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FOREWORD

Food irradiation is increasingly recognized and applied by a number of countries
following the adoption of the Codex General Standard for Irradiated Foods by the Codex
Alimentarius Commission in 1983, then representing over 130 governments. Developing
countries including those in the Middle East and Europe were interested in developing
methods for ensuring hygienic quality of food as well as for extending shelf-life of certain
food products. To serve the interest of institutions in these countries, a Co-ordinated
Research Programme (CRP) on Food Irradiation for the Middle East and European Countries
(FIPMEE) was initiated by the Joint FAO/IAEA Division of Nuclear Techniques in Food and
Agriculture in late 1988. The CRP became fully operational in April 1989 with the first
research co-ordination meeting held in Wageningen, Netherlands, to formulate a work plan
for the next five years.

The interest of different countries which participated in the CRP varied significantly.
The scope of the CRP was therefore defined as carrying out research, including pilot scale
experiments, on irradiation of food of economic interest in the region in order to transfer the
technology to the local industry and to provide necessary information to national authorities.
Specifically, experiments were carried out using irradiation as a method for insect
disinfestation, for extension of shelf-life of fresh and semi-processed food, and for ensuring
hygienic quality of food of animal origin. A comparative assessment was also made on the
feasibility of using electron machine versus gamma irradiator to treat certain food products.
Initially, research on detection methods of irradiated food was also covered as part of this
CRP. However, with increasing demand from governments and consumer groups on the
latter research aspect, a new CRP on Analytical Detection Methods for Irradiation Treatment
of Food (ADMIT) was initiated by the Joint FAO/IAEA Division, to address this topic
exclusively in 1990.

Data from this CRP demonstrated the effectiveness of irradiation to ensure hygienic
quality, extension of shelf-life and reducing food losses of a number of common food
products in the region including mechanical deboned meat, fermented sausages, packaged
pork, vacuum packed, intermediate-moisture sausages, whole chicken carcasses, liquid eggs,
breaded poultry products, mushrooms and faba beans. Some of the results achieved under
the CRP either have been utilized or soon will be utilized in participating countries. In most
cases, the technology developed through research by this CRP can be readily transferred to
the local industry in most countries.

Much credit for the achievements of this CRP should be given to scientists from
institutions in Bulgaria, Croatia, Hungary, the Netherlands, Poland, the Syrian Arab
Republic, Turkey and the United Kingdom, who actively participated in the CRP on a cost-
free basis (research agreements only). Three research co-ordination meetings were sponsored
by the Joint FAO/IAEA Division in the Netherlands in 1989, in Turkey in 1991 and in
France in 1993. Messrs. L. Ladomery and P. Loaharanu of the Food Preservation Section,
Joint FAO/IAEA Division, served alternatively as technical officers and scientific secretaries
of the CRP.
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SUMMARY OF THE FINAL RESEARCH CO-ORDINATION MEETING

INTRODUCTION

The Co-ordinated Research Programme (CRP) on the Food Irradiation Programme for
the Middle East and Europe (FIPMEE) was implemented in early 1989 with an aim to assist
institutes in Europe and the Middle East to develop research data to overcome problems
related to food losses, foodborne diseases and food trade. Institutes in Bulgaria, Croatia,
Hungary, Iraq, Poland, Syrian Arab Republic, Turkey, the Netherlands, the United Kingdom
and the former German Democratic Republic participated in this CRP.

The interest of countries in the region is more toward the use of irradiation to enhance
the quality and hygiene of food than in reducing food losses. A few countries, especially
those in the Middle East were, however, interested in the use of this technology to reduce
food losses through insect infestation of grains, legumes and dried fruits.

OBJECTIVES

The CRP has the following objectives:

1. To carry out research, including pilot scale experiments, on irradiation of food of
economic interest to the region in order to transfer the technology to the local industry
and to provide necessary information to national authorities.

2. To carry out techno-économie feasibility studies using either gamma or EB source.

3. To carry out research on irradiation as a method to enhance hygienic quality of food,
improving other food quality and reduce food losses (through insect disinfestation).

4. To evaluate the quality including sensory aspects of irradiated food.

The final FAO/IAEA Research Co-ordination Meeting (RCM) on FIPMEE was held
at the CEA, Cadarache, France, 8-12 March 1993.

At the beginning of the RCM, Mr. P. Loaharanu, Scientific Secretary of the RCM,
reviewed the global situation on food irradiation especially in areas which may have
important applications in the region. He emphasized that irradiation is likely to play an
important role in reducing postharvest food losses of grain, legumes and other stored
products (e.g. dried fruits, cocoa bean, spices, etc.) as there are increasing restrictions and
prohibitions of food fumigants. Irradiation is being increasingly used to ensure hygienic
quality of spices in view of the prohibition of ethylene oxide for this product by the EC a few
years ago. Irradiation is being seriously considered as a method to ensure hygienic quality
of food, especially those of animal origin. Its role to this effect is unique for food of animal
origin to be consumed raw, minimally processed or ready-to-eat food. In addition, with the
phasing out of CFCs, refrigeration of food from processing, storage and distribution which
requires high energy input, is likely to be even more expensive in the near future. Irradiation
could reduce dependence on refrigeration of certain food of animal origin (e.g. poultry,
seafood, red meat) which can be marketed as, chilled, irradiated instead of frozen. Such
irradiated products could meet the increasing demand for fresh, microbiology safe food
having extended shelf-life at chilled condition. Irradiation could reduce dependence on



refrigeration of other food including potatoes, onions and garlic which can then be stored
either at cooled temperature (10-15°C) instead of chilled (0-4°C) or even at ambient
conditions.

The RCM reviewed the achievements on research and development carried out by
different institutions in the past four years. The following is the summary of the
achievements:

I. USE OF IRRADIATION TO ENSURE HYGIENIC QUALITY OF FOOD

Raw materials of animal origin, particularly eggs, poultry and red meats are frequently
contaminated with pathogenic bacteria, e.g. Salmonella spp., Campylobacter spp., Listeria
spp., Clostridium spp., etc.

These raw materials when used for preparation of certain type of food products cannot
always be properly decontaminated during the processing. For example, during preparation
of raw fermented sausage heat treatment cannot be applied and also using starter cultures and
chemicals that are permitted cannot guarantee a pathogen free product.

Another example is mechanically deboned meat (MDM) which cannot be transported
in some countries from one processing plant to another. MDM also cannot be used in raw
or pre-cooked convenient food products.

Recently eggs have been shown to be frequently contaminated with highly virulent
Salmonella enteritidis. Salmonella bacteria can be isolated from pasteurized egg products
since heat used for pasteurization is limited to prevent irreversible damage to egg albumen
at higher temperatures.

Great numbers of chicken carcasses from clinically healthy birds, leaving the processing
line and considered fit for human consumption are contaminated with potentially pathogenic
bacteria.

Under the scope of this programme several studies have been carried out in relation to
food hygiene:

1. Effect of ionising radiation on the hygienic quality and shelf-life extension of the
Turkish fermented sausage.
The effect of ionising radiation of raw materials on the hygienic quality of Turkish
fermented sausage was studied. Coliforms, and E. coli and faecal streptococci were no
longer present in the finished product. An additional advantage was the extension of
shelf-life of this product.

2. Irradiation treatment of mechanically deboned meat to achieve decontamination and
storage life extension.
The objectives of the studies undertaken were to investigate the possibilities of
irradiation treatment to reduce microbial load of MDPM and thus to extend the range
of products manufactured with the addition of MDPM.
Irradiation of frozen MDPM improved considerably the general microbiological quality
of meat. The results showed that salmonellae, coliforms and staphylococci could be
eliminated from the product.



3. Ionising radiation-food preservation uses in food sanitary quality enhancement. In
relation to food safety, two separate subjects were studied: poultry meat and vacuum-
packed frankfurters.
Salmonella and Campylobacter contamination of poultry meat was reduced to
acceptable levels (absence in 25 g) by application of low dose irradiation treatment.
Preliminary results on inactivation of Listeria monocytogenes in vacuum-packed
frankfurters showed that a dose of 3 kGy can reduce this bacteria by five log cycles.

4. Prospects for elimination of salmonella from poultry by irradiation in Poland. One of
the purposes of the studies was to determine radiation resistance of the common
foodborne salmonella in chicken meat under various conditions.
The differences in radiation resistance of salmonella strains irradiated at 4°C and -18°C
were statistically significant.
Different packaging materials also appeared to have a significant effect on the survival
of salmonella in poultry meat.

5. The effect of ionizing radiation on the microbiological properties and colour of
different egg products.
Eleven egg products were irradiated with gamma rays at doses of 0 up to 6 kGy to
estimate the effect of the irradiation on microbiological quality. An irradiation dose of
3kGy was sufficient to eliminate salmonella and enterobacteriaceae even in liquid egg
products with an addition of 50% sugar or 11% of salt.
Treatment of liquid egg products by ionising radiation appears to be an alternative to
heat pasteurization.

II. QUALITY IMPROVEMENT THROUGH THE USE OF IONIZING RADIATION

It is well established that irradiation is effective in controlling spoilage microorganisms
in foods and therefore has potential to extend shelf-life. In addition, the process can also be
effective in prolonging shelf-life by altering physiological processes. While it is generally
true that sensory qualities are not significantly affected by irradiation some foods do undergo
sensory changes. Therefore, it is important to establish the dose of irradiation which will
achieve extended shelf-life without adversely affecting chemical and sensory qualities. The
work carried out on this aspect of the technology by the members of the Research
Coordination Group covered a number of products: 1. Turkish fermented sausage. 2.
Mechanically deboned meat. 3. Packaged pork meat. 4. Vacuum packed intermediate
moisture sausage. 5. Liquid egg products. 6. Whole chicken carcasses. 7. Breaded poultry
products and 8. Mushrooms.

1. Turkish fermented sausage

Turkish fermented sausage is one of the most popular and traditional meat products
consumed in Turkey. There are some problems related to the quality of the raw
materials. By using irradiated (1,2 and 4 kGy) raw materials it was possible to extend
the shelf-life of the ripened vacuum packed sausage from 3 to 4 months at a storage
temperature of 10°C. The chemical and sensory qualities of the sausage containing
irradiated raw materials did not change significantly during the storage period.

2. Mechanically deboned meat
Mechanicaly deboned poultry meat (MDPM) must be used immediately or alternatively
deep frozen within 30 minutes after production. Even after deep freezing, MDPM



cannot be stored for more than 2 months at -18°C because of the development of lipid
oxidation. Irradiation of this product at 2 and 3 kGy considerably improved the general
microbiological quality and the functional properties were maintained. The lipid
oxidation which occurred during storage was controlled by the addition of antioxidants.
The flavour and colour characteristics of frankfurters and meat patties produced from
irradiated (2 and 3 kGy) and frozen stored MDPM were satisfactory.

3. Packaged pork meat

The contamination of pork (like other meats) with microorganisms is inevitable. The
combination of irradiation with different packaging methods (vacuum, CO2 and
CO2/N2) and controlled storage temperatures increased the shelf-life of cut pork meat
to 28-35 days at a temperature of 3-5°C. Although the colour of the meat was lighter
after irradiation, the change in colour did not significantly influence the quality of the
product.

4. Vacuum packed intermediate moisture sausage

Preservation of intermediate moisture vacuum packed sausage by irradiation at 5 kGy
doubled the shelf-life at 2-4°C without significantly changing the chemical attributes
and the sensory quality.

5. Liquid egg products

The colour of the liquid egg irradiated with a dose of 6 kGy remains within the
acceptable range.

6. Fresh chicken carcasses

The sensory quality of whole fresh irradiated chicken carcasses was assessed by
panelists who were trained to evaluate irradiated and unirradiated chicken. These
panelists were able to detect small differences between the sensory attributes of
irradiated and unirradiated chicken. However, at the dose (2.5 kGy) likely to be used
in commercial practice, the effects observed were generally not significant. During
storage for up to 14 days at 1-4°C, some differences were deteced between the samples
but they were usually small. It is quite possible that an untrained group of consumers
would not be able to differentiate between irradiated and unirradiated chicken.

7. Breaded poultry products
^

Turkey escalopes, a reformed turkey product covered with breadcrumbs, was irradiated
at 2 and 4 kGy and the sensory quality assessed using a trained panel. Some significant
differences in the sensory quality of the treated and untreated samples were noted
during storage for up to 13 days at 4°C.

8. Mushrooms

Panelists showed no significant preference for irradiated or unirradiated mushrooms.
On the whole they considered that the irradiated samples had a stronger mushroom
flavour and were firmer than unirradiated mushrooms. Irradiation at a dose of 2kGy
combined with modified atmosphere packaging maintained the colour and texture of
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mushrooms for up to 10 days at a storage temperature of 6°C. Stalk elongation was also
inhibited in the irradiated pre-packed samples.

III. TECHNOLOGY TRANSFER

The transfer of food irradiation technology into practice and the evaluation of its
cost/benefit require careful evaluation based on scientific information. In all cases, results
of laboratory studies have to be verified in larger scale to validate the results prior to
effecting technology transfer.

The outcome of this CRP demonstrated that a number of irradiation technology is ready
to be introduced into practice, according to the details below:

1. Mechanically deboned meat (MDM)

MDM is utilized in Bulgaria in the manufacturing of food products which require heat
treatment. Irradiation at 2-3 kGy enables the product to be transported to different food
manufacturers and to be produced into several processed food. In France, irradiation
technology (using electron accelerator) has been commercially used on frozen MDM to
ensure hygienic quality of the product in the past five years. The use of irradiated MDM by
the meat processing industry has resulted in increased production of a number of ready-to-
cook meat products of high quality. The benefit of irradiation to similar MDM should be
demonstrated in other regions which have different conditions from Europe.

2. Turkish fermented sausages

The quality and safety of this product can be improved by irradiation of raw meat and
spices prior to fermenting the sausages. Pilot scale experiments are required to demonstrate
the benefit of irradiation under the prevailing condition in commercial practices.

3. Mushrooms

The technology on irradiation of mushroom is ready to be transferred to the industry.
Irradiation would result in high quality mushrooms which should bring benefits to both the
industry and the consumers.

4. Prepackaged pork

Irradiation of vacuum-prepackaged pork with 2 kGy resulted in shelf-life of 28 - 35
days at 3-5°C. This technology is ready to be applied by the industry which could expand
the distribution of the product.

5. Electron Beam Machine.

An evaluation was made within the framework of the CRP on the feasibility of using
electron accelerators for food processing. While the use of a radionuclide source for food
irradiation is well established, the use of EB machines could provide the food industry with
an attractive option as it is not perceived to be associated with nuclear technology.

It was discovered that the use of an electron accelerator for processing various kinds
of spices e.g. marjoram, caraway seed, pepper, cinnamon, clove, paprika both in bulk and

11



prepackaged having bulk density of 0.06-0.07 g/cm3, is technically feasible. Similar results
were obtained using the machine for treating wheat, barley, rice, coffee bean, etc.

Better dose uniformity was obtained using EB machines having higher energy than
those of lower energy.

A model feasibility study using an EB machine for treating grain was made. The model
showed advantages of using the machine source for processing such products in Hungary.
The food industry therefore has another option in using EB machines for processing food in
Hungary. Prior to using such a machine in commercial operation, an investigation is
required to study the dose distribution in packaged food, e.g. spices, which may have
unhomogeneous product density within the package. There is also a need to investigate the
techno-économie feasibility of irradiating both side of bulk materials, e.g. grain by EB
machines.

6. Insect disinfestation of pulses

Pulses and cereal grains form a large part of the world population diet. These products
are stored as dry seeds and form an enormous reserve for human food supply. Unfortunately,
all of them are subject to infestation during storage by a number of insect pests which causes
significant amounts of damage and great economic losses. Syria, like any other country with
a warm climate, has serious insect pest problems in stored pulses and cereal grains. Current
control measures using fumigation are either not adequately effective or have serious
limitations. Ionizing radiation could make a significant contribution to insect pest control and,
hence, reduce post harvest losses. Studies on radiation disinfestation of faba bean seeds
infested with the faba bean seed beetle, Bruchus denlipes Bandi, demonstrated the technical
feasibility of this technique. The study showed that a dose of 90 Gy is sufficient to stop
further development of all larval instars inside treated seeds. However, radiation
disinfestation of lentile seeds infested with lentil seed beetles, B. ervi and B. lentis which
infest lentil seeds in the field, showed that it is impractical to use this technique because these
species develop quickly in the seeds and cause most of the damage at the time of harvest.

IV. IRRADIATION FACILITIES AND IRRADIATED FOODS

The list of irradiation facilities available for food processing in countries which
participated in this CRP is included in Annex I. Irradiated foods approved for consumption
in these countries are listed in Annex II.

RECOMMENDATIONS

1. Regulations on food irradiation in different countries, including those in Europe and
the Middle East, are largely unharmonized. To facilitate trade hi irradiated food,
governments are urged to issue broad regulations on classses of food (e.g. fruits,
vegetables, meat, seafood, cereals, etc.) based on the principle of the Codex General
Standard for Irradiated Foods and its associated Code of Practice.

2. Most data on the effectiveness of irradiation to enhance hygienic quality and shelf-life
of food were based on primary products. There is a need to evaluate such effectiveness
of this process on composite food, e.g. sausages, sous-vide products, prepared meals,
etc.
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3. An evaluation should be made on techno-économie aspects of distributing fresh, chilled
and irradiated food in comparison with frozen storage and distribution of such food.
Such an evaluation should be carried out under commercial conditions with close co-
operation of the food industry.

4. Prior to introducing commercial-scale irradiation of food, a detailed economic
feasibility study should be carried out in cooperation with the local food industry to
ensure effective transfer of the technology. Such a study should include market trials
to demonstrate the benefit of irradiated foods to the consumer.

5. Irradiation should not be used as a substitute for but an integrated part of GMP. It is
known that from the hygienic point of view, irradiation is effective for inactivating
pathogenic microorganisms hi food. During processing, recontamination of such
microorganisms could occur in the product. Therefore, irradiation should be considered
as a terminal treatment of packaged products to ensure microbiological safety of such
food. However, to ensure successful application of the technology, irradiated food
should be handled according to the GMP applicable to such food.

6. Irradiation offers an alternative to heat pasteurization of liquid egg products. An
evaluation should be made on the sensory and functional properties of irradiated liquid
eggs in the same manner as what was successfully done on those of irradiated dried-egg
products.

7. An evaluation should be made on the feasibility of introducing microbiologically safe
food through irradiation to high risk population, e.g. the elderly, immuno-
compromised, pregnant women, etc.

8. With the anticipated phase-out of methyl bromide, there is an urgent need to
demonstrate the commercial feasibility of irradiation as a method for controlling insect
infestation of grain, legumes and dried fruits which are important to the economy of
several countries in the region.

9. The use of EB machines for food processing are providing the industry with another
option on food irradiation. Further research to demonstrate the advantages of EB
machines for food processing should be strengthened.
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Annex I
PILOT/COMMERCIAL IRRADIATION FACILITIES

AVAILABLE FOR FOOD IRRADIATION

Country

Bulgaria

Hungary

Iraq

Netherlands

Poland

Syrian Arab Republic

Turkey

Type of irradiator/
(location)
Co-60 irradiator
(Sofia)
Co-60 irradiator
(Budapest)
Co-60 irradiator
(Baghdad)
Co-60 irradiator
(Ede)

Electron Accelerators
(Warsaw-Wlochy)

Co-60 irradiator
(Damascus)
Co-60 irradiator
(Ankara)

Source strength

30kCi

500 kCi

20kCi

3MCi

10 Mev, 10 kW
10 Mev, l kW

100 kCi

1 MCi (max)

Status of operation

since 1992

since 1982

since 1980

since 1992

since 1992
since 1991

will be operational in
1994
will be operational in
late 1993

United Kingdom Co-60 irradiator 50 kCi
(Belfast)
Co-60 irradiator 1 MCi
(Swindon)

since 1987

since 1991
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Annex II
93.05.30

COUNTRY

BULGARIA
BULGARIA
BULGARIA
BULGARIA
BULGARIA ''
BULGARIA
BULGARIA
BULGARIA .
BULGARIA
BULGARIA
BULGARIA
BULGARIA
HUNGARY

HUNGARY
HUNGARY
HUNGARY
HUNGARY
HUNGARY
HUNGARY
HUNGARY
HUNGARY
HUNGARY
HUNGARY
HUNGARY
NETHERLANDS
NETHERLANDS
NETHERLANDS
NETHERLANDS
NETHERLANDS
NETHERLANDS

LIST OF CLEAREANCES OF IRRADIATED FOODS
GROUP PRODUCT NAME TYPE OF DATE OF
CODE CLEARANCE CLEARANCE

CC
CB
CB
EB
TE
BB
AD
AD
AD
AE
AE
CG
RF

CB
CC
AE
CG
AE
AD
AE
AC
LB
BE
HC
DB
CE
BB
HG
HG
KB

POTATO
ONIONS
GARLIC
CEREAL GRAINS
DRY FOOD CONCENTRATES
DRIED FRUITS
APRICOT
PEACH
CHERRIES
RASPBERRIES
GRAPES
TOMATO
MIXED DRY INGREDIENTS FOR
CANNED HASHED MEAT
ONIONS
POTATO
STRAWBERRY
MUSHROOMS
GRAPES
CHERRIES
RED CURRANTS
PEAR
FROZEN CHICKEN
CANNED SOUR CHERRIES
SPICES
DRIED VEGETABLES
PULSES
DRIED FRUITS
HERBS
SPICES
POULTRY MEAT

CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL

UNCONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
CONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL

72.04.30
72.04.30
72.04.30
72.04.30
72.04.30
72.04.30
72.04.30
72.04.30
72.04.30
72.04.30
72.04.30
74.04.30
76.11.20

82.06.23
83.01.28
82.04.15
82.04.15
82.04.15
82.04.15
82.04.15
83.01.24
83.10.03
84.02.20
86.08.19
92.08.01
92.08.01
92.08.01
92.08.01
92.08.01
92.08.01

DOSE tkGy] NOTE
MIN. MAX.

0.10
0.10
0.10
0.30
1.00
1.00
2.50
2.50
2.50
2.50
2.50
2.50
5.00

0.050 0.20
0.10
2.50
3.00 AGARICUS 2.5 KGY
2.50
2.50
2.50
1.00
4.00
0.20 AVERAGE
6.00 AVERAGE
10.00 AVERAGE
1.00 AVERAGE
1.00 AVERAGE

10.00 AVERAGE
10.00 AVERAGE
7.00 AVER., NOT ABV. 150%



COUNTRY

NETHERLANDS
NETHERLANDS
NETHERLANDS
NETHERLANDS
POLAND
POLAND
POLAND
POLAND
POLAND
POLAND
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
SYRIA
UNITED KINGDOM
UNITED KINGDOM
UNITED KINGDOM
UNITED KINGDOM
UNITED KINGDOM
UNITED KINGDOM
UNITED KINGDOM
UNITED KINGDOM
UNITED KINGDOM
UNITED KINGDOM

GROUP
CODE

FE
TC
MX
RD
CB
CB
CC
CG
HC
HB
AF
AF
AF
AE
CB
CC
CD
EB
EB
EE
FA
HC
RG
DB
HD
KA
MC
AA
CA
CB
CC
EB
HC
RG
KB
MB
OC

PRODUCT NAME

CEREAL FLAKES
FROZEN STERILE MEALS
FROGLEGS
ARABIC GUM
ONIONS
GARLIC
POTATO
MUSHROOMS
SPICES
HERBS
DATE
MANGO
PAPAYA
STRAWBERRY
ONIONS
POTATO
LEGUMES
RICE
WHEAT
COCOA BEANS
WHEAT PRODUCTS
SPICES
CONDIMENTS
DRIED ONIONS
ONION POWDER
CHICKEN
TELEOST FISH
FRUITS
VEGETABLES
BULBS
ROOTS AND TUBERS
CEREAL GRAINS
SPICES
CONDIMENTS
POULTRY
FISH
SHELLFISH

TYPE OF
CLEARANCE

UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
CONDITIONAL
CONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNDONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL
UNCONDITIONAL

DATE OF
CLEARANCE

92.08.01
92.08.01
92.08.01
92.08.01
87.04.01
90.10.01
90.10.01
90.10.01
90.10.01
90.10.01
86.08.02
86.08.02
86.08.02
86.08.02
86.08.02
86.08.02
86.08.02
86.08.02
86.08.02
86.08.02
96.08.02
86.08.02
86.08.02
86.08.02
86.08.02
86.08.02
86.08.02
91.01.01
91.01.01
91.01.01
91.01.01
91.01.01
91.01.01
91.01.01
91.01.01
91.01.01
91.01.01

DOSE [kGy]
MIN. MAX.

1.00
75.00
5.00

10.00
0.06
0.15
0.10
2.50

10.00
10.00
1.00
1.00
1.00
3.00
1.50
1.50
1.00
1.00
1.00
5.00
1.00

10.00
10.00
10.00
10.00
7.00
2.20
2.00
1.00
0.20
0.20
1.00

10.00
10.00
7.00
3.00
3.00

NOTE

AVERAGE
AVERAGE
AVERAGE
AVERAGE

CLARIFY
CLARIFY

OVERALL

OVERALL
OVERALL
OVERALL
OVERALL
OVERALL
OVERALL
OVERALL
OVERALL
OVERALL
OVERALL

0.15 ?
0.15 ?

AVERAGE

AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
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Abstract

Experiments were carried out on irradiation of mechanical deboned poultry meat (MDPM), with or
without incorporating antioxidant compounds, using doses of 1, 2 and 3 kGy, to ensure its hygienic quality and
facilitate local transport at refrigeration temperature. The results showed that a dose of 3 kGy effectively
eliminated Salmonella and facilitated transport of MDPM to meat processing plant for incorporating into ready-
to-cook meat product, without significantly change in organoleptic quality. Addition of antioxidants which are
conventionally used in meat processing resulted in lipid stability during frozen storage of irradiated MDPM.

INTRODUCTION
A certain amount of meat remains on the bones of an

animal carcass after manual deboning. In the last two decades,
technology and equipment have been developed to enhance the
utilization of meat, whether red meat or poultry, by removing
the residual soft tissue from bones. Chicken necks and backs,
turkey frames, spent laying hens, and nonstandard poultry
carcasses which are of low market value are now being deboned
and the resultant Mechanically Deboned Poultry Meat (MDPM) is
being utilized in the manufacture of meat products.

The deboning process involves crushing or pregrinding of
the above raw materials, and then expressing them through a
sieve. MDPM is characterized by its paste-like consistency and
high susceptibility to deteriorative changes which occur
during storage. The extreme stress and aeration during the
deboning process and the composite nature
(bone, marrow, heme, and lipids) of the product contribute to
its high oxidative potential.

Concerns have been expressed that the level of bacterial
contamination of this type of product can constitute a health
hazard. Poultry meat is known as a source of Salmonella and
other pathogenic bacteria. MDPM , because of its high surface
to volume ratio, is very susceptible to microbial growth, and
this is a limiting factor for its utilization in semi-cooked
and/or raw meat products. Restructuring into value-added
products is also of considerable interest as a means of
upgrading the value of MDPM. However, in most countries MDPM
is destined for further processing into cooked products only.

In Bulgarian regulations, microbiological specification
of MDPM include: coliforms - absence in 0,001 g; Salmonella -
absence in 1 g; Staphylococcus aureus - absence in 0,1 g;
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Proteus . sp. - absence in 0,1 g.On account of its high
microbial load and oxidative potential, current Bulgarian
regulations require that MDPM can be used in the manufacture
of cooked meat products only. Freshly produced MDPM is to be
incorporated into the meat batter the same day or deep-frozen
in 30 min. Frozen storage is allowed for no longer than 2
months at -18oC.

The objective of these studies was to investigate the
possibilities of ionizing radiation treatment and combined
additives plus irradiation treatment of MDPM to achieve
microbial count reduction and storage stability , thus to
extend the range of products manufactured with the addition of
MDPM.

MATERIALS AND METHODS

Mechanically deboned poultry meat
MDPM was collected into plastic bags , packed in flaked

ice and transported to the laboratory as rapidly as
possible. There, depending on the experimental design, MDPM
was divided into portions and assigned to the various
treatments. Following inoculation with microorganisms or
mixing with additives, portions of meat were individually
packed in polyethylene bags and frozen at -30 oC prior to
being subjected to gamma-irradiâtion.

In all experiments, frozen MDPM was stored at -18oC.
When required for evaluation, packages of MDPM were defrosted
in the refrigerator (4 oC) until the temperature rose as high
as -lo C.

Additional treatments of chicken carcasses or MDPM
In order to establish if it possible to reduce the

irradiation dose by combining the process with another method
of preservation, some chicken carcasses were treated by
dipping into a diluted solution of edible organic acid before
processing by the deboning mashine. In this experiment , 50
chicken carcasses tempered to 3oC were used. Lactic acid
solution (1%) was prepared and maintained at 2 to 4oC during
treatment. Each carcass was treated by dipping in the acid
solution for 10 s, then left to drain for about 15 min prior
to being processed by the mechanical deboner.

In another experiment 50 chicken carcasses were used
to test the effects of CO2 snow addition on the microbial
counts in MDPM. Carbon dioxide snow was applied at the rate
of 1 kg of snow per 10 kg (= 1 tray) of MDPM.

Artificial contamination
Before the artificial contamination of MDPM with

microorganisms it was irradiated with a dose of 7 kGy to
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render it free of vegetative bacteria. Such a treatment makes
enumeration of survivors among inoculated bacteria much
easier.

The initial inoculum of Salmonella strains was obtained
by dilution of 24-h cultures in peptone physiological saline.
Five mL of inoculum were added in a mortar to 200-g portion of
defrosted MDPM and then thoroughly mixed. The final
concentrations of strains tested was in the range of 10 2 to
10 4 CFU\g. After mixing, portions of inoculated meat were

packed in sterile polyethylene bags and frozen again at -30oC
prior to treatment by irradiation with a dose of 3 kGy.

All inoculated samples were tested for the presence or
absence of survivors at the following periods: a/ immediately
after inoculation and before freezing; b/ on Day 1 after
irradiation, and c/ on Day 14 after irradiation.

Antioxidant addition to MDPM
MDPM produced under the standard commercial procedure was

used as a test material in this experiment. Antioxidants were
added to MDPM. Three treatments were evaluated. These were:
(A) a control containing no antioxidant , (B) Sodium
tripolyphosphate(STPP)\ ascorbic acid (AA) , and (C) Eromix
Natural Antioxidant. Eromix (Nutrilo, Germany) consists of a
natural tocopherol, rosemary spice extract and a sugar
compound. Antioxidants were incorporated into the deboned meat
shortly after production by mixing under nitrogen. STPP and AA
were used at 0,3% and 0,05% of the meat, respectively; Eromix
was used at 0,2% of the fat level.

Each treatment consisted of 40 kg of MDPM. Following
antioxidant treatment, each batch was divided into four
10-kg portions, packed in polyethylene bags, and frozen at
-30 oC prior to being subjected to gamma-irradiation with a
dose of 3 kGy. Irradiated MDPM was stored frozen for up to
3 months. At months 0,1, 2 and 3, portions were withdrawn
from storage to be evaluated and used for manufacture of
frankfurters and chicken meat patties.

Manufacture of MDPM containing meat products
Frankfurters were prepared at the experimental workshop

of the Institute of Meat Industry, Sofia. The formulation
consisted of MDPM (66%), pork backfat (20%), added water
(14%), spices(0,4%), salt (2%), sodium tripolyphosphate
(0,3%), and sodium nitrite (0,0075%).The frankfurters were
manufactured according to standard commercial procedures.

Chicken meat patties, formulated to 10% fat content, were
prepared from a combination of ground white and dark poultry
meat (80%) and MDPM (20%). All patties contained salt (1,75%)
and STPP (0,3%).
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Before sensory evaluation , ten frankfurters per
treatment were placed in boiling water and cooked for 3 min,
and ten chicken patties per treatment were fried in sunflower
oil to an internal temperature of 76 oC.

