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Abstract

Studies were carried out to assess consumer attitude towards food irradiation through questionnaires, sensory
tests and market sale of irradiated products. The results showed that out of 1020 persons responded to the
questionnaire, 62.43% accepted the irradiation technology while 70.45% were convinced with the advantages of
irradiated food. About 73.97% of the respondents were willing to accept irradiation technology on a long term
basis while 57.53% were willing to consume irradiated food if it was available in the market. Sensory tests on
irradiated smoked fish, chicken, black pepper, coriander, Jew's mallow, broad bean and kidney beans using
triangle test (difference test) and duo-trio test showed that the panelists consisting of 136 persons failed to
indicate any difference between the irradiated and unirradiated food. About 92.2% of 144 persons participating in
a lunch table of irradiated food opined that irradiated food was delicious and found no difference between the
irradiated and unirradiated samples. Consumer comments recorded during the market sale of irradiated black
pepper and broad beans indicated that 95.1% of the respondents found the irradiated (lOkGy) black pepper of
excellent or good quality while the percentage was 81.2% for irradiated (2 kGy) broad bean. The study also
showed that 62.2% and 68.8% of the persons respectively would buy irradiated black pepper and broad bean
again if they were available in the market. Studies on the economics of food irradiation showed that the cost of
irradiation for one ton of frozen poultry as US $130.4; smoked fish US $78.2; spices US $260.1 and dried
vegetable US $26. Economic evaluation of the study indicated that the average annual rate of return will be about
16.9% and the pay back period will be about 5.9 years.

1. Introduction

Food production in Egypt, as in most developing countries, suffers from an annual loss
of about 25% due to hot climate and the unavailability of adequate refrigeration capacity. The
government's policy is to reduce these losses to the minimum level. As we know,
conventional methods of food preservation have, however, obvious limitations in view of the
loss of flavor and freshness associated with canning, the expensive equipment needed for
refrigeration and freezing, and the steadily rising public opinion against food additives. For
these reasons the use of ionizing radiation offers new solutions to these problems.

During the last 30 years, extensive research activities on the radiation preservation of
food have been conducted in Egypt with respect to the adaptability of the method to the local
environment, the optimal radiation doses required for specific changes in organoleptic,
physical, chemical and microbiological properties of irradiated food, and the technology of the
process. Major research activities conducted along this line have been oriented to solving
problems of local and regional importance e.g. inhibition of sprouting in potatoes, onions and
garlic; extension of shelf-life of certain vegetables and fruits including strawberries, oranges,
pears and mangoes; preservation of meat and its products, chicken and its products, fish and
sea-food and their products; elimination of parasites and pathogens from processed meat,
chicken, animal feeds and spices and disinfestation of stored grains and grain products.
Studies have been conducted to determine the lowest effective radiation level required for
short term storage, assessment of changes in organoleptic, physical, chemical and
microbiological levels of irradiated food and their nutritive status.
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Egypt has been participating and closely following the efforts made by the International
Organizations to formulate an overall policy for international acceptance for irradiated food.
Egypt's participation in a Joint FAO/IAEA/WHO Expert Committee on the Wholesomeness
of Irradiated Food held in Geneva 1981 has been seriously undertaken along that line. A report
on the actual local need for legislation based on both international recommendations and the
extensive acquired local experience has been submitted to Ministries of Health, Agriculture
and Industry. In 1997/10/22 Egyptian government issued clearance for irradiating certain
items of food namely: spices, herbs and dried onion and garlic to a maximum dose of 10 kGy.
Approval of some other items of food such as poultry, fish and dried vegetables will be issued
in the near future.

