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Abstract-Food irradiation is a food preservation method which involves the process of exposng foodstuffs to a source of energy
capable of dripping electrons from individual atoms in the targeted material (ionizing radiation). This method of food
preservation can be referred to as a more advanced form of food preservation. Some school of thought criticize the use of
irradiation for food preservation because of the negative impressions of the nuclear industry, and this has made irradiation one
the most investigated forms of food preservation. Food irradiation has being endorsed by the World Health Organization
(WHO), and is currently being used in over 40 countries and approximately 500,000 tons of food items are irradiated yearly all
over the world. Thiswork has highlighted some problems associated with the use of food irradiation technology in Nigeria, and
has also proffered solutions that can help tackle the said problems. Thiswork has also discussed the process of food irradiation,
the recommended sources and the dose range required for effective irradiation of food products.
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l. INTRODUCTION
Food is very essential to the survival of man and as $ooth preservation is one of the oldest technologies uséditoan beings.
Food preservation has undergone so much investigation smdahe significant improvements and discoveries have lbeade,
allowing for life to be healthier, more efficient andesa Among the forces driving scientists into theseynanprovements is the
strong desire to preserve the one fuel that keeps lifeygioe. food.
As early as the beginning of the"entury, major breakthroughs in food preservation had b&pidiers and seamen, fighting in
Napoleons army were living off salt-preserved meatssé&lpoorly cured foods provided minimal nutritional value, arduent
outbreaks of scurvy were developing. It was Napoleon whonb#ya search for a better mechanism of food preservaton
offering 12,000-franc pieces to the person who devisedeaasaf a dependable food-preservation process. The winner kvaach
chemist named Nicolas Appert, who observed that food heasmhled containers was preserved as long as themantamained
unopened or the seal did not Ie@kan-Paul, 1994. This breakthrough followed by Louis Pasteur’s discovery enréfationship
between micro-organisms and food spoilage increaseceffendability of the food canning procéssimmer, 2002. Other forms
of food preservation methods that followed include freezingng and dehydration, freeze drying, irradiation etcetera.

. FOOD PRESERVATION
Food preservation usually involves preventing the grafthacteria, fungi (such as yeasts), or other micro-osgasi(although
some methods work by introducing benign bacteria or funghd¢ofood), as well as retarding the oxidation of fats taatse
rancidity. Food preservation may also include processesrthibit visual deterioration, such as the enzymatvhing reaction in
apples after they are cut during food preparation.
Maintaining or creating nutritional value, texture anddlais an important aspect of food preservation, althougtorically, some
methods drastically altered the character of the foatgbieserved. In many cases these changes have comsetnhes desirable
qualities with cheese, yogurt and pickled onions being comemamples. The following section discusses irradiation moa@
preservation method.

[1. IRRADIATION

Irradiation is the process by which an object is exposeddition. The exposure can originate from various sourcésding
natural sources. The term most times refers to iopizaliation, and depends on the level that fits a spemifipose, rather than
radiation exposure to normal levels of background radiation.
Food irradiation is a food preservation method which inwhe process of exposing foodstuffs to a source of enepgpleaof
stripping electrons from individual atoms in the targetetena (ionizing radiationfAnon, 1991). The radiation can be generated
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electrically using beta particles (high-energy elecjar the use of gamma rays (emitted from radioactive seaseobalt-60 or
caesium-137). This treatment is used to preserve food, redeicesk of food borne iliness, prevent the spread of inegsests,
delay or eliminate sprouting (as in tubers) or ripeningir{aguits), increase juice yield and improve re-hydratsord at higher
doses induces sterility.

Food irradiation is criticized because irradiation canatgtchemical changes that are different than thoseotitat when heating
food (unique radiolytic products). Some people worry that thetleeigotential of danger from these substances. Réshasc
discovered that one family of chemicals is uniquely formenirgliation, and this product is nontoxic. When heatingl fed other
chemicals occur in a lower or comparable frequdAagn, 1994. Others criticize irradiation because of confusion withaadiive
contamination or because of negative impressionseafiticlear industry.

The regulations that dictate how food is to be irradiatetiedisas the food allowed to be irradiated, vary greatlynfieountry to
country. In Austria, Germany, and many other countries ®f&tropean Union only dried herbs, spices, and seasoranglsec
processed with irradiation and only at a specific dose, whBzazil all foods are allowed at any ddsaime et al., 2009.

Irradiation is also used for non-food applications, such ascalediévices, plastics, tubes for gas pipelines, hosefoftortieating,
shrink-foils for food packaging, automobile parts, wires eaiales (isolation), tires, and even gemstones.

