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Abstract. The irradiation of large volumes of three varieties of onions (56 tons of red Creole, 20 tons of yellow
granex and 14 tons of shallots) at the Philippine Nuclear Research Institute, was carried out by the private sector
(National Onion Growers Marketing Cooperative) with the technical assistance of government. The data
confirmed increased profits from sale of irradiated onions due to the presence of significantly higher percentages
of good bulbs after storage (26%, 36% and 69% more for the yellow granex, red Creole and shallot varieties
respectively) due to inhibition of sprouting. Industry's acceptance of the process was indicated by the large
volume of onions irradiated during the period (96 tons) and the application of the treatment to shallots for the
first time. In spite of the significant benefits, the high capital cost of the plant did not justify its operation solely
for onions. The opening of markets for other applications was considered essential. The percentage of consumers
willing to purchase irradiated food was low but this increased from 15% to 79% when appropriate information
on the technology was provided to them. It was concluded that the provision of information is the key to
consumer acceptance. However, the opening of profitable markets in order to achieve economic feasibility, is the
key to the commercialization of the technology.

1. INTRODUCTION

hi the Philippines, irradiation has a role to play in reducing the post-harvest losses in
food commodities as onions and garlic; in ensuring the safety of food ingredients as spices,
dehydrated vegetables and herbs, in ensuring the safety of frozen foods and in providing a less
harmful method for the quarantine treatment of fresh fruits and vegetables for export. This
project analyzed the cost-benefit picture for the use of the technology under local conditions
and evaluated consumer attitudes towards irradiated foods. The information was to provide a
basis for developing a program for promoting awareness and acceptance of the technology by
the consumer and the industry.

The role of irradiation in reducing losses during the storage and marketing of onions
was the application transferred to the industry in this project. Control of sprouting is a major
concern in the marketing of onions because the crop has to be cold stored and subsequently
distributed over long distances at high ambient temperatures. The use of chemicals as maleic
hydrazide for sprout control has been tried by the industry but has not been widely accepted
due to uncertain efficacy. The chemical reportedly does not fully control sprouting. The
industry was therefore open to large scale trials on the irradiation of onions to evaluate
consumer acceptance, cost and economic feasibility.

2. MATERIALS AND METHODS

2.1 Onion collection, irradiation, storage and post storage handling

2.1.1. Onion collection

Onions came from the onion collection centers of the National Onion Growers
Marketing Cooperative (NAGROCOMA) in Bongabon, Nueva Ecija, 150 km from Manila. A
collection center was a place where onions harvested from surrounding farms were collected,
cured, sorted and packed in crates or bags, with a net weight of 25 kg/crate or bag by farmers
and/or traders.
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hi 1995, 3 tons each of yellow granex and red Creole onions were irradiated, hi 1997,
the industry requested to irradiate 56 tons of red creole and 20 tons of yellow granex onions,
hi 1998, the industry irradiated 14 tons of shallots.

2.1.2. Onion irradiation

The collected onions were transported in 5 hours to the irradiation plant of the
Philippine Nuclear Research institute (PNRI) at Diliman, Quezon City, where they were
irradiated in batches of 20 bags at a time, to a dose of 0.06 kGy to 0.12 kGy. Irradiation and
dosimetry were carried out by PNRI. The industry provided manpower for product handling.
The volumes irradiated were much higher than what the PNRI irradiation plant could handle.
There was thus extensive use of manual labor for product handling. A 3-ton lot of onions took
7 hours to receive the required dose. The PNRI facility is a Co-60 gamma facility with a
source strength of 150,000 curies. The source is adequate for present needs but the lack of
product handling equipment made its use for commercial trials, difficult.

2.13. Storage and post storage handling

After irradiation, the onions were transported to the NAGROCOMA cold storage about
20 kilometers from the PNRI irradiator. In 1995, some batches were stored at the Food
Development Center located a similar distance from PNRI. The yellow granex onions were
stored at 2.3°C for 4 months; the red creole, for 4-7 months at the same temperature, and the
shallots, for 4 months at 15-20°C and 30°C.

At the end of the storage period, the surface of cold-stored onions were dried by
blowing air through the bags or by spreading the onions on the floor for two days of natural
aeration. After this process which was called reconditioning, the onions were prepared for the
market by sorting to separate good bulbs from those that were sprouted, decayed and/or soft.

hi 1995, the good bulbs were packed for retail sale in polyethylene bags with a net
weight of 500 grams. A printed label with the radura logo and a statement "Treated by
Irradiation to Control Sprouting" was placed inside each bag. Two hundred and fifty bags
(250 bags) were packed and delivered daily to three metro Manila supermarkets where the
onions were sold side by side with non-irradiated, non-labeled onions. A big sign giving
information on onion irradiation was placed beside the irradiated bags. About 50 bags each of
irradiated and non-irradiated onions were displayed. An FDC staff distributed information
materials and stayed around to record consumer reaction and daily sales, hi 1997 and 1998,
the onions remained in the NAGROCOMA cold storage and were sold in their original
containers (sacks or crates) to traders.