Gamma-irradiation treatment
All treatments were made using the laboratory scale Co-60

irradiation source at the R&D centre of RTT in Sofia. The
irradiation space is a cylinder, 200 mm in height and 180 mm
in diameter. Dose rate distribution was measured using the
Fricke ferrous sulfate dose meter. On March 12th, 1990 the
maximum and minimum dose rate were 4,3 and 3,3 kGy/h,
respectively. To achieve more uniform dose distribution, meat
blocks subjected to irradiation were rearranged mid way
through the irradiation time.

Bacteriological analysis
Samples were homogenized in saline solution containing

0,1% peptone. The resulting homogenate was serially diluted
and used for the bacteriological tests as outlined below.

TABLE I. PROCEDURES EMPLOYED TO ENUMERATE VIABLE BACTERIA

Micro-organisms :
Mesophiles
Psychrotrophs
Col i forms
Staphilococci

Growth media:
Plate count agar
Plate count agar
Lactose-bile broth
Salt-meat broth

Incubation:
37 oC / 48 h
4 oC / 4 days
37 oC / 48 h
37 oC / 24 h

TEA analysis

Malonaldehyde content was determined by the 2-thio-
barbituric acid test (TEA) test and modified destination
method of Tarladgis as described by Shamberger et al.{l}.
Standard solutions were prepared from 1,1,3,3-
tetramethoxypropane, a malonaldehyde producing agent.

Functional characteristics of MDPM
Water-binding capacity was determined by the centrifuge

technique as modified by Tsai and Ockerman{2}. Ten mL of a
solution containing sodium chloride (1,2 g) were added to a
mixture of MDPM (40 g) and ground pork backfat (10 g). An
emulsion was formed by blending for l min, then 10-g portions
were placed in glass tubes capped with a stopper, and the
tubes were heated at 90 oC for 10 min. After heating, the
solid mass was carefully removed, placed onto a perforated
plastic disc which fits a regular centrifuge tube holder, and
centrifuged for 20 min at 4000g. Water-binding capacity was
calculated as the percent of water retained after heating and
centrifugation.
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Emulsifying capacity was determined by the method of
Galluzzo and Regenstein{3}. Total soluble protein extract was
obtained by extraction of MDPM in a Hasselbach-Schneider
solution. Ten mL of the Oil-red-O-coloured sunflower oil were
added to 10 mL of the diluted (0,75 mg of protein per mL)
protein extract. The emulsion was prepared by blending at
medium speed for 10 s, then oil was continuously added while
the mixing continued until an abrupt colour change was
observed. indicating that the emulsion had been broken. The
total volume of oil emulsified by the 7,5 mg of protein was
recorded.

The least concentration gel test was performed as
described by Trautman{4}. Total protein extract was diluted to
obtain protein concentrations from 5 to 10 mg per mL. These
protein solutions were pipetted into 10x100 mm tubes, tubes
were placed in a water bath at 25oC and heated to 70oC for 40
min. A positive score was given if gel remained in the tube
upon inversion.

Sensory evaluation
The ten panellists were staff members with experience in

sensory evaluation. They were asked to score each product for
"irradiation off-odour" and "warmed-over flavour". The 5-point
scale was used with "0" and "5" corresponding to the
intensities "None" and "Extremely strong", respectively.

Statistical analysis
Differences in means were determined by using the Student

t-test. The probability level was P < 0,05 unless otherwise
noted.

RESULTS

Effects of irradiation on bacterial counts in MDPM
Irradiation of frozen MDPM with doses of 2 or 3 kGy

resulted in a significant (P < 0,05) reduction of both
mesophilic and psychrotrophic aerobic bacteria by about two
log-cycles (TABLE II). Bacterial numbers, however, were non-
significantly (P > 0,05) different in 2 kGy and 3 kGy
irradiated MDPM.

Coliform bacteria titre indicated that even the lower
applied dose (2 kGy) was lethal to all bacteria of this group.
The doses applied in this experiment also sufficed for
eliminating coagulase positive staphylococci initially
present in l g of MDPM. Salmonellae were not found either
before or after the irradiation treatment.
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TABLE II. EFFECTS OF IRRADIATION AND SUBSEQUENT FROZEN STORAGE
(-180C) ON BACTERIOLOGICAL QUALITY OF MDPM

Group of
bacteria

Storage
time,
days

Irradiation treatment

Psychrotrophs
log CFU/g

0
15
30

Coliform bacteria, 0
absent in .. g 15

30
Staphylococci,
absent in .. g

0
15
30

0 kGy 2 kGy

5,35
5,12
5,34
10-6
10-5
10-4
1
1
1

4,42
4,28
3,88

> 1
> 1
> 1
> 1
> 1
> 1

3 kGy

Mesophiles
log CFU/g

0
15
30

6,67
6,84
6,83

4,87
4,79
4,54

4,26
4,13
3,92

3,47
3,72
3,51
> 1
> 1
> 1
> 1
> 1
> 1

Acid treatment of chicken carcasses before irradiation
Sanitizing of chicken carcasses by dipping in a l%(w/w)

lactic acid solution before mechanical deboning resulted in a
non-significant (P > 0,05) decrease of mesophilic bacteria
counts in MDPM. No changes in coliform titer was observed.

As a result of irradiation treatment with a dose of 2
kGy, counts of mesophiles were decreased by 2 log-cycles in
both control and acid treated samples (Table III). Coliform
bacteria titres indicated that no survivors were found in
l g of samples.

Irradiation with a dose of 3 kGy was more injurious to
microorganisms in lactic acid treated samples (P < 0,05).
Viable bacteria counts were decreased by 3 log-cycles in the
acid treated samples, whereas the reduction was by 2 log-
cycles in the control samples. Coliform bacteria were not
present in either control or acid treated samples.

Carbon dioxide snow addition to MDPM
Carbon dioxide snow was used to chill MDPM rapidly after

production. Table IV gives the results of this experiment.
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TABLE III. MESOPHILIC COUNTS (log CFU/g) AND COLIFORM BACTERIA
TITRE AS INFLUENCED BY ACID TREATMENT OF
CHICKEN CARCASSES AND IRRADIATION OF MDPM

Type of treatment
Carcasses dipped Commercial
in 1% lactic acid procedure
solution (control)

Before irradiation
Mesophiles 5,14
Coliforms, absent in g 10-5

After irradiation with
a dose of 2 kGy
Mesophiles 3,44
Coliforms, absent in g > I

After irradiation with
a dose of 3 kGy
Mesophiles 2,28
Coliforms, absent in g > 1

5,94
10-5

3,68
> 1

3,18
> 1

Values are the mean of six replications

TABLE IV. MESOPHILIC COUNTS (log CFU/g) AND COLIFORM BACTERIA
TITRE AS INFLUENCED BY CO2 SNOW ADDITION AND
SUBSEQUENT IRRADIATION OF MDPM

Type of treatment
CO2 snow addition Commercial
immediately after procedure
production of MDPM (control)

Before irradiation
Mesophiles
Coliforms, absent in

After irradiation with
a dose of 2 kGy
Mesophiles
Coliforms, absent in

After irradiation with
a dose of 3 ky
Mesophiles
Coliforms, absent in

6,56
10-5

3,82
> 1

3,15
> 1

6,85
10-5

4,12
> 1

3,55
> 1

Values are the mean of six replications

The average increase of temperature of chicken meat as a
result of mechanical deboning ranged from 5 to 8oC. Addition
of carbon dioxide snow to MDPM immediately after production at
the rate of 1 kg per 10 kg resulted in an average decrease in
temperature by 3-4oC. Chilling of MDPM by CO2 snow addition,
however, did not cause significant difference in CPU counts
between the two treatments before irradiation.

23



After irradiation with a dose of 2 or 3 kGy the
mesophilic CPU counts in CO2 treated MDPM were non-
significantly (P > 0,05) less numerous than in the control
samples. Coliform bacteria were not present in l g of the
irradiated MDPM regardless of the type of treatment before
irradiation.

Artificial contamination studies
Comparison of viable bacteria numbers in MDPM immediately

after artificial contamination with Salmonella and after
freezing (not shown) confirmed the well-known fact that
freezing itself 'can cause a slight reduction in numbers. The
average reduction was about 20%.

The results in Table V show that irradiation with a dose
of 3 kGy is effective in the elimination of salmonellae when
present in MDPM at the level of 102-103 CFU/g. At this
contamination level no positive samples were found after
enrichment regardless of the size of sample tested - 5, 10 or
25 g.
TABLE V. EFFECTS OF IRRADIATION (3 kGy) ON SURVIVAL OF

SALMONELLA IN ARTIFICIALLY CONTAMINATED MDPM

Test strain

S.typhimurium
209

S.typhimurium
123

S.typhimurium
8279

S.enteritidis
4125

S.enteritidis
5168

S.enteritidis
4124

S.senftenberg
78

S.senftenberg
03

S.isangi

Contamination
level, CFU/g

100
23000
200

11000
3050
10000

1800
21000
200

11000
1250
7600

600
1350

2100
14000

800
8500

Absence(-) or presence(+) in:
5 10 25 g 5 10 25 g
Day 1

- +(1) +(2)

- +(2) +(1)

Day 14

- + (1)

- +(3) +(4)

- +(1)

"+(2)" indicates the number of positive samples (out of 7)
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At the contamination level of 104 CFU/g, results
indicated that an irradiation dose of 3 kGy is sufficient to
inactivate all viable cells of most of Salmonella strains
tested. With respect to some strains, however, survivors were
found on day 1 after the irradiation treatment. Viable
bacteria were isolated from the 10-g and 25-g samples. No
positive samples were found after 14-day storage at -18oC.

Stability of lipids in irradiated MDPM
TEA numbers for unirradiated and irradiated (2 or 3 kGy)

MDPM during 60 days at -18oC are presented in Table VI. At day
0, MDPM had low TEA numbers : range 0,22-0,34. Until day 30 ,
no differences (P > 0,05) were found between the means of
control and 2 kGy treated samples. After that, TEA numbers
continued to increase and by day 60 the values for 2 kGy
samples were approximately twice higher (P < 0,05) than of the
controls. MDPM irradiated at 3 kGy had consistently higher TEA
numbers than controls and 2 kGy samples at all sampling times.

TABLE VI. LIPID OXIDATION OF UNRRADIATED AND IRRADIATED
( 2 or 3 kGy ) FROZEN STORED MDPM

Frozen Irradiation treatment
storage,days

0 kGy 2 kGy 3 kGy

TEA number
(mg malonaldehyde

per kg)
0

15

30

60

0.22
(0,07)
0,41
(0,12)
0,52
(0,13)
2,14
(0,32)

0,34
(0,03)

0,52
(0,18)

0,56
(0,15)
4,65
(0,73)

0,20
(0,05)

0,98
(0,21)

1,12
(0,26)
7,18
(0,45)

Values are the mean of three replications. Standard
deviations are shown in brackets.

Effects of antioxidants on lipid stability in irradiated
MDPM and sensory scores of MDPM-containing products

Table VII gives the results with respect to lipid
oxidation in irradiated (3 kGy) MDPM over three months of
frozen (-18oC) storage. Treatment A contained no added
antioxidants, whereas treatment B contained STPP/AA blend, and
treatment C contained Eromix natural antioxidant.
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TABLE V.U. EFFECTS OF ANTIOXIDANTS ON TEA NUMBERS IN
IRRADIATED (3 kGy) AND FROZEN STORED MDPM
Antioxidant
treatment

Frozen storage at -18oC, months
0 1 2 3

TEA number
A.

B.

C.

No antioxidant

STPP/AA

Eromix

0,38
(0,08)
0,52
(0,12)
0,46
(0,08)

3,18
(0,22)
1,24
(0,08)
1,38
(0,12)

3,90
(0,24)
1,18
(0,22)
1,02
(0,28)

5,16
(0,37)
2,46
(0,38)
1,42
(0,18)

Values are the mean of three replications. Standard
deviations are shown in brackets.

In this experiment, controls containing no antioxidant
had the highest TBA numbers among all three treatments over
the entire 3-months storage period. Both STPP/AA and Eromix
significantly (P < 0,05) lowered TBA numbers as compared to
the control samples after 1, 2 or 3 months of frozen storage.
No significant differences were found between TBA numbers of
the two antioxidant treated samples.

The effects of antioxidants on sensory scores of
frankfurters and chicken meat patties manufactured with the
use of MDPM from the above treatments are shown in Table VIII
and Table IX, respectively.

TABLE VIII. SENSORY SCORES OF FRANKFURTERS CONTAINING
IRRADIATED (3 kGy) AND FROZEN STORED MDPM

Antioxidant treatment Frozen storage, months

1 2 3

A.

B.

C.

No antioxidants
"Irradiated" off -odour
Warmed-over flavour
STPP/Ascorbic acid
"Irradiated" off -odour
Warmed-over flavour
Eromix
"Irradiated" off -odour
Warmed-over flavour

0,8a
1,6

0,9
1,1

1,0
0,8

0,3
3,2

0,6
1,4

0,5
1,6

0,5
3,8

0,4
2,1

0,4
2,2

Values are the mean of six replications.

26



TABLE IX. SENSORY SCORES OF CHICKEN MEAT PATTIES CONTAINING
IRRADIATED (3 kGy) AND FROZEN STORED MDPM

Antioxidant treatment Frozen storage, months
1 2 3

A. No antioxidahts
"Irradiated" off-odour
Warmed-over flavour

B. STPP/Ascorbic acid
"Irradiated" off-odour
Warmed-over flavour

1,0
1,6

0,8
0,6

0,4
2,8

0,6
1,4

0,5
3,2

0,6
1,2

C. Ertomix
"Irradiated" off -odour
Warmed-over flavour

1,0
0,8

0,2
1,1

0,5
1,8

Values are the mean of six replications.

The results indicated that the panellists were not able
to discern the characteristic "irradiated" off-odour in
frankfurters and chicken meat patties containing 66% and 20%
irradiated MDPM, respectively. On month 1, scores for the
"irradiated" off-odour in both products were in the range of
0,8-1,0, and decreased further over the following two months
of frozen storage. No effects of antioxidant treatment of MDPM
on "irradiated" off-odour were recorded.

With respect to the warmed-over flavour, products of the
"no antioxidant" treatment received higher scores compared to
those from the two antioxidant treatments, thus indicating a
higher extent of lipid oxidation. Results demonstrated that
both Tripolyphosphate/Ascorbic acid mixture and Eromix natural
antioxidant had provided significant (P < 0,05) protection in
irradiated MDPM over 3 months of frozen storage. Antioxidant
treated MDPM had at least two times lower scores for warmed-
over flavour than the control samples. Again, no significant
differences were found between the two antioxidant treatments
in respect with lipid-oxidation dependent warmed-over flavour.

Functional properties of irradiated MDPM
The effects of irradiation treatment (0, 2 or 3 kGy) and

subsequent frozen (-18oC) on water binding capacity,
emulsifying capacity and gel stability of MDPM are shown in
Table X.

Little or no differences between the irradiation
treatments were found as MDPM was evaluated immediately after
applying gamma-irradiâtion. The exception was the low
emulsifying capacity of 3-kGy treated samples.

27



TABLE X.. FUNCTIONAL CHARACTERISTICS OF MDPM AS INFLUENCED
BY IRRADIATION (0, 2 or 3 kGy) OVER TWO MONTHS OF
FROZEN STORAGE

Water binding
capacity, % of
water retained

Emulsifying
capacity, mL oil
per mg of protein

Gel stability,
the least
concentration ,
mg protein/mL

Frozen
storage,
days

0
15
30
60
0
15
30
60
0
15
30
60

Irradiation treatment
0 kGy

54,3
54,6
48,2
46,1

1,85
1,70
1,70
1,65
8,0
8,0
7,5
7,5

2 kGy

53,9
52,4
52,8
46,4
1,75
1,75
1,65
1,60
7,0
7,5
7,5
7,0

3 kGy

55,1
51,2
49,3
44,1
1,40
1,55
1,50
1,50
6,5
6,5
6,5
6,0

Values are the mean of three replications.

Water binding decreased with frozen storage of both
irradiated, as well as unirradiated MDPM. The lowest value for
water binding capacity recorded was for the samples irradiated
with a dose of 3 kGy and then frozen stored for 3 months, yet
this value did not differ significantly (P > 0,05) from those
of 0- and 2-kGy irradiated MDPM. No dose dependent effect on
water binding was observed.

Emulsifying capacity of meat proteins of all three
treatments did not change with frozen storage. The 2-kGy
irradiated meat did not differ (P > 0,05) from the controls,
whereas 3-kGy treated samples had consistently lower
(P < 0,05) values as compared with the control and 2-kGy
irradiated MDPM.

Irradiation and frozen storage influenced gelling ability
of meat proteins extracted from MDPM in a way similar to the
emulsifying capacity.

DISCUSSION
The studies undertaken were aimed at two major goals:

a/ to demonstrate the effectiveness of irradiation
decontamination of MDPM; and b/ to provide evidence that
irradiation and subsequent frozen storage will no adversely
affect quality of meat products manufactured with the
incorporation of MDPM.

28



MDPM does not necessarily show higher colony counts than
conventionally produced residue meat. However,Enikova at
al.{5) reported high Enterobacteriaceae counts -up to 105
CFU/g in MDPM. Bacterial populations enumerated at both 30oC
(72 h) and 2oC (10 d) were in the range of 105-107 CFU/g.
Microbial flora distribution in MDPM showed an uneven,
cluster-like pattern. In some samples Salmonella and S.aureus
were present.

Bijker at al.{6} assessed adequacy of bacteriological
quality assurance during the commercial production of MDPM in
six Dutch plants. They reported high numbers of St.aureus and
Enterobaacteriaceae. Mesophilic Enterobacteriaceae ranged from
approximately 104 to 105 per g. Authors recommended the
following reference values for MDPM: loglO mesophilic colony
counts 6,6; loglO mesophilic CFU Enterobacteriaceae / g 4,7.

Our studies confirmed the well-documented facts in
respect to the possibilities of irradiation decontamination of
red meat and poultry. The results of artificially inoculated
studies showed that when salmonellae are present at the level
of 102-103 CFU/g irradiation with a dose of 3 kGy can
inactivate them completely.

On the basis of experiments with ground chicken meat,
Szszawinska {7} calculated the doses (6D 10) for Salmonella
decontamination, namely 4,122 kGy (taking into account the
mean D 10 - value) or 5,196 kGy (taking into account the
highest D 10 - value). However, Tarkowsky et al.{8} concluded
that irradiation doses as low as 1 kGy were effective in
reducing Salmonella numbers in minced meat preparations by
approximately 2 log-cycles. They noted that levels of more
than 102 CFU /g are very seldom in minced meat. Mulder {9}
reported that irradiation treatment of broiler carcasses with
a dose of 2,5 kGy results in a decrease the total number in
Salmonella-contaminated carcasses as well as the number of
salmonellae per carcass. He concluded that the final goal - a
Salmonella-"free" product- could be reached only by the
combined use of irradiation and freezing.

Irradiation of frozen MDPM with doses of 2-3 kGy will
improve considerably the general microbiological quality of
meat. Our results showed that such a treatment resulted in a
reduction of total aerobic counts by more than 2 log-cycles.
Coliform bacteria present in 10-5 g of MDPM before irradiation
could not be recovered from 1 g after treatment with a dose of
2 kGy. Staphylococci were also completely eliminated.

These data are included in the formal petition submitted
to the Ministry of Health to receive a clearance for MDPM
decontamination by irradiation. Radiation decontamination of
MDPM is being used commercially in France. Wagner {10} reports
that SPI, a leading poultry meat manufacturer in Brittany,
France, uses electron beam technology to irradiate blocks of
frozen MDPM with a dose of approximately 3 kGy. It should be
noted that French regulations specify bacteriological quality
of irradiated MDPM, namely an APC (30oC) of 106 /g before
treatment by irradiation, and 104 /g afterwards{11}.
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Acid treatment of poultry carcasses before deboning
resulted in a significant difference between the mesophilic
counts in the 3-kGy irradiated MDPM and the 3-lcGy irradiated
MDPM produced by the commercial method. However, when MDPM was
irradiated with a dose of 2 kGy, no significant difference was
found between the control and acid treated samples. Carcasses
were acid treated by dipping into a 1% lactic solution.

Lactic acid is present in small quantities in blood and
muscles of animals and reduces pH of meat. Lactic acid
inhibits proteolytic bacteria because of low pH rather than
toxicity of undisassociated acid molecules {12}. Acid
sanitization can sublethally injure bacteria on meat surfaces.
Anderson and Marshall {13} reported that treatment of beef
cuts by dipping in acid solution had resulted in reduction of
counts of about one log-cycle for •aerobic bacteria and
Salmonella typhimurium , less than one log-cycle for
Enterobacteriaceae, and about one-half log-cycle for E.coli.

Lipid oxidation is another major problem encountered with
respect to MDPM. Comminution of fresh meat both disrupts the
membrane structures and incorporates oxygen into the tissue.
It could be expected that gamma-irradiâtion in air will
further increase the susceptibility of MDPM to oxidative
deterioration.

Warmed-over flavour is a form of oxidative rancidity that
develops within a few days in contrast to common rancidity
that requires months to develop fully during freezer storage.
In general, any process that disrupts the integrity of
membranes enhances development of warmed-over flavour {14}.

Results of these studies confirmed that lipid oxidation
in irradiated MDPM could be a limiting factor for its frozen
storage. By day 60, the 2-kGy samples had TBA numbers twice
higher than the controls. Three-kGy irradiated MDPM had
consistently higher TBA numbers than controls and 2-kGy
samples at all sampling periods.

Antioxidants has been shown to retard lipid oxidation in
MDPM {15}. We tested two types of antioxidant blends, namely
sodium tripolyphosphate/ascorbic acid and Eromix, containing
natural tocopherol and oleoresin rosemary. Both STPP/AA and
Eromix significantly lowered TBA numbers as compared to the
samples without added antioxidant and provided protection in
irradiated MDPM over three months of frozen storage.

Our results agree with the studies of Stoick et al. {14}
concerning the antioxidative effectiveness of STPP and
oleoresin rosemary. Their studies indicated that oleoresin
rosemary when used in combination with STPP in cooked chicken
nuggets containing MDPM effectively inhibited lipid oxidation
during refrigerated and frozen storage. Authors explain that
STPP functions as an antioxidant by chelating prooxidant
metals such as ferrous iron, while the phenolic components in
the oleoresin rosemary act by interrupting the free radical
chain mechanism. Shahidi et al. {16} also reported that
addition of STPP to meats containing sodium chloride and
sucrose, appreciably reduced the TBA numbers, showing strong
synergism with sodium ascorbate.
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CONCLUSIONS

I/ Irradiation of frozen mechanically deboned poultry
meat (MDPM) with doses of approximately 3 kGy can be used
successfully to reduce microbial load and eliminate
Salmonella, thus enabling transportation of MDPM to other meat
processing plants and its utilization in the manufacture of
raw ready-to-cook meat products.

2/ Addition of antioxidants which are conventionally used
in meat processing will maintain lipid stability during frozen
storage of irradiated MDPM.

3/ Incorporation of irradiated and frozen stored MDPM in
conventionally manufactured meat products will not adversely
affect their technological and sensory properties.
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Abstract

The colour, odour, flavour and texture of fresh chicken carcasses irradiated at
doses up to 10 kGy was assessed using a trained sensory panel. In addition, colour
was measured spectrophotometrically while texture was examined using the Instron.
In a second experiment, the influence of storage following irradiation at doses up to 5
kGy on the sensory quality was established. Irradiation induced a slight pinkness in the
chicken flesh which was detected by both the panellists and the spectrophotometer (a*
- redness). During storage the pinkness decreased. The odour of raw chicken
carcasses was not significantly affected by irradiation until a dose of lOkGy had been
applied. The major changes in the flavour of irradiated chicken occurred during
storage when an 'unpleasant' flavour with an 'after taste' developed. These flavour
changes were more apparent in the breast than the leg meat but, it was only when
doses greater than 5kGy were applied that significant differences were detected
between irradiated and unirradiated samples. Texture changes were detected by the
sensory panel but not by the Instron apparatus. Although the trained panellists were
able to detect significant differences between irradiated and unirradiated chicken, the
numerical differences between treatments were often quite small. It is possible that an
untrained consumer group would be unable to detect these differences.

1. INTRODUCTION

In the UK, the poultry processing industry has undergone extensive change
especially in the last decade in response to the demand of consumers and retailers for
high volume good quality products. The 1980's saw two major changes in the primary
chicken market. There was a change from frozen chicken to fresh and a move away
from whole birds towards chicken portions and value added poultry products.

In 1989, the value of frozen whole chicken sales was £173 million and that of
fresh whole chicken was £213 million. During the same year, fresh chicken portions
accounted for £189 million in retail terms while frozen portions represented a retail
value of £81 million (1). The change from frozen to fresh product has created a need
for methods to extend the shelf life and maintain the quality and safety of the fresh
product.
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2. MATERIALS AND METHODS

2.1. Experiment l

2.1.1. Experimental procedure

Ten fresh chicken carcasses, obtained from a local processing plant, were either
not irradiated or given doses of 2.5, 5.0, 7.5 and 10.0 kGy using Cobalt 60 as the
source of ionizing radiation (dose rate, 0.65 kGy/h). Both irradiated and control
samples were held overnight at 1-4°C prior to sensory and instrumental evaluation.
The experiment was repeated 3 times.

2.1.1.1. Sensory evaluation

A trained panel of 8, 9 and 8 people assessed the sensory quality on the three
occasions when the experiment was repeated. For each replicate, colour (pinkness and
acceptability) of five whole raw packaged carcasses, one from each treatment was
evaluated. Seven carcasses per treatment were available so some were evaluated by
more than one panellist. The mean score per carcass was used in the statistical
evaluation of the results. The colour was scored on a scale from 8 (extremely pink) to
1 (extremely white) while acceptability was judged on a scale of 8 (extremely
acceptable) to 1 (extremely unacceptable). Assessment of odour, flavour and texture
was carried out under red light to ensure that the evaluation was not influenced by the
colour of the carcass. For odour assessment, each panellist received an unopened
sample from each treatment and after peeling back the wrapping the terms used to
describe odour were recorded on a scale from 1 (not perceived) to 5 (strongly
perceived). The chicken carcasses were cooked in an electric, fan-assisted oven at
190°C until the internal breast temperature reached 82-87°C. The breast and leg meat
of one chicken from each treatment was cut into bite size pieces and presented to each
panel member. Various terms were used to describe the flavour and each one was
scored on a scale from 0 (not perceived) to 5 (strongly perceived). Two chickens from
each treatment were used to evaluate texture. One half of each chicken was subjected
to sensory analysis. Descriptive terms were scored on a scale from 1 (not perceived)
to 7 (strongly perceived). Details of the questionnaire have been presented elsewhere
(2).

2.1.1.2 Instrumental evaluation

The colour of the raw breast and leg meat of six chickens from each treatment
and each replicate was also measured instrumentally using a Pye-Unicam SP8-100
UV/VTS spectrophotometer. The colour system used was CIELAB space which
provided colour data in the form L* (lightness), a* (red to green), b* (yellow to blue),
hue angle (actual colour) and chroma (amount of colour). Only the a* values are
presented here. The half chickens remaining after sensory evaluation of texture were
examined using the Instron 6000 Series Material Testing Machine connected to a
Series Control Console. The apparatus was fitted with a Warner Blatzler meat shear
blade. The test was performed on ten samples from each breast and leg muscle. The
samples were obtained using a 0.9 cm cork bore which cut the meat parallel to the
muscle. The results were expressed as the mean of the peak shear force (kg/cm^) for
each muscle.

34



2.1.1.3 Statistical evaluation

Results were statistically evaluated using analysis of variance.

2.2. Experiment 2

2.2.1. Experimental procedure

Twenty fresh whole chicken carcasses were irradiated, half being given an
irradiation dose of 2.5kGy and the remainder S.OkGy (dose rate 0.63kGy/h). These
chickens were stored at 1-4°C for 14d. The following week, a further 20 carcasses
were irradiated at the same doses and stored at the same temperature for 7d. On the
third week, a further 20 carcasses were treated in the same way. In addition, 10
carcasses were not irradiated and were stored for Id at 1-4°C. The whole experiment
was repeated three times.

2.2.1.1. Sensory, instrumental and statistical evaluation

At the three sensory evaluation sessions, a panel of 7, 8 and 7 people assessed
the colour, odour, flavour and texture of the fresh and stored chicken using the same
approach as described in Experiment 1. In addition, colour was measured
spectrophotometrically and statistical analyses were carried out as described above.

3. RESULTS AND DISCUSSION

As irradiation dose increased from 2.5 to 10.0 kGy a pink colour developed in
the raw chicken carcass which was detected by the sensory panel (Table I) and the
spectrophotometer (a* - redness) (Table II). This pink colour decreased but did not
completely disappear during storage (Tables III and IV). Following cooking, the
colour was still apparent in the leg meat irradiated at 5 kGy which was the maximum
dose used in this particular experiment (Table V).

The odour of raw broiler chicken carcasses was not significantly affected by
irradiation until a dose of 10 kGy had been applied (Table VT), a dose far in excess of
that likely to be used commercially. At this dose, fresh odour had significantly
decreased while burnt odour was increased.

The flavour of the breast meat was more affected by irradiation than that of the
leg meat (Table VI). As irradiation dose increased, there was an increase in unpleasant
flavour and a more persistent aftertaste while chicken flavour decreased but again the
effects were only significant at the high doses.

Changes in the flavour of irradiated chicken also occurred during storage when
the "unpleasant1 flavour with 'after taste' were apparent. In the storage experiment the
changes in flavour on irradiation also tended to be more pronounced for breast meat
(Tables VII and IX) than leg meat (Tables VIII and IX) but it was only after 2 weeks
storage that significant differences between irradiated and unirradiated samples were
detected.

Significant textural changes seen in chicken meat after irradiation were only
detected by the sensory panel and not by the Instron apparatus. The breast meat was
more affected than the leg meat. 'Dryness' and 'toughness1 increased while 'juiciness1

decreased with increasing doses of irradiation (Table X) and during storage (Tables XI

^' Text cont. on p. 49.
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TABLET. EFFECT OF IRRADIATION DOSE ON THE COLOUR AND
ACCEPTABILITY OF CHICKEN CARCASSES ASSESSED BY A TRAINED
TASTE PANEL

Dose (kGy) Pinkness Acceptability

0.0
2.5
5.0
7.5
10.0

SEM
SIG

4.39
5.83
5.79
6.27
6.31

0.275
***

5.72
5.16
4.88
4.53
4.88

0.234
**

** - P < 0.01
***- P < 0.001

SEM - Standard Error of a Mean
SIG - Significance of Effect

Values are the mean of 27 scores
Increasing scores denote increased perception of each attribute

TABLE II. EFFECT OF IRRADIATION DOSE ON THE
PARAMETER a* (REDNESS) OF BREAST AND LEG MUSCLE.

