [21] while myofibrilar pro-
teins were determined as described by Warner et al. [22].
Water-holding capacity (WHC) was determined as describ-
ed by Rocha-Garza and Zayas [23].

2.7 Statistical analysis

All analyses were performed using triplicate samples
(pouches) per treatment. The results were statistically ana-
lyzed by randomized complete block design (two factors)
using a microcomputer program for design, management,
and analysis of agronomic research experiments (MSTAT-
C), while the differences between the means (p < 0.05) were
determined by the least significant difference [24]. Values
of bacteriological determinations were converted from dec-
imal numbers to integer numbers before statistical analysis.

3 Results and discussion
3.1 Bacteriological properties

3.1.1 Incidence of E. coliO 157 :H7 and L. mono-
cytogenes in fresh raw beef sausage

In the bacteriological survey conducted on samples of fresh
raw beef sausage, collected in the first stage of the present
study, the results revealed that the counts of E. coli in the
positive samples were in the range of 5.7 x 10" to 3.6 x 10?
cfu/g, while the counts of L. monocytogenes ranged from
1.25 x 10*to 1.0 x 10° cfu/g (Table 1). It was stated that cat-
tle appeared to be the primary origin for serotype
O157:H7, however, it was also found in deer, sheep, and
other animals [25]. Moreover, this pathogen has the ability
to survive up to 9 months in frozen storage at —20°C, can
tolerate up to 8% salt, and survive any acidity developed in
fermented sausage [9, 26]. In addition, even if only a small
portion of isolated E. coli can be harmful for humans, the
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Table 1. Bacteriological survey for the incidence of E. coli
0157:H7 and L. monocytogenes in raw fresh beef sausage

Percentage Mean count (cfu/g)

of positive

samples® E. coliO157:H7 L. monocytogenes
Lower ob- Higherob- Lowerob- Higherob-

served count served count served count served count

8.3% 7 x 10! 3.6 x10° ND ND

35.0% ND ND 1.3x10>  1.05x10°

6.7% 57x10"  1.8x10% 1.25x 10> 7.3x10?

a) Number of the analyzed samples = 60; ND, not detected

infectious dose of this enterohemorrhagic E. coli O 157 :H7
was estimated to be very low being in the range of 10—100
cells [25, 27]. Meat products, including sausage, have also
been identified as products which promote growth and can
serve as a source of L. monocytogenes [8, 28]. This organ-
ism can also survive freezing [29] and may become estab-
lished within the processing environment [30], while sur-
viving cleaning and disinfection routines [31].

3.1.2 Effects of irradiation and refrigerated storage
on E. coliO157:H7

Samples of raw beef sausage inoculated with E. coli
0157:H7 had an initial count of 2.11 x 10* cfu/g. Subject-
ing raw beef sausage, inoculated with E. coli, to y-irradia-
tion at doses of 1 and 2 kGy significantly reduced (p < 0.05)
the initial count of this pathogen in the samples (Table 2).
However, refrigerated storage (4= 1°C) significantly
increased (p < 0.05) the counts of E. coli O 157 : H7 that sur-
vived the 1 kGy dose as well as the counts in control nonir-
radiated samples. In addition, gradual but insignificant
increases in the counts of E. coli O 157:H7 were observed
during cold storage of samples irradiated at a 2 kGy dose,
then the count significantly increased on day 12 of cold
storage. Irradiation at a dose of 3 kGy effectively eliminated
these bacteria by more that 4 log cycles; E. coli O157:H7
was not detected during storage of samples. It has been
reported that low-dose irradiation was an effective means of
eliminating E. coli O157:H7 [12]. Moreover, the relatively
low irradiation dose of 1.5 kGy was sufficient to give a
10000 fold reduction in the numbers of E. coli O 157:H7 at
5°C [3] and a dose of 2—3 kGy can be sufficient to deconta-
minate raw meats of this pathogen [25].