2.2. Industry-government cooperation in program implementation

hi 1995, the Food Development Center arranged for the transport, irradiation, storage
and sale of onions in the supermarkets. The industry provided the onions and monitored and
collected the proceeds from sales, hi 1997 and 1998, the industry carried out all the operations
from the collection of onions at the collection centers, transport to the PNRI irradiation plant,
cold storage and sale to traders. The Food Development Center obtained government
clearance for test marketing, and monitored the quality of the crop at the NAGROCOMA cold
storage. The PNRI ensured proper irradiation of the commodity, operated the plant to allow
continuous irradiation and acceded to special terms of payment requested by the industry.
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2.3. Evaluation of consumer attitudes

2.3.1. Determination of consumer reaction at the supermarkets

In the 1995 trials, an FDC staff stayed at the supermarkets and talked to the consumers
about the product. There was monitoring of the rate of sale of the onions, consumer reaction
and comments during the purchase of onions at the supermarkets

2.3.2. Survey of consumer perception of irradiated foods

Consumers were organized in groups of 5-10 to evaluate their perception of food
irradiation. There were 210 consumers chosen from the public and 36, from the Food
Development Center (FDC). The consumers (86%) were holders of a university degree and
earning a minimum of PI0,000 a month. A minority (30%) were students taking a university
degree. Based on the above, the consumers were considered "educated". Sixty eight percent
(68%) were female and 32% were male. Sixty four percent (64%) were 20-40 years old, 31%
were 41-60 years old and 5% were more than 61 years old. Each participant in the survey
filled up a questionnaire. After this, a trained moderator discussed the benefits of food
irradiation, initiated discussions, distributed information materials and showed pictures and
samples of irradiated onions. After the group discussion, a second questionnaire was filled up
by the consumer.

3. RESULTS AND DISCUSSIONS

3.1. Profitability from the sale of irradiated onions

The semi-commercial trials showed that irradiation of onions was profitable as
irradiated commodities brought higher financial returns after cold storage (Table I) resulting
from the control of sprouting.

The data obtained on sprout control shown in Table II confirmed previous small scale
trials. The data in Table II shows that there will be 26% and 36% more good bulbs of red
Creole onions after 7 months storage at 2-3°C. For the yellow granex variety, there will be
34% and 30% more good bulbs after storage. Semi-commercial scale irradiation (14 tons) of
shallots was done for the first time and showed an even larger 69%, increase in good bulbs
due to irradiation. After 4 months cold storage, the non-irradiated shallots were almost
unmarketable whereas the irradiated bulbs were 90% good.

For the industry, the trials showed that the irradiation of onions was profitable. There
was reportedly not only greater profit but also greater consumer satisfaction in the quality of
onions and their availability late in the storage season. The profits however were not
adequately large to justify the establishment of a plant by the industry operating only to
irradiate onions. Other applications were needed. Establishment of a central facility by the
government was also recommended.

Industry's acceptance of the process was demonstrated by the increase in volume of
onions irradiated during the project: namely, for the yellow granex variety, 2.5 tons in 1995
which increased to 20 tons in 1997. For the red Creole variety, 3 tons in 1995 which increased
to 56 tons in 1997 and the irradiation of a new variety, 14 tons of shallots (Table II). A total of
96 tons of onions were irradiated during the project period.
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TABLE I. EFFECT OF IRRADIATION ON SELLING PRICE OF ONIONS AFTER COLD
STORAGE

(A) YELLOW GRANEX ONIONS. Stored for 4 months at 2-3°C

QUALITY

1. Spoiled

2. Sprouted, shriveled, soft

3. Good

TOTAL

Average proceeds from sales (P/kg)*

*P40 = 1$US

(B) RED CREOLE ONIONS. Stored

QUALITY

1. Spoiled

2. Sprouted, shriveled, soft

3. Good

TOTAL

Average proceeds from sales (P/kg)*

IRRADIATED
Volume
(kg)

112.74

320.15

1718.74

2151.63
kg

Sales
(Pesos)

0

640.30

22343.62

22983.92
Pesos

10.68/kg

for 7 months at 2-3°C

IRRADIATED
Volume
(kg)

109.32

127.12

1352.57

1589.01
kg

Sales
(Pesos)

0

635.6

29756.54

30392.14
Pesos

19.13/kg

NON-IRHADIATED
Volume
(kg)

301.31

910.78

1044.93

2257.02
kg

Sales (Pesos)

0

1821.56

13584.09

15405.65
Pesos

6.83/kg

NON-IRRADIATED
Volume
(kg)

157.12

321.94

466.17

945.23
kg

Sales
(Pesos)

0

1609.7

10255.74

11865.44
Pesos

12.55/kg
*P40 = 1$US

3.2. Consumer response

Consumers purchased irradiated onions labeled irradiated. The commodity sold better than
non-irradiated onions in supermarkets frequented by high income shoppers.

