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DEPARTMEHT OF ATOMIC ENERGY

HOTE O "RADIATION APPLICATIONS FOR
THE FOOD PRESERVATION INDUSTRT®

e ae @

Programmes of research on radiation preservation of perishgbls
foods and disinfeciction .f stored grains have been in progress at the
Bhabha Atomic Rescorch Centre for some time. A number of technologiml
and obther aspects are being studied critically with reference 0 each

type of food in order to establish procsss eribterda, to endure whole-
someness in the irradisted food and to debermine feasibility in comereial
practice.

Recognising the potentials for practical application of radigtion
for food preservation, a Food Irradiation and Processing laboratory hgs been
completed at Trombay, with facilities for feasibility studieg. Associated
analybical, researeh‘en{;imering ahd processing laboratories will enable
tasic and applied investiggtions to be undertaken on a variety of problams
peculiar to the application of radiation procedurss to food preservation
industry.

-It-1is -plamed that, initially, programmes will be worked out _
to the point of usable cormercial processes for (i) radiation preservation
of sea-foods, especially, Bombay duck, shrimps and pomfrets and extension
in their shelf life at sub-room temperatures as well as, with suitabls

combingtion treatments, at ambient temperatures; (ii) radiation
preservation of poultry and flesh foods; (1ii} grain disinfestion, with
emphagis on wheat and wheat-flour and in relation to problems of
posb-disinfestation storage in bulk or in bags or obher suitable packages;

(iv) sprout inhibilico in notatoes ghd onions; ard (v) delayed ripening
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in tropical fruits of economic importance. Specifically, the following

problems will be studied:

(1) Radiopasteurization of sea foods: Experiments have

(i1)

shown that, with Bombay duck, promfrets and shrimps
packed in brine medium, sealed in polythene bags and
exposed to gamma rays, shelf-life extension of 2 - 3
weeks at 10-12°C could be achieved; unirradiated they
spoil within 3 - 4 days. Pretreatments such as
blanching enhance the shelf-life of irradiated

(G.25 Mrads) shrimps by 2 months at 10-12°C and partial
drying enables storage even at room temperature without
spoilage for 3 - 4 wonths, These experiments will be
scaled-up and fur ther studied for selection of
tolerance doses, pre-treatment conditions such as
blanching, dip treatment.in salt solutions, irradiation

and storage temperatures, partial drying, etc. The
shifts in microflora and control of food-borne
pathogens by radiation will also be investigated.
Various flexible packaging materials and laminates will
be examined for their suitability. The products will
be evalusted for sensory and aceeptability atiributes
and in wholesomeness tests. Extensive tests will be
ineluded on product stability during storage and
transportation and on consumer preferences with
different population groups.

Radiation preservation of poultry and flesh foods;
Preliminary observations with dressed poultry have
indicated that shelf-life extension could be sudcessfully
achieved by low dose irradiation, preferably in
combination with certain permitted antibioties or other
bacteriostatic additions. These studies will be extended
and the products tested for quality, shelf-life and
freedom from pathogenic organisms and other parasites.

Although initial emphasis will be on protective
radiopasteurization, studies will also be undertaken on
absolute sterilization. Since off-odours and textural
impairment in flesh foods by sterilizing doses of
radiation (4.5 Mrads) could be minimised at freezing
temperatures, suitable procedures will be worked out
for in situ freezing and irradiation; pre-cooling of
packaged products prior to radiation sterilization will
also be attempted. Since radiation sterilized foods can
be stored at room temperature for prolonged periods,
fhe process will have especial advantages where cold
storage facilities are inadequate.
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(1ii) Radiation disinfestation of cercals, cereal products
and premixes: In the grain disinfestation programme,
efforts will now be directed to conduct large-scale
trials with wheat and wheat based products, with particular
at*ention to prevention of reinfestation during storage
foliowing disinfestation, Radiation sterilized wheat
will be stored in bulk in experimental siles under
coxvrolled conditions as well as in bags and other
fl.xible packages, precoated to prevent reinfestation.

Shelf-life, quality attributes and prevention of
re 1festation in radiation disinfested and stored éereal
prcducts and premixes will also be studied, using .
pr.-coated flexible wraps and packaging materials.
Irdigenously leavened and baked breads will also e
strdied for storage behaviour after mild irradiation or
radio-sterilization, using appropriate flexible packagings.