2. Program of work

1. Irradiation of smoked fish, dried vegetables, spices and poultry at doses previously
determined as optimal.

2. Market tests of the above mentioned products in parallel with unirradiated ones to
determine consumer response.

3. Economic evaluation of the feasibility of the process for each tested product.

3. Studies carried out under the project

1. Collection of data on agricultural production and percentage of losses as well as factors
causing the losses.

2. Marketing studies including the consumer acceptance of irradiated food in general.
3. National seminar to inform public about food irradiation and its benefits.
4. Analysis of data obtained from the survey of consumer's acceptance of irradiated food.
5. Irradiation of smoked dried fish, poultry, certain spices and certain dried vegetables at

the optimal dose.
6. Sensory testing of the above mentioned products in parallel with unirradiated ones to

determine consumer response.
7. Analysis of data obtained from the sensory testing of the above mentioned products.
8. Market test for black pepper (representative spice) and broad bean (representative dried

vegetable).
9. Economic evaluation of the feasibility of the process for irradiated smoked fish, chicken

carcasses, dried vegetable and black pepper.
10. Profitability ratio of the irradiation process for the above food products.

4. Experimental method

4.1. Consumer acceptance of irradiated food

The objective was to know the opinion and attitude of the consumers as well as to
what extent they accept or refuse food preservation by radiation. Also, to arrive at a method
that can attract the consumers to adopt the technique and ensure the success of handling
irradiated foods in Egyptian markets.

4.1.1 Research samples

Cairo governorate was selected to carry out the study for its large population (about
12 million person, represent 20% of the population). Random samples were taken to represent
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educated class from all parts of Cairo. These samples were chosen for their ability to
distinguish between the useful and harmful methods, especially in the field of food handling.
Also, they have an effect on the behavior of non-educated.

4.1.2. Characteristics of sample

The characterestics of the sample population used for testing the consumer attitude to
food irradiation is given in Table 1. One thousand and twenty two questionnaires were
distributed to the sample population which were divided into two categories:

4.1.2.1 The workers at Atomic Energy Authority:

The total number was 212, i.e. 20.74% of the total sample size. They were selected as they are
working in the same field and are knowledgeable about food irradiation and also to find out
how they would accept irradiated food.

4.1.2.2 Non-workers at Atomic Energy Authority:

The total number was 810, i.e. 79.26% of the total number of the sample. The characterestics
of the sample population used for this study is given in Table 1. The questionnaire was
supported with simplified information about the use of atomic energy and radiation for
peaceful purposes. We chose a question-answer model that gives the consumers a correct idea
about the peaceful uses of radiation treatment for agricultural products. This question-answer
model was based on the information extracted from the ICGFI brochure "Facts about Food
Irradiation".

Table 1. Characteristics of the sample population used for testing consumer attitude to food
irradiation

Age

Less than
20 years
20-Less
than 30
years
30-less
than 40
years
40-less
than 50
years
50 years or
more
Total

Atomic Energy Authority
Personnel
Numb
er

40

80

80

12

212

%

3.91

7.83

7.83

1.17

20.74

Mai
es

25

48

45

7

12.5

Female
s

15

32

35

5

87

General Population

Numbe
r
18

166

228

290

108

812

%

1.76

16.24

22.31

28.38

10.57

79.26

Males

10

102

137

168

63

480

Female
s
8

64

91

122

45

330
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4.2. Sensory Tests:

The foodstuffs studied were commercial products such as poultry meat (chicken),
smoked fish (herrings), spices (black pepper, cumin and coriander) dehydrated vegetables and
legumes (broad bean, kidney bean and Jew's mallow).

Ckicken meat was irradiated in the frozen state at a dose of 5 kGy, smoked fish
received 3 kGy, spices were irradiated at 10 kGy while dehydrated vegetables and legumes
received 2 kGy.

All samples were packed in polyethylene bags (0.25-mm thickness) and sealed by heat.
Each bag contained about 1 kg. The irradiation process was carried out at the National Center
for Radiation Research and Technology (NCRRT), Nasr city, Cairo, Egypt at a dose rate of
2 kGy/h. The sensory evaluation of the irradiated samples was performed one week after
irradiation. Irradiated and unirradiated products were judged for various sensory parameters
using sensory evaluation sheets by 136 persons to determine the organoleptic quality and
acceptability of radiation processed foods.

Two test procedures were used for this purpose, namely, Triangle test and Duo-Trio test, in
addition to the lunch table of irradiated food.