COLOUR

Dose (kGy)

0
2.5
5.0
7.5

10.0

Breast muscle
a*

7.53
12.79
14.77
14.41
14.47

Leg muscle
a*

14.34
17.62
21.21
21.68
21.47

Significance of Effect

Overall
Linear
Quadratic

SEM

***
***
***

0.707

***
***
***

0.665

*** P < 0.001
SEM - Standard Error of a Mean
Values are the mean of 36 measurements
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TABLE III. EFFECT OF STORAGE OF IRRADIATED CHICKEN ON THE COLOUR (PINKNESS) AND ACCEPTABILITY
ASSESSSED USING A TRAINED TASTE PANEL

Dose (kGy) Week
Control 0 1

PINKNESS
0 4,86
2.5 6.04 4.91
5.0 6.41 5.14

Mean 6.23 5.02

Significance of Effect

Dose (D)
Storage (S)
D x S
Control v Irrad.
Control v Dose
Control v Storage
Control v (D x S)

Mean
2 Control 0

ACCEPTABILITY
5.20

4.95 5.30 5.25
4.45 5.33 4.70

4.70 5.32 4.98

SED SIG

0.206 N.S.
0.252 ***
0.357 N.S.
0.272 N.S.
0.291
0.309
0.357

Week
1 2

5.70 5.75
5.34 5.57

5.52 5.66

SED SIG

0.203 N.S.
0.248 *
0.351 N.S.
0.268 N.S.
0.287
0.304
0.351

Mean

5.57
5.20

5.38

SED - Standard Error of a Difference
SIG - Significance of Effect
N.S. - Not significant;
* - P < 0.05 *** p < n o m

Values are the mean of 30 scores.
Increasing values denote increased perception of each attribute.



oo TABLE IV. EFFECT OF STORAGE ON THE COLOUR (a* REDNESS) OF IRRADIATED CHICKEN BREAST AND LEG MUSCLE
ASSESSED USING THE SPECTROPHOTOMETER

Dose Week
(kGy) Control 0 1 2

a* - Breast Muscle

0 7.86
2.5 12.37 11.59 11.54
5.0 13.64 12.67 12.86

Mean 13.01 12.13 12.20

SIGNIFICANCE OF EFFECT

Dose (D)
Storage (S)
D x S
Control v Irrad.
Control v Dose
Control v Storage
Control v (D x S)

Mean

11.83
13.06

12.45

Breast
SED

0.438
0.551
0.764
0.588
0.628
0.667
0.760

Dose
(kGy) Control

a* - Leg muscle

0 15.79
2.5
5.0

Mean

Muscle
SIG

**
N.S.
N.S.
***

0

17.62
20.79

19.21

Leg
SED

0.523
0.636
0.905
0.686
0.734
0.778
0.910

Week
1 2

18.14 19.42
20.95 23.08

19.54 21.25

muscle
SIG

***
**
N.S.
***

Mean

18.39
21.61

20.00

SED - Standard Error of a Difference
SIG - Significance of Effect

Values are the mean of 18 determinations

N.S. - Not Significant
** - P < 0.01
*** - P < 0.001



TABLE V. EFFECT OF IRRADIATION ON THE COLOUR AND ACCEPTABILITY OF
COOKED CHICKEN BREAST AND LEG MEAT ASSESSED USING A TRAINED
TASTE PANEL

Dose
(kGy)

0
2.5
5.0

SEM
SIG

**
***

Pinkness

3.43
3.91
4.47

0.198
**

- P < 0.05
- P < 0.01
- P < 0.001

Breast
Acceptability

6.07
6.03
5.40

0.176
*

Pinkness

3.85
4.43
5.32

0.174
***

Leg
Acceptability

5.93
5.52
4.84

0.156
***

SEM - Standard Error of a Mean
SIG - Significance of Effect

Values are the mean of 22 scores.
Increasing values denote increased perception of each attribute.
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TABLE VI. EFFECT OF IRRADIATION DOSE ON THE ODOUR OF RAW AND THE
FLAVOUR OF COOKED CHICKEN MEAT ASSESSED USING A TRAINED TASTE
PANEL

Attribute

ODOUR

Burnt
Fresh
Plastic
Greasy
Cooked
Ov- Strength
Acceptability

FLAVOUR

Breast

Chicken
Greasy
Unpleasant
Aftertaste
Persistence
Acceptability

Leg

Chicken
Greasy
Unpleasant
Aftertaste
Persistence
Acceptability

0.0

2.54
2.51
2.59
2.53
1.72
2.93
5.49

3.22
1.54
1.02
1.12
1.17
6.21

2.65
2.60
1.63
1.54
1.45
5.71

2.5

2.50
2.28
2.78
2.65
1.92
2.93
5.13

2.66
1.46
1.58
1.40
1.29
5.53

2.69
3.20
1.95
2.10
1.61
5.03

5.0

2.78
2.60
2.67
2.33
2.16
2.81
5.13

2.86
1.46
1.66
1.56
1.13
5.45

2.41
3.19
2.27
2.46
2.05
4.75

Dose (kGy)
7.5

2.74
2.36
2.66
2.41
2.00
3.05
5.05

2.46
2.05
1.94
1.64
1.77
5.25

2.49
2.84
1.87
1.82
1.65
4.99

10.0

3.38
1.76
3.23
2.97
2.36
3.49
4.21

1.98
2.03
2.58
2.32
2.05
4.33

2.45
3.24
2.07
2.16
2.13
4.63

SEM

0.201
0.167
0.188
0.161
0.161
0.173
0.252

0.220
0.214
0.257
0.211
0.175
0.284

0.194
0.182
0.232
0.196
0.170
0.251

SIG

*
**
N.S.
N.S.
N.S.
N.S.
**

**
N.S.
***
**
*
***

N.S.
N.S.
N.S.
*
*
*

N.S. - Not Significant
* - P < 0.05
** - P < 0.01
*** - P < 0.001

SEM - Standard Error of a Mean
SIG - Significance of Effect

Values are the mean of 27 scores.
Increasing values denote increased perception of each attribute.
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TABLE VU. EFFECT OF STORAGE OF IRRADIATED CHICKEN ON THE FLAVOUR OF COOKED BREAST MEAT ASSESSED
USING A TRAINED TASTE PANEL
Dose
(kGy) Control
CHICKEN

0 2.98
2.5
5.0

Mean

UNPLEASANT

Dose
(kGy) Control

0 1.04
2.5
5.0

Mean

PERSISTENCE OF

Dose
(kGy) Control

0 1.44
2.5
5.0

Mean

0

3.03
2.93

2.98

0

1.26
1.40

1.33

AFTER

0

1.35
1.22

1.29

Week
1

3.03
2.57

2.80

Week
1

1.49
1.67

1.58

TASTE

Week
1

0.99
1.31

1.15

2

2.39
2.30

2.34

2

2.35
2.40

2.38

2

1.63
1.68

1.65

Mean

2.81
2.60

2.71

Mean

1.70
1.82

1.76

Mean

1.32
1.40 *

1.36

Dose
(kGy) Control
GREASY

0 1.63
2.5
5.0

Mean

AFTER TASTE

Dose
(kGy) Control

0 1.86
2.5
5.0

Mean

ACCEPTABILITY

Dose
(kGy) Control

0 5.72
2.5
5.0

Mean

0

1.31
1.27

1.29

0

1.90
1.81

1.86

0

5.08
5.44

5.26

Week
1

1.31
1.68

1.49

Week
1

1.54
2.04

1.79

Week
1

5.17
4.76

4.97

2

1.95
1.90

1.93

2

2.37
2.36

2.36

2

4.44
4.26

4.35

Mean

1.52
1.62

1.57

Mean

1.94
2.07

2.00

Mean

4.90
4.82

4.86
Values are the mean of 30 scores
Increasing scores with increased perception of each attribute



to TABLE Vin. EFFECT OF STORAGE OF IRRADIATED CHICKEN ON THE FLAVOUR OF COOKED LEG MEAT ASSESSED USING A
TRAINED TASTE PANEL
Dose
(kGy) Control
CHICKEN

0 2.87
2.5
5.0

Mean

UNPLEASANT

Dose
(kGy) Control

0 1.27
2.5
5.0

Mean

PERSISTANCE OF

Dose
(kGy) Control

0 1.04
2.5
5.0

Mean

0

2.60
3.01

2.80

0

1.36
1.36

1.36

AFTER

0

1.00
1.09

1.04

Week
1

2.69
2.73

2.71

Week
1

1.95
2.86

1.90

TASTE

Week
1

1.23
1.41

1.32

2

2.60
2.28

2.44

2

2.31
2.54

2.43

2

1.32
1.73

1.53

Mean

2.63
2.67

2.65

Mean

1.87
1.92

1.90

Mean

1.18
1.41

1.30

Dose
(kGy) Control
GREASY

0 2.44
2.5
5.0

Mean

AFTER TASTE

Dose
(kGy) Control

0 1.52
2.5
5.0

Mean

ACCEPTABILITY

Dose
(kGy) Control

0 5.88
2.5
5.0

Mean

0

2.76
2.39

2.58

0

1.62
1.62

1.62

0

5.61
5.92

5.77

Week
1

2.53
2.61

2.57

Week
1

1.89
2.21

2.05

Week
1

5.20
5.24

5.22

2

2.35
2.48

2.42

2

2.02
2.34

2.18

2

4.65
4.61

4.63

Mean

2.54
2.50

2.52

Mean

1.84
2.05

1.95

Mean

5.15
5.26

5.20
Values are the mean of 30 scores
Increasing scores with increased perception of each attribute



TABLE IX. STATISTICAL ANALYSIS OF RESULTS FOR THE EFFECT OF STORAGE OF IRRADIATED CHICKEN ON THE
FLAVOUR OF BREAST AND LEG MEAT

Chicken
SED

Breast Meat
Dose(D) 0.176
Storage (S) 0.215
D x S 0.304
Control x Irrad. 0.232
Control x D 0.248
Control x S 0.263
Control x (D x S) 0.304

Leg Meat

Dose(D) 0.158
Storage (S) 0.194
D x S 0.274
Control v Irrad. 0.209
Control v Dose 0.224
Control v Storage 0.237
Control v (D x S) 0.274

Irrad. - Irradiated
N.S. - Not Significant
* - P < 0.05
** - P < 0.01
*** - P < 0.001

SIG

N.S.
*
N.S.
N.S.

N.S.
N.S.
N.S.
N.S.

Greasy
SED SIG

0.134 N.S.
0.164 ***
0.231 N.S.
0.177 N.S.
0.189
0.200
0.231

0.167 N.S.
0.205 N.S.
0.289 N.S.
0.221 N.S.
0.236
0.250
0.289

Unpleasant
SED SIG

0.195 N.S.
0.239 ***
0.338 N.S.
0.258 **
0.276
0.293
0.338

0.191 N.S.
0.234 ***
0.331 N.S.
0.253 *
0.270
0.287
0.331

Aftertaste
SED SIG

0.155 N.S.
0.190 **
0.269 N.S.
0.206 N.S.
0.220
0.233
0.269

0.127 N.S.
0.155 ***
0.219 N.S.
0.168 *
0.179
0.190
0.219

Persistence
of A-T

SED SIG

0.143 N.S.
0.175 *
0.247 N.S.
0.189 N.S.
0.202
0.214
0.247

0.121 N.S.
0.148 **
0.209 N.S.
0.160 N.S.
0.171
0.181
0.209

Acceptability
SED

0.239
0.293
0.414
0.316
0.338
0.359
0.414

0.221
0.270
0.382
0.292
0.312
0.331
0.382

SIG

N.S.
**
N.S.
**

N.S.
***
N.S.
*

SED - Standard Error of a Difference
SIG - Significance of Effect
A-T - After Taste



TABLE X. EFFECT OF IRRADIATION DOSE ON THE TEXTURE OF COOKED
CHICKEN MEAT ASSESSED USING A TRAINED PANEL AND MEASURED USING
THE INSTRON

TASTE PANELa>c

Breast

Fattiness
Firmness
Elasticity
Juiciness
Chewiness
Cohesiveness
Dryness
Toughness
Ease of swallow
Acceptability

Leg

Fattiness
Firmness
Elasticity
Juiciness
Chewiness
Cohesiveness
Dryness
Toughness
Ease of swallow
Acceptability

INSTRONb

DOSE (kGy)
0.0

3.02
4.08
3.16
4.25
3.77
3.64
3.14
2.78
4.20
5.61

4.47
3.23
3.61
4.51
3.10
3.67
2.43
2.27
4.64
5.85

2.5

2.42
4.84
3.88
4.09
4.45
4.58
3.78
4.12
4.08
5.01

4.43
3.75
3.53
4.19
3.46
3.19
2.99
2.82
4.52
5.29

5.0

3.02
4.28
3.92
3.49
4.53
4.16
4.22
3.70
4.72
5.06

4.71
3.71
3.45
3.55
3.85
3.39
3.07
2.62
4.12
5.05

7.5

2.66
4.28
3.64
3.51
4.45
4.01
3.42
3.10
3.80
5.33

4.47
3.03
3.33
4.15
3.14
3.19
2.67
2.58
4.36
5.25

10.0

3.18
5.08
4.45
3.22
4.65
4.00
4.46
4.36
3.62
4.49

4.51
3.23
3.41
3.70
3.78
3.87
2.63
2.26
4.05
5.45

SEM

0.236
0.255
0.255
0.243
0.267
0.240
0.257
0.318
0.266
0.260

0.258
0.237
0.239
0.235
0.241
0.229
0.221
0.199
0.240
0.226

SIG

N.S.
*
*
*
N.S.
N.S.
**
*
*
*

N.S.
N.S.
N.S.
*
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

Sheer Force (kg/cm^)

Breast
Leg

3.25
1.92

2.63
1.71

2.80
1.87

3.02
1.81

2.91
2.00

0.174
0.078

N.S.
N.S.

N.S. - Not Significant
* - P < 0.05
** - P < 0.01

SEM - Standard Error of a Mean
SIG - Significance of Effect

a - Values are
b - Values are
c - Increasing

the mean
the mean

of 27 scores.
of 30 determinations.

values denote increased perception of each attribute.
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TABLE XI, EFFECT OF STORAGE OF IRRADIATED CHICKEN ON THE TEXTURE OF COOKED BREAST MEAT ASSESSED USING
A TRAINED TASTE PANEL
Dose
(kGy) Control
FATTINESS

0 3.10
2.5
5.0
Mean

ELASTICITY

0 2.71
2.5
5.0
Mean

CHEWINESS

0 3.37
2.5
5.0
Mean

DRYNESS

0 2.71
2.5
5.0
Mean

0

3.55
3.74
3.65

4.39
3.16
3.78

Week
1

3.69
3.96
3.83

3.84
3.98
3.91

2

4.19
4.10
4.15

3.71
4.16
3.94

Mean

3.81
3.93
3.87

3.98
3.77
3.88

Dose
(kGy)
FIRMNESS

0
2.5
5.0
Mean

JUICINESS

0
2.5
5.0
Mean

Control 0

3.30
4.53
4.07
4.30

4.44
3.58
3.85
3.71

Week
1

4.35
4.57
4.46

3.85
3.90
3.87

2

4.30
4.57
4.44

3.44
3.12
3.28

Mean

4.39
4.41
4.40

3.62
3.62
3.62

COHESIVENESS

4.65
3.78
4.21

3.48
2.84
3.16

4.37
4.46
4.42

3.53
3.48
3.50

4.01
4.46
4.24

3.66
3.89
3.78

4.34
4.24
4.29

3.56
3.41
3.48

0
2.5
5.0
Mean

0
2.5
5.0
Mean

3.59
4.68
3.59
4.14

TOUGHNESS

2.41
4.19
3.23
3.71

4.27
3.73
4.00

3.73
3.78
3.75

4.18
4.32
4.25

3.46
4.37
3.91

4.38
3.88
4.13

3.79
3.79
3.79

Values are the mean of 30 scores
Increasing score with increased perception of each attribute.



TABLE XII. STATISTICAL EVALUATION OF THE RESULTS ON THE EFFECT OF STORAGE OF IRRADIATED CHICKEN ON THE
TEXTURE OF COOKED BREAST MEAT

Fattiness
Sig. of Effect SED SIG
Dose(D) 0.218 N.S.
Storage (S) 0.267 N.S.
DxS 0.378 N.S.
Control v Irrad. 0.289 **
Control v Dose 0.309
Control v Storage 0.328
Control v (D x S) 0.378

Cohesiveness

Sig. of Effect SED SIG
Dose(D) 0.194 *
Storage (S) 0.237 N.S.
DxS 0.335 *
Control v Irrad. 0.256 *
Control v Dose 0.274
Control v Storage 0.290
Control v (D x S) 0.335

Irrad. - Irradiation
SED - Standard Error of a Difference
SIG - Significance of Effect
N.S. - Not Significant
* - P < 0.05
** - P < 0.01
*** - P < 0.001

Firmness
SED SIG
0.219 N.S.
0.269 N.S.
0.380 N.S.
0.290 ***
0.310
0.329
0.380

Dryness

SED SIG
0.193 N.S.
0.237 *
0.334 N.S.
0.255 **
0.272
0.290
0.334

Elasticity
SED
0.214
0.262
0.370
0.283
0.303
0.320
0.370

SIG
N.S.
N.S.
**
***

Juiciness Chewiness
SED SIG SED SIG
0.192 N.S. 0.223 N.S.
0.236 * 0.273 N.S.
0.333 N.S. 0.386 *
0.255 ** 0.295 **
0.272 0.316
0.289 0.335
0.333 0.386

Toughness

SED
0.260
0.318
0.450
0.344
0.367
0.390
0.450

SIG
N.S.
N.S.
*
***



TABLE XIII. EFFECT OF STORAGE OF IRRADIATED CHICKEN ON THE TEXTURE OF COOKED LEG MEAT ASSESSED USING A
TRAINED TASTE PANEL
Dose
(kGy) Control
FATTINESS

0 3.81
2.5
5.0
Mean

ELASTICITY

0 2.78
2.5
5.0
Mean

CHEWINESS

0 2.45
2.5
5.0
Mean

DRYNESS

0 3.00
2.5
5.0
Mean

0

3.81
4.36
4.09

2.96
2.46
2.71

2.86
2.45
2.65

3.00
2.87
2.93

Week
1

4.18
4.77
4.47

3.46
3.32
3.39

4.17
3.77
3.97

3.41
3.00
3.21

2

4.40
4.54
4.47

3.19
3.19
3.19

3.08
3.54
3.31

3.14
3.23
3.18

Mean

4.13
4.56
4.35

3.20
2.99
3.10

3.37
3.25
3.31

3.18
3.03
3.10

Dose
(kGy) Control
FIRMNESS

0 2.74
2.5
5.0
Mean

JUICINESS

0 3.87
2.5
5.0
Mean

COHESIVENESS

0 2.72
2.5
5.0
Mean

TOUGHNESS

0 1.82
2.5
5.0
Mean .

0

2.79
2.79
2.79

3.64
4.01
3.82

3.63
3.63
3.63

2.18
2.14
2.16

Week
1

3.74
3.65
3.70

4.05
4.14
4.10

4.72
4.36
4.54

3.05
2.87
2.96

2

3.65
3.52
3.59

3.82
3.55
3.69

3.86
3.95
3.90

2.55
2.87
2.71

Mean

3.40
3.32
3.36

3.84
3.90
3.87

4.07
3.98
4.02

2.59
2.62
2.60

Values are the mean of 30 scores
Increasing scores with increased perception of each attribute



TABLE XIV. STATISTICAL EVALUATION OF THE RESULTS ON THE EFFECT OF STORAGE OF IRRADIATED CHICKEN ON
THE TEXTURE OF COOKED LEG MEAT

Fattiness
Sig. of Effect SED SIG
Dose(D) 0.223 N.S.
Storage (S) 0.273 N.S.
DxS 0.386 N.S.
Control v Irrad. 0.295 N.S.
Control v Dose 0.315
Control v Storage 0.335
Control v (D x S) 0.386

Cohesiveness

Sig. of Effect SED SIG

Dose(D) 0.190 N.S.
Storage (S) 0.233 ***
DxS 0.329 N.S.
Control v Irrad. 0.252 N.S.
Control v Dose 0.269
Control v Storage 0.285
Control v (D x S) 0.329

Irrad. - Irradiation
SED - Standard Error of a Difference
SIG - Significance of Effect
N.S. - Not Significant
* - P < 0.05
** - P < 0.01
*** . p < 0.001

Firmness
SED SIG
0.188 N.S.
0.231 ***
0.326 N.S.
0.249 *
0.266
0.282
0.326

Dryness

SED SIG

0.201 N.S.
0.246 N.S.
0.348 N.S.
0.266 N.S.
0.284
0.302
0.348

Elasticity
SED

0.198
0.242
0.342
0.261
0.279
0.296
0.342

Juiciness
SIG SED SIG
N.S. 0.212 N.S.
* 0.261 N.S.
N.S. 0.367 N.S.
N.S. 0.280 N.S.

0.299
0.318
0.367

Chewiness
SED SIG
0.192 N.S.
0.235 ***
0.333 N.S.
0.253 ***
0.271
0.287
0.333

Toughness

SED

0.178
0.218
0.308
0.235
0.251
0.266
0.308

SIG

N.S.
***
N.S.
***



The acceptability scores for colour, odour, flavour and texture all decreased
with increasing irradiation dose (Fig 1). Nevertheless, at the doses of irradiation likely
to be used in practice, that is, 2.5 kGy, the changes did not render the carcass
unacceptable.

8

Acceptable Line

0 2.5 5 7.5 10
Dose (kGy)

^Colour ^Odour ^Flavour - Breast
^Flavour - Leg ^Texture - Breast +Texture - Leg

Fig 1: Effect of irradiation dose on the acceptability of fresh chicken carcasses.

4. CONCLUSIONS

The panellists were found to be very consistent throughout the experimental
work in evaluating the four quality attributes of the chicken carcass. The actual
numerical differences between irradiated and unirradiated samples were very small, yet
in some cases they were found to be significant which suggests that the panellists were
able to detect small differences between treatments. Generally the significant
differences were only detected at doses considerably in excess of those likely to be
used in practice. It is possible that a consumer panel would not be able to distinguish
between irradiated and unirradiated chicken carcasses due to the small differences
found between treatments.
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Abstract

The colour, odour, flavour and texture of a breaded turkey escalope irradiated at doses
of 2 and 4 kGy was assessed using a trained sensory panel. Irradiation did not affect raw
appearance but during storage the irradiated breaded products became paler than the control
samples. The off odour of the raw irradiated products was stronger than that of the
unirradiated samples. Irradiation also affected the odour, flavour and texture of the cooked
products. Although the trained panellists were able to detect significant differences between
irradiated and unirradiated breaded turkey escalopes, the numerical differences between
treatments were often quite small. It is possible that an untrained consumer group would be
unable to detect these differences. Further research is needed with consumer groups to
establish if irradiated breaded products are acceptable.

1. INTRODUCTION

During the 1980's, in the UK the value added sector of the poultry processing industry
has had a major influence on the chicken market. Between 1985 and 1989, the sales value of
these products increased from £95 to £194 million (1). In this sector, emphasis is very much
on variety and convenience with a full range of breadcrumbed portions, burgers and special
recipe dishes such as chicken kiev.

It is well established that irradiation can kill both spoilage and food poisoning bacteria
which may be present in chicken and thus enhance the safety of the product. However, there
is very limited information on the effect of irradiation on more complex value added products.

2. MATERIALS AND METHODS

2.1 Experimental procedure

A total of 540 'Turkey Escalopes' overwrapped with Cryovac (W R Grace Ltd, UK)
were used. This escalope is a formed product of turkey meat, salt and water which is coated
in batter (wheatflour, salt, water) and breadcrumbs. Five days prior to the first taste panel, 80
samples were irradiated to 2 and 4 kGy (dose rate 0.6 kGy/h) at an irradiation temperature of
0°C or 8-10°C (20 samples per treatment combination). These samples were stored at 4°C.
Four days later a further 180 'Turkey Escalopes' were collected from the processing plant.
Twenty were unirradiated and 160 samples were irradiated to 2 and 4 kGy at an irradiation
temperature of 0°C or 8-10°C (40 samples per treatment combination). Half of these one day
old irradiated products, along with 20 one day old unirradiated controls and the samples which
had been stored for 5 days, were assessed in the first taste panel. The remainder of the
irradiated samples were stored at 4°C. Eight days later, 80 'Turkey Escalopes' were irradiated
to doses of 2 and 4 kGy at either 0°C or 8-10°C and 20 were unirradiated and served as
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controls. During the second taste panel these one day old samples were analysed together
with the 9 day old stored samples. A further 80 'Turkey Escalopes' were irradiated to either 2
or 4 kGy (at 0°C or 8-10°C) and stored at 4°C for 12 days. They were assessed during the
third taste panel session along with 20 unirradiated controls and 80 samples irradiated to 2 and
4 kGy on the day prior to the taste panel session.

2.1.1 Sensory evaluation

Ten panellists assessed appearance and odour of the raw products and for the cooked
samples, these attributes and also flavour and texture were evaluated. Each panellist recorded
their assessment of the individual samples using a 10 cm line, the extremes of which were
denoted by appropriate descriptive terms for each attribute. Details of the questionnaire have
been presented elsewhere (2).

2.1.2 Statistical evaluation

Results were subjected to analysis of variance.

3. RESULTS

3.1 Sensory evaluation of the raw product.

Neither irradiation temperature nor irradiation dose significantly affected raw
appearance (Table I). On the other hand, storage significantly affected appearance with the
samples becoming significantly paler than the controls after day 5 of storage.

Irradiation had a very highly significant effect on the odour of the raw product with the
irradiated samples having a stronger off odour than those which were unirradiated (Table I).
The dose of irradiation applied also significantly affected the odour scores, the samples given 4
kGy having usually a higher score, thus indicating a stronger off odour than those given an
irradiation dose of 2 kGy. Although irradiation temperature had no significant effect on the
odour of the raw product, there was an interaction with dose. Overall the scores for the
samples irradiated at the lower temperature increased with increasing dose while those treated
at the higher temperature showed similar scores for both irradiation treatments.

3.2 Sensory Evaluation of the Cooked Product

Irradiation had a very highly significant effect on the odour of the cooked samples with
the irradiated products having a stronger off odour than the unirradiated samples (Table II).
There was no significant difference in the odour of the samples given the 2 and 4 kGy doses.
There was a non-significant decrease in off odour by day 5 of storage and thereafter the odour
scores were significantly higher than those recorded for both the control and day 5 samples.
Temperature had no significant effect on the odour of the cooked product.

The flavour of the crumb from the irradiated samples was significantly more unpleasant
than that of the unirradiated products (Table II). There was no significant difference between
the samples given the two doses although those given the higher dose did have somewhat
higher scores. Overall, storage significantly affected the crumb flavour, with unpleasant
flavour becoming significant by day 9 of storage.

The flavour of the cooked turkey followed the same trends as the crumb flavour, with
the irradiated samples having a significantly more unpleasant flavour than the unirradiated
products (Table III). The effect of storage was also similar, the scores for unpleasant turkey
flavour, being significantly different from the controls and 5 day old samples by day 9 of
storage. Again, neither irradiation dose nor temperature of irradiation had any significant
effect on the turkey flavour scores but as for crumb flavour, the samples given the higher
irradiation dose did have a slightly less pleasant flavour.

The irradiated samples were significantly tougher than their unirradiated counterparts
(Table III), but there was no significant difference between the samples given the two doses of
irradiation. Temperature of irradiation had a significant effect, the samples irradiated at the
higher temperature (8-10°C) being significantly tougher than those irradiated at the lower
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TABLE I. THE EFFECT OF IRRADIATION TEMPERATURE, DOSE AND STORAGE
ON THE RAW APPEARANCE (PALE/DARK) AND RAW ODOUR (RAW/OFF) OF
TURKEY ESCALOPES

IRRADIATION STORAGE (DAYS)
TEMP DOSE(kGy) 1 5 9 13 MEAN

RAW APPEARANCE

0
Low 2
0°C 4

Mean

High 2
8-10°C 4

Mean

RAW ODOUR

0
Low 2
0°C 4

Mean

High 2
8-10°C 4

Mean

5.6
5.8
6.5
6.1

6.2
5.8
6.0

2.7
4.0
6.0
5.0

4.5
5.0
4.7

6.8
6.7
6.7

7.0
6.9
7.0

3.3
4.9
4.1

4.6
3.3
3.9

5.8
5.9
5.8

5.4
4.1
4.8

4.9
4.8
4.8

3.3
4.4
3.9

3.9
2.3
3.1

2.6
3.2
2.9

5.7
5.4
5.6

5.2
3.9
4.6

5.6
5.7
5.7

5.6
5.3
5.4

4.3
5.5
4.9

4.5
4.4
4.5

STATISTICAL SIGNIFICANCE OF EFFECT:

Ctl v Irr
Temp (T)
Doses (I)
Days (D)
T x l
T x D
I x D
T x I x D

SEM(n=10)
SEM (n=30)

RAW APPEARANCE

SIG
NS
NS
NS***
NS
NS
NS
NS
0.58
0.34

RAW ODOUR

SIG
***
NS
*
NS
*
NS
NS
NS
0.71
0.41

SEM = Standard Error of the mean; SIG = Significance of Effect
NS = Not Significant; * = P < 0.05; *** = P < 0.001

The SEM (n^lO) refers to the temperature x dose x storage mean values. The SEM's for the
remaining means are calculated as:
SEM (n=10) x 10 where n = replication,

n

Increasing numbers denote increasing darkness and off odour.
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TABLE IL THE EFFECT OF IRRADIATION TEMPERATURE, DOSE AND STORAGE
ON THE COOKED ODOUR (FRESH/OFF) AND COOKED CRUMB FLAVOUR
(PLEASANT/UNPLEASANT) OF TURKEY ESCALOPES

IRRADIATION
TEMP DOSE (kGy) 1

STORAGE (DAYS)
5 9 13 MEAN

COOKED ODOUR

Low
0°C

High
8-10°C

0
2
4
Mean

2
4
Mean

2.4
4.5
4.5
4.5

3.4
4.5
4.0

3.5
3.2
3.4

3.1
5.6
4.4

5.3
5.3
5.3

5.3
5.2
5.3

5.1
5.8
5.4

5.6
4.1
4.8

4.5
4.6
4.6

4.0
4.7
4.4

COOKED CRUMB FLAVOUR

Low
0°C

High
8-10°C

0
2
4
Mean

2
4
Mean

3.3
4.8
4.7
4.7

4.1
5.4
4.8

3.0
5.6
4.3

4.3
4.5
4.4

7.4
6.4
6.9

5.0
6.0
5.5

5.7
5.7
5.7

6.3
5.6
5.9

5.1
5.3
4.6

4.6
5.4
5.0

STATISTICAL SIGNIFICANCE OF EFFECT:

COOKED ODOUR

SIG

COOKED CRUMB FLAVOUR

SIG
Ctl v Irr
Temp (T)
Doses (I)
Days (D)
T x l
T x D
I x D
T x I x D

SEM (n=10)
SEM (n=30)

***
NS
NS**
NS
NS
NS
NS

0.70
0.41

***
NS
NS***
NS
NS
NS
NS

0.72
0.42

SEM = Standard Error of the Mean; SIG = Significance of Effect
NS = Not Significant;** =P < 0.01; ***=P< 0.001

The SEM (n=10) refers to the temperature x dose x storage mean values. The SEM's for the
remaining means are calculated as:

SEM (n=10) x 10 where n = replication,
n

Increasing numbers denote increasing off odour and unpleasant flavour.
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TABLE III. THE EFFECT OF IRRADIATION TEMPERATURE, DOSE AND STORAGE
ON THE COOKED TURKEY FLAVOUR (PLEASANT/UNPLEASANT) AND TEXTURE
(TENDER/TOUGH) OF TURKEY ESCALOPES

IRRADIATION
TEMP DOSE (kGy)

STORAGE (DAYS)
5 9 13

STATISTICAL SIGNIFICANCE OF EFFECT:

MEAN

TURKEY FLAVOUR

Low
0°C

High
8-10°C

TURKEY

Low
0°C

High
8-10°C

0 3.3
2
4
Mean

2
4
Mean

TEXTURE

0 3.7
2
4
Mean

2
4
Mean

4.3
4.6
4.5

4.2
5.3
4.7

4.5
3.9
4.2

4.7
5.4
5.1

3.7
5.4
4.6

3.4
5.2
4.3

4.5
4.4
4.5

4.0
5.0
4.5

7.0
6.2
6.6

5.6
5.7
5.7

4.0
5.2
4.6

5.6
4.8
5.2

6.1
5.3
5.7

6.4
6.2
6.3

4.8
4.4
4.6

5.8
4.2
5.0

4.9
5.2
5.0

4.7
5.5
5.1

4.5
4.3
4.4

4.9
5.0
5.0

Ctlvlrr
Temp (T)
Doses (I)
Days (D)
T x l
T x D
IxD
T x I x D

SEM (n=10)
SEM (n=30)

FLAVOUR

SIG
***
NS
NS***
NS
NS
NS
NS

0.79
0.45

TEXTURE

SIG
*
*
NS
NS
NS
NS
NS
NS

0.68
0.39

SEM = Standard Error of the mean; SIG = Significance of Effect
NS = Not Significant; * = P < 0.05; *** = P < 0.001

The SEM (n=10) refers to the temperature x dose x storage mean values. The SEM's for the
remaining means are calculated as:
SEM (n=10) x 10 where n = replication,

n

Increasing numbers denote increasing unpleasant flavour and toughness.
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temperature (0°C). As for the other attributes assessed, the interactions between dose,
storage and irradiation temperature did not significantly affect texture.