(iv) Intibition of sprouting in potatoes, onions and
go=Ic bulbs: Promising results, obtained carlier on
preavention of spoilage due to sprouting in potatoes,
on‘ons and garliec, will be sealed up to obtain data
on large scale handling, storage and accepbability
aspects; controllied conditions of irradiation will also
be investigated. Storage behaviour under warehouse
coaditions and in the retailer's godown will be
acsertained, Data will also be obtained on user
rcactions to the application of the procedure.

(v) Rediation-induced delsy in ripening of tropical
fruits. Ripening of bananas and mangoes could be delayed
with usc of tolerance doses of gamma radiation for up to
10 days at ambient temperatures. Protective skin coabings
aiz controlled gaseous environment could augment shelf
1life still further, These earlier observations will be
etended using banana varieties, prepacked as hands and
bunches and with controlled cultural and environmental
cor@itions. Similar studies will be carried out with
cramercially important mengo varieties.

Thus, *he experience which will be gained in these feasibility
trials will er+hle successful control of factors such as handling the
foods after harvest as well as during and after irradiation, packaging,
dose distributicn and measurement, auxiliary methods of shelf-life
extension, and .» forth, Uhen these variables have been worked oubt

for a given foo? and when, with the irradiation of large quantities
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of food, distribution and acceptability studies are concluded s pilot units
for operation with specific foods are expected to be set up with eventual
scale up to actual commercial practice. Concurrently, necessary clearances

from the Health aubhorities will also be sought for the successful

processes.

Radiation sources for food preservation:

Two oS0 radistion sources hive been installed and coumi-
ssioned for use at FIPLY. The food package irradiator has a processing
rate of 100 1b/hr at 0.5 #irad., This source is being used for irradiation
of foods, particularly fish, meat products, fruits, wvegetables, cereal
products and other food commodities. Through-flow irradiator his a
capacity to handle 500 1lbs of grains or other free-flowing material per
hour at 15 Krad.

A portable cesium irradiator (100,000 curies) is expecved to
be installed shortly. This will be particularly useful for radiation
sterilization studies with flesh foods and sea foods.

frovision has also been made at FIPLY for the installation
of a linsar accelerator for comparative studies relating to sreservation
of foods.

Food irradiabi on researches at Trombay constitute part of the
regular research and development activities of the Bhabha Atomic Research
Centre and are, therefore, planned on a continuing basis. Uhen, as
outlined above, processes emerge to the point of usability in practics,
appropriate agencies are expected to be set uw for production, with

facilities by way of personnel and know-how which Trombay will provide,
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In the evolution of processing technology for food preservation and
distribution through application of radiation procedures, it is
envisaged that, during the next 5 years or so, the stage will be secb
for the establishment of processes for (i) preservation of sea-foods;
(ii) grain disinfestation; and (iii) sprout inhibition in potatoes and

onions,.

Research and Development work done during 1966-87 and
1867-68 and proposed to be undertaken in 1968-1969:

The Division has initiated certain new lines of research in
(a) fundamental and applied aspects of cell metabolism and (b) food
irradiation procedurea of possible application in practiecs A report
of the studies carried out in the Division has appeared in the Annual
Report of the Department of Atomic Energy 1966-67, pp 34-40 and
1967-60, pp 41-44, .

Progress has been made, among others, on the following
research and development programmes:
(1) tetabolic factors related to radiation sensitivity
(2) Métebolic disorders in radiation injury
(3) Heterogeneity and genesis of mitochondria
(4) Control of gene function and DNA replication in micro-organisms
(5) Regulatory factors involved in pathways of metabolism

(6) Control mechanisms in animals during nutritional,
hormonal and other stress states.

(7) Biochemical changes during differentiation and
dedifferentiation processes such as embryogenesis
and carcinogenesis.