4.2.1. Triangle test:

In the triangle method the panelist received three coded samples and they were told
that two of the samples were the same and one was different. The panelists were asked to
identify the odd sample. This method is based on the probability that if there is no detectable
difference, the odd sample will be selected by chance one third of the time (Larmond, 1982).

4.2.2. Duo-Trio test:

To determine if there is a differences between the irradiated and unirradiated food
samples Duo-Trio test was used. In the Duo-Trio test, three samples were presented to the
panelist. One was labeled R (Reference) and the other two were coded. One coded sample was
identical with R and the other was different. The panelists were asked to identify the odd
sample.

The Duo-Trio test can be used in place of the paired comparison test if no
characteristic is specified. In the simple paired comparisons test, the panelist is asked which
sample has more or some specified characteristic, whereas in the Duo-Trio the panelist bases
his judgment on any difference he can detect.

Questionnaire for Due-Trio Test

Name Date Product

On your tray you have a marked control sample ® and two coded samples. One sample
is identical with R and the other is different. Which of the coded samples is different from R?

Samples Check odd samples

A
B
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Comment

4.2.3. Lunch table of irradiated food

Lunch table of irradiated food was prepared as Egyptian cooking with the following menu to
compare the taste between the irradiated and unirradiated food. Every food presented to the
guests in this lunch table was irradiated except the bread and drinks.
1. Fried poultry meat irradiated at 5 kGy and spiced with black pepper treated with 10 kGy.
2. Deboned smoked fish (herrings) irradiated at 3 kGy.
3. Kidney bean salad irradiated at 2 kGy.
4. Stewed broad bean (Viciafaba) irradiated at 2 kGy.

4.3. Market test:

Currently, the Egyptian food law permits irradiation of certain items of food. On
22 October 1997, the Egyptian Organization for Standardization and Quality Control issued
its permission for irradiation of spices, herbs, dried onion and garlic at maximum dose of 10
kGy. The Ministry of Health considers irradiated spices and dried foods safe and wholesome.

Under the above mentioned condition, trial sale was ran from December 1997 to the
end of January 1998 to test the opinion of the consumer for the irradiated food acceptance.
During that time we offered 50 kg black pepper irradiated at 10 kGy and 250 kg broad bean
irradiated at 2 kGy. The irradiated black pepper were packed in 100 g and broad bean were
packed in 500 g in plastic bags with label in Arabic language (free from fumigants and treated
by ionizing rays).

Irradiated products were put for sale alongside with unirradiated ones in 6 food stores
(supermarket). Irradiated black pepper were 10% more expensive than untreated ones while,
irradiated broad bean were 5% more than unirradiated ones. In all stores signs were displayed
around products shelves (75 x 120 cm) to explain the merits offered by the irradiation process.
As mentioned earlier, simplified information in Arabic language was made available to
customers about the use of atomic energy and radiation for peaceful purpose based on the
brochure "Facts About Food Irradiation" published by ICGFI.

A questionnaire (see below) was handed out to the consumers who bought irradiated
black pepper and broad bean for assessing their opinion after the consumers had used the
product.

Questionnaire for Market Test

Would you please mark your opinion and post this card to: National Center for Radiation
Research and Technology, P.O.Box 29 Nasr city, Cairo-Egypt.
Thank you

I think these black pepper/broad bean are of excellent quality.
I think these black pepper/broad bean are of good quality.
I think these black pepper/broad bean are of poor quality.
I will buy this black pepper/broad bean again.
I will not buy this black pepper/broad bean again.
I do not know.

Comment:
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4.4. Economic Feasibility:

In Egypt, the direction now is to give permission for commercial application of
ionizing radiation to preserve and extend the shelf-life of certain foods. The government
issued clearance in 1997/10/22 for irradiating spices, herbs and dried onion and garlic at a
maximum dose of 10 kGy. Approval of some other items of food such as poultry, fish and
dried vegetables will be issued in the near future.