4. DISCUSSION

4.1 Appearance

It has been well established that irradiation, even at doses as low as 2.5 kGy, can cause
pink discolouration in the flesh of fresh poultry carcasses (3, 4) but information on the effect
of ionising radiation on chilled value-added poultry products is not available in the literature.
There is an extensive range of value-added products of varying complexity but it was decided
to evaluate the influence of irradiation on a relatively simple breaded poultry product, namely a
turkey escalope. Unlike the fresh poultry carcass, it is the appearance of the surrounding
crumb, rather than the poultry meat, which will influence the consumers' initial attitude to the
product.

The lack of a detrimental effect of irradiation at 0°C or 8-10°C on the appearance of
the crumb would suggest that this factor will not influence the consumers' response to these
products at the point of sale. On the other hand, the loss of colour during storage could be
important. In this experiment unirradiated samples were not stored and it is possible that the
same loss of colour might also occur in these untreated samples.

4.2 Odour

The significant effect of irradiation on the odour of raw and cooked breaded poultry
products agrees with previously published work on poultry carcasses (4). It has been
suggested that irradiation carried out at low temperatures may minimise the off odours that are
detected as a result of this processing technique but there did not appear to be any significant
benefit in using an irradiation temperature of 0°C as compared to 8-10°C. However in
practice, it would be desirable to use the low temperature to ensure that the cold chain is
maintained during the handling of chilled poultry products. In the past, it has been shown that
lowering the irradiation temperature from 0°C to -20°C had a beneficial effect on the sensory
qualities of chicken (5). However, at the present time the market for frozen poultry in the UK
is decreasing (1) and so, although there may be benefits to be gained from irradiation at frozen
temperatures, it may not be of major commercial interest.

The odour changes occurring on irradiation of the breaded products may be due at
least in part to the effect of irradiation on the crumb which contains vegetable oil. This oil is
unsaturated and will therefore readily undergo autoxidation, leading to oxidative rancidity (6).

The mean scores for the odour of cooked breaded products were similar to the odour
scores for the raw samples, indicating that cooking did not dramatically affect the irradiation
odour. The initial off odour detected on irradiation of the raw breaded poultry products
decreased significantly by day 5 and then increased to a level similar to that detected
immediately after irradiation. This decrease in off odour by day 5 and subsequent increase has
also been reported previously (4). The irradiation odour is considered to be due to sulphur
and carbonyl compounds produced from irradiation of proteins and lipids respectively (7). It
has been suggested (8) that the sulphur compounds are responsible for the off odours that
occur initially on irradiation, but the carbonyl compounds react with these sulphur compounds
to decrease the off odours. The increase in off odour may then be due to the autoxidation of
the lipids.

4.3 Flavour

Development of an unpleasant flavour in the crumb of the irradiated breaded poultry
products was observed, although it was not always significant. This flavour development may
be due to the fact that the breadcrumb contains vegetable oil, which is unsaturated, and on
irradiation in the presence of oxygen, autoxidation readily occurs, leading to the development
of oxidative rancidity. It was reported previously (9) that an accumulation of these oxidation
products can lead to flavours, some of which are unacceptable.

Storage also affected the flavour of the crumb, which became significantly unpleasant
by day 9 of storage. This was not unexpected since the presence of oxygen has been reported
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to enhance the rate at which oxidation occurs (10). There is an initial induction period, during
which oxidation occurs slowly (6). Thereafter, it proceeds at an increasing rate and this may
coincide with the development of the off flavour.

Similarly, the turkey present in the irradiated, breaded products also developed an
unpleasant flavour during storage. This may be partially due to the presence of the
surrounding crumb but may also be attributed to the formation of volatile compounds from the
turkey meat itself.

4.4 Texture

Although the mean scores for toughness showed significant differences, they were
often small and covered only a small part of the entire ten point scale which was used for
assessment.

5. CONCLUSIONS

Trained panellists were able to detect significant differences between irradiated and
unirradiated breaded turkey escalopes. However, in many cases, the numerical differences
between treatments were small and it is possible that an untrained group of consumers would
be unable to detect these differences. No attempts were made to establish the acceptability of
these products since this would require the use of a large number of untrained participants.
Further work is required with consumer groups in order to establish if these irradiated breaded
products are acceptable.
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Abstract

The shelf-life extension of sliced pork under modified atmosphere
(vacuum-, CÛ2-, C02-N2-packaging), at different storage temperature (3-5 and
8-10 °C) and irradiation doses (1, 2, 4 kGy) was studied. Pork meat vacuum-
packed and irradiated at 2 kGy had a shelf-life of between 28-35 days at
3-5 °C temperature, the actual extension depending on the initial
contamination. The pathogenic microorganisms were eliminated by irradiation.

The microbiological quality of gas-packed and irradiated (stored at
3-5 °C) meat was in the first two weeks better, than that of the vacuum-
packed samples, but on the 20th day the results were better for vacuum-
packed meat. Therefore, from technological and economical point of view,
gas-packaging-systems are not recommended. The colour changes (pink) in
the irradiated pork did not influence its quality.

1. INTRODUCTION

The microbiological contamination (microflora) of meats is
inseparable from the slaughterhouse and meatprocessing activity. Its
composition and the number of microorganisms present will change depending
on the hygienic regulations and the company's compliance with good
manufacturing practice. A significant part of the microflora causes spoilage,
but there are also pathogenic microbes.

Cold storage inhibits and/or reduces the growth of
microorganisms and reduces the rate of chemical and biochemical reactions.
Packing eliminates subsequent microbiological contamination and depending
on the gas and vapour permeability of the packaging material, may modify the
composition of the microflora. Within the package reduced air pressure and
the gas composition may be an additional modification factor.
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The microbe-destroying action of ionizing radiation is effective
even in small radiation doses, first of all on the susceptible Gram-negative
bacteria. Meat spoilage is mainly caused by these microorganisms. The non-
spore forming pathogenic microbes are generally susceptible (1). The
resistance of microorganisms can be reduced by the action of modifying
factors. These include, for example, the gas composition of the atmosphere
(2, 3, 4). Ionizing radiation in case of meats is used to increase shelf-life at
chill storage temperature and to eliminate pathogenic microbes. Similar effects
are obtained in irradiated frozen meats (5, 6, 7, 1). Ionizing radiation causes
meat to have a lighter colour (8). Therefore, it is also necessary to examine
the extent of colour change, caused by the combined treatment.

The aim of the experiments was to determine whether under
modified atmosphere and different storage conditions the shelf-life of cut pork
could be increased by using ionizing radiation.

2. MATERIAL AND METHODS

2.1. Test material

Pork was used for the experiments and 24 hours after slaugtering
the M. lonaissimus dorsi was boned and cut (10-15 mm, 30-50 g).

2.2. Packaging

The meat slices were packed partly in polyethylene film
(PE 65 //m) and partly in trilaminated polyethylene-polyamide-polyethylene film
(PE-PA-PE, named as VAKUFOL 30/70, thickness 100 fjm, oxygen
permeability 40-50 cm^m'^d''', vapour permeability 2-3 cm^m'^d"'' at
25 °C).

For the "air" packaging the slices were placed in PE film and the
bags were sealed. For vacuum-packaging, the meat was placed in PE-PA-PE
bags and MULTIVAC A-300/42 was used for evacuation and sealing. For the
gas atmosphere packaging PE-PA-PE film and MULTIVAC A 300/16 and
Kramer-Grebe-Quick Automatik machines were used. The machines sucked
the air from the package, filled it with carbon dioxide (CÛ2) or with the gas
mixture of carbon dioxide and nitrogen {20:80 % v/v) and finally sealed it.
After packaging an oxygen content of 3.3 v% was measured in bags filled
with carbon dioxide, and 2.2 v% in bags filled with carbon-dioxide and
nitrogen.
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2.3. Irradiation

Cutting, packing and transport took approximately 3 hours. After
that, the samples were irradiated in a self protected irradiation source (Co-60)
type RH-gamma-30 having an activity of 0.25 PBq, and a dose rate of
4.5 kGyh"1. The radiation doses applied were 0, 1, 2, and 4 kGy, the
temperature was 15°C.

2.4. Storage

The samples were stored at either 8-10 °C or 3-5 °C.

2.5. Microbiological testing

During the storage period the microbiological tests were made on
samples stored at 8-10 °C and 3-5 °C. The whole slice (30-50 g) was used as
a sample. The base suspension was made in salt-peptone (0.9 % + 0.1 %)
diluent using a Stomacher homogenizer. The counts of mesophilic aerobic and
psychro-tolerant microbes were determined by MPN method in Nutrient
(OXOID) broth incubated at 30 °C for 72 hours, and 13-15 °C for 7 days,
respectively.

The Enterobacteriaceae count was determined with MPN method
in EE broth (OXOID) incubated at 30 °C for 24 hours, then the positive test-
tubes were inoculated'on VRBG (OXOID) plate for verification (24 hours). The
number of lactobacilli was determined on Rogosa agar (OXOID) with pour-
plate technique and incubated at 37 °C . The coliform, E. coli I.. S. aureus and
salmonella counts were also determined (9, 10,11). For the MPN methods 3,
for the pour-plate 2 parallels were made (12). The counts of microbes refer to
1 gram of meat.

2.6. Colour measurement

The colour of the samples subjected to the various treatments
and storage times were examined. The test material was homogenized by a
meat grinder with a 3 mm hole diameter on the disc. The prepared meat was
placed in the sample cuvette (layer thickness was 10 mm). Colour was
determined by making the reflection spectrum and was measured in the
350-750 nm range using the analyser NEOTEC RCA 6450. Each sample was
scanned 25 times. Due to the shift of the base line the -log R spectra were
transformed using the 2FD function. This eliminates the shift without loss of
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information. The same samples were used for the tristimulus colour
measurement using the MOMCOLOR-D colorimeter.

The colour measurements in the vacuum- and carbon-dioxide
packed samples were repeated using two other instruments. One was the
BECKMAN DU-64 type spectrophotometer working in the 350-900 nm
wavelength range, measuring reflectance (log1/R) spectra. The other
instrument was the SPECTRALYZER 1025 type spectrophotometer working in
the near infrared region, in the 1000-2500 nm wavelenth range, measuring
also reflectance (log1/R) spectra.

The vacuum-packed and carbon-dioxide packed unirradiated and
irradiated (2 kGy) pork slices were put into the sample compartment of the
spectrophotometers. The dimensions of the samples were as follows: about
6 mm thick slices, 50 mm diameter.

2.7. pH measurement

The pH of vacuum-, carbon-dioxide-packed, unirradiated and irradiated
samples was measured with a RADELKIS pH-meter equipped with a combined
glass electrode suitable for surface measurement.

3. RESULTS

3.1. Changes in the count of microbes

The majority of the storage experiments (more combinations) was
made at the temperature of 3-5 °C.

The mesophilic aerobic count of non-irradiated meat slices packed
in PE film (air) was 10^ per gram already on day 7 and reached the 10? g-1
value between 4 to 7 days (Fig. 1). In the irradiated samples the cell count
decreased proportionally to the radiation dose at the order of 2-2.5 with a
corresponding increase in shellf-life. The meat irradiated with 1 kGy reached
the critical IO^g-1 value between 7 to 14 days. In samples treated with a
dose of 2 and 4 kGy the cell count was 10^ g"^ after 21 days. The count of
Lactobacillus sp. was below TO^g-l at the start of the test. In untreated
samples after 21 days the contamination was lO^g-l. The 1 kGy dose
reduced the count of lactobacilli by the order of 1.5 and between 7 to 14 days
they reached the 10^g-1 value and then even after 21 days the cell count
remained the same. In samples treated with a dose of 2 kGy the value of
around 10^g"^ was reached in the period between 14 to 21 days. The 4 kGy
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Dose (kGyJ
Storage time (1.4.7 K 21 day)

Dose (kCy)
Storage time (1.4.7 K 21 day)

Fig. 1.:
Mesophilic aerobic viable and Lactobacillus cell count (logN.g'1) of normal air
atmosphere (PE-foil) packed sliced pork (M. lonoissimus dorsi). storage
temperature 3-5 °C vs. irradiation dose (0,1,2,4 kGy) and storage time (1,4.7.14.21
day).

dose destroyed the lactobacilli to such an extent that their presence was
practically negligible even after 21 days.

In the vacuum-packed (PE-PA-PE) samples the count of
mesophilic microbes reached the 10?g~1 level between 7 to 21 days (Fig. 2).
Here the 1 kGy dose reduced the count by the order of 1, and 2 kGy dose by
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the order of 2. With 1 kGy the samples reached the critical value between 7
to 14 days, in case of 2 and 4 kGy the cell count was 10^ and 1()4g-1,
respectively, at the third week.

The count of lactobacilli decreased as a function of radiation
dose. In the irradiated samples it did not reach the 10?g~1 value even on day
21. The sample treated with a dose of 4 kGy reached the TO^g-l value
between 14 and 21 days of storage.

vacuum
3-5°C

Dose (kGy)

Storage time {U.7.U.21 day)

Dose (kGy)

Storage time {1.4.7 U. 21 day )

Mesophilic aerobic viable and Lactobacillus cell count (logN.g"1) of vacuum-
packed (PE-PA-PE foil) sliced pork (M. longissimus dorsi) storage temperature
3-5°C vs. irradiation dose (0.1,2,4, kGy) and storage time (1,4,7,14,21 day).
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In C02-atmosphere the 2 kGy dose reduced the count of
mesophilic aerobic microbes by the order of 2, and the 4 kGy dose by 3 log
cycles and it reached the level of 10^ and 1()2g-1, respectively after 3 weeks
(Fig. 3). The Lactobacillus count decreased by the order of about 1.5. In
samples treated with a radiation dose of 2 kGy the cell count was below
10 g"1 for 14 days, but between 14 and 21 days it reached the 105 g~1

value. The count of lactobacilli of samples treated with 4 kGy was negligible.

Dose (kGy)

Storage time (1.7.K20day)

C02

3-5 °C
6

± 601

uo
l 2u
3

Dose (kGy)
Storage time (1.3.7 U.20 day)

FiQ. 3.
Mesophilic aerobic viable and Lactobacillus cell count (logN.g"1)of CC>2
atmosphere packed (PE-PA-PE foil) sliced pork (M. longissimus dorsi). storage
temperature 3-5 °C vs. irradiation dose (1,2,4 kGy) and storage time (1,7,14,20
day).
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. The count of mesophilic aerobic microbes in CÜ2-N2 gas mixture
decreased as a function of radiation dose and the count of viable microbes
increased to a smaller extent in the irradiated samples than in the untreated
ones (Fig. 4). In samples treated with a dose of 2 kGy the cell count did not
reach even after 20 days the TO^g'1 value, and with a dose of 4 kGy the
104g~1 value. The count of Lactobacidus sp. in the irradiated samples was
below the critical value even after 20 days. The sample treated with 2 kGy
can also be considered good.

o. B

i

2 (80%)
3-5°C

Dose (kGy)

Storage time (1.7 K20day)

C02(20%)*N2{80%)

3-5 °C

Dose (kGy)

Storage time (1,3.7 K20, day)

Mesophilic aerobic viable and Lactobacillus eel! count (logN.g"1} of CC>2{20v%)-
N2(80v%) atmosphere packed (PE-PA-PE foil) sliced pork (M. ionoisslmus dorsi).
storage temperature 3-5 °C vs. irradiation dose (0,1,2,4. kGy) and storage time
(1,7,14,20 day).
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At 8-10 °C in the vacuum-packed samples the count of
mesophilic aerobic microbes decreased as a function of radiation dose by
1.5-2 log cycles (Fig. 5). In samples treated with 1 and 2 kGy the cell count
reached the 1()7g-1 value between 6 and 16 days. Samples treated with
4 kGy have a cell count of only 1()5g-1 even after 22 days. The count of
Lactobacillus sp. decreased by the order of 1 with the dose of 1 kGy, but with

vacuum
B-10°C

Dose (kGy)
Storage time (13.6.16.22 day)

vacuum
8-10°C

1 2 4
Dose (kGy)

Storage time U3,6.15.22day)

Mesophilic aerobic viable and Lactobacillus cell count (logN.g^) of vacuum-
packed (PE-PA-PE foil) sliced pork (M. longissimus dorsi. storage temperature
8-10°Cvs. irradiation dose (0.1,2,4 kGy) and storage time (1,3,6,16.22 day).

67



doses of 1 kGy and 2 kGy the 105g'1 value was already exceeded after 3 and
6 days, respectively. The 4 kGy dose seems effective, it does not reach the
IO^g-1 value after 22 days. The count of Enterobacteriaceae at the start of
the experiment was less than 10^g~^, but after 16 to 22 days storage reached
the 107g~1 value, which was high (Fig. 6). In the irradiated samples the
Enterobacteriaceae count was only IO^g-1 or less even after 22 days.

On the base of the microbiological results it can be concluded
that from a practical point of view the vacuum- or carbon dioxide - packaging
is more effective in combination with 2 kGy dose.

en

0) f
8 6
ug

l4

0)«*--

ÜJ

vacuum
8-10°C

1
Dose (kGy)

Storage time (\36.16.22day)

pig- 6.:
Enterobacteriaceae cell count (iogN-g""1) of vacuum-packed (PE-PA-PE foil) sliced
pork (M. lonqissimus dorsi. storage temperature 3-5 °C vs. irradiation dose (0,1,2,4
kGy} and storage time (1,3,6.16,22 day).

In other experiments the number of psychrotrophic microbes was
reduced by almost 2 log cycles with 2 kGy, and after 33 days did not reach
the critical level (107g~1) at 3-5 °C storage temperature (Fig. 7). The number
of Lactobacillus was very low and the cell count was below 10^ g~^ after
33 days in the irradiated samples. The psychrotrophic and Lactobacillus cell
count of irradiated samples (2 kGy) increased to 107g"1 after 12-15 days at
8-10 °C storage temperature. The shelf-life of vacuum-packed and irradiated
(2 kGy) samples increased to 30-35 days at 3-5 °C. At the higher storage
temperature (8-10 °C) the shelf-life of irradiated samples was doubled
compared with that of the unirradiated meat.
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vacuum
3-5*C

TO 20 30 40
Storage time (day )

psy. OkGy
vacuum
8-10*C

psy. 2kGy
ct.2kGy

20 30 40
Storage time (day)

Fig. 7.:
Psychrotrophic microorganisms and Lactobacillus cell count (logN.g"') of vacuum-
packed (PE-PA-PE foil) sliced pork (M. longissimus dorsi) in a function of
irradiation, storage temperature (3-5 °C and 8-10 °C) and storage time.

The shelf-life of carbon dioxide-packed samples was a little
shorter than that of the vacuum-packed sliced-meat. The count of
psychrotrophic microorganisms reached 10^g"^ level on the 26th days at
3-5 °C storage temperature and the number of Lactobacillus was lower than
lO^g-l. In practice vacuum packaging combined with irradiation (2 kGy) was
more effective than carbon dioxide packing and irradiation.

The coliform, E. coli \., S. aureus and salmonella contamination of
the vacuum- and carbon dioxide-packed samples were also determined
(Fig. 8). It was estimated that the irradiated samples at both storage
temperatures (3-5 °C and 8-10 °C) during the storage time (30 and 16 days)
were salmonella negative, the coliform and E. coli I. number were below 3 per
gram, and the S. aureus number was lower than 1o2g-1. The unirradiated
samples were the same, except for the coliform contamination, which
increased as a function of storage time from 20 to 110 per gram at 3-5 °C
temperature and to 800 at 8-10 °C temperature.

3.2. pH measurement

The pH-values of carbon-dioxide-packed unirradiated samples
were between 5.32-5.46 during 12 days of storage at 3-5 °C. In the case of
irradiated (2 kGy) samples the pH increased slowly from 5.33 to 5.50 during
26 days of storage at 3-5 °C.
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Psychrotrophic microorganisms and Lactobacillus cell count (logN.g"1) of carbon
dioxid-packed (PE-PA-PE foil) sliced pork (M. lonqissimus dorsi)
in a function of irradiation, storage time and storage temperature.

3.3. Changes of colour

For the transformed reflection spectrum a double peak was found
in the range characteristic of myoglobin and oxy- and metmyoglobin in the
520-575 nm band. Due to shifts in the base line, the spectra calculated on the
basis of 2FD tranformation were examined.

The data presented in Fig. 9 refer to samples stored at 3-5 °C.
The double peak already described in the spectra was present in all samples.
In the presence of air (PE-packed) the peak heights were not in each case
proportional to the dose. On days 1 and 14 the peak heights of the spectra
were higher than those measured on days 4 and 7.

In the vacuum-packed samples, the peak heights were
proportional to the doses with one exception. In essence there was no
deviation in the results during storage.

In samples packed in carbon dioxide atmosphere peak height was
three times higher on day 7 of storage than at the beginning of the
experiment. There was also little difference between treatments and these
results are not presented. At the start of storage, peak height was
proportional to the dose but following storage this effect was not maintained.

In the carbon dioxide-nitrogen atmosphere peak heights increased
during storage but they did not show a consistent dependency with dose.

As far as the tristimulus colour measurements were concerned it
can be concluded in general that the irradiated samples can be easily
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3-5°C

wave - eng nrrV)
Fig. 9.:
Transformed reflection spectrum (-logR) of vacuum-packed (PE-PA-PE-foil), sliced
pork (M. longissirnus dorsi). irradiated by 0,1,2,4 kGy doses, stored at 3-5 °C, after
7 days.

distinguished, based on the colour difference {dEab } from the non-irradiated
ones and in the majority of cases could be distinguished on the basis of the
lightness factor (dL*). In the carbon dioxide atmosphere and in the vacuum-
packed samples the variance was smaller. In storage at 8-10 °C in the
vacuum-packed samples, the peak heights were proportional to the radiation
dose -not in every case- and in samples treated with doses of 1 and 2 kGy the
difference was small. On day 22 of the storage, however, the values were
lower than earlier.

Former investigations showed that irradiation could affect the
colour of the surface of the meat. Therefore investigations at a longer
wavelength range were carried out because the penetration of the light beam
increased with increasing wavelength, and thus more information is available
from the surface of the sample.

The changes as a result of irradiation were obvious at 424, 560,
580 nm, while in the NIR (1000-2500 nm) wavelength region no observable
changes were found resulting from the irradiation or the packaging.
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In experiments carried out in our institute it was found in the
visible range (Beckman spectrophotometer) that there is a peak in the
unirradiated samples at 435 nm and another one in the irradiated samples at
425 nm. The originally found 10 nm difference (in case of carbon-dioxide-
packed sample) was decreasing during storage (33 days at 3-5 °C), but no
changes in the peak wavelength were found in the irradiated samples.

The NIR spectra in the 1000-1800 nm wavelength range
indicated differences in fat and water content of the samples, resulting from
the inhomogenity of the samples.

4. CONCLUSION

In these experiments the effectiveness of combined treatments
/packing - irradiation - storage temperature/ on sliced pork were compared.
The effect of irradiaton dose on the microbiological quality, shelf-life and
colour of the meat was studied. In view of the microbiological results it can be
concluded that ionizing radiation at low dose - 2 kGy - satisfactorily reduced
the count of microbes tested and so increased the shelf-life of packed cut pork
(M. longissimus dorsi). The lower (refrigeration) temperature (3-5 °C)
increased this effect.

It was estimated that the mesophilic, psychrophuic and
Lactobacillus counts in the air-packed meat were reduced as a function of
radiation dose and the colour changed a little (became lighter red). Since
samples irradiated with 4 kGy had off-odour, 2 kGy was considered to be the
optimum dose which increased the shelf-life five times. In case of the vacuum-
packed samples at 3-5 °C storage temperature, the storability of 2 kGy
treated samples was increased by more than 25 days. At 8-10 °C temperature
the shelf-life of irradiated and the unirradiated samples differed by only a few
days. The gas-packaging (carbon dioxide-nitrogen) and irradiation (2 kGy} was
effective but the combination of the carbon dioxide and irradiation had a
higher effect. It means that the shelf-life increased approximately to
25-30 days. These results agree with other data (13, 14). The initial
contamination was higher in this case than in that of the vacuum-packed
samples. The sensitivity of the psychrotrophic microorganisms - which
practically cause the spoilage of meat - was high, therefore 2 kGy reduced the
count by 2 log cycles. Lactobacilli grew well in modified atmosphere and they
have a certain resistance to irradiation, but 2 kGy reduced the viable cell
count and inhibited the growth of the surviving fraction (2). During storage
Lactobacillus grew somewhat better in vacuum-packed and carbon dioxide-
nitrogen packing samples, than in samples packed only in carbon dioxide,
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except for a few outstanding cases. These differences are almost surely due
to the higher carbon dioxide concentration in the carbon-dioxide packaged
samples. The bacteriostatic-bactericide effect of carbon- dioxide dissolving on
the surface also have a role to play (3). In the carbon dioxide-nitrogen mixture
this effect is smaller due to the lower carbon dioxide concentration. With
regard to the count of Enterobacteriaceae the irradiation is extremely effective.
The number of coliform and E. coli I. in the irradiated samples were lower than
3 per gram, the salmonella was undetectable, while the number of S. aureus
was lower than 10^ per gram in the irradiated samples.

The change in colour of the meat surface can be monitored well
in a subjective way. With the increase of the radiation dose the surface colour
became lighter. For practical purposes the optimal radiation dose from the
microbiological point of view is 2 kGy for fresh and 4 kGy for frozen meat and
these doses do not cause remarkable colour changes. Further experiments are
needed to study the changes in colour as a function of packaging (15, 16).

On the basis of the reflection colour spectrum and the tristimulus
measurements the lightening of colour as a function of the dose was apparent.
However, it is necessary to make changes in the preparation of samples prior
to analysis. It can be concluded from the measurement data that the changes
taking place in the pigment and the oxidation-reduction conditions are different
depending on the thickness of meat layer. Therefore, the chopping up and
homogenization of the sample will change the reflection spectrum as
compared to the reflection spectrum of the surface layer of the slice and this
conclusion is also valid for the findings of the tristimulus measurements.

From the data presented in these experiments, it can be
concluded that the shelf-life of the deboned cut pork (M. lonqissimus dorsi)
vacuum-packed or carbon dioxide - packed, irradiated at 2 kGy and stored at
3-5 °C temperature increased to 28-35 days. During the 33 days of storage
the numbers of mesophilic, psychrotrophic aerobic cell count were reduced by
1 . 5 - 2 log cycles, the counts of Enterobacteriaceae. coliform, E. coli I..
S.aureus were below 100 per gram and Salmonella was undetectable in
samples irradiated with 2 kGy. The colour of the meat was lighter after
irradiation, but the change in colour did not influence the quality of the
product. The synergic effects of combining irradiation (2 kGy) and packaging
observed in this experiment should be verified by conducting larger scale
trials.
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PROSPECTS FOR ELIMINATION OF SALMONELLAE
FROM POULTRY BY IRRADIATION IN POLAND

M.E. SZCZAWINSKA
Department of Food Hygiene,
Faculty of Veterinary Medicine,
Warsaw Agricultural University,
Warsaw, Poland

Abstract

It was found that a great number of broiler carcasses (approx. 44%)
leaving the processing line have been contaminated with Salmonella. The most
often isolated serotypes proved to be 5. enter!tidis (28.8%) and S.
typhimurium (26%). S. heidelberg, 5. infant is, S. virchow and 5. ana turn were
also found. All isolated serotypes are involved in human salmonellosis in
Poland. In most of the samples (71.9%) contamination level was low and ranged
from <3 to 9 Salmonella cells per l g of skin. In 5,6% of contaminated
carcasses 240 salmonellae per gram of skin were found. Radioresistance of
isolated Salmonella strains in ground chicken meat was determined. In samples
irradiated at 4'C 5. enteritidis 70 and 5. heidelberg 66 were found to be
the most sensitive to radiation (D.n = 0.524 kGy for both strains), whereas 5.
typhimurium 78 proved to be the most resistant (D[Q = Û.691 kGy). The mean
Din-value for all 13 strains irradiated at 4'C amounted to 0.575 kGy. In
samples irradiated in frozen state (at -18'C), 5. heidelberg 66 was the most
sensitive to radiation (D.(j - 0.574 kGy), whereas S. typhimurium 78 was the
most resistant (% = 0.866 kGy). The mean D^-value for all 13 strains
irradiated at -18 C amounted to 0.687 kGy. Salmonella radioresistance in
poultry meat was significantly affected by the type of packaging used. Not
taking this factor into consideration and calculating the radicidation doses
on the basis of D.j values obtained in the laboratory conditions varying from
industrial practice can lead to incorrect evaluations. The irradiation of
chilled broiler halves in non-vacuumized polyethylene pouches with the dose
of 2.5 kGy should ensure Salmonella reduction adequate to eliminate naturally
occurring contamination. In the case of frozen poultry meat similar effects
can be expected after the dose of 3.5 kGy.

1. INTRODUCTION

In recent years epidemiologica l s tud ies have shown a
d rama t i c increase of food poisonings both in developing and in
developed countr ies [1-6]. In Poland, according to the last
ep idemio log ica l survey [7] , the total number of foodborne
inc iden ts increased to 33,054 in 1990, whereas median for
1984-1988 was 29 ,459 . In 1956-1970 Staphylococcus aureus caused
most of recorded food po i son ings , but the role of s a l m o n e l l a e
increased every year and since 1971 they have been the mos t
impor tan t casual agent [7 ] . In 1990 Salmonella cont r ibuted to
7 4 . 4 % of the total number of food poisonings and in 8 7 . 7 % of
cases of bac te r ia l e t i o l o g y [ 7 ] .

It should be emphasized that even in developed coun t r i e s
w i t h e x c e l l e n t medical services and laboratory f a c i l i t i e s on ly
1-5% of real cases of salmonellosis are recorded [8]. In the USA
20,000-40,000 cases are reported each year , whereas pub l i c h e a l t h
o f f i c i a l s e s t ima te that 2 m i l l i o n cases of s a l m o n e l l o s i s may
occur annual ly [ 9 ] .
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Food of animal origin, particularly eggs, poultry and red
meats, has proved to be one of the most frequent vehicles of
transmission both in Poland [10, 11-14] and in other countries
[2, 9, 15-18]. One of the reasons for that seems to be the
asymptomatic carrying of salmonellae by animals destined for
slaughter [11, 17]. With the lack of clinical symptoms and
anatomo-pathological lesions the meat inspection service cannot
prevent the processing of raw meat contaminated with salraonellae.
During the last few years the number of such clinically healthy
Salmonella-carriers significantly increased in Poland [10, 11],

Contamination of animal feeds has been recognized as a
primary source of infection in animals, but the environment,
including surface water, effluents, insects, birds and rodents
may also play an important role [17, 19-22].

Many approaches have been adopted to avoid the incidence of
Salmonella contamination. These include rearing of chicken free
from salmonellae, decontamination of poultry by heat treatment
or applying of chemical substances, as well as education and
information programs leading to self-protection of consumers [23-
25]. Considering all measures which are available presently for
elimination salmonellae from poultry, Kampelmacher [25] concluded
that the appropriate use of ionizing radiation seems to be the
most promising and effective way to solve this problem. This
point of view was supported by other authors [26-30].

Microbial reduction efficiency and costs of radiation
treatment as well as organoleptic properties of meat are strongly
dependent on the irradiation dose [31-34]. The most important
factors for optimizing the irradiation dose needed for
eliminating salmonellae from poultry meat is a knowledge of the
frequency and level of contamination as well as knowledge of the
radioresistance of the most commonly occurring serotypes of
Salmonella. Information on these seems to be incomplete in Poland
at the present time.

Radiation resistance of microorganisms is dependent on many
factors, the most important of which is the temperature of the
product and an access to oxygen. The latter can be modified by
packaging. Information on the effects of packaging materials and
packaging systems on radiation resistance of salmonellae in
chilled and frozen chicken meat is also insufficient. Knowledge
is also lacking about the influence of packaging on the growth
of salmonellae in poultry meat irradiated with a low dose and
stored under temperature abuse after radiation treatment.