{8) Biogenesis and distribution of storage and functional
forms of Vitamins.
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(8) Post-irradiation effects and repair mechanisms with
respect to gluconeogenesis, amine accumulation, nucleic
acid biosynthesis and 1lipid metabolism,

{10) Developmen: of radiation preservation procedures for
perishables such as fruits (mangoes, guavas, bananas,
ete), vegetables (potatoes, onions, peas, ete.),
sea~foods (Bombay duck, shrimp, pomfrets and other
local varieties), and dairy products (Cheese, Khova).

(11) Quantitative evaluation of food-brone micro-flora
with refercnce to rad*ic{pasteurisation processes,

(12) Standardisation of sensory methods for quality evalua-
tion of radiation-preserved foods.-

(13) Nutritional and wholesomeness studies with irradiated
foods using experimental rats and mice through
successive generations, .

(14) Compositional changes and evaluation for wholesomeness
of irradiated foods.

Several paiaers based on the work done in the Division have
been published in various scientific journals.

Food Irradiation and Processing Laboratory (Project FIPLY)
has been completed and experimental programmes aimed to scale up
promising radiation preservation procedures have been initiated.
Other details on Project FIPLY are stated in (iii) below.

The work proposed to be carried out in 1968-69 will be a
continuation of the forezoing lines of study. There has been no
change from the original IV Plan 1966-71 proposals.

A perspective Plan for Rescarch and Development work to
be done during the next 10 years, i.e. 1969- 1979.

Biochemistry and Food Technology Division constituted in

January 1964 is corcerned with research programmes of fundamental
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and applied aspects of biochemistry, microbiology, nutrition, food science
and technology and other related subjects with special reference to the
applications of ionising radiations and radioisotopes. The objectives

of this Division are briefly outlined telow.
_E_‘g,o__d_Ig;;lmr_ﬂ_ggx: Radiation provides an effective means for food

conservation through control of respiratory rate of food-borne spoilage

organisms in perishables and eradié‘a.tion of pests in stored grains.
Programmes of research are organised with reference %o ;

" (1) shelf-life and storage changes in perishebles such as
fruits, vegetable products, sea-foods and other
micat foods;

(2) Sterilization and pasteurisation of foods through
Jjudicious use of ionising radiation and other
physico-chemical treatments or bio-engineering
techniques;

(3) changes in food constituents and biochemical,
autritional and other quality aspects of
irradiated foods; and

(4) dcvelopment of feasible preservation processes
based on the application of radiation procedures
and design of plant and equipment for experimental
and pilot-scale operations.
Biochemistrv: JTonisging radistions are known to cause in animals diverse
metabolic disorders, induction of malignancy .and shortening of 1life span.
Life processes being essentially a sequence of biochemical events,
loci of biochemical lesion in radiation injury are being ascertaincd by
concurrent studies on -
{a) basic metabolic events in the normal cell;

(b) controlling factors for various pathways of metabolism;

{c¢) functionsl status and organisation of subcellular
compohents;

{d) +tissue differentiation and dedifferentiation processes; and

{e) biological activity of macromolecules.
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The research and developmental work enunfisted above will be
carried out on a conbimuing basis during the next ten years.

Details of Research and Development project/programmes
(voth Capital and Revenue) to be undertaken by Biochemistry
and Food Technology Division, BARG during the new IV Five
Year Plan 1969-74 inter alia indicating also the main
areas for which depth studies will have to be umierbaken.

The work of the Divigion constitutes rescarch and developmental
activity of the Bhabha Atomic Research Centre and the expenditure is met
from the Revenue Budget of the Bhabha Atomic Ressarch Centre,

The areas of resecarch in Biochemistry, as stated in (ii)
abcve, are aimed at elieciting information on loci of biochemical
legions in radiabion injury and several lines of investigations have
been already initiated as irdieated in (i) above. During the Plan
period bhese programmes will be intensified with additional gpproaches.