As with other commercial operations, the objective of commercial food irradiation is
to obtain a particular beneficial effect and to market such foods to obtain a profit. In seeking
this objective, business management evaluates benefits and risks and determines the course of
action to be taken in order to generate profits. This evaluation usually requires an economic
analysis. Therefore, this study is conducted to determine the commercial feasibility for certain
irradiated food products namely: poultry, smoked fish, spices and dried vegetables.

The study was based on the choice of gamma irradiation facility with the following
characteristics:

Characteristics of the irradiator
Irradiator type: pallet irradiator
Source activity: 400000 Ci
Maximum capacity: 76000 m3

(m3/kGy/400 kCi/52 week) 45600 tons
Average of the product density (k/m3) 600.

The cost was calculated on the bases of the following:
1. Project life time: 15 years from the actual operation
2. Application of the unit: 90% of the maximum capacity
3. Cobalt degradation: 12.5% yearly.

5. Results and discussion

5.1. Consumer A cceptance of Irradiated Food
From the results obtained it was clear that 62.43% of the total sample size accepted the
irradiation technology whereas 37.57% refused it. Persons convinced with the advantage of
using irradiated food reached 70.45% and non-convinced reached 29.55%. As to the
continued use of this technology, 73.97% agreed while 26.03% objected. The persons who
said that they will buy irradiated food for consumption if it is available in the markets were
57.73% while the objection percentage was 42.27.

Comments:
Question No. 11 Reasons for not being convinced that radiation technology is a safe way for
food treatment.
1. Genetic researches on human and animal are not enough in this field.
2. Psychological reasons.
3. No trust in the radiation equipment's maintenance.
4. May prove to be harmful in the future.
5. Chernobyl reactor accident and the side effects that happened.
6. The idea and means of irradiation are not clear.
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7. Accurate instruments are not available to calculate dose.
8. Suspect that it may be a means to destroy the health of the developing countries.
9. Effect of irradiated food on children and pregnant women are unknown.

10. Fear from application of this experiment outside the research laboratories on commercial
scale and that great mistakes may happen due to the wrong application of this technology.

Question No. 12 Reasons for not being convinced that irradiation technology as a method for
reducing losses of food.
1. Irradiation is an uneconomical means to preserve the food.
2. Fear from cancer diseases after eating these foods.
3. There are no studies to show its chemical effect on food comparing with the other

preserving methods.
4. Thirty-year studies on irradiated food are insufficient period to prove its results on the

coming up generations.
5. Presence of an international agency to control the food irradiation processes is necessary.
6. The trend of the world and developing countries is to use natural and fresh foods.

7. There are no laws to control this technology, beside mistrust in using radiation in food
treatment.

Question No. 13 Reasons for being unconvinced with the advantage of using irradiated food.

1. Some believe that irradiated foods may carry charged particles harmful to health.
2. Others believe that this technology is suitable for surgical tools sterilization only.
3. Some suggested to use this technique for treatment of food for export only.
4. Fear from commercial fraud.
5. Increasing cancer diseases in developed countries that use this technology.
6. Unknown side effects in the long run.
7. There are no merits of this technology more than the other means of preserving.
8. This technology is still in the experimental stage and complete truth is unknown.

9. Harms are more than benefits.

Question No.23 Methods that can explain the facts concerning safe use of food irradiation
technology.
1. Using the stickers in the streets.
2. Exhibition of samples of irradiated foods and explaining the merits in terms of shape, taste

and odor.
3. Using the newspaper treatises.
4. Advertisements about food safety.
5. Exhibit irradiated food samples in exhibitions and social clubs.
6. Broadcasting programs about food irradiation through media from World Health

Organization and other International Agencies.
7. Show the experiments from other countries.
8. The scientists have to eat irradiated food before the public in T.V.

5.2. Sensory tests

5.2.1. Triangle test (Difference test)

Analysis:

The panelists failed to indicate any difference between duplicate and odd samples of smoked
fish. The number of correct answers was 42 out of 136 panelists (30.88%). According to
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Larmond (1982), for rapid analysis of triangle (appendix A), there was no detectable
difference between irradiated and unirradiated smoked fish samples. Almost the same results
were obtained for chicken meat, black pepper, cumin, coriander, Jew's mallow, broad beans
and kidney beans. The percentages of correct answers were 36.92, 26.92, 29.23, 27.27, 31.25,
22.79 and 27.94 respectively.

