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SUMMARY

Y. HENON

Research and development of low and medium dose food irradiation applications
in France

The interest in food irradiation in France can best be shown by the number
of facilities under construction or in the planning stage. It was made possible
through an evolution of the regulations which encouraged food companies to submit
petitions. The first commercial applications will deal with dried, dehydrated or
frozen products for which clearances were obtained or are in progress. In coope-
ration with the food industry, studies were carried out on rice flour, herbal teas,
caseinates and ingredients such as colors. In the low doses range, interest seems
mostly to be sprouting inhibition of garlic and insect control in dried fruits. Several
private companies undertook research on directly consumed commodities such
as strawberries, cured meats, saurkraut and ground beef.

C.R. présenté à Vienne du 1* au 18 octobre 1985



COORDINATED RESEARCH PROGRAM

The JECFI report in 1980 retained considerable attention in France.
A report of the CEA on the toxicological aspects of food Irradiation (1)
was presented to the three regulatory bodies s Higher Council for Public
Health, National Academy of Médecine, Inter Ministerial Commission of
Artificial Radioisotopes. They accepted the conclusion that no further
toxicological studies were necessary up to 10 kGy and a guideline for
petitioners was prepared. This action greatly eased the submission of
petitions and their further examination (see Table I). In 1986 or 1987,
the regulations will be changed and a new decree will allow irradiation
of all types of food up to 10 kGy. Beyond this dose, the current procedure
will be followed.

The Interest 1n food irradiation can also be shown by the number
of irradiation facilities under construction or planned (see Fig. 1).

- Guyomarc'h, an important meat packer, bought an electron accelerator
(Cassitron type) from Thomson to irradiate mechanically deboned poultry
meat.

- Another Cassitron was bought by Caric to be installed next to their
old accelerator which will then be used for experimental work. Caric is
a contract company working mostly in the medical field.

- Arkopharm, a company marketing medicinal plants, will soon have
a small cobalt 60 Irradiator (ORIS - IBL/100 000 curies maximum) to irra-
diate plants in capsules.

- Two large gamma irradiators are planned :

. one by Conservatome near Orleans, mostly for medical products
(maximum capacity : 3 MCi)

. one by APIONAL at Marseilles, mostly for dry and frozen food
products.

Licencing is under process for these 2 facilities. Construction should
start in early 1986.

Though the labeling requirements are considered as being a major
problem by the food industry, many companies undertook experiments with
irradiation. Our laboratory is no longer the only one working on the topic.
Many others having a good knowledge of some products or some issues in
food science are able to bring a major contribution to the development
of the process. This progress is very significant since irradiation can
thus be considered as a part of a technological "mix" to solve a particular
problem, and not as an isolated tool that can be handled only by experts-

It was decided that we should remain a reference for all those who
are interested in the process. Consequently we kept our basic research
activities in chemistry and entomology. Our activities in development
were rather irregular in the last 2 years since we were deeply Involved
in the APIONAL project and more generally in the promotion of the process
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(20 conferences a year - Interviews - general articles - etc.). Howeverf
we did carry experiments on applications, mostly 1n cooperation with other
Institutions or food companies. Before going Into more details, I will
very briefly present our bask research activities.

1 - Basic Research Activities

1.1 - Radiation Chemistry

After having studied the radiolysis products of starch and the depoly-
merizing effect of gamma rays, the research team now works on the mecha-
nisms of radiolysis. First the parameters influencing the ESR spectra
kinetics were studied. It could be demonstrated that the evolution of
the spectra and the spectra themselves did not depend on the type of starch
(2, 3). Maltotriose which is a lot less complex than starch was found
to be a good model for further studies (4). Currently the chemists work
on ESR spin-trapping of"-*«^ous glucose oligomers and C specific labeling.