3.1.3 Effects of irradiation and refrigerated storage
on L. monocytogenes

The initial count of L. monocytogenes naturally present in
raw beef sausage was found to be 1.78 x 103 cfu/g. Applica-
tion of y-irradiation at doses of 1 and 2 kGy induced signifi-
cant reduction (p < 0.05) in the counts of L. monocytogenes
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Table 2. Colony-forming units of E. coli O 157 :H7 in raw beef sausage as affected by y-irradiation and cold storage (4 = 1°C)

Storage Count (mean = SD cfu/g)/Irradiation dose (kGy)
(days)
0.0 1.0 2.0 3.0

0 h j n ND
2.11x10*£1.6 x 10 1.47 x 10* £ 1.45 x 10? 7.44 x10°+0.9 x 10?

3 f i m ND
2.70 x 10*£2.0 x 10? 1.95x10*+ 1.7 x 10? 7.94 x 10°+0.85 x 102

6 e g Im ND
3.27x10*+2.61 x 102 271 x10*£2.21 x 10? 8.30 x 10%+ 1.0 x 10?

9 c d 1 ND
4.06 x 10*£2.58 x 10? 3.68 x 10*£2.1 x 10? 8.81 x 10°+1.01 x 102

12 b k ND

a
4.75x 10*£2.7 x 10?

424 x10°£2.5x 107

9.33%10°+0.92 x 10°

LSD at P < 0.05 =4.356 x 102
Means with different letter differ significantly (P < 0.05)
ND, not detected

Table 3. Colony-forming units of L. monocytogenes in raw beef sausage as affected by y-irradiation and cold storage (4 + 1°C)

Storage Count (mean + SD cfu/g)/Irradiation dose (kGy)
(days)
0.0 1.0 2.0 3.0
0 f g i ND
1.78 x 10°+ 1.9 x 102 1.32x 10°+ 0.8 x 107 7.22 x 10+ 0.77 x 10*
3 e f hi ND
2.29x10°+£1.48 x 10? 1.80 x 10° + 0.66 x 10* 7.78 x 10+ 0.84 x 10*
6 d e hi ND
3.04x 10°+0.87 x 102 2.29x10°£1.05 x 10? 8.18 x 10+ 0.47 x 10?
9 c d h ND
3.92x 10°+1.06 x 102 3.04x 10°+ 1.64 x 10? 9.30 x 10>+ 0.6 x 10?
12 a b ND

5.09 x 10°+ 1.05 x 102

4.08x10°+1.21x 10?

g
1.20 x 10> £ 0.56 x 10?

LSD value (P < 0.05) = 1.555 x 10?
Means with different letter differ significantly (P < 0.05)
ND, not detected

in sausage (Table 3). During storage at 4 = 1°C, further sig-
nificant increases (p < 0.05) were observed in the counts of
L. monocytogenes for both nonirradiated samples and those
which received a 1 kGy irradiation dose, being at higher
rates for control samples. Sausage samples irradiated at
2 kGy showed a gradual but insignificant slight increases in
the viable counts of L. monocytogenes during storage for
9 days at 4 + 1°C, then a significant increase (p < 0.05) in
the count was observed on day 12 of storage, but the rate of
increase was much lower than that in the control and with
1 kGy irradiated samples. A more than 3 log reduction in
the count of L. monocytogenes was achieved by irradiation
of sausages at a dose of 3 kGy, and this dose was sufficient
to keep the count of this pathogen below the enumeration
level during storage of samples at 4 + 1°C. This is in agree-
ment with our previous study [32]. It has been reported that
a dose of 1.5 kGy should reduce the viable population of L.
monocytogenes by at least 10? cfu, while a dose of 2.5 kGy
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should inactivate at least 10° cfu of this pathogen [33] and
this is in agreement with the observed results. Therefore,
irradiation at a dose of 3 kGy appeared to be sufficient to
improve the microbiological safety of raw sausage through
elimination of E. coli O 157 :H7 and L. monocytogenes pre-
sent in samples.