5.2.2. Due-Trio test (Determination the differences)

Analysis:

Result of statistical analysis showed that the numbers of the correct judgment were not
significant even at 5% level of all the products under investigation.The conclusion is that
irradiation treatment does not cause any significant differences for the tested food.

5.2.3. Lunch table of irradiated food

About 92.2% of those participated in lunch table (144 person) claimed that irradiated food
was delicious and there was no difference between the irradiated and unirradiated samples.
6.5% of the participants who ate irradiated food did not give any comment, while the rest
(1.3%) did not agree to have irradiated food due to psychological reason.

5.3. Market test

During the sale of black pepper and broad bean 500 postcards each for black pepper
and broad bean were handed over to the buyers for their opinion. Out of these, 185 cards for
black pepper and 160 cards for broad bean were returned to NCRRT, i.e. 37% and 32% of the
consumers sent their opinions for black pepper and broad bean respectively to our institute.

The results of their opinion are presented in Tables 2 and 3. The data in Table 2
indicated that 62.2% of the consumers would buy irradiated black pepper while 14.6% would
not buy it and 23.2% were undecided. Among those consumers who said no or were
undecided indicated that they were not sure whether the process is safe. This maybe due to
lack of information about the irradiation process. The data in Table 2 also show that after
consumption of the black pepper, 64.9% of the consumers indicated that the irradiated black
pepper were of excellent quality, 30.2% said that they were of good quality while the rest of
consumers (4.9%) were not satisfied with the quality of the irradiated pepper.

The consumer's attitude towards broad beans irradiated at 2 kGy was positive. Results
of this study indicated that 68.8% of the respondents (160 consumers) would buy it again,
while 25.6% of the consumers indicated that they will not buy it again, whereas 5.6% were
undecided (Table 3). It should be mentioned here that in general consumer response to labeled
irradiated black pepper and broad bean has been positive. Irradiated products sold well in 6
stores and the percentage of consumers interested in purchasing irradiated black pepper and
broad bean were 62.2% and 68.8% respectively. Health risks, including cancer, were the most
prevalent reason for unwillingness to buy irradiated black pepper (14.6%) and irradiated broad
bean (25.6%) in addition to lack of information about the process.
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Table 2. Response of consumers for irradiated black pepper

Opinion
Excellent quality
Good quality
Poor quality
I will buy again
I will not buy again
I do not know
Total

Response number
120
56
9
115
27
43
185

Percentage
64.9
30.3
4.9
62.2
14.6
23.2
100

Table 3. Response of consumers for irradiated broad bean

Opinion
Excellent quality
Good quality
Poor quality
I will buy again
I will not buy again
I do not know
Total

Response number
82
48
30
110
41
9
160

Percentage
51.2
30.0
18.8
68.8
25.6
5.6
100

Economic feasibility:

In view of the beneficial effects of radiation processing, Egypt has approved the process for
commercial application and has accorded clearances on 22/10/1997 to irradiate four items of
food namely: spices, herbs, dried onion and garlic. It was therefore desirable to study the
economic feasibility of food irradiation in order to enable the business community to evaluate
the profitability of food irradiation process. The use of irradiation in the field of food
preservation has many benefits comparing with the other methods of preservation. The most
important benefits of this new technique can be summarized as follows:

1. Control of insects that cause damage to the grains, beans and dried fish during storage.
2. Elimination of pathogenic microorganisms such as Salmonella, Enterococcus faecalis

and Staphylococcus aureus in contaminated foods that cause many diseases which
sometimes result in death, in addition to mycotoxins producing fungi causing liver
cancer.