1.2 - Entomology

Recent research was focused on free amino adds concentration in
Tribolium confusum. The great difference in radiation resistance between
mammals and insects 1s mainly explained by physiological differences In
their respective blood systems. The hemolymph of Insects is not Involved
in oxygen transport ; its immunoiogical significance is not clear and
its amino acids concentration is 8 to 80 times higher than 1n mammals.
Several studies showed that radiation damage is reflected by changes in
the free amino acids pool of insects. The aim of recent studies was to
determine if the change of the free amino acid contents in Tribolium confu-
sum male adults could be assigned to a nutritional deficiency. It was
observed that this concentration in males having absorbed 60 and 500 Gy
changed with time in a similar way to Insects deprived of food. This con-
firms the inhibitory effect of irradiation on digestive functions. The
specific behavior of lysine and giutamine in fasting insects was also
found in irradiated insects. The FAA change with time was dose indépendant
between 60 and 500 Gy. No specific effect on intermediate metabolism was
observed.

After further research on a wider dose range and comparison between
several types of desinfestation treatments, this study might lead to an
irradiation test. The FAA pattern analysed in any insect allows to deter-
mine whether or not it has been lacking food and for how long. If this'
insect was found in a store house where food is available, it might indi-
cate that this insect was irradiated.

2 - Development of applications

2.1 - Low dose applications

Insect control by irradiation received little interest from the indus-
try so far. The process seems to be considered uneconomical compared to
fumigation. Hydrogen phosphine and methyl bromide are widely used and
considered satisfactory. It is only for dried fruit and pulses that we
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could find some Interest. A petition was submitted 1n early 1984. It should
be mostly used for expensive dried fruit such as nuts and almonds with
a dose not exceeding 0.5 kGy.

Sprout Inhibition of garlic and onions 1s allowed along with potatoes
and shallots. For the two former products there 1s a true storage problem,
maleic hydrazide having been banned. In 1984 experiments were carried
out with one ton of garlic 1n cooperation with producers associations
(Centre d'Etudes Techniques des Fruits et Légumes de Montauban). Irradia-
tion at 0.12 kGy with cobalt 60 took place two months after harvest. Half
a ton was kept at 19°C with 80 % RH and half a ton at 4-5°C with 70 %
RH. Samples were observed 4, 5 and 6 months after irradiation for weight
loss, sprout and roots growth and market quality.

Weight loss - see table 2a

Cold storage was consistently preferable. Individual garlic cloves
lost more weight than non seperated cloves.

Sprout and roots growth

After 4 months, sprouting was maximum for control garlic in warm
storage (20 %). Sprouting inhibition in irradiated garlic was more impor-
tant with cold storage than with warm storage. In both cases, there was
significant sprouting, most probably due to the long delay between harvest
and irradiation. See table 2b.

Roots growth occured later for irradiated garlics and the difference
between irradiated and control was least for cold storage.

After 6 months of warm storage the percentage of cloves showing roots
is much greater 1n control samples. See table 2c.

Market quality

The percentage of marketable garlics falls in three categories :
Extra, I and II. See table 2d.

Conclusions

Even when irradiation takes place too late, interesting results are
observed as far as keeping qualities are concerned. In 1985 new experiments
were made to compare the effects of various delays between harvest and
irradiation and various doses in case of a late irradiation. Hopefully,
this shoud lead to the possibility to use a commercial facility for a
longer duration and therefore more economically.

2.2 - Medium dose applications

2.2.1 - Rice flour

It is used as an ingredient in many food products. For some of them
such as ground meat (water retention), baby food or refrigerated meals
a high microbial quality is requested. Work had been done in the early
seventies in our laboratory showing the effect on microorganisms of rice
flour (5). See Fig. 2. With a food company, we looked into the effect
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on the chemical and physical properties that are generally controlled
for further use. See Table 3.

For 2, 3 and 4 kGy, no changes were observed 1n the percentage of
humidity, ashes, 11pids and total proteins. A slight decrease of the pro-
tein solubility index was observed while gel properties were modified
as could be expected. However, the usual microbial load of rice flour
is such that a dose of 3 kGy is sufficient. Consequently practical doses
do not impair the technological properties of rice flour. A petition was
submitted 1n August 1985 for this product and other proteinaceous ground
products.

2.2.2 - Herbal teas

Studies showed that doses of 10 and 25 kGy do not change the essential
oils composition of the most widely consumed herbal teas (see Table 4)
(6). In a triangular tesJk*. a jury could not find the irradiated samples
but a slight preference for these samples was observed. A petition was
submitted in August 1984 while commercial use of- the process will start
soon for herbal teas under pharmaceutical control, in order to reduce
their microbial load.

