
Application of nuclear technologies in industry,
medicine and agriculture

40

DETERMINATION OF THE INDICATOR BACTERIA IN THE
IRRADIATED MINCED MEAT

Halkman, H.B.D.1, Başbayraktar, V.1, Kozat, P.1, Yazıcı, N.1, Çetinkaya, N.1,
Halkman, A.K.2

1Turkish Atomic Energy Authority, Ankara Nuclear Research Center in
Agriculture and Animal Sciences, Ankara, Turkey.

2Ankara University, Department of Food Engineering, Ankara, Turkey.

Abstract
To inhibit Escherichia coli O157:H7 and determine a indicator bacteria for
irradiation procedure in minced meat, this study evaluated increased irradiation
doses for five strains of each of the following bacteria: 5 strains of E. coli type 1
and 4 strains of  E. coli O157:H7. E. coli type 1 mixture was added into the mixed
in ratio 1:100000 of E. coli type1 to samples and E. coli O157:H7 mixture was
added into the mixed in five different ratios namely 1:10, 1:100, 1:1000, 1:10000,
1:100000 of E. coli O157:H7 in the minced meat.
A range of irradiation doses from 1.0 kGy to 4.0 kGy was investigated for the
inhibition of E. coli O157:H7 and the resistance of E. coli type1 to irradiation.
After irradiation, E. coli O157:H7 and E. coli type 1 were counted for the
irradiated minced meat by using MPN techniques. D10 values of each bacteria were
measured as 0.3 kGy and 0.55 kGy for E. coli O157:H7 and E. coli type 1
respectively. This study showed that 1.5 kGy irradiation can inactivate
105 g/O157:H7 serotype and 103 g / E. coli type 1, this inactivation level is
adequate for safety consumption of minced meat such as hamburger even at
undercooking conditions. Increased irradiation doses were most effective on E. coli
O157:H7. The results show that E. coli type 1 is more resistant than E. coli
O157:H7 and other natural non-pathogenic cohabitant bacteria and E. coli type 1 is
an adequate indicator for the efficiency of irradiation against to O157:H7 serotype
in minced meat.

1. Introduction
Most E. coli strains are the common part of the normal facultatively anaerobic
microflora of the intestinal tracts of human and assumed as friendly because of
participating in vitamin synthesis. Some serotypes as O157:H7 are the most
important food-borne pathogens for human. This serotype is different from other
serotypes. Meat and milk products are the most important foods for E. coli
O157:H7 outbreaks. Apple cider, drinking and swimming water are also important
on outbreaks. Although it is very easy to kill it by adequate cooking of hamburgers
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and other meat products, especially in fast-food restaurants, insufficient cooking is
the most common reason of individual or epidemic outbreaks. This serotype is
known as acid and salt tolerate, antibiotic resistant, heat and irradiation sensitive.
Irradiation can damage and destroy most foodborne bacteria. The desire to assure
food safety for consumption requires better food preservation techniques. The
presence of microorganisms is an important source of problems. In this regard,
irradiation is an interesting alternative to be considered to satisfy quarantine
requirements, to control severe losses during transportation and commercialization,
and to insure food safety (Lacroix, 2000).
Detection of E. coli O157:H7 serotype requires at least 4 days by conventional
analyses. Immunonological methods are more rapid, but they are expensive and
hard to routine application.
A universal scale indicator must be used for the effectiveness of all kinds of
destruction methods. This serotype is known as more sensitive than E. coli type 1
for irradiation.
Hence, if E. coli type 1 can be reduced in acceptable levels, it means E. coli
O157:H7 serotype will also be reduced to a more acceptable level.

2. Material
2.1. Preparation of material
In this study, 5 strains of each E. coli type 1, 5 strains of E. coli O157:H7 serotype
were analyzed for the resistance to irradiation. Minced meat samples were
purchased from different slaughter houses. Then, samples were packaged in
polymeric bags. And the samples were divided into five groups. Four groups were
irradiated at 1.0, 2.0, 3.0, 4.0 kGy  respectively and the other group was not
irradiated. All of them were stored at -18 °C for 6 months in the deep freeze. The
microbiological analyses of stored samples at -18°C were done for every month.