Recognising the potentials for practical applications of
ioniging radiations to food preservation proecedures, Food Irradiation
and Processing laboratory {Project FIPLY) has been established. The
project was umlertsken during the III Five Year Plan period (vide:

DAE U.0. o, 32/2/65/T.II(F) dated 1.11.1965) and part of experditure
against the project grant (Capital Budget) will be incurred duringz the
initial two years of the new IV Five Year Plan period. The work in
FIPLY will continue to be part of the sctivity of Biochemistry and
Food Technology Division,

The faeilities in PFIPLY include laboratories for amlytical,
quality control and nubritional studies besides other requirements for
research and developrent as well as various bio-engineering unit

operations, Two Gobalt-60 irradiastors gifted by the Canadian
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Government under Colombu Plan 4id are now installed., These are (a)

a large Package Irradiator (100,000 Curies) dssigned to handle 45 Kg per
hour at 0.5 Mrads and (b) a thru-flow Irvajiator (28,000 Curies) to hardle
graing and other free flowing food materials at a processing rate of

230 Kg per hour.
Promising processes developed in extensive laboratory exre riments
(as summerised in (i) above) are now being scaled up to feasibility studies
prior to possible commercial applications of irradiation procedures,
particularly in respect of inhibition of gprouting of potatoes and oniong,
delayed ripening of fruits like mango, tanana, etc. ; extension of
shelf-life ef fish including Bomtmy Duck, shrimp, etc. and disinfestation
of stored grains.
It is expected that during the next two plan periods these
processes will be taken up to pilot-scale and production schedules
with help of concerned Ministries.
4 note on the outlay required for implementing the projects/
programmes covered in the note mentioned in (1ii) above

supporbed by adequate details regarding the sstimated personnel
requirements, foreign exchange requirements, ete:

An yearwise break-up of the provision for implementing the
programmes covered in (iii) above is given herswyith with appropriate

explangtions for working out the figures.
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Yea ruwige break-up of the provigion for ressarch
and development work during the ney IV Five
Year Period,

BICCHEMISTRY & FOOD TEGHJOLOGY DIVISION

(in lakhg)
S.No, - Ttem of expsnditure. 196970 197071 197172 Hm_wm. ..m.w... u...w.m.wuqm T mo.m.mm Tttt T
me. mmc wm. mm- .mMO
1. Bgtablishment 12 13 14 15 16 70
2. Equipment 10 8 6 4 4 32
3. Contingencies, including chemicgals, 4 5
mwmmmssmﬁm‘ laboratory supplies, 6 0 5 25
LC,
4. TForeign exchange component 6 5
required. for 2 & 3 above. : ’ ’ “
Total: (1 +.2 + 3) 26 26 26 24 25 137

TEem o ato use am e um  em  am
T we e e ow  ma
lt(cltnl..llol.tl!!nlplt!ul:l:!ll!ult'n:ll!ll
 ws o R s dm ww wm pe W S gm  on am e

(See attached explanatory noteg) ,
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EXPLaNATORY NOTES

Establishment Cosbg: Biochemistry and Food TechnolOgy Divigion ig

composed of 12 Scientific sections, each consisting of 6-15 Scientific
and Technieal staff., It is envisaged that during the Plan period the
acbivities will be exparded to 15 %o 16 sections necessibating additional
gscientific and technical personnel, The present position (as on 1.4,1968)
of the Divigion is 64 Scientific, 73 technical, 8 adwministrative and

4 supporting staff. Taking the average salary of the scientific personnel
as Bs. 800/~ p.m. and that of technical staff as 300/- p.m., the present
total expenditure works out at approximstely Rs. 9,00,000 per year. The
inereage in gtaff is reckoned at 15 ( 10 + 5) during the first two years
and 10 (5+5) in the subsequent years of the Plan period. The estimates
for Esbablishment are presented on this basis.

Equipment, conbingencies, foreign exchange component ete : The figures

tabulated are based on the actual expenditure incurred during the

past two years and the budget estimates of the Division for the current
Tinancial year. Foreign sxchange component shown is for items required
for mainbenance snd replacement which include consumables like essential
chenicals and biochemicals, specialised glass and quarbaware, ebe.;
spares and accessories for the equipment already acquired, and for

additional equipment anticipated %o be imported during the Plan period,
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dote on "Programme of the work dons and
proposed, on genetic mubtants™

A programme of work on the induction of mutations for crop

plants was initisted in Biology Division in 1967. Initislly the

investigations were oriented towsrds the study of relative efficisencies

of physical and chemical mubagens and the spectrum of mutations.
Gradually farm and obther faeilities were provided for testing the mubtants
for c¢rop improvement and the mutants obbtained from the more acadenic
type of studies were evaluated for yield and other useful characters.
Some of them when tested for three or more ysars against their parent