The purposes of these studies were:
(1) to estimate how often chicken carcasses leaving the

processing line are contaminated with salmonellae;
(2) to determine the most frequently occurring Salmonella

serotypes on chicken carcasses in Poland;
(3) to determine the number of salmonellae in contaminated

carcasses ;
(4) to determine radiation resistance of the common

food-borne Salmonella in chilled and frozen ground chicken meat;
(5) to examine the effect of various packaging materials and

packaging systems on radiation resistance of salmonellae in
ground (chilled and frozen) chicken meat;

(6) to compare the growth of salmonellae in control and
irradiated samples of chicken meat packaged in various materials
under aerobic or anaerobic conditions and stored at temperature
abuse ;
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(7) the determination of Salmonella survival in inoculated
broiler parts (chilled or frozen) subjected to the increasing
doses of radiation;

(8) Calculation of the doses of ionizing radiation to be
recommended for the elimination of salmonellae from chicken meat.

2. MATERIALS AND METHODS

2.1. Determination of frequency and level of Salmonella
contamination of broiler carcasses
Chicken carcasses were taken from a poultry processing plant

immediately after leaving the processing line. Samples of skin
around the anal and neck area, from which salmonellae have been
isolated the most frequently in other studies (18), were
collected from each carcass.

The samples (25g) were homogenized with 225 cmj of
Müller-Kauffmann tetrathionate medium in a Stomacher Lab-Blender
400 and consecutive decimal dilutions were prepared [35], The
most probable number of salmonellae was determined [36]. After
24 and 48 hours of incubation at 43*C some material was
transferred into Petri dishes with solid media - BOA (first
medium) and SS (second medium) [37] and incubated at 37*C for up
to 48 hours.

Suspected colonies were subjected to microscopic and
biochemical investigations. Final confirmât ion and identification
of the Salmonella serotype was made on the basis of serological
examination [35]. The isolated cultures were sent to the Polish
Salmonella Center for their definitive confirmation.

Batches of ten carcasses were collected at one or two week
intervals. Sixteen batches (160 carcasses) were examined.

2.2. Determination of radioresistance of isolated Salmonella
strains
Ground chicken meat decontaminated by gamma radiation

(Cobalt-60) was used for determination of radioresistance of
salmonellae. Samples of meat (4.5 g) were placed into glass
containers and inoculated with approx. 5 x 10 Salmonella cells
suspended in 0.5 cm3 of buffer solution. After inoculation
containers were sealed and left overnight (18 h) at 4'C or
-18'C.

The samples were irradiated at 0, 1, 2, 3 and 4 kGy
(Cobalt-60) in a polystyrene thermos which was cooled inside
during radiation treatment by a mixture of NaCl and ice. Dose
rate amounted to 130 Gy/min. A Fricke dose meter was used for
calibration [38].

The numbers of salmonellae per l g of meat were determined
both in unirradiated and irradiated samples. Samples were
homogenized in a Stomacher Lab-Blender 400. From every sample,
appropriate decimal dilutions were prepared and plated on
nutrient agar (3 plates for each dilution). Plates were incubated
at 37'C for 48 h.

The experiment was conducted three times with each of the
13 tested Salmonella strains which represented all species
isolated from chicken carcasses in the first part of the studies.

79



Statistical analyses of bacterial counts transformed to
logarithms to the base 10 were conducted. DJO values were
calculated using regression analysis [39]. Mean values and
regression coefficients were compared by the use of t-Student
test [40].

2.3. The determination of the effect of packaging on
radioresistance of salmonellae
Chicken carcasses, taken immediately after leaving the

processing line, were deboned, aseptically ground and
decontaminated by irradiation at a 7 kGy dose. Samples (4.5 g)
were placed into polyamide-polyethylene (polyamide layer - 0.02
mm, polyethylene layer - 0.04 mm, oxygen permeability - 27.7
cmVm/24 h, nitrogen permeability - 17.0 cm*/^/24 h, water vapor
transmission 1.3 g/m2g/m/24 h) or polyethylene pouches (thickness

i permeability - 2070 cm/m2/24 h, nitroge0.037 mm, oxygen permeability - 2070 cm/m/24 h, nitrogen
permeability - 1880 cm3/m2/24 h, water vapor transmission 2.6
g/m2/24 h) and inoculated with 0.5 cm3 buffer solution containing
approx. 5 x 10J Salmonella cells per 1 cm . Two S. typhimurium
strains were used in the experiments.

After inoculation pouches were sealed in the presence of air
or under vacuum (4.0 kPa) and stored at 4'C or -18"C for 18 h.

Samples were irradiated with Cobalt-60 gamma rays at doses
0, 1, 2 and 3 kGy in a chilled (+4*C) or a frozen (-18-C) state.
Dose rate amounted to about 140 Gy/min. The Fricke dose meter was
used for calibration [38].

Directly after irradiation the number of surviving
salmonellae per gram of meat was determined. Dm values were
calculated using linear regression method [39].

2.4. The determination of the effect of packaging on growth of
salmonellae in irradiated and unirradiated samples at abused
temperature
Unirradiated and irradiated samples, prepared according to

the description given in 2.3., were placed into an incubator and
stored under temperature abuse (20'C) for 48 h. After incubation
the number of salmonellae in all samples was determined.

2.5. The determination of the probability of Salmonella
survival in the inoculated broiler carcasses.
Broiler carcasses were divided into halves and then

decontaminated by irradiation at a 7 kGy dose. Each half-carcass
was inoculated with salmonellae by injecting 0.5 cm3 of buffer
solution containing from 5 x 10 to 8 x 10 bacterial cells into
4 different sites, i.e. into the subcutaneous tissue of the neck,
pectoral muscles, leg muscles and subcutaneous tissue of the anal
area. The most radiores i s tant strain - S. typhimurium 78 was used
in the experiment.

After inoculation broiler half-carcasses were placed into
polyethylene pouches which were sealed in the presence of air and
stored at 4'C or -18'C for about 18 h.

Both chilled and frozen carcasses were irradiated at doses
0, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, and 4.5 kGy.
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Immediately after irradiation 4 samples of 25 g each were
collected from each half-carcass excising the 4 injection sites
with the surrounding tissues. Each 25 g sample was tested for
Salmonella presence in accordance with ISO Standard [35] and
Polish Standard [37] as described in 2.1.

Each experimental group was comprised of 5 half-carcasses,
i.e. 20 samples. On the basis of results referring to the
presence or absence of salmonellae in the samples, the
probability of survival of a single salmonella cell was
calculated according to the following equation:

P = (In n/q)/s
where: n = number of samples; q = number of negative samples;
s = number of challenge Salmonella cells per sample.

Additionally, the value of log 1/P was calculated. This
value expresses the decimal destruction (nD) or log units of
bacteria required for one bacteria cell to survive and multiply.
The described formula was proposed by Hauschild [41] and used in
other research [42] for calculation of the probability of toxin
formation by C. botulinum.

3. RESULTS AND DISCUSSION

3.1. Frequency and level of Salmonella contamination
The results presented in Table I indicate that salmonellae

were found in 71 out of 160 tested carcasses. It means that 44.45»
of carcasses, from clinically healthy birds, leaving the
processing line and estimated as "fit for human consumption" by
the veterinary service, have been contaminated with Salmonella,
The result is consistent with observations of other authors, from
Poland and other countries, who found in similar studies, from
approximately 20 to 50% Salmonella contaminated samples [16, 25,
43, 44].

The number of carcasses contaminated with salmonellae ranged
from 0 to 90% in particular batches. It seems that some days
birds originating from salmonellae free farms were slaughtered
whereas on other days birds from salmonellae contaminated flocks
were brought to the slaughterhouse. There is also a possibility
that these bacteria can be transferred from carcass to carcass
during processing. In that case, only one or a few birds with
salmonellae may contaminate the processing line and thereby many
other carcasses. The important role of Salmonella
cross-contamination has been highlighted by other researchers
[11, 18, 25] .

As shown on Figure 1, the most often isolated serotypes
proved to be 5. enteritidis (28.8% of Salmonella positive cases)
and 5. typhimurium (26% of cases). S. heidelberg was isolated
from 16.4% positive carcasses. S. infantis and S. virchow
occurred in 11.0% of positive samples. 5. anatum was found in
4.1% of contaminated chicken.

It is interesting to compare the obtained results (Fig. 1)
with the results reported in an 1986 epidemiological survey [45] ,
presented on Figure 2. S. enteritidis was the species most often
isolated from poultry carcasses (Fig. 1), and it caused 84.9% of
human salmonellos is in Poland in 1986. S. typhimurium has also
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played a.n important role in human salmonel losis and was isolated
in 10,6% of cases (Fig. 2). Salmonella serotypes which were
responsible for the remaining 4.5% of human salmonellos is were
also isolated from chicken carcasses in this study carried out
in 1986. These data correspond also with the latest

TABLE I. FREQUENCY AND LEVEL OF Salmonella CONTAMINATION OF BROILER
CARCASSES

Lot
No.

I

II

No. of positive
carcasses /No. of
examined carcasses

2/10

6/10

Carcass
No.

2
6

13
15
17
18
19
20

Salmonella No. of salmonellae
serotype per gram of skin

(MPN)
5. infant is
S. heidelberg
and S. infant 2 s
S. heidelberg and R*
5. infant is
S. heidelberg
S. heidelberg
S. heidelberg
S. heidelberg

93
23
43
4
4
4
23
23

III
IV

0/10
0/10
0/10

VI 4/10

VII 4/10

51
52
55
56
61
64
67
68

S.
5.
S.
S.

S.
S.
S.
S.

enteritidis
enteritidis
anatimt
typhimurium

enteritidis
infant is
infant is
enteritidis

23
240
93
23
<3
<3
<3
<3

VIII
IX
X

0/10
0/10
3/10 91 S. enteritidis

93 S, enteritidis
97 5. enteritidis

<3
4
<3

XI 7/10 103
105
106
107
108
109
110

S. infant is
S. virchow
5. virchow
Salmonella R*
S, virchow
S. infant is
S. virchow

<3
<3
<3
<3
<3
<3
<3
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Table I. (CONTINUED)
Lot No. of positive
No. carcasses /No. of

examined carcasses
XII 9/10

XIII 9/10

XIV 9/10

XV 9/10

XVI 9/10

Carcass Salmonella
No.

Ill
112
113
114
115
116
117
118
119
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
140
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

serotype

S. typhimuriim
S. heidelberg
S. typhimuriim
S. typhimurium
S. typhimurium
S. typhimurium
S. virchow
S, typhimurium
S. typhimurium

S. typhimurium
S. typhimurium
5. typhimurium
S. heidelberg
S, virchow
S. virchow
S. heidelberg
5. typhimurium
S. ana turn

S. enteritidis
S. heidelberg
S. heidelberg
S. enteri tidis
S. heidelberg
S. anatum
S. enteritidis
S. enteritidis
S. enteritidis

S. virchow
S. infant is
S. typhimurium
S. typhimurium
S. typhimurium
5. typhimurium
5. typhimurium
S. typhimurium
S. typhimurium

5. enteritidis
S. enteritidis
S. enteritidis
S. enteritidis
S. enteritidis
S. enteritidis
S. enteritidis
S. enteritidis
S. enteritidis

No. of salmonellae
per gram of skin
(MPN)

23
<3
<3
<3
<3
<3
<3
<3
<3
<3
<3
<3
<3
<3
<3
<3
<3
<3
23
23
<3
23
240
23
23
240
23
<3
<3
<3
<3
<3
9
<3
<3
<3

<3
<3
240
<3
<3
23
<3
<3
<3

* R-type Salmonella strain
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epidemiological survey [46]. It supports the opinion of some
experts that poultry meat may not only be the direct reason for
food poisonings but it can also be the primary source of
contamination for other food products [11, 25],

As shown in Table I and on Figure 3, significant differences
were observed between carcasses in the level of contamination
with salmonellae. In most samples (71.9%) the contamination level
was low and ranged from <3 to 9 Salmonella cells per l g of skin.

S. enteritidis (28.8%)

S. anatum (4.1 %)
S. infantis (11.0%)

S. virchow (11.0%)

R Strains (27%)

S. typhimurium (26.0%)

S. heidelberg(16.4%)

FIG. 1. Isolated Salmonella serotypes.

S. enteritidis (84.9%>

S. typhimurium (10.6%)
Other serotypes : (4.5%)

S. agona
S. infantis
S. virchow
S. dublin
S. heldelberg

FIG. 2. Salmonella serotypes involved
in food poisonings in Poland in 1986.

10-100 celis/g (22.5%)
>100cells/g(5.6%)

<3-9cells/g(71.9%)

FIG. 3. Number of salmonellae per 1g of
skin of positive carcasses.
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However, in 5.6% of contaminated samples (in four cases) 240
salmonellae per gram of skin were found. S. enteritidis was
responsible for three of those cases and S. heidelberg for one
case (Table I).

According to Ouwerkerk [47] the contamination level of
poultry, including all types of infection, does not exceed 1000
organisms per carcass. Our results suggest that the level of
Salmonella contamination may be much higher.

3.2. Radioresistance of isolated Salmonella strains
The effect of irradiation on the survival rate of Salmonella

is shown in Table II. The data for the samples irradiated with
a dose of 4 kGy are not included since a strong reduction of
bacterial number due to this dose did not allow calculation of
the data. The number of salmonellae in unirradiated frozen
samples was smaller than in unirradiated chilled samples.
Freezing itself may have caused some damage of bacterial cells.
Reduction of salmonellae resulting from freezing was found by
other researchers [48].

The number of salmonellae decreased with the increasing
irradiation dose. The reduction of salmonellae was greater in the
samples irradiated in a chilled state than in the samples
irradiated in a frozen state (Table II) which could be expected,
because it was also found in other studies [49, 50].

The decimal reduction doses (Dm-values) which represent the
radiation resistance of the examined Salmonella strains are given
in Table III. In meat samples irradiated at 4*C, S. enteritidis
70 and 5. heidelberg 66 were the most sensitive to radiation (Dm
= 0.524 kGy for both strains), whereas 5. typhimurium 78 proved
to be the most resistant (Dio = 0.691 kGy). The mean D^-value for
all 13 strains irradiated at 4'C amounted to 0.575 key.

In meat samples irradiated in a frozen state (at -18PC), 5.
heidelberg 66 was the most sensitive to radiation (Dm = 0.574
kGy), whereas 5. typhimurium 78 was the most resistant (Dm =
0.866 kGy). Mean D^-value for all 13 strains irradiated at -18"C
amounted to 0.687 kGy.

The differences in radiation resistance of Salmonella
strains irradiated at 4"C and -18"C were, in most cases,
statistically significant (Table III). The mean difference
between DID doses calculated for chilled and frozen samples
amounted to 0.112 kGy.

Similar radiation resistance of salmonellae in different
food products was found by other authors [23, 50, 51] and in the
studies conducted previously in our laboratory [30, 52,].
However, lit t l e information is available on radiation resistance
of different serotypes isolated from chicken carcasses and the
effect of poultry meat temperature upon the radiation resistance
of salmonellae.

For many years, food hygienists have considered the
question: How large should the reduction of salmonellae be in
food to obtain a sufficient level of consumer protection?
Radicidation, the purpose of which is to kill or render harmless
all disease-causing organisms, except viruses and spore-forming
bacteria, should assure the reduction of salmonellae by an
average of 6 log cycles [53] .
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The 6D doses ca lcu la ted on the basis of the obtained r e su l t s
amounted to:
- 3.450 kGy ( tak ing in to account the mean D|o~value) or 4 . 1 4 6
( tak ing in to account the h ighes t D^-value) for chicken meat
i r radia ted in a ch i l l ed s ta te .

TABLE II. EFFECT OF IRRADIATION ON THE SURVIVAL OF SALMONELLAE IN GROUND
CHICKEN MEAT (SAMPLES INOCULATED WITH APPROX. 5 X 107 SALMONELLAE
PER lg OF MEAT)

Temperature
Microorganism of

samples
S.

S.

S.

S.

S.

S.

S.

S.

5.

S.

S.

S.

S.

anatum 25

anatum 26

enteritidis 15

enteritidis 70

heidelberg 3

heidelberg 8

heidelberg 66

infant is 2

infant is 19

typhimurium 30

typhimurium 78

virchow 43

virchow 73

4
-18
4

-18
4

-18
4

-18
4

-18
4

-18
4

-18
4

-18
4

-18
4

-18
4

-18
4

-18
4

-18

'C•c
•c•c
•c•c
•c•c
•c•c
*c*c
•c•c
•c•c
•c*c
•c•c
'C•c
•c•c
•c•c

Log number of salmonellae per 1 g
0 kGy 1 kGy 2 kGy 3 kGy
7
7
7
7
7
7
7
6
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

,56
,48
,81
,92
,66
,65
,36
,88**
,60
,48**
,49
,44
,57
,20**
,78
,54
,90
,79**
,79
,61
,57
,64
,49
,52
,70
,60

6
6
6
7
6
6
5
5
6
6
5
6
5
5
6
6
6
6
6
6
5
6
5
6
5
6

,29
,51*
,51
,01**
,65
,84*
,59
,54
,65
,53
,75
,57**
,80
,88
,39
,63*
,38
,65*
,31
,44*
,54
,31**
,25
,19**
,78
,02**

5
5
5
6
4
5
4
4
4
5
3
5
4
4
4
5
5
5
5
5
4
5
3
4
3
4

,00
,32**
,06
,08**
,97
,44**
,29
,34
,82
,39**
,72
,28**
,21
,41
,97
,64**
,17
,61**
,06
,52**
,32
,10**
,44
,42**
,77
,69**

2
2
2
3
2
3
1
2
2
2
2
2
1
1
2
3
2
3
2
3
3
4
1
2
2
2

,35
,69**
,26
,55**
,16
,28**
,43
,07
,08
,86**
,61
,90
,74
,89
,95
,42**
,68
,47**
,73
,51**
,15
,20**
,78
,81*
,25
,65

* Significant difference compared to samples irradiated at 4'C
at P < 0,05

** Significant difference compared to samples irradiated at 4*C
at P < 0,01
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- 4 . 1 2 2 kGy ( tak ing into account the mean Du-value) or 5 . 1 9 6
( taking into account the highest D^-value) for chicken meat
i r radia ted in a f rozen s ta te .

TABLE III. RADIATION RESISTANCE OF SALMONELLAE IN GROUND CHICKEN MEAT

Temperature D^ dose
Microorganism of

sample (kGy)

S.

S.

S.

S.

S.

S.

S.

S.

S.

S.

S.

S.

S.

anatum 25

anatum 26

enteritidis 15

enteritidis 70

he i del berg 3

heidelberg 8

heidelberg 66

infant is 2

infant is 19

typhimurium 30

typhimurium 78

virchow 43

virchow 73

4'C
-18'C
4'C

-18'C
4*C

-18'C
4'C

-18'C
4'C

-18'C
4'C

-18'C
4'C

-18'C
4'C

-18'C
4'C

-18'C
4'C

-18'C
4'C

-18'C
4'C

-18'C
4'C

-18'C

0,591
0,642
0,552
0,712*
0,550
0,690*
0,524
0,639*
0,543
0,667
0,600
0,670
0,524
0,574
0,629
0,749*
0,592
0,713*
0,609
0,758**
0,691
0,866**
0,528
0,629**
0,545
0,618**

Confidence
interval
(P < 0,05)

0,572-0,612
0,617-0,670
0,534-0,571
0,680-0,747
0,530-0,571
0,666-0,715
0,510-0,539
0,620-0,660
0,505-0,564
0,641-0,696
0,588-0,612
0,645-0,698
0,515-0,533
0,559-0,591
0,617-0,640
0,720-0,780
0,577-0,608
0,692-0,736
0,595-0,624
0,736-0,781
0,673-0,709
0,846-0,886
0,518-0,538
0,622-0,636
0,538-0,553
0,609-0,628

Correlation
coefficient

(r)

0,9804
0,9699
0,9807
0,9620
0,9755
0,9777
0,9862
0,9828
0,9763
0,9702
0,9923
0,9731
0,9947
0,9864
0,9939
0,9721
0,9874
0,9826
0,9896
0,9846
0,9880
0,9902
0,9934
0,9977
0,9963
0,9957

* Significant difference compared to samples irradiated at 4*C
at P < 0,05

** Significant difference compared to samples irradiated at 4'C
at P < 0,01
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3.3. Effect of packaging on radioresistance of salmonellae
As shown in Table IV, the packaging material exerted a very

strong effect on radiation resistance of both Salmonella
were irradiated at 4'C.
irradiated in glass sealed
times higher than those
Removal of air from the

typhimurium strains when samples
Radiation resistance of salmonellae
containers proved to be almost 3
irradiated in polyethylene pouches.
pouches before sealing did not statistically affect radiation
resistance of bacteria. Therefore, it seems that permeability of
the film for oxygen is a much more important factor than the
presence or absence of air at the time of sealing. Probably, the
oxygen remaining in the pouches was relatively quickly "consumed"
by oxidation processes occurring during irradiation [54] .

When samples were irradiated at -18*C (Table IV), the effect
of packaging materials on radiation resistance of salmonellae was
not as great as at 4*C, however it was noticeable and
statistically significant. Probably, the reason for this was
because of less penetration of oxygen in the frozen meat than in
the chilled meat. Removal of air from the pouches did not
significantly affect radiation resistance of salmonellae. It was
likewise with samples irradiated at 4*C.

TABLE IV. EFFECT OF PACKAGING ON RADIORESISTANCE OF SALMONELLA IN CHICKEN HEAT

Temp. DU
Microorganism Packaging material of the value

sample (kGy)

S. typhimurium 30
Glass containers (sealed) 4'C
PA/PE Laminate pouches (sealed) 4'C
PA/PE Laminate pouches (vacuum-sealed) 4'C
Polyethylene pouches (sealed) 4'C
Polyethylene pouches (vacuum-sealed) 4'C

Glass containers (sealed) -18' C
PA/PE Laminate pouches (sealed) -18- C
PA/PE Laminate pouches (vacuum-sealed) -18' C
Polyethylene pouches (sealed) -18' C
Polyethylene pouches (vacuum-sealed) -18' C

5. typhiauriua 78
Glass containers (sealed) 4'C
PA/PE Laminate pouches (sealed) 4'C
PA/PE Laminate pouches (vacuum-sealed) 4'C
Polyethylene pouches (sealed) 4'C
Polyethylene pouches (vacuum-sealed) 4'C

Glass containers (sealed) -18' C
PA/PE Laminate pouches (sealed) -18' C
PA/PE Laminate pouches (vacuum-sealed) -18' C
Polyethylene pouches (sealed) -18- C
Polyethylene pouches (vacuum-sealed) -18- C

0,609»
0,487b
0,533b
0,210C
0,204e

0,758'
0,5ilb
0,538b
0,412e
0,411e

0,691*
0,424b
0.44711
0,194e
0,198e

0,866»
0,723b
0,721b
0,633b
0.6451

Confidence Correlation
interval coefficient
(P<0.05) (r)

0,595-0,624
0,475-0,501
0,526-0,540
0,208-0,213
0,199-0,208

0,736-0,781
0,504-0,519
0,532-0,544
0,400-0,425
0,405-0,418

0,673-0,709
0,404-0,446
0,436-0,459
0,189-0,199
0,195-0.201

0,846-0,886
0,694-0,754
0,709-0,733
0,610-0,658
0,628-0,664

0,9896
0,9746
0,9935
0,9993
0,9970

0,9846
0,9921
0,9957
0,9842
0,9954

0,9880
0,9568
0,9884
0,9956
0,9983

0,9902
0,9449
0.9904
0.9526
0,9729

l l '• e »eans for the same item within the same column bearing different superscripts
are different at P<0,05 (independent comparisons for chilled and frozen saEples
contaminated with S. typhimurium 30 and S. typhimurium 78)
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Generally salmonellae in samples irradiated in the frozen
state were much more radioresistant. This was also found by other
authors [49, 50].

The results obtained with S. typhimurium 30 were similar to
those obtained for 5. typhimurium 78, however 5. typhimurium 78
was more radioresistant in frozen samples than S. typhimurium 30
(Table IV).

It should be emphasized that radiation resistance of
salmonellae (and other pathogenic bacteria) is usually determined
in laboratories in samples of food placed in glass or plastic
test tubes which are impermeable to oxygen and other gases. The
results obtained under such conditions may be different from
those obtained with packaging materials used in practice. The
results of this study suggest that the effect of packaging
materials on radiation resistance of salmonellae is significant.
It should be taken into account when calculating the dose of
ionizing radiation which is necessary for the elimination of
salmonellae from poultry meat. This is particularly important
when meat is supposed to be irradiated in a chilled state.

3.4. The probability of Salmonella survival in the inoculated
broiler carcasses.
As shown in Table V , the probability of survival of a

single Salmonella cell in chilled broiler carcasses packed in
typical polyethylene pouches used for packaging poultry in Poland
[55], sealed in the presence of air and irradiated,
systematically decreased with increasing dose of ionizing
radiation. In the samples irradiated with 2.5 kGy the probability
of salmonellae survival amounted to 1.53 x 10" which
corresponds to 5.82 log cycles of reduction. Taking into account
that the Salmonella strain used in this experiment (S.
typhimurium 78) was the most radioresistant among strains
isolated in our laboratory (Table III) and inoculum (per 1 g) was
approx. 40 times higher than maximum number of salmonellae found
in naturally contaminated carcasses (Table I), such a level of
reduction seems to be adequate to eliminate naturally occurring
contaminât ion.

The results presented in Table VI demonstrated that the
values of the probability of survival of a single Salmonella cell
in broiler carcasses irradiated in a frozen state were generally
higher than those found for chilled carcasses. The probability
of salraonellae survival in frozen samples irradiated with 3.5 kGy
amounted to 1.20 x 10"' which corresponds to 5.92 log cycles of
salmonellae reduction and seems to be adequate for the
elimination of naturally occurring contamination.

Similar doses of ionizing radiation were recommended as
optimal for poultry irradiation by other authors [26, 49, 56].

The obtained results suggest that the Hauschild's equation
used for estimation of the probability of toxigenesis from C.
botulinum spores [41] may be useful in assessment of the extent
of radiation inactivation of salmonellae.

The secondary goal of the experiment was to compare the
possibility of survival of salmonellae in different places of a
carcass, such as skin and subcutaneous tissue of the neck and
anal area, pectoral muscles and leg muscles. It was found (Tables
V and VI ) that salmonellae were isolated most often from skin
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TABLE Y: ' EFFECT OF IONIZING RADIATION ON THE SURVIVAL OF 5. TYPHIMURIUM 78
IN CHILLED BROILER CARCASSES (INOCULUM - 2,33 x 10s SALMONELLAE PER 1 SAMPLE)

Radiation
dose

1,0 kGy

1,5 kGy

2,0 kGy

2,5 kGy

3,0 kGy

3,5 kGy

Kind of
sample

Nc)Vnpfl)
A i

Ie
t\Af)

Total
N
P
L
A

Total
N
P
L
A

Total
N
P
L
A

Total
N
P
L
A

Total
N
P
L
A

Total

No. of positive/
total no. of
samples

5/5
5/5
5/5
5/5
20/20
5/5
5/5
5/5
5/5
20/20
3/5
3/5
3/5
1/5
10/20
3/5
2/5
0/5
1/5
6/20
0/5
0/5
0/5
0/5
0/20
0/5
0/5
0/5
0/5
0/20

pa)

>6,91 x 10"j
>6,91 x 10"
>6,91 x 10"°
>6,91 x 10"J
>1,29 x 10"5

>6,91 x 10"j
>6,91 x 10"
>6,91 x 10"*
>6,91 x 10"6
>1,29 x 10"5

3,93 x 10"j
3,93 x 10"
3,93 x 10"
9,58 x 10"
2,97 x 10"6

3,93 x 10~j
2,19 x 10"J
<9,58 x 10";
9,58 x 10 "[
1,53 x 10"6

<9,58 x 10"!
<9,58 x 10"J
<9,58 x 10"
<9,58 x 10"
<2,20 x 10"'
<9,58 x 10"J
<9,58 x 10"
<9,58 x 10"
<9,58 x 10"
<2,20 x 10"'

Log l/Pb)

<5,16
<5,16
<5,16
<5,16
<4,89
<5,16
<5,16
<5,16
<5,16
<4,89
5,40
5,40
5,40
6,02
5,53
5,40
5,66
>6,02
6,02
5,82
>6,02
>6,02
>6,02
>6,02
>6,66
>6,02
>6,02
>6,02
>6,02
>6,66

*|p - Probability of survival of a single Salmonella cell
Log 1/P - Reduction of salmonellae in log units

*j N - Skin and subcutaneous tissue of the neck (25 g)d P - Pectoral muscles (25 g)
Leg muscles (25 g)
Skin and subcutaneous tissue of the anal area (25 g)

-
' -
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TABLE VI. EFFECT OF IONIZING BADIATION ON THE SURVIVAL OF S.TYPHIMURIW 78
IN FROZEN BROILER CARCASSES (INOCULUM - 5,78 x 105 SALMONELLAE PER 1 SAMPLE)

Radiation Kind of
dose sample

2,0 kGy Nü!pd)
re)nAf]

Total
2,5 kGy N

P
L
A

Total
3,0 kGy N

P
L
A

Total
3,5 kGy N

P
L
A

Total
4,0 kGy N

P
L
A

Total
4,5 kGy N

P
L
A

Total

JJP - Probability ofb Log 1/P - Reduction

No. of positive/
total no. of
samples

5/5
5/5
5/5
5/5
20/20
5/5
5/5
5/5
5/5
20/20
4/5
4/5
4/5
4/5
16/20
3/5
3/5
2/5
2/5
10/20
0/5
0/5
0/5
0/5
0/20
0/5
0/5
0/5
0/5
0/20

pa)

>2,78 x lO'j
>2,78 x 10~J
>2,78 x 10"°
>2,78 x 10";
>5,18 x 10"6

>2,78 x 10"j
>2,78 x 10'
>2,78 x 10"
>2,78 x 10"°
>5,18 x 10"6

2,78 x lO'j
2,78 x 10"°
2,78 x 10"
2,78 x 10"
2,78 x 10"6

1,59 x 10"J
1,59 x 10'ï
8,84 x 10"
8,84 x 10"'
1,20 x 10"6

<3,86 x 10"!
<3,86 x 10";
<3,86 x 10"!
<3,86 x 10"
<8,87 x 10"*
<3,86 x 10"J
<3,86 x 10"
<3,86 x 10"
<3,86 x 10"
<8,87 x 10""

Log l/Pb)

<5,56
<5,56
<5,56
<5,56
<5,29
<5,56
<5,56
<5,56
<5,56
<5,29
5,56
5,56
5,56
5,56
5,56
5,80
5,80
6,05
6,05
5,92
>6,41
>6,41
>6,41
>6,41
>7,05
>6,41
>6,41
>6,41
>6,41
>7,05

survival of a single Salmonella cell
of salmonellae in log units

*j N - Skin and subcutaneous tissue of the neck
P - Pectoral muscles

P L - Leg muscles (25
(25 g)

g)
'A. - Skin and subcutaneous tissue of the anal

(25 g)

area (25 g)
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and subcutaneous tissue of the neck and least frequently from the
anal area. It is difficult to give a logical explanation for
this, because both those places seem to have similar histological
structure and chemical composition.

4. CONCLUSIONS

(1) The results obtained indicate that a great number of
carcasses (approximately 44%), from clinically healthy birds,
leaving the processing line and estimated as "fit for human
consumption" by meat inspection service, have been contaminated
with Salmonella.

(2) The most often isolated serotypes from broiler carcasses
proved to be S. enteritidis (28.8%) and 5. typhimurium (26%). 5.
heidelberg, S, infant is, S, virchow and 5. anatum were also
found. All isolated serotypes have been involved in human
salmonellos i s in Poland.

(3) In most of the samples (71.9%) contamination level was
low and ranged from <3 to 9 Salmonella cells per l g of skin.
However, in 5,6% of contaminated carcasses (in four cases) 240
salmonellae per gram of skin were found.

(4) Occurrence of salmonellae in chicken carcasses is a
serious epidemiological problem in Poland and investigations on
the possibilities of elimination of Salmonella rods from poultry
meat by ionizing radiation seem to be reasonable and desired.

(5) In samples of chicken meat irradiated at 4'C, 5.
enteritidis 70 and S. heidelberg 66 were found to be the most
sensitive to radiation (Dm = 0.524 kGy for both strains),
whereas 5. typhimurium 78 proved to be the most resistant (Du =
0.691 kGy). The mean Dm-value for all 13 strains irradiated at
4'C amounted to 0.575 kGy.