2.2. Radiation source and radiation treatment of samples
Samples were irradiated at 0, 1.0, 2.0, 3.0, 4.0 kGy dose at room temperature.
Irradiation processes were carried out by ISSLEDOVATELJ (Gamma-cell) with a
dose rate 2.67 kGy/h at the Department of Food Irradiation and Sterilization of
Ankara Nuclear Research Center in Agriculture and Animal Science of Turkish
Atomic Energy Authority.
The operation of the facility is based on the use of gamma irradiation of
radionuclide Co-60 which has 11 mm. diameter and 8 mm. height. The dimensions
of the facility (without platform) are 2100 mm. in length, 1440 mm. in width and
3434 mm. in height. The construction of the facility provides reliable shielding
from ionizing radiation.
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3. Method
E. coli type 1 and E. coli O157:H7 strains were added to ground meat as mixed
cultures (106 cfu/g E. coli O157:H7 strains and 104 cfu/g E. coli type 1) and
irradiated at 1.0, 2.0, 3.0, 4.0 kGy. All the homogenized samples were serially
diluted. From all five consecutive dilutions (from 10–1  to 10–5), 1 ml. was
inoculated into triplicate tubes, containing Lauryl-Sulphate Tryptose Broth with
MUG (LST+MUG) and then incubated at 37°C for 24-48 hours. Gas-positive tubes
were examined for gas formation and fluorescence. Fluorescence was controlled
with UV lamb (Merck, Germany). Three of the five consecutive dilutions were
used for MPN enumeration for E. coli type 1. All gas positive tubes were spread on
SMAC agar. Sorbitol negative colonies were analyzed by the latex test and positive
results were used for enumeration of E. coli O157:H7.

4. Results
A range of irradiation doses from 1.0 kGy to 4.0 kGy was investigated for the
inhibition of E. coli O157:H7 and the resistance of E. coli type1 to irradiation.
After irradiation, E. coli O157:H7 and E. coli type 1 were counted for the
irradiated minced meat by using MPN techniques. This study showed that 1.5 kGy
irradiation can inactivate 105 g/O157:H7 serotype and 103 g / E. coli type 1. This
inactivation level is adequate for safety consumption of minced meat such as
hamburger even at undercooking conditions. Increased irradiation doses were most
effective on E. coli O157:H7. The results show that E. coli type 1 is more resistant
to than E. coli O157:H hence E. coli type 1 is an adequate indicator for the
efficiency of irradiation compared to O157:H7 serotype in minced meat.
Irradiation is one of the most effective application for this serotype.
E. coli type1 can be used as an indicator for irradiation effectiveness in
comparasion with O157:H7 strains. E. coli type 1 can be detected easily and
rapidly. This study showed that E. coli O157:H7 was more resistant to irradiation
than E.coli type 1 and D10 values of each bacteria were measured as 0.3 kGy and
0.55 kGy for E. coli O157:H7 and E. coli type 1, respectively. According to Byun
et. al. (2001), the numbers of total aerobic bacteria and coliform bacteria in the
irradiated casing were significantly decreased or eliminated compared to those of
the non- irradiated control. Pushpa et. al. (1990) showed that the meat chunks
irradiated at 1.0 kGy and 2.5 kGy remained in acceptable condition for 3 and 5
weeks, respectively, whereas the corresponding shelf life for irradiated mince were
2 and 4 weeks, respectively. On the contrary, non-irradiated meat and minced meat
were spoiled within one week of storage at 0-3°C
Irradiation is one of the most effective application for this serotype. Researches
showed that 2.5 kGy irradiation can inactivate 108/g O157 serotype and this
inactivation level is adequate for safe consumption of meat even at undercooking
conditions.
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Also, irradiation treatment extended shelf life of minced meat to 6 months at –
18°C. After storage period, E .coli type 1 was detected rapidly in the samples as an
indicator. It was found that 1 kGy irradiation dose was enough to eliminate
104 E. coli O157:H7 (Bahir and Mehio, 2001). In the similar study, they found that
gamma irradiation reduced the counts of microorganisms and increased the shelf
life of luncheon meat from 10 weeks for the control and 14 weeks for irradiated
samples.
Detecting of E. coli O157:H7 serotype requires at least 4 days by conventional
analyses. Immunonological methods are more rapid but they are expensive and
hard for routine application. A universal scale indicator must be used for the
effectiveness of the all kinds of destruction methods. This serotype is known as
more sensitive then E. coli type 1 for irradiation.
Hence, if E. coli type 1 can be reduced in acceptable levels, it means E. coli
O157:H7 serotype will also be reduced to a more acceptable level.

5. Conclusion
The results show that E. coli type 1 is more resistant to than E. coli O157:H7
hence E. coli type 1 is an adequate indicator for the efficiency of irradiation
compared to O157:H7 serotype in minced meat. Irradiation is one of the most
effective application for this serotype. As a conclusion, during meat irradiation,
E. coli type 1 must be added to meat sample, after irradiation if reducing rate of
this indicator bacterium is 6.3 log unit, it will be equal 8 log unit reducing H7
strains.
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