3.2 Chemical properties

3.2.1 FFAs

Table 4 indicates that irradiation of sausage at the dose
levels used was insufficient to significantly alter (»p < 0.05)
the liberation of FFAs from lipids. However, refrigerated
storage (4 = 1°C) has more effects on the significant devel-
opment (p < 0.05) of lipolysis and liberation of FFAs which
may be attributed to the activity of both meat and microbial
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Table 4. FFAs of lipids separated from irradiated and non-
irradiated raw beef sausage during cold storage (4 = 1°C)

Storage FFAs% (mean = SD)/irradiation dose (kGy)
(days)
0 1 2 3
0 0.817+£0.03' 0.800+0.03' 0.813+0.04' 0.827+0.03
3 0.900 +0.02" 0.890+0.03" 0.883 +0.02" 0.883 +0.02"
6 1.297 +0.03¢ 0.983+0.03¢ 0.913 +0.02" 0.900 = 0.02"
9 1.733+0.04° 1.233+0.04° 1.080=0.04" 0.977 +0.02¢
12 2.047 +0.06* 1.563£0.07¢ 1.267 +0.04% 1.083 +0.05"

LSD value (p < 0.05) = 0.05227
Means with different letter differ significantly (p < 0.05)

lipases. These lipolytic enzymes are not fully inactivated
even by doses on the order of 50 kGy [34]. The rate of lipo-
lysis during storage of sausages decreased with increasing
the applied dose, which may indicate the reduction of lipo-
lytic microorganisms due to irradiation treatments.

3.2.2 Oxidation of lipids

The influence of irradiation and refrigerated storage on the
oxidation of sausage lipids was evaluated by the determina-
tion of p-anisidine value (Table 5). As shown, lipids sepa-
rated from sausages subjected to the increasing doses of
irradiation had a significantly higher (p < 0.05) p-anisidine
value than lipids of nonirradiated sausages. Moreover, sub-
sequent significant increases (p < 0.05) in p-anisidine
values for lipids of sausages were also observed during stor-
age of both irradiated and non irradiated samples, but with
higher rates for the irradiated ones. Ouattara et al. [35] also
reported the oxidation of lipids in ground beef due to irra-
diation and storage. The higher surface-to-volume ratio of
ground beef could have led to greater contact with air, mak-
ing it more susceptible to oxidation [36].

3.2.3 Solubility of sarcoplasmic and myofibrilar
proteins

The results in Tables 6 and 7 show that sarcoplasmic and
myofibrilar proteins in fresh nonirradiated sausages
amounted to 9.58 and 17.33 g/100 g dry matter, respec-
tively. These values represented 19.4 and 35% of the total
protein (referred to dry matter), respectively, and may
reflect the possible denaturation of beef proteins as indi-
cated by their relatively reduced solubility [22]. It was
reported that sarcoplasmic and myofibrilar proteins repre-
sent 33.37 and 53.55% of the total proteins (referred to dry
matter), respectively, in mammalian muscles before degra-
dative changes [37]. The lower solubility of sausage pro-
teins may be due to the utilization of frozen meat in the pre-
paration of the product in addition to curing. Gracey [38]
mentioned that muscle plasma proteins become insoluble
and do not regain their solubility when the meat was frozen
and thawed, while Astiasaran et al. [39] found that curing of
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Table 5. p-Anisidine values of lipids separated from irra-
diated and nonirradiated raw beef sausage during cold storage
(4+1°C)

Storage Values (mean = SD)/irradiation dose (kGy)
(days)
0 1 2 3

0 7.757+0.11™  8.437+0.43"  9.580+0.14% 11.140+0.22"
3 8.687+0.02'  9.790+0.55% 10.100+0.12' 12.790+0.07°
6 9.737+0.07 10.160=0.05 11.600+0.128 14.100+0.21°
9 10.650+0.20° 11.300+0.07" 12.960 +0.13%15.120 + 0.23°
12 12.180+0.18" 13.100+0.25¢ 14.020 +0.24° 15.920+0.18"

LSD value (p < 0.05) =0.2863
Means with different letter differ significantly (p < 0.05)