(6) In samples irradiated in a frozen state (at -18*C), 5.
heidelberg 66 was the most sensitive to radiation (Dm = 0.574
kGy), whereas S. typhimurium 78 was the most resistant (Dm =
0.866 kGy). The mean Dm-value for all 13 strains irradiated at
-18'C amounted to 0.687 kGy.

(7) The differences in radiation resistance of Salmonella
strains irradiated at 4'C and -18'C were statistically
significant in most cases. The mean difference between DIG doses
calculated for chilled and frozen samples amounted to 0.112 kGy.

8) The radicidation doses (6D) calculated on the basis of
the results obtained from the experiment in which 5 g samples
were irradiated in sealed glass containers amounted to:
- 3.450 kGy (taking into account the mean Dm-value) or 4.146

(taking into account the highest Dm-value) for chicken meat
irradiated in chilled state.

- 4.122 kGy (taking into account mean Dm-value) or 5.196 (taking
into account the highest Dm-value) for chicken meat irradiated
in frozen state.

(9) Salmonella radioresi s tance in poultry meat is
significantly affected by the type of packaging used. Not taking
this factor into consideration and calculating the radicidation
doses on the basis of Dm values obtained under laboratory
conditions which vary from industrial practice can lead to
incorrect evaluations.
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(10) The irradiation of chilled broiler halves in
non-vacuumized polyethylene pouches with the dose of 2.5 kGy
should ensure Salmonella reduction adequate to eliminate
naturally occurring contamination. In the case of frozen poultry
meat similar effects can be expected after a dose of 3.5 kGy.
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EFFECT OF IONIZING RADIATION ON THE
HYGIENIC QUALITY AND SHELF-LIFE OF
TURKISH FERMENTED SAUSAGE

I. OZTASIRAN, S. AKIN, S. ERSEN,
H. CERCI, B. DINCER
Turkish Atomic Energy Authority,
Lalahan Nuclear Research Institute in Animal Health,
Lalahan-Ankara, Turkey

Abstract

Turkish fermented sausage samples were prepared by using
irradiated raw materials (0.0 kGy, 1.0 kGy, 2.0 kGy and 4.0
kGy) and starter culture to improve the hygienic quality and
shelf-life of Turkish fermented sausage. The samples were
examined for the total aerobic count, Lactobacilli,
micrococcus/ staphylococcus, fecal streptococci, Coliform and
E.coli. In addition to these, their pH, TBA and sensorial
attributes were determined during the ripening period (28
days) and the storage periods (5 months). Applied irradiation
doses reduced the counts of all the microorganisms to some
extent, especially the coliform and E.coli to levels lower
than those which could cause public health concern. Because of
the reduction in the microorganisms the hygienic quality of
Turkish fermented sausage improved and shelf-life was
extended to about 4 months at 10° after the ripening

I. INTRODUCTION

Turkish fermented sausage or Turkish sausage (In Turkish,
sucuk) is one of most popular meat products in Turkey. The
production and storage of this sausage involves considerable
problems such as spoiled products and health hazards for both
manufacturers and consumers. These problems are closely
related with the use of tradional raw materials which may be
highly contaminated.

The traditional methods such as drying, canning,
freezing, etc, have not completely resolved the problem of
deterioration and food-borne infections and intoxications. The
recent recommendation by a joint expert Committee on the
Wholesomeness of Irradiated Foods, convened by the World
Health Organization (WHO), in 1980 has sparked new interest
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especially in the low temperature irradiation (radurisation)
of large volume of meat and meat products at low doses.
Combining irradiation with cold preservation is very effective
in the elimination of spoilage and/or pathogenic organisms (7,
13)

In the last decade radurisation with of 1-2 kGy and
radicidation of 3-5 kGy doses have been developed as an
effective means of preservation for processed perishable meats
and products. Irradiation at low doses also has a potential
use in the production of fermented sausage because irradiation
can improve the microbiological quality by leading to the
predominance of lactic acid bacteria and elimination of the
pathogens in the fermented meat products (7,16,18,19,20). The
wholesomeness and safety of irradiated foods has been clearly
demonstrated and is already accepted in many countries as an
effective technique of food preservation (11, 19, 21).

This present study was conducted to determine the effect
of ionizing radiation on the hygienic quality and shelf-life
extension of Turkish fermented sausage.

2.MATERIALS AND METHODS

2.1.Materials

All raw meat materials and non meat ingredients except
the starter culture used in the production of sausage samples
were obtained from one of the local markets in Ankara. The
starter culture, Duple ferment-66: Lactobacilli + micrococci,
was obtained from Rudolf Muller Co. (D. 6300, Giessen 2.
Federal Republic of Germany).

2.1.1. Irradiation of the meat and nonmeat materials
and preparation of sausage samples.

Initially fresh beef and mutton tail fat were comminuted
at desired levels, accurately weighed in to 1 kg plastic bags
and frozen at -18°C over night. Frozen materials were
irradiated in the Cs-137 source (Mark 1-22 irradiation, 10.000
Ci, Jl chopart and Associators) at 0, 1, 2 and 4 kGy doses.
Spices were sterilized in the same irradiation facility with
a 10 kGy dose.
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Using the above materials 5 different sausage samples
were prepared as follows A) Similar to the formulation of
Turkish Meat and Fish Association as a control B) A+starter
culture + OkGy; C) B+l kGy; D) B+2 kGy; E) B+4 kGy
For these sample preparations, frozen ground beef and tail fat
thawed partially at 4°C were added in the mixer with salt,
spices and starter culture. They were mixed thoroughly and
stuffed into artificial casing. The prepared sausage samples
were placed into the environmental chamber for ripening
(fermentation and drying) under controlled conditions.

After the completion of ripening the sausage were vacuum
packed and stored at 10°C in the refrigerator. Both during
ripening and storage changes in microbiological, chemical and
sensory quality of the samples were determined using the
following methods.

2.2. Methods

2.2.1. Microbiological analysis

The different samples of fermented sausage, were examined
at certain time intervals during the ripening and storage
periods. Each sample was aseptically weighed, as 10
gr and than macerated and blended in the stomacher for 2 min.
with the required amount tryptophan solution (0.1 % peptone of
the casein and 0.04 % agar No:l) to form 10 % dilution. The
media, conditions of incubation and methods outlined in Table
I. were used for enumeration of microorganism (15, 17). The
stock solution from each sample was diluted to the appropriate
levels and an aliquot was plated as directed. Total viable
counts (15); Lactobacilli (14); micrococcus/staphylococcus (9,
14); Fecal streptococci (10); coliform and Escherichia coli
(9, 17); sulfide reducing clostridia (14) and yeast-molds and
salmonella (17) were determined.

2.2.2. Chemical analysis

The chemical analyses applied to the sausage samples were
the determination of pH values (1) with EMAP pH (Model EM 78
x) and of thiobarbituric acid (TEA) values as rag
malonaldehyde/kg sample (12).
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TABLE I MEDIA, INCUBATION CONDITIONS AND METHODS FOR ENUMERATION OF MICROORGANISMS IN THE SAUSAGE SAMPLES

Type of Microorganisiris

Total aerobic bactena

LactobdCilli

Micrococcus/Staphylococcus

Fecal streptococci

Coliforcis

E.coli

Sullfit reducing clostridia

Yeast/Wold

Salmonella

Growth medium

Plate Count Agar (PCA)
(Difco-0479)
M.R.S. Agar (MRS)
(Oxoid-CM-3U)
Baird Parker Mediun (BP)
(Oxoid-CK-275)
KF Streptococcus Agar (KF)
(Oxoid-CM-701)
Violet Red Bile Agar (URBA)
(Oxoi d-CM- 107)
EC Mediu» (EC)
(Difco-0314)
SPS Agar (SPS1
(Difco-0845)
Oxytetrocycline Gentanncin
Yeast Extract Glucose Agar
Tetrathionate sel em te Cystine Broth
(Oxoid-CM-29)

Incubation
Time (days) Temp, (°C)
2

5

2

2

t
L.

2

3

3-5

1

37

30

37

37

37

45.5

37

20-24

43=C

Method

Drop Plate

Drop Plate

Drop Plate

Drop Plate

Most Probable Number

Most Probable Number

Double Layer Tup

Pour plate
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2.2.3. Sensory evaluation

Sensory evaluation was carried out using the method of
American Society for Testing Materials Committed (2). The
sausage samples were assessed for flavor, texture, appearance
and preference by six panelists A five point hedonic scale was
used for scoring.

2.2.4. Statistical analysis

In the study, sausage samples were prepared in two
replications. Each analytical procedure was carried out in
duplicate and from each one two measurements were optained.
The data were applied Two-Way Analysis of Variance to
determine the difference among the means of the samples
groups.

3.RESULTS AND DISCUSSION

3.1. Effect of Irradiation on the Hygienic Quality

The growth curves for the total aerobic bacteria,
lactobacilli, micrococcus-staphylococcus and fecal
streptococcus are shown in Figures 2 to 4 for the results
obtained during the ripening period. Visual inspection of Fig
2 indicated that the total aerobic counts were reduced by the
irradiation doses at the beginning of fermentation. Reduction
ranges in aerobic counts were found to be about 0.5 log cycles
and 2.1. log cycles at doses of 2.0 kGy and 4.0 kGy from the
control samples (A) and 1.0 log cycles and 1.5 log cycles at
the same doses respectively from the samples containing
starter culture (D). Substantial increases were observed in
the total aerobic counts of all samples by the 7 th day of
ripening. At this stage sample irradiated with 2.0 kGy dose
showed the highest count (9.28 log cfu/g) and sample B
containing starter culture showed the lowest count (8.32 log
cfu/g). After the 7 th day of ripening total bacterial counts
decreased gradually until the 14 th day of ripening and the
counts of all samples on that day were close to each other
between 8.34 log Cfu/g, and 7.95 log cfu/g. Thereafter in the
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samples irradiated with 2.0 kGy and 4.0 kGy (sample D and E)
the total bacterial counts continued declining gradually
whereas in the remaining samples, these bacterial counts
increased steadily until the end of the ripening period.

The lactobacilli showed the same pattern as in the total
aerobic counts in the samples (fig 2.) As it is seen in this
figure, lactobacilli counts in the samples except for the
control samples, reflected the addition of starter culture by
showing nearly close counts before the fermentation. In all
samples lactobacilli counts increased sharply until the 3 rd
day of ripening. The largest increase (8.26 log cfu/g) was
observed in sample B containing starter culture and the lowest
increase (7.60 log cfu/g) accuren in the sample irradiated
with 2.0 kGy. Thereafter in samples A, B and C the increase
in lactobacilli counts continued whereas in samples D and E
which were irradiated with 2.0 and 4.0 kGy doses, the counts
remained content until the 7 th day. After this day, the
counts of lactobacilli in the samples except for the sample E
irradiated at the highest dose, declined slightly. Later on,
lactobacilli counts increased in the unirradiated samples
while they decreased in the irradiated samples (C, D and E)
until the end of the ripening periods. Such changes observed
in the lactobacilli counts were also reflected in the pH
values.

The effects of irradiation on micrococcus/ staphylococcus
and fecal streptococcus are illustrated in fig 3 and 4. At the
beginning of ripening the counts of micrococcus/
staphylococcus in the samples were found to close each other.
The largest range (0.8 log cycles) in the counts of the
organisms were found between the control sample (A) and the
sample B containing starter culture. The addition of starter
culture caused an increase in the counts of these organisms in
both unirradiated and irradiated samples. Until the 7 th day
of the ripening period micrococcus/ staphylococcus counts in
the sample except for sample B (containing starter culture)
showed a similar pattern. Thereafter, except for sample B, in
the other samples the counts of these organisms decreased
gradually until the 21 st day of ripening. Later on, in the
irradiated samples (D and E), the counts increased while in
the rest of the samples, they remained constant.
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The counts of fecal streptococci in the control sample
(Fig. 4) were the highest (4.34 log cfu/g) and lowest (3.18
log cfu/g) in the sample irradiated with 4.0 kGy dose at the
beginning of ripening. During the whole ripening period, the
counts of fecal streptococci showed the same trend in the
samples irradiated with 1.0 and 2.0 kGy doses (C and D)
showing lower counts than in the unirradiated sample (A and B)
and sample E irradiated with 4.0 kGy dose, the count of these
organisms could not be obtained.

The average coliform and E coli counts in the
unirradiated samples (A and B) were about < 10 cfu/g and < 4
cfu/g respectively at the beginning of the ripening periods.
The counts of these organisms in the irradiated samples (C, D
and E) were reduced < 10 cfu/g and < 3 cfu/g respectively. In
coliform counts a three or four-fold increase was observed in
the unirradiated samples, while they remained < 4 cfu/g. in
the irradiated sample. After the 3 rh day of ripening the
counts of coliform and E.coli in the irradiated samples stayed
at a constant level « 3 cfu/g) until the 28 th day of the
ripening period. On these days their counts decreased to < 0.3
cfu/g. in the irradiated sample.

The initial counts of yeast-molds in all samples were
approximately between 200 to 300 cfu/g. The counts of these
organisms decreased to < 200 cfu/g. in the samples except for
E in which the count was undetectable until the 3 rd day of
ripening. Thereafter there was no detectable yeast and mold
counts in all samples.

The pH values of all samples were found to be very close
to each other before the fermentation (Fig. 5). During the
first three days of ripening, marked decreases were observed
in the pH values of the samples. Until the 21 st day of the
ripening period, the control sample (A) showed the highest pH
value while sample D irradiated with 2.0 kGy showed the
lowest. The pH values of the control sample were found
significantly different (P<0.05) from the others by the 14 th
day of ripening.

The TBA values of the samples presented in Fig. 6 showed
variable changes during the ripening period, At the beginning
of fermentation TBA values amount the samples were
significantly different (P<0.05). The differences between TBA
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values of the sample containing starter culture (B) and
irradiated samples (C,D and E) were also significant (
P<0.05) on the 3 th day of ripening . Thereafter , there were
no significant differences amount the TEA values of the
samples.

The preference scores obtained from sensory assessment
(Fig. 7) showed that no significant difference (P>0.05) was
found among the samples during the whole ripening period. The

pH

6.5
A-Control —— C-B+1 kGy ~~ D-B+2 kGy
E-B+4 kGy -X- B«A+Starter Culture

7 14
Ripening (Days)

21

Fig.6. Th* «/fee* of irradiation on pH of th* ««tf««0«
during th» 9tor*g*
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panelists could not recognize whether the samples were
irradiated or not, but they were able to identify the samples
containing the starter culture because of their specific tangy
flavor.

The results of this study showed than using irradiated
raw materials and starter culture in sausage making had a
varying effect on the hygienic and sensory quality of Turkish
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fermented sausage. Irradiation of raw materials with low doses
(1.0, 2.0, 4.0 kGy) improved hygienic quality by
decontamination of the microorganisms especially pathogens.
The results obtained in the present study were also in
agreement with other studies (3, 5, 7, 16). The recent studies
have shown that irradiation at low doses destroyed a large
amount of total microflora and eliminated pathogens present in
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fresh meat and meat products (4, 5). The results of some
studies (3, 4, 5, 7) proved that irradiation tends to
predominate gram-positive anaerobic organisms in the surviving
microflora of fresh meats and meat products. These studies
also reported that Irradiation, eliminated gram-positive,
catalase negative cocci and largely did not eliminate gram-
positive, catalase-positive rods present in meat products. As
a result they concluded that because of these effects of
irradiation, a new health hazard would not arise.

3.2. The effect of irradiation on the shelf-life

At the end of ripening the sausage sample were vacuum
packed and then placed in the refrigerator during storage. The
microbiological changes in the samples throughout the storage
period are represented in figures 8 to 11. The average initial
total aerobic and lacto bacilli counts (Fig. 8-9) showed
irregular changes with slight decreases until the 4 th month
of storage. At this stage, the panelists assessed that the
unirradiated samples apriled the total microbial counts in
these samples were approximately 7.60 log cpu/g. Based on this
pattern, it would observed that the total aerobic count was
not available to determine the spoilage of Turkish fermented
sausage.

Micrococcus/Staphylococcus and fecal streptococ counts in
all samples also showed irregular changes without large
difference. Generally, during the whole storage period , the
microbiological counts except for micrococcus/streptococcus
obtained from the unirratiated samples were higher than the
irradiated ones. In all samples coliform and E.coli were found
under the limits of detection « 0.3/g). According to the
results obtained. It was seen that the elimination of these
microorganism could not be possible by using starter culture
and irradiation.

The TEA values of all sausage sample have not reached to
the threshold value for the human consumption which is 1 mg
malonaldehyde/kg (Fig. 12). At the beginning of the storage no
marked difference has been found among the sausages, there
after the irradiated samples showed higher TBA values than the
unirradiated samples under the 3 months of storage. TBA values
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obtained on 4 th month of storage were higher than the
irradiated samples. The both of the unirradiated samples were
found spoiled at this stage of the storage.

During the 4 month of storage, no marked differences were
developed in the organoleptic attributes. But mostly the
irradiated samples gave a little higher preference score after

log cfu/g
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C-B+1 kGy
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-*- E-B+4 kGy

2 3
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storage
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112



log cfu/g

A-Control
B-A+Starter Culture
C-B+1 kGy

-B- D-B+2 kGy
-X- E-B+4 kGy

2 3

Storage (months)

FA« »fftct of irrtttittion on lactobteilii in tit» stuatg» •««»/»/••
«luring f/»t «tor«0«

113



log cfu/g

A-Controi
B-A+Starter culture
C-B+1 kQy

-B- D-B+2 kQy

E-B+4 kQy

2 3
Storage (Months)

Ffg.fO. TA« «fftcf of imdittton on m/eroeoee«i»/«t«pAy/«eoeeu« to
**us*g9 tempi*» during the

114



log cfu/g

A-Control

B»A+Starter Culture
C-B+1 kGy

-B- D-B+2 kGy

2 3
Storage (Months)

Th* of foot of irrudittton on ftesl stnptococei in tht *««««0*
during th* »torsg»

115



TBA mg malonaidehyde/kg

2 3
Storage (Months)

A-Control

E-B+4 kGy

C-B+1 k G y E i D-B+2 k G y

EHJlHili B-A+starter culture

Fig.12. Tho of foot of imdintion on TBA voluoo of tho **ua*go oumpto*
during tho atortgf

the 2 months of storage period (Fig. 13). As mentioned before
the unirradiated samples and the irradiated samples spoiled at
the 4 th and 5 th month of storage respectively.

As a result it was determined that the shelf-life of
Turkish fermented sausage prepared by using irradiated
materials with 1.0 kGy and starter cultures can be extended
at least for one month more that of untreated one at 10°C.
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4. CONCLUSION

It is apparently seen that the shelf life of the sausage
vacuum packed Turkish sausage which is prepared by using
irradiated materials and starter culture can be preserved at
least for 4 months at 10°C. In addition with this process, it
is passible to produce the high hygienic quality of sausage.
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This study on the other hand, showed that the total
aerobic count, pH and TBÄ values are not sufficient indices
along in the determination of shelf-life and renewable of
product while organoleptic tests are trustworthy indices.
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Abstract

Forced triangle tests indicated some significant differences between
unirradiated and irradiated mushrooms. The irradiated mushrooms were
significantly stronger flavoured and firmer than unirradiated mushrooms. The
panellists showed no significant preference for either the irradiated or unirradiated
mushrooms.

The combination of irradiation at 2kGy with pre-packing and storage
reduced weight loss in mushrooms and prevented excessive stalk elongation.
Irradiation inhibited cap opening. Generally pre-packed irradiated mushrooms
discoloured more slowly than unirradiated pre-packed samples. The texture of pre-
packed irradiated mushrooms tended to be firmer than that of unirradiated samples.

1. INTRODUCTION

Mushrooms are generally consumed for their unique flavour properties and it
has been reported that the major flavour volatile associated with Agaricus bisporus
is octen-3-ol (1). Since the flavour volatile composition of mushrooms is influenced
by processes such as drying and cooking (2), it would be expected that irradiation
may also have some effect. The review of literature has shown however, that it is
generally agreed that irradiation does not have any marked effect on mushroom
flavour (3, 4).

In an attempt to confirm these findings, an experiment was carried out to
determine by sensory methods if irradiation had an effect on the flavour of cooked
mushrooms. Since mushroom strain has been shown to be an important factor for
consideration when evaluating the effects of irradiation on mushroom quality
attributes (5), it was decided to evaluate the flavour of 2 strains of mushrooms
currently grown in Northern Ireland.

The concept of using modified atmosphere packaging to extend the storage
life of fresh produce is now well established. However, for fast-respiring produce
like mushrooms it has proved difficult to find a suitable film of the correct
permeability to regulate gas exchange in order to achieve a high quality product.
Recently it has been shown that a combination of microporous and a relatively
impermeable film modified the atmosphere in such a way that the loss of mushroom
quality in terms of development stage, colour, weight loss and disease was reduced
(6).

Early work indicated that there were benefits to be gained by combining
irradiation (2 & 3 kGy) with PVC-packaging (sealed and perforated) of mushrooms
(7). A preliminary investigation into the potential benefits of combining pre-
packing (using recently developed packaging films for mushrooms) and irradiation
at 2 kGy for the preservation of the quality attributes of a strain of mushroom
currently grown in Northern Ireland was undertaken.
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2. MATERIALS AND METHODS

2.1 Experiment 1

2.1.1 Experimental procedure

One hundred and sixty-two third flush mushrooms (Strain S9) were placed in
30 polystyrene punnets, five of which (4 punnets containing 5 and 1 containing 7
mushrooms) received either 1, 2 or 3 kGy doses of irradiation (dose rate = 1.34
kGy/h). Eighty-one mushrooms were not irradiated.

All punnets were stored at 2°C for 3 days following irradiation and then
transferred to storage at 15 °C. Mushroom flavour was assessed at three intervals
during a 6 day storage period (days 1, 4 and 6).

Each mushroom was cut into three slices and groups of three randomly
selected slices from all the mushrooms within a treatment were wrapped in tin foil
and cooked at 200°C in a convection oven for 5 minutes.

2.1.1.1 Sensory evaluation

On each sampling day mushroom flavour was assessed by a sensory panel of
18 people. Forced triangle tests (8) were used to differentiate between the non-
irradiated and irradiated mushrooms. For each irradiation dose, the mushroom
slices were presented to 6 panellists in the following permutations of order:

Panellist Irradiation at Irradiation at Irradiation at
dose B dose C dose D

1 ABB CAC DDA
2 BAB CCA AAD
3 BBA AAC ADA
4 AAB ACA DAA
5 ABA CAA ADD
6 BAA ACC DAD

A = unirradiated mushroom slices
B, C and D = irradiated mushroom slices

This arrangement was repeated for each of the remaining two sets of 6
panellists.

The tests were carried out under red light to ensure that the assessments were
not biased by the colour of the mushrooms. To provide additional information, the
panellists were asked to indicate whether the mushroom slice which they considered
to be different from the other two was:

(i) preferred or unpreferred
(ii) more or less strongly mushroom flavoured
(in) more or less rubbery
(iv) more or less firm.

The same procedure was repeated on a separate occasion using mushrooms
from strain H2.5.

2.1.1.2 Statistical Evaluation

The responses to the four questions asked following the initial triangle test
were pooled for the 2 mushroom strains, 3 storage days and 3 irradiation doses in
an attempt to determine why the panellists differentiated between samples. The
results were analysed using a statistical method which involved the calculation of S-
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values using weighted factors of 0, 1,2 and 3 followed by the determination of a Z-
value for each question (9).

2.1.2 RESULTS

When 18 panellists are used at least 10 must make correct identification of
the odd sample in order that the difference between samples is significant (P <
0.05) (6). Only on 4 occasions were there significant differences between samples,
although the number of panellists giving correct identifications was generally high
(Table I). The results were somewhat variable but there was a tendency towards a
greater number of correct identifications by the end of storage. For strain H2.5
mushrooms given a 2 kGy irradiation dose the number of correct identifications was
relatively low.

TABLE I THE NUMBER OF PANELLISTS WHO THROUGHOUT THE
STORAGE PERIOD CORRECTLY IDENTIFIED THE ODD SAMPLE IN
TRIANGLE TESTS CARRIED OUT TO DIFFERENTIATE BETWEEN
UNIRRADIATED AND IRRADIATED COOKED MUSHROOMS OF TWO
STRAINS

Irradiation Strain H2.5 Strain S9
Dose (kGy)_______________________________________

Storage (days)

1 4 6 1 4

1
2
3

8
5

*10

*10
7
9

*12
6
7

7
8
7

9
9
8

9
8

*11
* = P < 0.05
The total number of panellists was 18.

For each of the four questions asked following the initial triangle test, the
responses from both the panellists who made correct and incorrect identification of
the irradiated samples were combined and a Z-value calculated for each question
(Table II). There was no significant preference for either the irradiated or
unirradiated mushrooms. For the optional questions approximately twice as many
panellists answered the flavour question as answered the rubberiness and firmness
questions.

Irradiated mushrooms had a significantly stronger flavour than unirradiated
mushrooms. There was no significant difference in the rubberiness of irradiated and
unirradiated mushrooms. The irradiated mushrooms were significantly more firm
than the unirradiated mushrooms.

2.1.3. DISCUSSION

Since mushrooms are usually consumed for their unique flavour properties it
is important to consider the effect of irradiation on their flavour as well as on other
sensory attributes. From the characteristics assessed, flavour was most often judged
as being the distinguishing factor between unirradiated and irradiated mushrooms.
Irradiated mushrooms were judged to be significantly stronger flavoured and more
firm textured than the unirradiated controls.
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TABLE II. THE SIGNIFICANCE OF THE POOLED RESPONSES TO THE
FOUR QUESTIONS ASKED AFTER THE INITIAL TRIANGLE TEST
CARRIED OUT TO DIFFERENTIATE BETWEEN UNIRRADIATED AND
IRRADIATED COOKED MUSHROOMS.

(a) Preference Question
Initial Triangle Preference for Irradiated
Test Response

Preference for
Control

(b) Flavour Question
Initial Triangle
Test Response

Irradiated
stronger flavour

Control
stronger flavour

Total 158 122

In 44 cases the panellists chose not to answer this optional question.

(c) Rubberiness Question
Initial Triangle Irradiatedmore rubbery
Test Response

Controlmore
rubbery

Z-value/Sig.

Correct
Incorrect
Total

76
99

175

77
72

149

-0.696 NS

Z-value/Sig.

Correct
Incorrect

71
87

55
67

-2.122 *

Z-value/Sig.

Correct
Incorrect
Total

38
31

"69"

29
35

~64~

-1.042 NS

In 184 cases the panellists chose not to answer this optional question.

(d) Firmness Question
Initial Triangle Irradiated more rubbery Control more rubbery Z-value/Sig.
Test Response

Correct
Incorrect
Total

32
36

"68"

20
27

"47"

-2.191 *

In 109 cases the panellist chose not to answer this optional question.

Sig = significance; NS = not significant; * P<O.05
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The main volatile associated with the flavour of unirradiated mushrooms is
octen-3-ol (1). It has also been reported that compared to raw unirradiated
mushrooms the level of octen-3-one (of which octen-3-ol is a precursor) is increased
in cooked mushrooms (10). Since the sensory results indicated that irradiated
mushrooms had a stronger flavour than those which were unirradiated it is possible
that after irradiation the levels of octen-3-ol may have risen. In addition, the
proportions of octen-3-ol and octen-3-one relative to each other may also be of
importance when distinguishing between the flavour of unirradiated and irradiated
mushrooms.

2.2 Experiment 2

Two separate experiments were carried out on two different occasions:

(a) investigation of the effects of irradiation (2 kGy) on the weight loss, stalk
elongation and cap opening of unpackaged and pre-packed mushrooms
during temperature controlled storage;

(b) investigation of the effects of irradiation (2 kGy) on the colour and texture of
unpackaged and pre-packed mushrooms during temperature controlled
storage.

2.2.1 Experimental procedure

One hundred and eighty second flush mushrooms of strain D205 were
randomly allocated to 18 polystyrene punnets (10 mushrooms in each punnet). The
mean initial weight of mushrooms in each punnet was 100.39 g. Three mushrooms
from each punnet were marked and their stalk lengths measured and recorded (mean
initial stalk length in each punnet was 5.75 mm). At this stage of the experiment all
mushroom caps were closed. In order to remove the metabolic heat content of the
mushrooms all the punnets were covered with cardboard lids and held at 2°C for 24
hours prior to packing and irradiation. After this period, the punnets were allocated
at random to the following treatments. Six punnets remained unpackaged while for
the remaining 12 punnets, 6 were packed into bags of cellophane and 6 into bags of
orientated polypropylene. The cellophane (Packaging A) had a transmission rate for
water vapour of 80-100 g/m2/day/atm respectively at 23°C, 85% RH and
transmission rates for oxygen, carbon dioxide and nitrogen of 90,000, 23-35 and 2-
9 g/m2/day/atm respectively at 23°C, 50% RH. The orientated polypropylene
(Packaging B) had a transmission rate for water vapour of 0.7 g/nWday at 23°C,
80% RH and transmission rates for oxygen, carbon dioxide and nitrogen of 90,000,
3,207 and 296 g/nWday/atm respectively at 23°C, 0-90% RH. For both types of
packaging the bags were sealed using a heat-sealing bar. From each group of 6
punnets, 3 were irradiated (2 kGy) at a temperature of 12°C (dose rate =
1.23 kGy/h), while the remaining 3 punnets served as controls. On completion of
irradiation, both the unirradiated and irradiated punnets of mushrooms were stored
at 6°C in a low relative humidity environment (48-50%). Preliminary experiments
showed that higher relative humidity levels adversely influenced the permeability
properties of the packaging films. During storage the unpackaged punnets were
covered with cardboard lids. In this experiment days of storage were taken to be
the number of days after harvesting rather than after irradiation treatment.

In the second experiment, six hundred and thirty second flush mushrooms of
strain D205 were randomly placed in 90 polystyrene punnets (7 mushrooms in each
punnet). The mean initial weight of mushrooms in each punnet was 94.25 g.
Fifteen of these punnets were allocated to each of the 6 treatments described above
with the same storage and irradiation conditions also being used. The quality
attributes of the mushrooms from all treatments were assessed at 5 intervals during
an 11 day storage period (days 2, 4, 7, 9 and 11).
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2.2.1.1 Gas Analysis

On day 2 of storage the gas atmosphere of 3 punnets from each of the 4
treatments involving packaging was analysed. After sampling the packages were
resealed with Sellotape and reanalysed in the same way on days 3, 5, 7, 9 and 11 of
storage.

2.2.1.2 Weight Loss, Stalk Elongation and Cap opening

On day 11 of storage the mushrooms used in the first experiment were
removed from their punnets and their weight, the stalk length of the 3 marked
mushrooms and the number of partial and completely open caps in each punnet was
recorded.

2.2.1.3 Sensory Evaluation of Colour and Texture

From each treatment one punnet of 7 mushrooms was used to assess
mushroom colour and another used to assess texture by a trained panel of 14 people.
Seven groups comprising of one mushroom from each treatment were arranged in
random order under white fluorescent light in several separate booths. Each group
of mushrooms was viewed by 2 panellists who were asked to base their assessment
of colour using the mushroom cap. Texture was assessed by feeling the mushroom
caps. The panellists recorded their assessments on a 100 mm scale using reference
mushrooms place near the white/firm (0 mm) and the brown/soft (100 mm) ends of
the scale. Seven sets of reference mushrooms (one set for each group) were
selected at each sensory session from a batch of white freshly picked mushrooms
and a batch of stored discoloured mushrooms.

2.2.1.4 Statistical Evaluation

Results were subjected to analysis of variance.

2.2.2 RESULTS

The CO2 levels of pre-packed punnets of mushrooms were increased by
irradiation and remained fairly constant up to day 9 of storage, thereafter decreasing
significantly (Table III).

Packaging, length of storage and their interaction had a significant effect on
the weight of mushrooms (Table IV). After 11 days of storage the greatest weight
loss had occurred in the unpackaged mushrooms. Relatively little weight loss had
occurred in the mushrooms pre-packed with both types of packaging but
significantly less weight loss occurred in those pre-packed with Packaging B
compared to those pre-packed with packaging A. Irradiation did not have a
significant effect on weight and the results are not presented.