2.2.3 - Caseinates

The acids or alkali used during the making of caseinates allow a
good microbiological quality but some particular uses require an even
better quality. Doses of 2.5, 4, 5 and 6 kGy were used. See Table 5.

4 kGy is enough for a good pasteurisation of the product. A slight
yellowish shade appeared immediately after irradiation but faded almost
completely within a few days. Cheesy flavors remained.

Irradiated and non irradiated caseinates were mixed with other ingre-
dients of sausages (Strasbourg type). No off-flavors could be detected
in the final product and the rheological properties of the emulsion were
unchanged. Though the sausages had a lower TPC when made with irradiated
caseinates, the usual quality and the low percentage used (1.5 %) does
not render irradiation of caseinates necessary. Use of irradiated spices
appears to be a lot more relevant (7).

2.2.4 - Food color

A particular liquid food color with an oil base is used in yoghourts.
Though the total plate count is low, the dairy manufacturer wanted it
even lower. Heating was impossible because it destroyed the properties.
Low dose irradiation proved to be a solution as the color was near sterile
with only 2 kGy. Up to 4 kGy, the emulsion as well as the coloring pro-
perties were unchanged. The characteristic odor disappeared which is rather
positive. Commercial irradiation of this product has started.

2.2.5 - Lysozyme chlorhydrate

This enzyme extracted from eggs is more and more widely used in the
cheese industry to prevent growth of undesirable microorganisms. In some
countries, import of this product is restricted because of a risk of conta-
mination by the Newcastle virus. This possibility seems extremely hypothe-



- 5 -

11 cal. However, Irradiation might have provided a way to guarantee a virus
free enzyme, as suggested by MASA (8). Doses of 5, 10, 15 and 20 kGy were
used. As can be seen In table 6, significant changes in the concentration
and activity of the enzyme were observed with doses which might eventually
inactivate the virus. Consequently the idea was abandoned.

2.2.6 - Walnuts

Ton quantities of walnuts are now used by the cheese industry. A
good microbial quality is required and ethylene oxyde is often used for
moulds and yeasts control. Various attempts have been made to replace
this fumigant. Irradiation was tried several times without success. The
doses required to inactivate moulds and yeasts change the sensory qualities
of walnuts. Recently a combination of low temperature (0cC), nitrogen
and low dose irradiation (1 to 5 kGy) was used. After three months storage
of the cheese, a slight rancidity and most of all darkening of the nuts
was observed. Combination of irradiation and chemical pretreatment might
be experimented in the future.

2.3 - Other studies

The results of some studies to which we were not directly associated
or for which no report is yet allowed may be described very briefly.

2.3.1 - Strawberries

500 kg of strawberries (Red Gaunlet variety) were irradiated in early
June and keeping qualities were extensively studied. Storage temperature
before and after treatment was the main parameter. Early refrigeration
allowed a dramatically increased shelf life.

2.3.2 - Ham and sausages

A leading meat products company usually repasteurizes ham and Stras-
bourg type sausages after packaging by dipping them in hot water. This
operation is lengthy, manpower consuming and leads to discolorations and
exsudâtes. Irradiation at 2 kGy has the same effect on the microflora
but allows a better preservation of sensory qualities.

2.3.3 - Saurkraut

During fermentation of cabbage by lactic bacteria, undesirable odor,
flavor or color may appear due to the presence of other microorganisms.
Lactic bacteria are more radiation resistant than most of these microor-
ganisms. A low dose irradiation (2 kGy) prevents accidents during fermen-
tation and allows greater regularity of the final product without changing
its traditional characteristics.