3. Reduction in microbial load of foods to extent its shelf-life.
4. Sterilization of foods for patients undergoing organ transplantation, or with AIDs, and,

for astronauts.
5. Prevent sprouting in bulb and tuber crops such as onion, garlic, yam and potatoes to

reduce storage losses and permit their marketing allover the year.
6. Additional benefits of irradiation in food preservation include elimination of some

diseases of vegetables and fruits, reduction of cooking time for grains and increased
juice recovery from some fruits.
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While establishing a food irradiation facility and in the economic analysis of food irradiation
process there are some important factors affecting the profitability of the process that should
be taken into consideration. According to Urbain (1993) these factors include:
1. Types of food.
2. Aim of irradiation process.
3. Quantity of food.
4. Price of food.
5. Thickness of food.
6. Packaging technique of food.
7. Dose required.
8. Irradiation plant (location, type of source, irradiation system, others).
9. Temperature during irradiation process (cooling, freezing).
10. Temperature of storage before and after irradiation.
11. Efficiency of using the irradiation plant (number of operation hours per day, number of

days of operation).
12. Combination treatments with irradiation for preserving foods.
13. Transportation of food products to and from the irradiation plant.
14. In addition, other factors required for commercial project such as governmental laws,

capital required, operation costs and expected profits and others.

The aim of the present study was to arrive at the costs of irradiation plant construction and
irradiation process of some foods in Egypt namely: poultry, smoked fish, black pepper
(representing spices and herbs), beans (representing beans, grains and dried vegetables). This
will enable the businessmen to know the irradiation cost of food that could be used to estimate
the profits.

5.4.1. General information about irradiation plant

A. Irradiator type = pallet irradiator
B. Radiation source activity = 400000 Ci
C. Maximum capacity (m3/kGy/400 kci/52 week) = 76000 m3

= 45600 ton
D. Average of product density (k/m3) = 600
E. Plant utilization (%) = 90
F. Cobalt decay (%) = 12.5.

5.4.2. General information about the irradiated products

This information includes the aim of irradiation, dose required and quantity of each product
that could be irradiated on the basis of 90% of maximum plant capacity.

A. Poultry:

Large part of poultry consumed in Egypt is slaughtered, frozen and sold to consumers in the
frozen state. During the slaughter operation, poultry can be contaminated by several pathogens
that cause microbial poisoning. Contamination due to Salmonella in frozen poultry is
estimated to be about 46% of the production and reaches 62% in the summer season.
Additionally contamination by other pathogens such as Staphylococcus aureus, Enterococcus
faecalis, E. coli and others can also occur. The aim of irradiating poultry is to eliminate these
pathogens in the frozen product by using a dose of 5 kGy. Quantity of poultry that could be
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irradiated in the plant under investigation is about 9000 tons/year if the plant is used for
poultry only.

B. Smoked fish:

The basic problem facing the exploitation of the fish resources in Egypt is the remoteness of
these sources from the main markets of consumption such as High Dam lake and Red sea. So,
a great part of the fish caught in these regions reaches the markets in unsuitable state for
consumption. In case of smoked fish like herrings and snakes, some fungi grow on it and
cause spoilage in addition to mycotoxins producing fungi. The aim of irradiating these
products is to reduce microbial load and prevent the fungal growth on the smoked fish.
Quantity of smoked fish that could be irradiated in the plant is about 15000 ton/year.

C. Spices:

Spices are exposed to microbial contamination during collecting, storage and handling in the
markets. Consequently, it becomes a source of contamination in food. The Egyptian
government approved irradiation of spices at a dose level of 10 kGy as it is sufficient to
eradicate most of the microbial contamination. Quantity of spices that could be irradiated at
this plant is estimated to be about 4500 ton/year.

D. Dried vegetables and beans:

Beans and dried vegetables are exposed to attack by many types of insects during storage
which lead to spoilage of about 30%. A dose of 1 kGy is sufficient to destroy all types of
insects, in addition to reducing the microbial load of these products. Quantities that could be
irradiated is estimated as about 45000 ton/year if the plant is used for beans and dried
vegetables only.

5.4.3. Total investment costs for any project is defined as the expenditure required for
construction of the building and associated infrastructure. Table 4 explains the costs for
construction of the irradiation facility.

5.4.4. Pre-operation expenses:

This includes license, studies, experiments, wages during the construction period etc. The
details of these expenses are given in Table 5.