Consumer response to the technology was evaluated in a survey of 210 "educated" consumers
and 36 consumers from the Food Development Center (FDC). Of the 22 educated consumers
interviewed, 67% did not know what food irradiation was and 11% thought it was something
that would make food unsafe (Table III). Of the 36 FDC consumers interviewed 92% had
heard of food irradiation but 53% were still uncertain if they would purchase irradiated foods
(Table IV). There was poor awareness of the technology outside of FDC and even where there
was awareness, this did not automatically translate into acceptance of the technology.
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TABLE II. EFFECT OF IRRADIATION ON SPROUT INHIBITION IN ONIONS STORED IN
COMMERCIAL COLD STORAGE

ONION VARIETY

a) Red Creole
Stored 2-3°C, 7 months

Irradiated
Non-Irradiated
Difference
b) Yellow Granex
Stored 2-3 °C, 4 months

Irradiated
Non-Irradiated
Difference
c) Shallots
Stored 15-20°C, 4 months

Irradiated
Non-Irradiated
Difference

PERCENTAGE OF ORIGINAL VOLUME OF
GOOD BULBS AFTER STORAGE

Original Volume =56 tons

76%
50%
26%
Original Volume = 20 tons

60%
30%
30%
Original Volume =14 tons

90%
21%
69%

Original Volume = 3 tons

85%
49%
36%
Original Volume = 2.5 tons

80%
46%
34%
Original Volume =14 tons

61%
14%
47%

Irradiation was also preferred over chemicals to prevent sprouting of onions and to
control pathogens. Several information materials for consumers were developed in the course
of preparing for the survey.

Information dissemination was an important factor in the acceptance of the technology
by the consumer (Table IV). Prior to information dissemination, only 15% of the consumers
were willing to buy irradiated foods. After information dissemination this increased to 79%.
Sixteen percent (16%) however remained uncertain while 5% indicated they would still refuse
to buy the irradiated products. Of the consumers who were uncertain one thought irradiation
made a food radioactive while the others felt they needed more information. FDC consumers
(97%) were convinced to buy irradiated foods after information dissemination. However 3%
remained unwilling to purchase even after information dissemination.
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TABLE III. SURVEY OF CONSUMER RESPONSE TO FOOD IRRADIATION

ITEMS SURVEYED

Knowledge of food irradiation:
Have you heard about food irradiation?

Yes
No

Perception of Food Irradiation:
When you hear the term food irradiation
what do you think it does to food?
a. Improve its quality/safety
• Makes it better
• Makes it safer
• Both
b. Makes food unsafe/radioactive?
• Unsafe
• Radioactive
• Better quality but unsafe
• Better quality but unsafe

and radioactive
c. No idea

Which process would you prefer to
prevent sprouting of onions?
• irradiation
• maleic hydrazide

• don't know, need more information
Is there a difference between
irradiated and non-irradiated onions
that you see?
• Yes
• No
• Uncertain

If, yes, what is causing the difference?
• appearance
• texture
• color
• smell
• combination of the above

RESPONSE
Educated
Consumer

(%)

33
67

24

11

65

72
0

28

92
7
1

45
6
3
1

45

FDC
Consumer

(%)

92
8

69

8

22

94
0
6

97
3
0

53
0
6
0

41
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TABLE IV. EFFECT OF INFORMATION DISSEMINATION ON CHANGES
IN CONSUMER RESPONSE TO FOOD IRRADIATION

QUESTION

1. Will you buy irradiated
foods/onions?

Yes
No
Uncertain

2. Will you eat irradiated
foods/onions?

Yes
No
Uncertain

RESPONSE
Prior to the Dissemination

of Information
Educated
Consumer

(%)

15
18
67

13
21
66

FDC
Consumer

(%)

36
0

53

47
0

53

After the Dissemination
of Information

Educated
Consumer

(%)

79
5

16

78
9

13

FDC
Consumer

(%)

97
0
3

97
0
3

4. CONCLUSIONS

The results of commercial scale trials confirmed predictions which FDC had obtained in
the past using small scale trials, that irradiation effectively controlled storage and post storage
losses in onions. There were higher financial returns from the sale of irradiated onions due to
the lower magnitude of commodity deterioration during storage. However investment in a
plant will not be profitable on the basis of onion irradiation alone because of the high capital
cost of an irradiator. Although there was greater profit from sales and greater consumer
satisfaction in the availability of good quality commodities late in the storage season,
feasibility will depend on other applications. The industry was searching for ways to increase
applications in other areas.

Economic feasibility will also depend on the opening of markets for other products for
which irradiation offers a marketing advantage. Although as shown in this study, information
dissemination to the consumer is essential, this will likely not be a limiting factor to
commercialization as only a small percentage of consumers 3-5%, will remain unwilling to
purchase irradiated foods after information on the nature of the technology and its benefits is
provided. The opening of markets and product acceptance by consumers in the markets
opened is important to facilitating trade and needs to be pursued.
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