2.3.4 - Ground beef

Increased shelf life of refrigerated ground beef is of interest for
many meat products company. As little as 1 kGy can achieve this. However
solutions are sought to prevent external discoloration of the meat.
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CONCLUSION

Thanks to an evolution of the regulations, we can consider that we
really caught the attention of the french food industry. Some companies
are enthusiastic with the technical results obtained. However, in many
instances, it is not enough and the economical feasibility will have to
be proven.
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Table 1

CLEARANCES AND PETITIONS

Product

Laboratory animals diet

Onion, garlic, shallot

Spices

Mechanically deboned
poultry meat

Dehydrated vegetables

Gum arabic

Cereal flakes for milk
products

Food packaging

Pork blood proteins

Dried fruit and pulses

Egg-white

Herbal teas

Rice flour

Frozen frog legs

Frozen shrimps

Saurkraut

Maximum
dose (kGy)

60

1.5

11

5

10

7

10

10

10

1

3

10

5

7

7

Petition

Cleared

1975/1981

1977/1984

1983

1985

1985

1985

1985

Submitted

1983

1984

1984

1984

1984

1985

in preparation

X

X

X



Table 2

KEEPING QUALITIES OF GARLIC 6 MONTHS AFTER LATE IRRADIATION

2.a Weight loss

Cold stor.

Warm stor.

Control

- 6.9 %

- 9.3 %

0.12 kGy

- 3.8 %

- 7.8 %

2.b Sprout growth

Origin I

Origin II

Control

74 %

87 %

0.12 kGy

51 %

28 %

2.c Root growth

•

Origin I

Origin II

Control

96 %

100 %

0.12 kGy

23 %

25 %

2.d Market quality

Control

0.12 kGy

Control

0.12 kGy

Storage

Warm

Cold

-

-

-

-

Extra

5 months

7

15

22

19

I

74

64

60

54

II

19

21

18

27

n.m.

6 months

-

-

-

-

Extra

-

10

-

7

I

-

33

75

30

II

100

57

25

63

n .m.

n.m. = non marketable



Table 3

INFLUENCE OF VARIOUS DOSES ON COMPOSITION AND PHYSICAL PROPERTIES

OF RICE FLOUR

.Humidity %

Ash % DM

Lipids % DM

Proteins % DM

Protein Solubility Index

Viscoqraph

Hydration : 400 % MS

- Max. gelification point
(BU)

- Gel ification peint
after 30 min - 92°C

- Geiification after cooling
and 30 min - 25"C

Control

12.2

0.73

1.40

9.49

13.28

3 114

786

1 714

2 kGy

12.2

0.73

1.42

9.48

Û.18

2 679

586

1 536

3 kGy

12.2

0.73

1.47

9.48

11.32

2 486

400

1 350

4 kGy

12.2

0.72

1.50

9.50

11.09

2 543

329

1 293



Table 4

EFFECTS OF IRRADIATION ON ESSENTIAL OILS OF MINT

Component

Menthol

a-pinène

B-pinène

Myrcène

a-terpinène

Umonène

1-8 cinéole

Odmône

Y-terpinène

Menthone

Menthofurane

Isomenthone

Linalol

Menthyi acétate

Néomenthol

Terpinène 4 OL

a-terpineol

Pi peri tone

ppm 1n the plant

Control

7443

104

178

31

41

172

1043

41

62

3210

392

443

58

753

681

460

53

104

10 kQy

7366

111

182

31

40

174

1006

42

59

2928

380

412

56

755

685

466

52

99

25 kGy

7622

116

187

30

37

170

959

42

60

3O10

356

425

57

758

803

362

51

103



Table 5

EFFECTS OF IRRADIATION ON THE FLORA OF CASEINATES

AND SAUSAGES HADE WITH 1.5 X CASEINATES AFTER 1 WEEK AT 4°C

•

CASEINATES

. Mesophilic

. ThermophHic

. Thermorésistant

SAUSAGES

. Mesophilic

. Conforms

Control

1.8 x 104

3.5 x 1O3

3.3 x 1O3

1.1 x 104

< 10

4 kGy

130

10

90

103

< 10

6 kGy

80

10

30

< 103

< 10



<r>-^ Table 6

INFLUENCE OF IRRADIATION ON LYSOZYME CHLORHYDRATE

Control

5 kGy

10 kGy

15 kGy

20 kGy

HPLC
(% Protein)

96.4

86.7

82

75

71

Nephelometry
(activity)

86.8

77.6

77.8

70.9

68.4