5.4.5. Depreciation:

Table 6 gives the depreciation costs estimated on the basis of depreciation of buildings and
irradiator building for a 25-year period. Depreciation of irradiator was calculated on the basis
of 12.5% annually, equipment and transportation for 10 years and furniture for 5 years.

5.4.6. Annual operation costs:

Includes wages, salaries, cobalt replenishment, depreciation, maintenance, operation,
advertisement, and insurance.

Table 7 explains the value of these costs on the basis of administration and wages are at the
same level of recent wages for similar activities.
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Table 4. Total investment cost

Item
1. Land
2. Buildings
3. Irradiator with complete
Conveyor system

4. Cobalt-60
5. Equipment
6. Furniture
7. Transportation means
8. Expenditure before operation
9. Expenditure of primary
Operation (*)
10. Emergency (**)
Total

Costs $ 103

300
600

1600
800
100
50
50
100

60
183
3843

* Estimated on the basis of 10% of annual operation costs.
** Estimated on the basis of 5% of items 1-9.

Table 5. Pre-operation expenses

Item
1. Licenses
2. Studies and experiments
3. Wages and salaries during
construction period
4. Other expenses (cash in hand)
Total

Value $ 103

5
15
50

30
100

Table 6.Annual depreciation

Item

1 .Buildings
2.Conveyer system
+Irradiator
3.Cobalt-60
4.Equipments
5. Furniture
6.Trans.means

Total

Value $ 103

600
1600

800
100
50
50

3200

Expected Age

25

25
12.5%
10
5
10

Depreciation
value $ 103

24
64

100
10
10
5

213
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Table 7. Annual operation costs

Item
1. Adminstration
2. Wages
3.Cobalt replenishment
4.Depreciation
5. Operation (*)
6.Maintainance (**)
7.Advertisment
8.1nsurance and emergency (***)
Total

Costs $ 103
30
120
100
213
45
60
5
24
597

* Includes costs of water, electricity, spare parts and others.
** Estimated on the basis 2.5% of buildings costs, irradiator, equipment, furniture and transportation means.
*** Estimated on the basis 1% of irradiator costs and irradiator source (Cobalt-60).

5.4.7. Total irradiation costs:

It is well known that there is a direct relationship between the throughput of the project and its
profitability. Increasing the throughput decreases the irradiation cost of the product until the
irradiation plant reach its maximum. On this basis irradiation costs of the product = total costs
+ quantity of product irradiated.

From the previous study and on the basis of using 90% of the maximum, the quantities that
could be irradiated will reach 45600 ton/1 kGy/52 week with a source activity of 400 kCi. The
annual loan interest in Egypt is about 15%.

Annual irradiation costs:

= profit on capital + annual operation expenses
= (15% x 3843000) + 597000
= 576450 + 597000
= $1173450

1173450

Operation hour costs = = $ 134.3
52 x 7 x 24

Costs of one ton of frozen poultry irradiated with 5 kGy = $ 130.4
Costs of one ton of smoked fish irradiated with 3 kGy = $ 78.2
Costs of one ton of spices irradiated with 10 kGy = $ 260.1
Costs of one ton of beans and dried vegetables irradiated with 1 kGy = $ 26.0

5.5. Profitability ratio

Several analytical criteria have been applied to arrive at the expected performance of the
project. Generally, two criteria are usually used.
A. Average Rate of Return
B. Pay back period
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5.5.1. A verage Rate of Return

This criterion pointed out the average benefit of the project expressed as a plain% of the
average of the total investment cost as follows:

Average of annual net profit x 100

Average investment cost

Net profit during the project life

Average of annual net profit =
project life

Initial investment + Terminal value

Average of investment cost =

5.5.2. Pay back period

It implies the number of years required to recover the initial investment cost.