Packaging, irradiation, length of storage and all the interactions had a
significant effect on mushroom stalk length (Table V). Irradiation reduced the
extent of stalk elongation during storage with the effect being most marked for pre-
packed mushrooms.

After 11 days of storage only one irradiated mushroom had partially opened.
For the unirradiated mushrooms opening had occurred in all cases being most
marked in the unpackaged mushrooms (results not presented).

Packaging and length of storage both had a significant effect on the colour
scores of mushrooms. Although the overall effect of irradiation was not significant
its interaction with length of storage was significant. The 3-way interaction was
also significant (Fig la, b). Generally the mushrooms became more discoloured
during storage especially those which were unpackaged. The colour scores for the
mushrooms pre-packed with the 2 types of packaging were not significantly
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TABLE III. EFFECT OF LENGTH OF STORAGE AND IRRADIATION (2
kGy) ON THE CÛ2 CONTENT OF PRE-PACKED PUNNETS OF
MUSHROOMS.

Irradiation
Dose (kGy)

0
2

2

2.33
3.44

3

2.39
2.87

Storage (days)
5 7 9

% CO2 in pre-packed punnets

2.73 2.41 1.93
2.64 2.68 2.47

11

1.01
1.43

Mean

2.13
2.59

Mean 2.89 2.63 2.68 2.55 2.20 1.22

Statistical significance

Irradiation (I)
Storage (S)
I x S

SEM
0.143
0.248
0.351

SIG*
***
NS

Values are the mean of 6 measurements.

SEM = Standard error of the mean
SIG = Not significant
* = P < 0.05
*** = p < o.OOl

TABLE IV. EFFECT OF LENGTH OF STORAGE ON THE WEIGHT OF
UNPACKAGED AND PRE-PACKAGED MUSHROOMS

Packaging Storage (days)
0 11 Mean

Unpackaged
Packaging A
Packaging B

Weight

100.44
100.38
100.35

of mushrooms (g)

39.41
88.76
96.34

69.92
94.57
98.35

Mean 100.39 74.84

Statistical significance

Packaging (P)
Storage (S)
P x S

SEM
0.556
0.454
0.786

SIG***
***
***

Packaging A = Cellophane
Packaging B = Orientated polypropylene

Values are the mean of 6 measurements.

SEM = Standard error of the mean
SIG = Significance of effect
*** = P < o.OOl
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TABLE V. EFFECT OF IRRADIATION (2 kGy) AND LENGTH OF
STORAGE ON THE STALK LENGTHS OF UNPACKAGED AND PRE-
PACKED MUSHROOMS

Packaging

Unpackaged

Packaging A

Packaging B

Irradiation
Dose (kGy)

0
2
Mean

0
2
Mean

0
2
Mean

Storage (days)
0 11

Stalk length (mm)
5.57 6.33
4.43 6.17
5.00 6.25

5.20 20.67
6.10 9.27
5.64 14.97

8.30 24.30
4.90 8.40
6.60 16.35

Mean

5.95
5.30

12.93
7.68

16.30
6.65

Statistical significance

Packaging (P)
Irradiation (I)
Storage (S)
P x l
P x S
I x S
P x I x S

SEM
0.623
0.509
0.509
0.881
0.881
0.719
1.246

SIG
###
#**
***
***
***
***
***

Packaging A = Cellophane
Packaging B = Orientated polypropylene

SEM = Standard error of the mean
SIG = Significance of effect
*** = p < 0.001

different from each other. During storage the unirradiated unpackaged mushrooms
significantly discoloured form day 7 onwards while those which had been pre-
packed discoloured at a significantly slower rate. The irradiated unpackaged
mushrooms significantly discoloured from day 4 of storage onwards (except on day
11) while the colour scores of both types of pre-packed mushrooms remained fairly
constant.

Length of storage, irradiation and their interaction had a significant effect on
the texture scores of mushrooms. Although the overall effect of packaging was not
significant its interaction with length of storage was significant. The firmness of
both unpackaged mushrooms and those prepacked with packaging A had
significantly decreased by the end of the storage period while the firmness of those
mushrooms pre-packed with packaging B was well maintained throughout the
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storage period (Fig 2). During storage the unirradiated mushrooms became less
firm up to day 7 but thereafter firmness appeared to increase. Generally the
irradiated mushrooms were firmer than unirradiated samples but there was a
progressive decrease in firmness during storage (Fig. 3)

2.2.3 DISCUSSION

The observed inhibition of cap opening and reduction of stalk elongation
using irradiation confirmed the findings of previous reports (11, 12). Packaging
alone was not effective in preventing cap opening since this occurred during storage
of both the pre-packed and unpacked unirradiated mushrooms. These results were
somewhat contrary to other reports (7, 13, 14) but this may be due to different CC>2
levels in the pre-packs. In these experiments, the CC>2 levels were approximately
3% whereas in the work of Nichols and Hammond (23), CC>2 concentrations in the
pre-packs of unirradiated mushrooms ranged from 4 to 10%.

Prior to harvest, during fruit body development, the growth of mushroom
stalks is promoted in order to permit easier harvesting, by introducing relatively low
levels (0.3 - 0.5%) of CÛ2 to the air. It was therefore perhaps not surprising that
excessive stalk elongation was very apparent at raised CC>2 levels in unirradiated
pre-packed mushrooms.

Mushrooms are generally retailed according to their weight so it is of
economic interest to growers and retailers to minimise weight loss. As expected
pre-packing did reduce weight loss in both irradiated and unirradiated mushrooms
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Fig 2: Effect of length of storage on the texture of unpackaged and pre-packed
mushrooms assessed by a sensory panel.

Packaging A = cellophane
Packaging B = orientated polypropylene
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mushrooms assessed by a sensory panel.

probably because of the high relative humidity within the pack. Although
irradiation did have a slight beneficial effect on weight loss, the effect was not
significant.

Discolouration of mushrooms after harvest can occur very rapidly and is the
factor which generally determines their shelf-life. The combination of irradiation
with pre-packing resulted in enhanced maintenance of mushroom whiteness, both
packaging films giving similar results.

Although texture is not as visible a quality attribute as colour, it is
nevertheless important in determining the overall acceptability of the mushroom.
During storage, the unpackaged mushrooms were less firm than those which had
been pre-packed, especially those covered with film B. This was not unexpected
due to the known relationship between texture and water loss (15) since much
greater weight loss occurred in the unpackaged mushrooms. Irradiation did not
have a marked effect on the texture of mushrooms used in this experiment and these
results are in general agreement with previously published reports (15). However,
it has been shown that the strain of mushroom affects texture following irradiation
and storage (5). Thus further work is needed to establish if similar effects are
obtained with other strains of pre-packed irradiated mushrooms.

2.2.4 CONCLUSIONS

The combination of irradiation (2 kGy) with modified atmosphere packaging
helped maintain mushroom whiteness and texture during storage and minimised
weight loss, stalk elongation and cap opening.
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Abstract

The faba bean seed beetle, Bruchus dentipes Baud!, the lentil
seed beetle, B. Ervi Froel, and the European lentil seed beetle,
B. Lent is Froel are the most important insect pests of lentil and
faba bean in Syria. Adults lay their eggs on the green pods in the
field and immature stages develop inside the seeds. Infestation
rate differs from year to year and from one location to another.
In 1991, it ranged between 9.6 and 13.90 for lentil seeds and 31.OO
to 57.39% for faba bean seeds depending on the region. This
reduced the economic value by about 50% for faba bean seeds and
20-30%for lentil seeds. Current disinfestât ion methods are unsafe
and not adequately effective. Ionizing radiation could be an
alternative approach. An investigation was initiated to determine
the possibility of applying the irradiation disinfestât ion
technique against these pests. The dose of gamma radiation needed
for disinfesting faba bean seeds infested with B. dentipes was
found to be 90 Gy for the last two larval instars. Immature stages
of B. ervi and B. lentis develop very rapidly in the field and
reach the pupal or adult stage by harvest . This makes the
application of this technique for disinfesting lentil seeds of
little or no value. However, the results indicate that the
irradiation disinfestât ion method could be an advantageous approach
for disinfesting faba bean seeds.
1. INTRODUCTION

Pulses and cereal grains form a large part of the diet of the
world population . These products are stored as dry seeds and form
an enormous reserve of the human food supply. Unfortunately, all
of them are subject to attack during storage by a number of pests
that cause an intolerable amount of damage and great economic
losses. Subrahmanyan ( 1 ) indicated that the world food supply
could be increased by 25 - 30 % if post-harvest food losses are
avoided. Bakal ( 2 ) estimated the annual post-harvest food losses
to be 33 million tones which is enough to feed about 250 million
people for one year. In general, it is estimated that 5 - 10 % of
the annual world production of pulses and cereal grains is lost in
storage and that insect pests take the blame for most of the
damage. The situation is even more critical in the developing
countries where this percentage is most likely to double or even
triple and more food is needed to feed the ever increasing
population. Because of that, it is very essential to reduce
post-harvest food losses by protecting stored food products from
attack by insect pests.

Although excellent control measures are some times available,
the search for new, more effective, and economically acceptable
ones is necessary. Fumigation, though by far the most effective
method for disinfesting stored products, has serious limitations.
For instance, it is difficult for fumigants to penetrate some
commodities in sufficient concentrations. In addition, it gives
rise to concern from the stand point of public health and
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occupational safety. Chemical treatment may also create problems
by leaving undesirable residues or having deleterious effects on
grain quality. The development of resistance to these chemicals by
insects is another incentive for developing an alternative
technique.

The possibility of disinfesting stored products by ionizing
radiation has long been attractive to scientists. The practical
approach to radiation disinfestât ion began early this century.
Murgan and Runner ( 3 ) examined the possibility of disinfesting
packed cigars infested with the cigarette beetle, Lasioderma
sericorne , by means of X-radiation. Although, it was later proved
to be possible ( 4 ), the use of that technique was foreshadowed
for some time by their early unsuccessful attempt ( 3 ). In
addition, their work was of little practical value at that time due
to the absence of sufficiently powerful sources of ionizing
radiation. However, the conduction of much more powerful ones
after the second world war revived the interest in this technique.

Over the last eighty years, a considerable amount of research
has been done on the effects of ionizing radiation on stored
product insects. The results show that ionizing radiation is as
effective as or even more effective than other insect
disinfestation methods. In fact, it has some advantages over
chemicals or f um i gants. For instance, it takes less time than
fumigation and leaves no undesirable residues in treated
commodities. In addition, it does not cause any significant
changes in the nutritive value of the treated product and their is
no fear of the pest developing resistance to ionizing radiation.
The information has been summarized by several authors (5-9).
Current research activities are devoted primarily to the practical
application of ionizing radiation to reduce or prevent post-harvest
food losses. However, gaps still exist in the basic information
needed for the application of this technique for some insect
species. Three of these species are of a particular economic
importance in Syria. These are the faba bean seed beetle, B.
dentipes Baud! , the lentil seed beetle, B. ervi Froel and the
European lentil seed beetle, B. lent is Froel (10, 11, 12). All of
them are univoltine species, attack the crop in the field and lay
their eggs on the green pods. The larvae penetrate the seed coat
and develop inside the seeds to adults. The developmental process
takes about 5 months in the case of B. dentipes (11) and 1.5 to 5
months in the other two species (12-13). Adults stay inside the
seeds until they are planted when they leave them and hibernate in
the field. Hibernating insects start their activity again next
spring and form the basic source of infestation for the new crop.

This report presents data on the economic losses caused by
these three species to lentil and faba bean in Syria. In addition,
it studies the radiosensit ivity of two larval instars of B.
dentipes Baudi. It also discusses the possibility of radiation
disinfestation of faba bean seeds infested with this species.
2. MATERIALS AND METHODS

To estimate the economic losses caused by these pests, samples
of faba bean and lentil seeds (about 2 Kg of faba bean and 1 Kg of
lentil seeds) were obtained at harvest. The samples were collected
from 10 locations in each one of the main faba bean and lentil
producing regions in the country. Seeds from each location were
mixed well in the lab and smaller samples of 1000 seeds each were
obtained. The new samples were placed in paper bags and labeled
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properly. Faba bean samples were examined for the presence of
black dots on the seeds as an indication of B. dentipes
infestation (14-15) and percentage infestation of each sample was
recorded. Because it is difficult to distinguish infested lentil
seeds from their appearance, the seeds were soaked in water for 12
hours, dissected and examined for the presence of B. ervi and B.
lentis . This experiment was done immediately after harvest and
repeated three months later.

As a rule, disinfestation of legumes infested with uni voltine
bruchids using ionizing radiation, or any other means, should be
done as early as possible after harvest. At that time, insects are
most likely to be in their early developmental stages and damage is
minimal. However, in some species, insects develop very rapidly
and reach the pupal or adult stage by harvest. When this happens,
disinfestat ion will be of little or no practical value. This means
that the developmental stage of the insects inside the seeds should
be determined and the amount of the damage to the seeds should be
assessed before any decision could be made. To do that, one
hundred infested faba bean seeds from each sample in the previous
experiment were examined. Seeds were soaked in water for 12 hours,
insects were dissected out of the seeds, the stage of development
and movement of the insects inside the seeds were recorded. The
stages of development for lentil seed beetles were also determined
from the previous experiment.

To investigate the possibility of using the irradiation
disinfestation technique for a particular insect species, its
radiosensitivity has to be determined. However, because
radiosensitivity changes with age, larval instar, and the
developmental stage of the insect, disinfesting doses have to be
determined for each one of those or at least for the most resistant
one. The stage of development for insects is relatively easy to
tell and larval instars are commonly determined by counting the
number of molts the larvae go through. In seed feeders and wood
borers, however, molts are difficult to determine, and the
frequency distribution of head-capsule width can be used if the
distribution shows a clear separation of peaks (16). Reichart
(17,18) used three methods to determine the larval instars of B.
pisorum . He measured the maximum width of the head-capsule, width
between eyes, and width between the antennal bases. All three
methods showed that the insect had four larval instars. Tahhan and
Emden (11) measured the head-capsule width of B. dentipes to
determine the number of larval instars. They concluded that this
species, similar to B. Fisorum , has four larval instars. They
also found that the first and the second larval instars are
relatively short and end by harvest. The third larval instar,
however, is the longest one and persists from harvest ( late May)
to early September. The fourth instar, by contrast, takes about a
month and so for the pupal stage.

To determine the radiosensitivity of B. dentipes , a series of
doses and radiation disinfestat ion experiments were performed. The
first experiment was done in the first week of June emmidietely
after harvest and repeated in the first week of July, the first
week of August and the first week of September. In each
experiment, faba bean seeds infested with only one larvae/seed of
B. dentipes were irradiated with seven levels of gamma radiation
ranged between 0 and 90 Gy with 15 Gy intervals. One hundred seeds
were irradiated for each dose level and each dose was replicated
five times. Irradiation was done using a Cs 137 source and the
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dose rate ranged during the irradiation process from 521 Gy/h to
517 Gy/h at the end of the experiment. All faba bean seeds used in
this experiment were from the local cultivar and obtained from the
International Center for Agricultural Research in Dry Areas
(ICARDA). Irradiated seeds were placed in paper bags, labeled, and
left under lab temperature (25+2 C) until early October when they
were examined. Before examination, seeds were soaked in water for
12 hours, dissected and the number of living insects and their
developmental stages were recorded.

The larval instar of the treated insects at the time of
irradiation of each experiment, and the amount of damage to the
seeds were determined. Fifty larvae were dissected out of the
infested seeds, preserved in 70 % alcohol and the head-capsule
width across the widest point of the head was measured. A stage
micrometer and a microscope were calibrated and used for this
purpose. The movement of the larvae inside the seeds at the time
of irradiation and in October for the seeds treated with 90 Gy was
recorded as an indication of seed damage.
3. RESULTS

Table 1 presents the results of examining faba bean and lentil
seeds obtained from the main faba bean and lentil producing regions
in Syria for infestation with Bruchids. The data show that
percentage lentil infestation during the year 1991 ranged from 9.6
to 13.90%. Although, differences were not very high, percentage
infestation among districts was significantly different (F = 5.43,
3 and 9 df, P >0.001). The lowest infestation was recorded in
Id leb and the highest in Kama. The results also show that
percentage infestation did not change significantly within three
months of examination (P >0.1). This indicates that there were no
undetected insects at harvest. These results are different from
those obtained by kalkan (19). He found that percentage
infestation reaches about 80% in Turkey. Percentage infestation of
faba bean seeds in the same year ranged from 31.OO to 57.39%. The
statistical analysis showed that infestation was significantly
different between districts with the highest infestation rate in
Aleppo and the lowest in Horns (F = 7.58, 3 and 9 df, P <0.001).
These results are similar to those reported by Tahhan and Emden
(11). Differences in percentage infestation are probably due to

Table I. Percent infestation of faba bean and lentil seeds with B.
dentipes ,B. ervl and B. lent is in the main producing
regions (1991).

District Faba bean Lent i l

Infes. Seeds
at Harvest ±SD

Infes. Seeds
at Harvest ±SD

Infes. Seeds
3 Months Later±SD

Aleppo
Hamma
Horns
Damascus
Dar 'a
Idleb

57
32
31
46

.39 ±15

.83±13

.02±10

.21±15
X

. X

.89

.17

.85

.36

11.
13.

13.
9.

57 ±2
48 ±2

X
X

70 ±2
06 ±3

.01

.73

.47

.43

11
13

13
9

.75±1.

. 51 ±2 .
X
X

.91 ±2.

.12±3.

99
52

27
17

X = No samples were taken
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different environmental factors among locations . Planting dates
and the availability of a source of infestation may have
contributed to the different results.

Heavily infested faba bean seeds are not suitable for human
consumption. Instead, they are sold as an aniraal feed and this
reduces their economic value by about 5O%. Infested lentil seeds
are often rejected by foreign markets and lose about 20-30% of
their economic value in the local market.

The results of examining the stage of development of faba bean
and lentil seed beetles immedietely after harvest (early June) are
presented in Table 2. The results indicate that irradiation
disinfestât ion of lentil seeds is of little or no practical value.
This is because B. ervi and B. lent is immature stages develop
very quickly in the seeds and reach the pupal or adult stage by
harvest. At these stages, most of the damage would be done and
since reinfestat ion
with these species does not occur in storage, any control measures
may not be necessary. Although both species are believed to exist
in Syria (10, 20, 21), their rapid development is similar to that
reported by Dortbudak for B. ervi in Turkey (12). However, these
results are different from those obtained by Pajni and Mittal (13)
in India for B. Lentis . They found that the development of
immature stages of this species takes about 5 months. This might
be due to differences between geographical strains and
environmental factors may have played an important part. It is
also possible that B. ervi is the dominant species in Syria. The
same table (Table 2) shows that all B. dentipes examined specimens
were in the larval stage. Damage was also restricted to one
cotyledon. This indicates that the irradiation disinfestât ion
technique for B. dentipes could be an advantageous approach.

Table II. The stage of development of B. dentipes , B. ervi , and
B.lent is in faba bean and lentil seeds in Syria (June,
1991).

District B. dentipes
(faba bean)

B. lentis & B. Ervi
(lentil)

No . Exam .
Insects

Aleppo
Harama
Horns
Damascus
Dar 'a
Idleb

396
299
331
370
X
X

(%)Stage
L. P. A.

100
100
100
100
X
X

No . Exam .
Insects
115
135
X
X
137
96

(%)Stage
L. P. A.
46.08
71.11
X
X

56.93
60.41

38.92
28.89
X
X

43.07
39.59

L = larvae, P = pupae, & A = adult
X = No samples were taken

In selecting the optimal dose of ionizing radiation for grain
disinfestât ion, it is necessary to analyze the effect of greater
and smaller doses. High doses greatly increase labor costs and may
also cause unfavorable changes in the quality of the grain.
Radiation doses which do not guarantee death or sterility of the
treated insects, on the other hand, may create problems of
reinfestat ion. Table 3 presents data on the effects of a series of
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doses of gamma radiation on different ages and larval instars of B.
dentipes . It is clear from the table that irradiation reduced
significantly the number of larvae that were able to pupate (P <
0.001). Percentage of larvae that were able to develop to the
pupal stage decreased with increasing radiation dose from about 80%
for the controls to zero percent for the 90 Gy dose. However, the
increase in mortality was not proportional to the dose. For
instance, in the first experiment, 15 Gy killed about 32% of the
larvae (%mortality was corrected for the controls) and increasing
the dose by one hundred percent (30Gy), increased death
by about 30% too. However, when the dose was increased again by 15
Gy (45 Gy), the death rate increased by about 20% only. The
increase in mortality was reduced to 15% for the fourth dose (60
Gy) and less than that (about 3%) for the 75 Gy dose. The
proportional decrease in mortality with increasing radiation dose
can be explained on the bases of "One-hit versus multi-hit" theory
for inducing dominant lethal mutations (22, 23).

Ninety Gy is most likely to be the optimal disinfestât ion
dose. This dose killed all irradiated larvae regardless of the age
or larval instar irradiated. This may seem a little confusing

Table III. Effects of gamma radiation on the larvae of the faba
bean seed beetle B. dentipes Baudi .

Exp.
No.

1

2

3

4

Dose
( Gy )

O
15
30
45
60
75
90

0
15
30
45
60
75
90

0
15
3O
45
60
75
90

0
15
30
45
60
75
90

%
PupationiSD

82. 4 ±2. 30
56. 4 ±12. 74
32 . 2 ±6 . 06
15.0*5.52
3. 6 ±1.95
1.2*1.30
0.0

78. 8 ±3. 11
59. 4 ±4. 16
31.0±7.97
17.8±4.87
4.0±2.55
1 . 2 ±1 . 30
0.0

78. 8 ±6. 98
55 . 2 ±7 . 36
27.4±2.51
16.0+5.35
3.0±1.22
1.8±0.84
0.0

83. 2 ±3. 35
67 . 4 ±3 . 78
33.0±7.45
18.0±2.35
3. 4 ±1.25
1.8±0.84
0.0
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because the sensitivity of insects to ionizing radiation varies
with age, instar and stage of development. To clarify that, it
should be mentioned that ionizing radiation kills living organisms
mainly by injuring the cell nucleus. Thus radiation is more
effective against cells that are dividing. At high doses, however,
both dividing and non dividing cells are damaged (24). Once the
larva hatches from the egg, most of its growth is accomplished by
cell enlargement. At each molt, however, their is a brief period
of mitotic activity during which a new and larger cuticle is
produced by the epiderm. If this process is disturbed, molting
will not occur. Irradiation of the developmental stages of insects
may have short and/or long term effects on development. Short term
effects cause the failure of the insect to pass properly to the
next stage. This may occur as death in the process of molting or
complete failure to molt (25). Long term effects, however, appear
as lethal effects occuring in a stage later than the irradiated one
(26). Apparently, irradiation disturbs the molting process by
inhibiting mitosis or causing hormonal disturbances. It is still
not clear which one of them causes the death, however, a series of
studies by Baldwin and Salthouse (27-29) indicated that
interruption of the mitotic process is most likely to be the cause.
A study of stage sensitivity with all four larval instars of the
grainary weevil also showed that the increase in radioresistance
was minimal during the larval period (30).

Comparing these results with similar ones obtained for some
other Bruchids shows the high sensitivity of this species to gamma
radiation. For instance, 470 Gy was the dose required to kill for
all immature stages of Callosobruchus chinensis (31) and 400 Gy
needed for B. rufimanus and B. incranat.us (32).

The results of examining the larval head-width at the time of
irradiation for each experiment (Table 4) indicates that
experiments 1, 2, and 3 were done on the third larval instar.
Experiment 4, however, was done on the fourth larval instar. This
is indicated by a highly significant difference between the head
width measurements for the larvae in the fourth experiment (F =
311.75, 3 and 196 df, P < 0.001).

Table IV. Head-capsule width (mm) of different larval instars of
B. dentipes Baudi.

Exp.
No.
1
2
3
4

Mean (mm)
Head-Width
O. 57 ±0.05
0.59±0.06
0.60±0.06
0.93*0.09

F
Value
311.75

Probability
value
<0.001

Larval
Instar
3
3
3
4

Examining the damage caused by the larvae showed that it was
restricted to one cotyledon at the time of the first experiment.
In July, however, only 92% of the larvae were still in the first
cotyledon and this percentage decreased to 85% in August and only
55% in September. Comparing these results with the amount of
damage for the seeds treated with 90 Gy (Fig. 1 ) showed that
percentage damage did not significantly increase after irradiation.
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This indicates that the larvae died within a short period of time
after irradiation. However, it has been reported that irradiated
larvae live longer than unirradiated ones (33). This is probably
not the case here, and if it is, irradiated larvae should have
stopped feeding shortly after irradiation.

•g 70 H
o
« 60 H

830H
£20-
* 10 -

0

-D—— Control
-•—— Treated (90 Gy)

June July Aug.
Time ( Month)

Sep.

FIG. 1. Movement of B. dentipes larvae inside faba bean seeds.

4. DISCUSSION
The purpose of this study was to estimate the economic losses

caused by three univoltine Bruchids attacking faba bean and lentil
seeds in Syria. It also discussed the feasibility of radiation
disinfestât ion of the seeds of these two crops as an alternative
technique to the currently used one. In addition, it studied the
radiosensitivity of the third and fourth larval instars of B.
dentipes Baudi.

The results showed that these pests cause enormous economic
losses. They also indicated that disinfest ing lentil seeds, by
irradiation or any other means, is of little or no practical value.
This is because, by the time the seeds are ready for
disinfestât ion, most of the damage would be done. However,
examining faba bean seeds after harvest showed that all examined
insects were still in the third larval instar and damage was very
limited. This indicates that radiation disinfestation of this crop
immedietly after harvest can be useful.

Studying the relationship between radiation dose and mortality
response of B. dentipes larvae showed that 90 Gy applied to the
third and fourth larval instars caused 100% mortality. The study
also showed that the radiosensit ivity of the larvae did not change
with age or even with larval instars. This means that irradiation
can be carried out within at least three months of harvest without
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the need for increasing the dose. It also indicated that the
larvae died soon after irradiation or at least stopped feeding as
showed by the size of the chamber the insect left behind.

In general, the results of the study indicate that it is
possible to use ionizing radiation to disinfest faba bean seeds
infested with B. dentipes Baudi . It is also clear that the dose
required for that is relatively a very low one. This means that
irradiated seeds do not require any analysis to prove that they are
suitable for human consumption.

As for the practical application of this technique, it should
be pointed out that any new pest control agent has to be assessed
in relation to the existing practices. This means that numerous
questions have to be answered before any recommendations could be
made. Some of the main questions to be asked are whether their are
deficiencies in the currently used technique ? Is it safer than the
presently used one ? Is it more reliable ? Is it more economical ?
Can we integrate it in the existing agricultural production system
? and does it affect consumer acceptance ? Only by providing
reliable answers to these questions, can the potential of using the
new technique be assessed.

The currently used technique for faba bean seed disinf estât ion
depends on fumigation with hydrogen phosphide (PH3). This method
has several problems. The chemical is not. adequately effective and
it is very dangerous from the point view of occupational safety.
Further more, treatment takes a long time and there is the
potential of the pest developing resistance.

The irradiation disinfestât ion method could be safer than
fumigation from the stand point of occupational safety and public
health. The required dose is a very low one and by all standards
does not cause any possibly undesirable changes in the treated
product. Extensive studies on the wholesomeness of irradiated food
in the USA (34) and England (35) showed that the nutritional
quality was not impaired. The studies also showed that irradiation
did not produce any toxic or harmful material in the irradiated
food at the recommended dose. Further more, the joint FAO/IAEA/WHO
expert committee on the wholesomeness of irradiated food concluded
that irradiation of any food commodity to an over all dose of 10
KGy presents no toxicological hazards (36). This conclusion was
later (1983) incorporated by the Codex Alimentarius Commission in
its Existing Recommended International General Standard for
Irradiated Food. It is obvious that this dose is more than one
hundred times higher than the dose needed for disinfest ing faba
beans. From the stand point of occupational safety, the process
could be fully automatic, no danger to the workers and not subject
to human error.

The technique is very reliable, provides homogeneous and
instant treatment, cause a 100% disinfestation and no fear of the
pest developing resistance to ionizing radiation. In fact, it
preserves its nutritive value, stops degradation caused by insect
infestation and leaves no undesirable residues.

The cost of radiation disinfestat ion depends on the efficiency
in operating the facility and the kind of source being used.
Cornwell (7) compared the cost of disinfestat ion of wheat by
fumigation with hydrogen phosphide (PH3) and irradiation using
electron accelerators or gamma source. He found that the cost of
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irradiation using accelerated electrons costs the same as
fumigation. However, because of the high costs of shielding,
disinfestât ion using gamma irradiators costs double the amount. In
another comparison (37), the cost estimate of irradiation treatment
of grain was compared with fumigation. It was found that
fumigation is fairly constant. The cost of irradiation, however,
decreases with increasing the amount of treated material.
Irradiation of faba bean seeds should be done within a short period
of time after harvest. This means that operation costs will be
very high. However, if such facility was used for some other
purposes, the cost can be reduced significantly.

Various systems for irradiating grains have been proposed
(38). Some workers advocate the use of electron accelerators -with
high grain flow rate and low penetrating power. Others, however,
favor radio!sotopic source such as Co-60 or Cs-137 for their very
high penetrating power. Suggestions have been made for mobile
irradiation facilities installed on trucks, railroad cars and
ships. Irradiators of this type might be suitable for faba bean
seed disinfestât ion. By moving such facilities to locations where
they are needed, maximum use can be made of the irradiators.

Consumer acceptance of the irradiated product depends on
several factors such as the price, the quality and consumer
confidence in the irradiated product. Although this issue is still
probably the .most important factor in the development and practical
application of this technique, public opinion is changing in favor
of the new technology
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Abstract

Food irradiation technologies have been introduced in
radiation processing during the past decades using mainly gamma
irradiation facilities. Electron accelerators - due to the recent
availability of high energy, high power machines - got also
attention in food processing. In this respect several
investigations were carried out to measure and calculate
technological parameters of electron irradiated agricultural
products such as bulk grain and several kinds of spices both in
bulk and packed form. The experiments also included the study of
the applicability of different dosimeter systems in these
technologies to determine depth dose distribution at various
electron energies and to control the process.

The aim of this work under the research agreement No.
5157/CF was the study the applicability of electron accelerators
in food processing in the field of the irradiation of various
spices in packed and bulk form. The investigations were carried
out using electron energy range of 4-10 MeV and basic technolo-
gical parameters have been measured and calculated. Since these
studies require the use of suitable dosimetry systems for depth-
dose distributions, the applicability of various solid and liquid
dosimeters was also examined and suggestions with respect to
their specific use for specific purposes were made. The data ob-
tained and the recommendations made could be of use in the elec-
tron treatment of bulk dry products introduced in food process-
ing.

1. Introduction
Research in food preservation using ionizing radiation has

been carried out for more than thirty years. As a result of these
investigations many irradiation technologies have been worked out
for the radiation treatment of different food products. The effi-
cacy and the usefulness of these food irradiation technologies
have already been demonstrated by their practical application on
technological basis. Most of these technologies (e.g. inhibition
of sprouting, stimulation, disinfestation, delay in ripening,
elimination of pathogens, etc.) use gamma irradiation facilities
as a source of ionizing energy. Since the application of electron
beam facilities is of increasing importance in the field of
radiation processing, their use for food irradiation purposes is
also of importance.

Beside the research scale investigations a few industrial
scale electron irradiation plants have already been established
for food processing. Further investigations on research scale
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electron irradiation of grain and spices have been carried out
at the Institute of Isotopes of the Hungarian Academy of Scien-
ces.

In order to carry out safe irradiation process and to
achieve the required effect the main technological parameters,
such as packaging, depth-dose distribution, minimum and maximum
dose values and their location within the product have to be
determined. A major condition, which determines these parameters
is packaging, i.e., whether the product will be treated in bulk
or in packed form. Our investigations aimed to study the
irradiation of various kinds of bulk spices, when the treatment
is carried out in the electron energy range of 4-10 MeV.