Table 6. Effects of y-irradiation and cold storage of raw beef
sausage (4 = 1°C) on solubility of sarcoplasmic proteins

Storage Amount (mean = SD g/100 g dry matter)/irradiation
(days) dose (kGy)
0 1 2 3
0 9.587+0.54* 9.623£0.57* 9.587+0.54* 9.627 = 0.64"
3 9.240+0.62* 9.237+0.53* 9.247+0.48" 9.243+0.57°
6 9.073 +0.40* 9.110+0.33* 9.067 +0.40° 9.077 = 0.41*
9 8.990+0.36* 9.033£0.55* 9.020=0.55* 8.953+0.38"
12 8.900+0.23* 8.953+0.19* 8.987+0.25" 8.987 +0.22*

LSD value (p < 0.05) = 0.05227
Means with the same letter (a) do not differ significantly (p <
0.05)

Table 7. Effects of y-irradiation and cold storage of raw beef
sausage (4 = 1°C) on solubility of myofibrilar proteins

Storage Amount (mean + SD g/100 g dry matter)/irradiation
(days) dose (kGy)
0 1 2 3
0 17.33+0.34* 17.39:0.43* 17.31+0.34* 17.32+0.44*
3 17.33+0.39° 17.40£0.38* 17.37+0.41* 17.32+0.39*
6 17.31+0.42* 17.31+0.44* 17.36+0.35* 17.39+0.34*
9 17.30+£0.43* 17.30+0.31* 17.21+0.40* 17.29+0.41°
12 17.33+0.40° 17.33+0.30* 17.32+0.33* 17.29+0.34*

LSD value (p < 0.05) = 0.6337
Means with the same letter (a) do not differ significantly (p <
0.05)

sausage reduced the extractability of these proteins. With
regards to the effects of irradiation and cold storage of sau-
sage, the presented data clearly illustrate that neither y-irra-
diation nor refrigeration (4 =+ 1°C) could significantly alter
(p < 0.05) the solubility of sarcoplasmic and myofibrilar
proteins. Similar findings were observed by Emam [40].

3.2.4 WHC

The ability of meat and meat products to retain moisture
before, during, and after processing or cooking plays a criti-
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Table 8. WHC of raw beef sausage as affected by y-irradia-
tion and cold storage at (4 =+ 1°C)

Storage WHC % (mean = SD)/irradiation dose (kGy)
(days)

0 1 2 3

0 13.300£0.50* 13.300+0.64* 13.300+0.56* 13.280 = 0.46"
3 12.230+0.36° 12.260+0.33> 12.260 = 0.30° 12.280 +0.45°
6 11.170£0.07° 11.150+0.09° 11.140+0.15¢ 11.130+0.10°
9 10.060+0.07¢  10.050=0.08¢ 10.020 = 0.06* 10.040 = 0.06¢
2

1 9.713+0.03¢  9.690+0.04* 9.663+0.07¢ 9.647+0.07¢

LSD value (p < 0.05) =0.4116
Means with different letter differ significantly (p < 0.05)

cal role in palatability and consumer acceptance of the
product [41]. Irradiation of sausage at the different doses
used in the present work showed no significant effects (p <
0.05) on the WHC of the samples (Table 8). However, sam-
ples of irradiated and nonirradiated sausages showed signif-
icant decreases (p < 0.05) in their WHC during the first six
days of subsequent refrigerated storage (Table 8). This loss
of WHC may probably be due to the observed protein dena-
turation as a result of freezing of meat utilized in the pro-
duction of sausages. Edwards [42] illustrated that freezing
of muscle tissue resulted in protein denaturation and loss of
WHC.

In conclusion, irradiation of raw beef sausage at a dose of 3
kGy effectively reduced the counts of E. coli O 157 :H7 and
L. monocytogenes by more than 4 log and 3 log units,
respectively. Thus, a 3 kGy dose of y-irradiation appeared
to be sufficient to improve the microbiological safety of
raw beef sausages during 12 days of refrigerated storage (4
+ 1°C) without adverse effects on their chemical properties.
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