Average of investment cost

Pay back period =
Average of net profit = years

Table 8 indicates the residual value of the fixed assets in the year 15 (the expected end of the
project) while Table 9 shows the maximum quantities and total prices of each product.
Analysis of the data related to total operational cost of irradiation and the expected revenues
for poultry, smoked fish, dried vegetables and spices were performed assuming the disposal of
final product and the gradual utilization of the full capacity as 60% in the first year, 70% in
the second year, 80% in the third year, 90% in the fourth year and 100% in the fifth year (i.e.
90% of the maximum capacity of the irradiator). As tax holiday for such projects in Egypt is 5
years, the estimations were carried out on that base. Tax ratio reaches 35% of the total net
profit after the fifth year. The analysis revealed that the average rate of return for the above
products range between 16.8 and 16.9% while the pay back period is about 5.9 years.

Table 8. Residual value of fixed assets in years 15*

Asset
Land
Irradiator
Cobalt
Machinery and equipment
Building
Trans means
Furniture
Office equipment
Pre-operation expenses
Primary working capital
Contingency

Total

Initial value $ 103

300
1600
800

100
600
50
50
100
100

60
183
3843

Terminal value $ 103

300
—
—

25
100
25

450

* The expected end of the project.
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Table 9. Quantities and irradiation cost for each product

Item

Poultry
Smoked fish
Spices
Dried
vegetables

Unit

Ton
Ton
Ton
Ton

Irradiation
cost per unit $

130.4
78.2

260.1
26

Maximum
quantity in
ton
9000
15000
4500
45000

Total price
$

1173600
1173000
1170450
1.170000

5.6. Seminar:

A National seminar on Food Irradiation was held in Cairo, Egypt from 24-25 March 1996.
The program included the following lectures:
1. Peaceful uses of radiation.
2. Present status of food irradiation in Egypt and elements of draft legislation.
3. Wholesomeness of irradiated food and worldwide status of food irradiation.
4. Replacement of chemical fumigants by irradiation.
5. Irradiation in prevention of food losses.
6. Food irradiation in the context of food safety.
7. Operation and control of commercial food irradiation facilities.
8. Trends in commercial application of food irradiation.
9. Market testing and consumer acceptance of irradiated food.
10. National public acceptance of irradiated food.
11. Cost benefit of food irradiation.

Summary

Extensive research have been conducted in Egypt during the last thirty years on the
radiation preservation of food with respect to the adoptability of this technology to the local
environment, the optimal radiation doses required for specific changes in organoleptic,
physical, chemical and microbiological properties of irradiated food, the technology of the
process and the identification of irradiated food.

The aim of the present study was to know the opinion and attitude of the consumers as well as
to what extend they accept or refuse food preservation by radiation. The study also had the
objective to find out a method that can attract the consumers to adopt the technique and ensure
the successful handling of irradiated foods in markets.

One thousand and twenty two completed questionnaires from consumers were
collected. The questionnaire was supported with simplified information about the use of
atomic energy and radiation for peaceful purposes. The results showed that 62.43% of the
total sample size accepted the irradiation technology while the percentage of respondents
convinced with the advantage of using irradiated food was 70.45%. About 73.97% of the
respondents were willing to accept irradiation technology on a long term basis while 57.53%
were willing to consume irradiated food if it was available in the market.
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From the results of the sensory tests, the panelists failed to indicate any difference
between the irradiated and unirradiated food. About 92.2% of those participated in lunch table
of irradiated food (144 persons) claimed that irradiated food was delicious and found no
differences between the irradiated and unirradiated samples.

During the market sale, 500 post cards each for black pepper and broad bean were
issued to record the consumers response. Out of these 185 cards for black pepper and
160 cards for broad bean with consumers comments were returned to NCRRT. The market
test indicated that 95.1% of the respondents found the irradiated (lOkGy) black pepper of
excellent or good quality while the percentage was 81.2% for irradiated (2 kGy) broad bean.
The study also showed that 62.2% and 68.8% of the persons respectively who returned their
cards would buy irradiated black pepper and broad bean again if they were available in the
market.

The present study showed that the cost of irradiation for one ton of frozen poultry as
US $130.4; smoked fish US $78.2; spices $ 260.1 and dried vegetable $ 26. Economic
evaluation of the study indicated that the average rate of return will be about 16.9% annually
and the pay back period will be about 5.9 years.
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