2. Present status of electron accelerators in food irradiation
2.1. Aspects of application of electron beam machines

The growing interest in application of electron beam ma-
chines in food irradiation is supported by the food processing
industry, which looks for the possibilities of having its own
electron irradiation plants built in the production line (1,2).
The increasing costs of isotope sources have also turned the
attention towards the application of machine sources, too (3).
The main disadvantage of using electron accelerators is the low
penetration, which excludes the treatment of bulk packages.
However the high dose rate capability makes possible the pro-
cessing of much larger volumes per hour, which significantly
influences the cost of the process. Accelerators, however, often
require simpler conveyor systems for material transport, which
could promote the application of these high-power machines in
certain fields, where the irradiation of bulk or homogeneously
packed products could be carried out with suitable efficiency.
The absence of problems, concerning the manufacturing, disposal
and transport of radioactive isotopes is another fact to be taken
into account (3), when the use of machine sources is considered.

Due to the limited penetration capability of electron beams
the use of X-rays generated by applying the same electron accel-
erators is another possibility in radiation processing. The pho-
tons generated this way below 5 MeV energy, have a slightly
higher penetration capability than the s°Co photons, however, the
rather inefficient conversion to bremsstrahlung makes the use of
this source of energy a question of economy (3).

Serious efforts to design and build suitable electron accel-
erators for food irradiation purposes have been made by the Ac-
celerator Physics Branch of AECL, taking into account technical,
economic and processing demands (4,5).

The application of electron accelerators in food processing
depends on cost, as well as on technological limits, i.e., penet-
ration of electron beam into the products treated. The required
depth in penetration is a function of the electron energy, but
it cannot be increased more than 10-12 MeV, since radioactivity
is induced in the irradiated product. Thus the recommendations
of the Joint FAO/IAEA/WHO Expert Committee allow the radiation
processing of food with electrons of maximum energy of 10 MeV,
and with X-rays of 5 MeV.

In order to check the extent of induced radioactivity in
irradiated food products, a theoretical evaluation was carried
out both for electrons and for X-ray beams ( 6 ). The authors con-
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eluded that in the case of electrons up to 10 kGy the induced
activity is a few percentage of natural activity for energies
below 10-11 MeV. In the case of bremsstrahlung X-ray irradiations
comparable levels to natural activity were assumed above 3 MeV
of generating electron beam and only a small increase in induced
activity was noticed increasing the energy from 5 to 10 MeV. The
observed activity decayed within a few days.

A real study was also carried out when beef samples were ir-
radiated with 10 MeV and 13.5 MeV electrons (7). Induced radio-
activity was not detected when 10 MeV irradiations were per-
formed. Applying 13.5 MeV electrons measurable radioactivity was
observed and the 13N activity was in agreement with the previ-
ously calculated data. It was concluded that irradiation with 10
MeV electron does not constitute any health risk due to
radioactivity.

2.2. Radiation disinfestation
The use of radiation in insect disinfestation gives signif-

icant advantages compared to traditional chemical methods. Due
to large quantities of products to be treated (like grain), as
well as to low dose requirements (up to 1.0 kGy), the use of
suitable high power accelerators offers advantages compared to
gamma irradiation technologies too.

Research and pilot scale studies have been carried out con-
cerning disinfestation of maize using electron irradiation. A
pilot plant containing a 2 MeV Van de Graaff electron accelerator
was built to irradiate bulk maize up to a capacity of 2 tons per
day using scanned beam in Mexico (8). The plant was able to treat
about 200 kg maize per hour at a dose of 0.25 kGy. It was found
that in the case of the most common insects the absorbed dose of
0.25-0.30 kGy proved to be suitable for disinfestation and the
storage of irradiated samples for four years indicated the feasi-
bility of the process.

Radiation disinfestation of imported grain was put into
practice on commercial scale in Odessa (USSR) in 1980 using elec-
tron accelerators. The plant consists of two independent lines,
each one is equipped with a 1.4 MeV electron accelerator (20 kW)
and a grain conveying system (2). The grain is treated with a
minimum dose of 200 Gy and the capacity of each machine is 200
t/hour. During the operation it became also clear, that the cost
of treatment is considerably less, compared to that of fumiga-
tion, used also in that country.

2.3. Microbiological decontamination of food and its ingredients
One of the most promising applications in the field of food

irradiation technology is the elimination of pathogenic bacteria
(e.g. , Salmonella, Campylobacter, etc.) in contaminated foods and
dry ingredients. Detailed investigations proved, that doses of
2-7 kGy are sufficient to control and decrease bacteria contami-
nation to an acceptable level in e.g., frozen meat and poultry
(9, 10).

In order to show the usefulness of the technology, as well
as to help the public acceptance of irradiated food a series of
experiments were performed using a "CIRCE" 6 MeV (7 kW) acceler-
ator to irradiate mechanically separated poultry meat (11, 12).
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The samples, packed into closed polyethylene bags and frozen at
-18 °C, were irradiated with doses of 1-5 kGy. Although it was
found that a dose of about 3.0 kGy dose is sufficient to reduce
the contamination to the required level without causing any
change in the organoleptic quality of the product to ensure safe
product an average absorbed dose of 5.0 kGy was chosen to be used
at the irradiation technology. On the basis of the preliminary
experiments a 10 MeV "CASSITRON" accelerator was built into the
pro-duction line to irradiate frozen, mechanically separated
poultry meat. 8000-10000 tons of this product have been treated
annually since 1987 (13).

The radiation decontamination of dry food ingredients is
also a well established and existing irradiation technology using
gamma irradiation (9). The control of the applicability of elec-
tron accelerators for this purpose has been the subject of re-
search scale investigations. Spices, food grade salt, sugar and
gums were irradiated, with different doses, respectively, using
a 10 MeV linear electron accelerator and the effects like reduc-
tion of the total microbial contamination, change of colour and
viscosity were examined (1). Possibilities of material transport,
used for electron irradiation of bulk materials, taking into
account such disadvantages, like reinfection and dust formation,
were also discussed and the use of conveyor was suggested.

Experimental scale preliminary electron irradiations of dif-
ferent spices aiming to clarify the irradiation conditions have
also been carried out at the Institute of Isotopes (Budapest,
Hungary) (14).

2.4. Shelf-life extension
The shelf-life of various foods can be significantly in-

creased using ionizing radiation by killing microorganisms, which
can cause spoilage or deterioration (9). The application of elec-
tron irradiators for this purpose is rather rare, although a few
attempts to use this technology have already been carried out.

The long-term storage of frozen, vacuum packed, cured bacon
was achieved by using electron irradiation, combined with other
(low nitrite curing and smoking) methods. The irradiations were
carried out using a 3 MeV, 50 kW Dynamitron machine. It was
found, that this combination process increased considerably the
storage time compared to the previous process, when gamma irra-
diation, without other processes, was suggested.

Electron irradiation of strawberries and mushrooms was car-
ried out on research scale using a 10 MeV linear electron accel-
erator (16). No change in taste was found after irradiating the
strawberries with 1.0 and 2.0 kGy dose, while very little change
was observed in the case of the samples irradiated with 3.0 kGy.
It was also noticed, that irradiation had no influence on the
ascorbic acid content in the strawberries, while the electron
treatment retarded significantly the growth of moulds and the
decomposition of sugar in these fruits, stored at +5 °C after
irradiation.

In the case of mushrooms the electron irradiation was car-
ried out using 1.5 and 2.5 kGy absorbed dose and both doses in-
hibited significantly the ripening. The caps did not open during
the 20 days storage (+10 °C) period. The irradiation signifi-
cantly retarded both the growing of moulds on the surface - es-
pecially in the case of the 2.5 kGy treatment - and the desicca-
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tion of mushrooms. Their change in colour - to turn brown - dur-
ing storage was also reduced.

Research scale investigations were carried out to study the
effect of both electron and gamma irradiation on red and white
grape musts (17). The authors concluded, that further research
is needed to study the practical applicability of the process.
The electron treatment, however, proved to be more secure and
efficient in maintaining colour and phenolic compound content,
compared to gamma irradiation.

2.5. Other applications
The effect of both gamma and electron radiation was studied

on the feeding value of wheat straw (18). The electron irradia-
tion was carried out using the ELIT type 1.0 MeV accelerator of
the Central Institute of Isotope and Radiation Research (Leipzig,
Germany). Various kinds of wheat straw samples were irradiated
and enzymatic digestibility, crude fibre content, dry-matter
content and solubility in water of the irradiated product were
determined. It was found, that the radiation effects at higher
doses are more pronounced and these effects were increased in the
case of electron irradiation in the range of 0.1-2 MGy compared
to gamma irradiated samples. In in vivo experiments with sheep
no health hazards were observed.

Test investigations were made using electron irradiation of
spruce wood and it was shown, that by applying 2 MGy dose the
method is technically feasible as a pretreatment for enzymatic
hydrolysis of softwood (19). By irradiating the spruce wood samp-
les with a dose of 2 MGy, almost all of the cellulose content of
the samples became available for enzymatic hydrolysis to produce
sugar solutions, which contained about 80% glucose, beside man-
nose and cellobiose (20).

2.6. Economics of electron irradiation in food processing
In food processing the application of electron accelerators

is at a starting point, although a few practical examples have
been given in the previous chapters. The larger scale expansion
of this technology, however, depends very much on its economic
suitability, compared to other methods.

A comparative economic study (21) was carried out to evalu-
ate cost effectiveness, when using different methods in food
processing. The cost of chemical-fumigation and radiation proc-
essing was evaluated in the case of pest control for raisins. It
was shown, that the irradiation cost is competitive with other
treatments.

On the other hand the costs of application of both radio-
nuclide sources and electron accelerators for food irradiation
purposes were also compared (21). Concerning the cost of central
facilities it was found, that the lowest processing cost per kGy
tons can be achieved using 10 MeV machine, due to its high use
efficiency and low power requirements. The cost, associated with
the use of the 5 MeV X-ray facility is significantly higher, but
its application is favoured by the high penetration of X-rays.
Its processing cost, however, was shown to be lower, than either
of the radionuclide sources. The application of these machines
for food processing however, requires the availability of high
average beam power electron accelerators.
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Another economic study on the use of electron accelerators
for food preservation was worked out for five cases, applying
X-rays or high energy electrons (22). Processing costs were eval-
uated for the cases of the disinfestation of bulk grain; bagged
fortified flour; preservation of packaged beef cuts and pre-
packed meat cuts and for the elimination of Salmonella from
poultry. It was again concluded that in the case of the avail-
ability of high-power accelerators their application in food
processing is a real prospect for the future.

Electron irradiation of cellulose for glucose production was
also discussed on an economic basis (23). It was found, that by
electron treatment the glucose yields can be increased and by
applying the irradiation process as pretreatment to an existing
cellulose recovery plant, the method is economically favourable.

The costs of electron beam and 60Co facility were also
compared on the basis of the assumption, that 10 kW electron beam
power is equivalent to 1 MCi 60Co (24). Capital costs for linear
accelerators were found to be almost equal to those of 60Co fa-
cilities at lower power (10 kW, 1 MCi). At higher power, however,
the 60Co units become more expensive. Capital costs for radiation
shielding, mechanical handling and building services were found
to be equal for the two types of facilities, but operational
costs were shown to be lower for the linear electron accelerator.

3. Experimental
3.1. Electron accelerators

The irradiation of the different food samples was performed
using different types of linear electron accelerators.

A series of irradiations were carried out with the 4 MeV
TESLA LPR-4 type linac of the Institute of Isotopes in Budapest.
This machine produces electron radiation with an average energy
of 3-5 MeV and either single electron pulses or a continuous
train of pulses can be produced with a frequency of 50, 25, 12.5
or 6.25 Hz respectively (25). The pulse length is 2.6 us or 80
ns. The electron beam can be positioned by an electromagnetic
deflection system, by which a continuous scanning frequency of
1 Hz is also possible. In the course of our investigations the
irradiation of the samples was carried out on a simple pulled
tray using scanned beam.

Irradiations were also carried out with the 7.5 MeV linear
electron accelerator (type LUE-8-5B) of the Electrical Insulating
Materials and Plastics Factory in Budapest. In this case the ir-
radiations were performed on a table, which moved with a certain
speed below the scanner.

Irradiations were also performed with the 10 MeV (Elektro-
nika U-003 type) linear electron accelerator of the Central
Institute of Isotope and Radiation Research (Leipzig, Germany).
The boxes containing the spice samples were irradiated on a
conveyor in the electron energy range of 6-10 MeV. The speed of
the conveyor was changed at each electron energy applied.
The main characteristics of all these linear accelerators are
summarized in Table I.
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Table I.
MAIN CHARACTERISTICS OF THE LINEAR ELECTRON ACCELERATORS

APPLIED IN THE COURSE OF THE INVESTIGATIONS

Type of the LINAC LPR-4 LUE-8-5B Elektronika
U-003

Average energy (MeV)
Average beam current
Pulse duration (MS)
Scan width (cm)

(itiA)
3
0
2
-5
.03
.6

20
Scanning frequency (Hz)
Max. average beam power (kW)

1
0.1

7.
0.
3.
60
5
5

5
62
6

6-11
1.
1.
40
1-
8

0
0-5

3

.0

3.2. Dosimetry methods
Fricke dosimeter (26) was used to determine the dose-rate

in those 60Co gamma irradiation facilities, which were used to
calibrate the solid and liquid state dosimeter systems, applied
during the investigations.

The ethanol-monochlorobenzene (ECB) dosimeter system con-
sists of an alcoholic solution of chlorobenzene. The concentra-
tion of HC1 formed during irradiation is a measure of absorbed
dose. Different absolute and relative evaluation methods are
available to determine the absorbed dose in the 10 Gy - 1 MGy
dose range. The method has got wide-spread application using
oscillometric evaluation, when the measurements are carried out
using sealed glass ampoules. Recent investigations proved the
applicability of the method for routine dose control in electron
processing dosimetry too (27,28).

Radiochromic film dosimeters are widely used to measure dose
ments in the 1-200 kGy range.

The FWT-60 or FKT-20 dosimeters are the most commonly used
radiochromic films, produced by Far West Technology (Goleta,
USA). This dosimeter film can be applied in the dose range of 102
- 105 Gy (30) .

PVC dose monitors were applied to measure beam homogeneity
at the position of the samples to be irradiated. Due to the rela-
tive measurements made with the PVC films, no calibration was
necessary (31).

To set the irradiation conditions prior to the irradiation
of the food samples, water calorimeters developed and used on
routine basis at the Accelerator Department of Riso National
Laboratory were applied. These calorimeters (Fig.l.) are widely
used to characterize industrial electron accelerators and to
control the irradiation process (32). By measuring the tempera-
ture rise (AT) during irradiation in the calorimeter the absorbed
dose can be calculated

D(kGy) = AT (°C) • cp (Jkg-̂ C'1) (1)
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Figure 1.
The water calorimeter used for dose measurements ,
at Riso National Laboratory

Thermoluminescent dosimeters (TLD) are possible choices for
measuring doses in irradiated grain type products. A12O3 dosi-meters, developed at the Physics Department of the Institute of
Isotopes have also been studied for potential use in electron
processing dosimetry (33).

3.3. Analytical methods
The evaluation of the irradiated Fricke and film dosimeters

was carried out with a Pye-Unicam SP6 550 UV/VIS spectrophoto-
meter. The evaluation of the film strips applied for the deter-
mination of depth-dose distribution was made by using a scanning
densitometer of the Accelerator Department of Riso National Labo-
ratory .

The OK-302/2 type oscillotitrator (made by Radelkis Electro-
chemical Instruments, Budapest) was used for the oscillometric
measurements of the irradiated ECB dosimeters. The instrument
works at a frequency of 48 MHz and has a capacitive cell for
measuring the conductivity of the irradiated samples.

The measurement of the irradiated A1203 TL dosimeters wascarried out with a Harshaw 3000 type TL reader and also with
another TLD evaluation system, consisting of a reader and an
HP-85 personal computer, developed at the Health Physics Depart-
ment of Riso National Laboratory.

4. Description of Research Carried out
4.1. Applicability study of dosimetry methods
4.1.1. Ethanol-monochlorobenzene system

Film dosimeters are generally used both for the determina-
tion of absorbed dose and dose distribution in electron irradi-
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ated products due to their size and the good resolution. Their
application, however, needs careful considerations and treatment
due to their sensitivity towards environmental effects (like
light, temperature, humidity, etc.).

The size of liquid chemical systems (i.e., the size of the
applied glass ampoule) may often limit their use in electron
processing, but still these systems possess the advantages of
much less sensitivity towards environmental conditions and of
having small or non variations within and among batches. The
oscillometric ECB method has even got the advantage of réévalua-
tion.

For routine process control the ampoules, containing the
dosimeter solution can be placed into e.g., polyethylene (PE)
phantom, with a wall thickness of about 5 mm above the ampoule.
This holder, containing the dosimeter ampoule should be irradi-
ated perpendicular to the direction of the electron beam. In this
way any suitable liquid system can be applied for the routine
control of the beam.

In this way ECB dosimeters can be applied to characterize
electron beam machines, i.e., to determine, the relationship
between technological parameters of high energy electron
accelerators - such as electron current, conveyor speed - and
absorbed dose. The solution can be applied for routine control
by measuring the nominal dose at various irradiation conditions.
For depth-dose measurements, however, thinner dosimeters are
needed, thus the use of double-layer mylar pouches was studied
for storing the ECB solution. It was found, that the solution,
kept in these special "containers" can be irradiated in a wide
dose range (1-50 kGy) used at electron energies, lower than 4
MeV, where glass ampoules cannot be used. It was also checked,
that the solution used in these pouches can be used to measure
dose distribution e.g., in various bulk materials.

ECB solution in mylar pouches was used to measure depth
-dose distribution in bulk pepper, irradiated with 4.0 MeV and
7.5 MeV nominal energy electrons. The ECB dosimeters were placed
at different depths in the spices, while film strips were placed
parallel to the ECB pouches. The depth-dose curve, measured in
irradiated bulk pepper is shown in Figs. 2 and 3. On the basis
of these results we can conclude, that although film dosimeters
are most suitable for measuring depth-dose profile in various
electron irradiated products, the ECB solution in mylar pouches
may be applied in bulk products.

4.1.2. Thermoluminescent dosimeters (TLD)
A number of different TLD systems have been developed during

the past two decades, many of them applied for personal dosi-
metry. A few systems, however (e.g., LiF, A12O3) have shown pro-mise for measuring higher doses with possible application in
radiation processing of mainly grain-like products. LiF dosi-
meters can be used for this purpose, but due to its limited dose
range the applicability of A12O3 dosimeters - developed recentlyin our Institute - was studied. Different type A12O3 samples wereinvestigated with respect to their useful dose range. For this
purpose the TL dosimeters were calibrated with Gammacell type
irradiation facilities in the dose range of 0.01-5.0 kGy. The
evaluation of the dosimeters was carried out at 250 °C one day
after irradiation. After evaluation the samples were annealed for
one hour at 600 °C and then for another hour at 100 °C (33).
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Figure 2.
Depth-dose distribution measured in irradiated bulk
pepper with FWT-20 film dosimeters (continuous line)
and ECB dosimeters (o) at 4 MeV
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Figure 3.
Depth-dose distribution measured in irradiated bulk pepper
with B3 film dosimeters (continuous line) and ECB dosimeters (o)
at 7.5 MeV

It was found, that the most promising dosimeter concerning
food irradiation is the D-2C type A12O3, which showed also areliable performance, when irradiated with 10 MeV electrons.

4.2. Irradiation of grain
4.2.1. Dosimetry aspects

In order to determine both absolute and relative dose in the
radiation treated product, we studied the use of both solid and
liquid phase dosimeter systems. Although the latter ones are not
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so convenient for use in bulk grain products (due to size, pack-
aging, etc.)/ as the solid systems, their reliability (due to
limited environmental effects e.g.) is still better then most of
the solid systems in question. For this reason the applicability
of super-Fricke and ethanol-monochlorobenzene solution, different
type film (PVC, FWT-60, B3) and TL dosimeters (LiF, A12O3) havebeen checked under electron irradiation of high dose rates.

Due to the size of the various grain pieces, as well as the
relatively low dose requirements, TL dosimeters seem to be the
most convenient choice for dose control in such products. The
dose range, applied for the radiation treatment of grain is
O.l-l.O kGy, which is the upper limit of the application of the
LiF dosimeters.

Although some experiences have already been gained, when
super-Fricke and ethanol-monochlorobenzene dosimeter solutions
were applied for pulsed electron dosimetry (26, 27), very limited
experience is available in using TL dosimeters for high dose-rate
electron irradiations. On the other hand, due to the observed
supralinearity in connection with the use of LiF system, its
calibration, using 60Co gamma irradiation needs careful checking.
The same concerns the application of the A12O3 TL dosimeter too.A significant amount of information has already been gained, how-
ever, concerning the use of different film dosimeters for elec-
tron dosimetry. Although their applicability for absorbed dose
measurements is limited below 1.0 kGy - i.e., for the irradiaton
of grain - their use for relative measurements, e.g., to deter-
mine depth-dose profile in the electron irradiated product is the
best choice.

4.2.2. The electron irradiation of grain samples
The radiation treatment of various types of grain is already

an established method for different purposes. The disinfestation
helps to avoid post harvest losses, while by stimulating the ger-
mination of barley the malting process can be shortened and con-
sequently the throughput capacity in the malting plants can be
increased (34). The radiation treatment of grain is carried out
using both radionuclide and machine sources. The application of
the latter technology, however, needs further investigations,
especially concerning the dosimetry systems, applied for process
control. Therefore different dosimeter systems were applied for
absorbed dose measurements in irradiated grain samples and the
results were compared.

For the radiation treatment of grain small scale irradia-
tions were carried out using the 4 MeV LPR-4 linear accelerator
of the Institue of Isotopes. Due to the applied electron energy,
20-30 mm layer of grain was irradiated in a tray pulled with
constant speed below the scanner. The suitable speed of the tray,
which was necessary to achieve the required dose, was determined
by using super-Fricke dosimeter solution. The frequency and width
of the scanned beam was 1 Hz and 25 cm, respectively.

According to the purpose of the investigations we determined
both the depth-dose distribution in the irradiated samples and
the absorbed dose results, using unevenly distributed dosimeters
in the bulk grain (Table II. and Fig.4).
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Table II.
ABSORBED DOSE RESULTS IN ELECTRON IRRADIATED GRAIN

Number of Electron current
measurement

Type of
dosimeter

Absorbed dose
(kGy)

1.

2.

3.

1.2

7.0 jitA

7.0

LiF and
super-Fricke

ECB and
A1203

ECB and
A1203

113.515.3
105.1±1.2

634.0158.2
650.3175.5

658.6130.0
645.0149.5

0)

o 100
•a
<a

o
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Figure 4.
Depth-dose distribution in electron irradiated bulk grain
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4.3. Determination of dose distribution in electron irradiated
bulk spices

The electron irradiation of dry ingredients can be carried
out both in bulk and in packed form. Beside commercial aspects
the choice is also determined by the electron energy applied.
Investigations irradiating packed products with 4 MeV and 8 MeV
electron accelerators have been carried out earlier in our Insti-
tute. The irradiation of spices in bulk form have been carried
out recently to study the dose distribution in the products. In
order to work out the required technological parameters various
types of spices have been irradiated in the electron energy range
of 4-10 MeV.
4.3.1. Determination of electron energy

Since the irradiation of the samples has been carried out
in the electron energy range of 4-10 MeV, the actual energy had
to be measured at each level.

The determination of electron energy (Ep>0) was carried outby applying the following formula:
E —• f" P 4- I"1 ( ">\p,o ~~ ̂ l^p ^ ^*2 \ ~ )

where C± and C2 are recommended constants and Rp is the practicalrange (cm) (35). In Al phantom and in the energy range of 5-25
MeV G! = 5.09 MeV-cm"1 and C2 = 0.20 MeV. Although this formula isvalid in the energy range mentioned above, it was used also at
the LPR-4 accelerator taking into account, that due to its some-
what lower energy the uncertainty of the measurement is somewhat
higher.

Thus the most probable electron energy was determined by
measuring the practical range (Rp) of electrons with radiochromic
(B3) films placed into an Al phantom, as shown a Fig. 5. The
depth-dose profile, measured in the Al phantom and the determina-
tion of the Rp value is shown on Fig. 6. The different electron
energy values are mentioned at the discussion of the separate ex-
periments respectively.

Electron beam

film strip

Figure 5.
Schematic view of the Al-block used for energy determination
at industrial electron accelerator
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distance (cm)

Figure 6.
Depth-dose profile in Al-block

4.3.2. Depth-dose profile in various spices
The irradiations were performed using linear accelerators

with different electron energies (LPR-4, LUE-8, Elektronika
U-003. Table I.). Due to the applied dose range (10-15 kGy) the
irradiation conditions (first of all the speed of conveyor or
pulled tray) were set with the help of water calorimeters. The
samples to be irradiated were placed into cardboard boxes and the
dosimeter film strips, placed in between regular paper sheets
were put into the bulk material, as indicated in Fig.7. The depth
-dose profiles measured in pepper and rice products are shown on
Figs 8-9.

The effective range (Reff) (called also as useful range,which is the distance from the surface to a depth, where dose is
equal to that at the surface) of irradiation was then determined
for each individual product at each electron energy applied.
These data - summarized in Table III. - are essential to work out
the electron irradiation technology for the various products and
to choose the best electron accelerator type which fits the re-
quired irradiation capacity.
Pepper (Fig.8)

The effective range of irradiation varies between 1.8-7.0
cm in the nominal energy of 4-10 MeV in the case of this product
having a bulk density of 0.55 g-cm'3. As the figure shows the
relative maximum dose is at around 126-128%. The slope of the
useful range vs. electron energy relationship (CE) is 0.62cm • MeV1.
Caraway seed

Similar results have been observed in the case of caraway
seed having the same bulk density as that of pepper. The effec-
tive range varies between 1.9-7.0 cm in the same energy range,
while the CE value was found to be 0.64 cm-MeV"1. The relativemaximum dose is about 130-132%.
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Clove
This product has got the lowest bulk density in the range

of products studied (0.35 g-cm""3), consequently the effective
range and the useful range per electron energy values are the
largest.
Rice (Fig.9)

Having a bulk density of 0.78 g-cm"3 the effective range
gets smaller compared to the previous cases (1.4-5.7 cm) and
similarly a smaller CE value of 0.55 cra-MeV"1 was also observed.The relative maximum dose is approximately 140%.

Film Custmotor
strip

Bo*, ccrtc-trtirg the prccuct
to bs rrracfatûc.

Figure 7.
Position of dosimeter film strip placed into bulk spice samples
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Figure 8.
Depth-dose distribution measured in bulk pepper at various
electron energies
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Rice
O - 3.5 MeV
4- - 6.2 MeV
A - 8.6 MeV
• -10 MeV

Figure 9.
Depth-dose distribution measured in bulk rice at various electron
energies

Table III.
EFFECTIVE RANGE VALUES IN ELECTRON IRRADIATED BULK PRODUCTS

Product Effective range (cm) at nominal electron energies
4 MeV 6 MeV 8 MeV 10 MeV

Black pepper
Q= 0.55 g • cm"3

Clove
6= 0.35 g -cm'3
Paprika
6= 0.58 g -cm"3
Caraway seed
Q= 0.55 g -cm'3

Rice
Q= 0.78 g -cirf3
Coffee bean
Q= 0.70 g -cm"3

1.8
3.1
2.5
1.9
1.4
2.0

4.1
4.7
4.5
4.7
3.8
3.6

5.0
6.0
5.8
5.5
5.3
5.3

7.0
7.6
6.9
7.0
5.7
5.8

Coffee bean
Having similar bulk density to that of rice, more or less

similar results were found, i.e., the Reff value varies between2.0-5.8 cm in the 4-10 MeV electron energy range, while the CEvalue was similar (0.55 cm-MeV"1). The relative maximum dose is
about 130-132%.
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Paprika
The effective range values of this product, having a bulk

density of 0.58 g-cur3, are close to the values obtained with
products of a density in the same range. The relative maximum
dose is about 135%, while the CE value was 0.56 cm-MeV"1.

These effective range values - as determined from the depth
- dose curves taken at various electron energies - have also been
plotted as a function of the electron energy for each individual
product investigated. The slope of each function have also been
determined as shown on Fig. 10.

o

D>
C
a

Caraway seed

tg «d = 0.64

1 5 10

Energy (MeV)

Figure 10.
Useful range values measured in bulk caraway seed as a function
of electron energies

Coffe
O - 3.5 MeV
+ - 6.2 MeV
A - 8.6 MeV
• -10 MeV

depth (gem )

FIGURE 11.
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4.4. Calculation of technological parameters
After having measured and calculated the effective range

values in the various products at different electron energies the
calculation of technological parameters of the electron treatment
procedure was carried out. The final aim of the calculations was
the determination of the conveyor speed used to carry the prod-
ucts to be irradiated below (or in front of) the scanner of the
electron accelerator. Two electron accelerators - 2 MeV, 10 kW
and 10 MeV, 10 kW - were selected for the calculations and the
irradiation throughput was calculated.

Due to the scanned beam and the conveyor width, i.e., geo-
metrical conditions, there is a loss of the electron beam uti-
lization assumed to be about 20% (tig= 0.8). On the other hand dueto the nature of dose distribution in irradiated products a cer-
tain amount of the beam energy - penetrating deeper than the ef-
fective range of the product - is also lost. This amount,
represented by i\ir can be estimated from the depth-dose
distribution of the products.

The effective layer thickness of the products (teff ) , to beirradiated in the dose range of 6-10 kGy (Dmax/Dmln = 1.67) wascalculated from the depth-dose profiles, measured earlier using
the Dmax (%) value determined from these curves. The "area" of theproducts to be irradiated can be calculated using these teff val-ues and the scan width taken 1 m.

Taking into account all these data, completed with the aver-
age dose (Dav) determined from the depth-dose curves for eachproduct respectively, the conveyor speed (v) was calculated using
the relationship, that l kW = 3.6-103 kGy-kg-h"1. The utilized
irradiation throughput can be expressed, as

thus
P-3.6'103Tl

^3) -v

(3)

f A v(4)

These calculations have been carried out both for 2 MeV and
10 MeV, respectively and the data are summarized in Table IV.

These data can be used whenever spices in bulk form are ir-
radiated with electron accelerators on a conveyor, but detailed
experiments are suggested to determine all data, discussed, in
each specific case under local irradiation conditions.
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Table IV.
TECHNOLOGICAL DATA OF ELECTRON IRRADIATED SPICE PRODUCTS

10 MeV

Product teff(cm) Dav(kGy) v (m-mirr1)

Pepper
Caraway seed
Clove
Rice
Paprika
Coffee bean

0.83
0.84
0.78
0.90
0.87
0.86

7.6
7.6
8.7
6.0
7.4
6.3

9.0
8.9
8.0
9.0
8.5
8.5

1.32
1.36
1.92
1.18
1.43
1.34

2 MeV

Pepper
Caraway seed
Clove
Rice
Paprika
Coffee bean

0.88
0.87
0.87
0.84
0.85
0.86

1.24
1.28
1.46
1.10
1.12
1.10

8.0
8.0
8.0
8.0
8.0
8.1

9.67
9.27
8.75
7.34
9.81
8.03

5. Conclusions
Studying the applicability of electron accelerators in food

processing it has been shown, that - especially in the case of
large quantities - their use for the irradiation of bulk dry pro-
ducts (grain and various spices) is a technically feasible meth-
od. Depending on the energy of the accelerator the technological
parameters (like layer thickness of the product to be treated or
conveyor speed) of the irradiation process vary of course, but
it was shown, that these kind of products can reasonably be ir-
radiated in the 2-10 MeV range.

The study of the different dosimetry methods applicable for
dose and dose distribution measurements in these procedures
proved, that film systems (radiochromic dye films e.g.,) are most
suitable for depth-dose distribution measurements. Liquid system
(ECB solution e.g.,) can be used for this purpose only under
specific conditions, i.e., at higher electron energies. Pellet
or rod type solid dosimeters of smaller size (LiF, A1203 oralanine e.g.,) can be used for process control in electron ir-
radiated dry products, while both solid and liquid systems can
be applied to set and control irradiation parameters by measuring
the nominal dose under various irradiation conditions.
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