A varieties gave yislds higher than the untreated. The next stage involved
the evaluation of the mutants on 411 India basis against standard and
high yielding local varieties, Such tests were conducted through the
goodwill of State dgricultural Departments but the informgtion so obtazined
was elither inconclusive or fragmentary to justify release of these
strains, The 411 India Coordimated Crop Improvement Projects recently
organigsed by ths Indian Gouncil of agriculbural Research hqve now
included the Trombay mutantg obtained in rice and groundnut in various
stages of thelr evaluastior trials.,

Among the large number of mutants obtained in rice ang

groundnut, the following mubants which have shown promise under Trombay

-

conditions are included in the trisls.
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TR -1 - This matant, obbtalned from variety GEB-34
with pile neutron irradiation hag yielded

12 to 20% more than the control and is
early by three weeks.

TR -2 -~ A mubant of Ptb- 10 gave 507 higher yield
ab Vellayani and is urder trials in
Kerala as Vellayani -i.

These two varieties however tend to lodge at high lsvels

of nitrogen.

TR-5 ~ The nubant having gocd plant eharacters such
as dwarf habit and stiff-stray is obbtained
from SR 26 B with combined treabment of
gamma rays and diethyl sulptate, This mutant
is being tested by Central Rice Rescarch
Ingtitube o find oubt whebher it is saline
resistant like its parent variety.

Six mutants’(TG-:i to TG-6) obtained from the variety, Spanish
Improved, are included in the Initial Bvaluation Trisls being conducted
by 411 Irdia Coordinated Oilseeds Improvement Projeci;. One of them is a
large pod mutamb which has given 30% higher yield in Tromba}}. 4dnother
nmutant short 4 is of particular interest for ibs capacity to bear large

number of flowers in the firgh two inbernodes.

Wheat :

4 vyheat sbtrain with a singls added chromogome of Rye and the

grasses, Aegilops umbellulatz and Agropyron clongatum possesses

genss for dissasse repzistance. Radigtions are employed to transfer
resigbance to black and brown rust into the Indian varieties of

tetraploid ~nd hexaploid wheatbs.
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Pature Programme:

It now seems desirable and also possible to orient future
work towards specific mutationg which fulfil the requirements of plant

breeders in India, For example in rice, mubtants with good plant
characters such as dwarf habit with high manurial response ars needed,

Since early varieties permit double and triple cropping, earliress
is the prime consideration in grounnut, The broad aspects of the

fubure programme of work are given below:-
Rigce:

1. Coordinated project in collaboration with Central
Rice Research Institute, Cuttack is under congidera-
tion to evolve dwarf mutants in high yilelding
varieties of CRRI.

2. & conbract with Intermmtionsl Atomic Energy aAgsmcy
is drawn up to carry out research work on the sffects
of fast neutrons on crop plants. 4part from sbudiss
on dosimetry and radio -sensitivity, mutation breeding
work on rice ig included.

3. Work will be tsken up to improve the inbroduced
varietieg like Taichung tNative 1 and IR 8 with
particular reference to quality of grains.

4. TR-5 is z2n important source of genes for duarfness
and gbtiff-straw. These characters will be transferred
to obher Indica varleties by conventional
hybridisation methods.

i. TG-, the large pod nutant has undssirable
characters such as lateness and low shelling
percentage. Work is already initiated to improve
upon these characbers and will be inbensified.,

2. 4siriya, a groundnut variety introduced from Africa,
hag many desirable characters like high yisld and
resigtance to ttikka'! disease. Work on induction of
earliness and short internodes in this variety will
be taken up.
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3. Considerable area in Irdia is under spreading
types of groundnut. These are high yielders
but late in maturity. Radiations will be employed to induce
earliness in Punjab-1, a high ylelding and
spreading variety, so that this variety can be
fitted imto double cropping.

Wheat:

Work on transfer of discase resistance to Idign varieties

will be intengified,
+ programme of work on irduction of duarf mutants in jowar
is algo urder consideration, The present hybrids gre tall and dwarf

mutants will be ubilised in evolving dwarf hybrids.

e s e e S
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