It is permitted by over 50 countries including Nigetigbérty et al., 2013) with around 500,000 metric tons of foodstuffs processed
annually worldwidg/Adu-Gyamfi, 2002).

A. The Process of Food Irradiation

In the process of food irradiation, most of the radiation gagseugh the food without being absorbed (Roberts et al., 1988).
small amount that is absorbed is capable of destroyingnaegts on grains, food produce or spices; extend shelhiifgosevent
fruits and vegetables from ripening too fast. The absorbed i primarily a function of the duration of exposure #eddistance
from the source. The food is exposed to effective amountsiairig radiation so that pathogens, pests, and spoilagaismas can
be destroyed. The organisms are destroyed by the elebieaisng the bonds that hold the pathogen’s DNA togethenabDa to
the DNA disables the organism’s ability to grow or npjti The radiation dose to which food is exposed is baseekt@mnsive
research to ensure the destruction of pests and pathebgast the same time preserving the wholesomenfebe food.

The food irradiation method is a cold treatment that achigseeffects without raising the food's temperature saanifly, leaving
the food closer to its original state. Even spiceshviare treated for 2-4 hours remain essentially@hrtemperature. By not using
high temperatures, food irradiation minimizes nutrientdssmd changes in food texture, color, and flavor.

Low doses are required for control of growth processssme food products such as yams, potatoes and onionfsy dhe delay
of ripening and senescence in fruits and vegetables suomatoes, mangoes and bananas. Slightly higher dosesquired for
insect and parasite disinfestations and can kill Salmoaalthother harmful bacteria that can contaminate meatgaeultry and
cause food borne diseases. Irradiation is carried out in dpetgéaigned and shielded facilities in a continuous or batohess.
The choice of the mode of irradiation operation dependb@iype of products, quantity of products, shape, size, bulktylensl
the required dos@Refai et al., 1996. For example, electron beam irradiation in a continywosess is sufficient to treat most pre-
packaged food items whereas treatment of large bulk quanfitieecbwould require a batch system either with x-rayseonma
rays from a radioactive sour@feSAl, 2002.

B. Irradiation with Gamma Rays Produced From Radioi sotopes

The common sources of gamma rays applied for food irradiatiopoges are those, which are produced from radioactive
substances (called radioisotopes). The common sourceolza#-60 (60Co; the most common) and cesium-137 (137Cs). They
contain energy levels of 1.17 and 1.33 MeV (60Co) and 0.662 MeV (18 @skos, 2010.

Both cobalt-60 and cesium-137 emit highly penetrating gamgsatinat can be used to treat food in bulk or in its fpedkaging
(Seward, 200)). To irradiate food products, the cobalt-60 source is pulled foilteowater into a chamber with massive concrete
walls that keep any rays from escaping. Food products todukated are brought into the chamber and are exposed tythfor a
defined period of time. After it has been used, the soareurned to the water taiKyriakos, 2010).

However, cesium-137 is seldom used. Large cesium-137 sourcestasadily available due to practical difficulties in déng

this isotope. Cesium chloride is highly soluble in wated the use of cesium-137 in this form is not recommendeduSaef
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cesium-137 has been limited to small self-contained,tdrage irradiators, used primarily for the irradiation of dl@emd for insect
sterilization. Currently, all industrial radiation prosigs facilities employ cobalt-60 as the gamma radiatiamrcea(Kyriakos,
2010. Food products that can be treated with this method of itrawdlismclude tubers such as yam, potatoes e¢teal grains such
as rice, sesame seeds ¢kapohunda et al., 2012, spiceqFarkas et al., 1982, poultry products such as eggs, chicken and turkey
frozen meat, dairy products such as milk, cheese etsh fruits, beef, pork etceteflaberty et al., 2013. Table 1 gives a list of the
food products that can be treated with gamma irradiatidrtregir achievable dose range.

The following are some of the advantages cobalt-60 hascesaim-13{Kyriakos, 2010).

Up to 95% of its emitted energy is available for use.

It penetrates deeply.

It yields substantial uniformity of the dose in the food produc

It is considered to pose a low risk to the environment.

The food products move along the conveyer belt and enter anrioom where they are exposed to the rack containing source
pencils (see Figure 1). Energy in the form of gamma raygpl{otons) passes through the encapsulated rods andthredtod.
After food is irradiated, it is stored and may be transpdrtak to the processing plant for further handling and paca@nce

the food has been irradiated, it must be handled appropriatpfevent recontaminatigfRobertset al., 1995.

C. Irradiation with Machine Sources

The common sources of ionizing radiation based on macbunees, and used for irradiation of food products are thérabec
beam and x-rays. The electron beam or e-beam isanstof high-energy electrons, propelled out of an r@eaun (see Figure 2).
The e-beam generator can be switched on or off simply Hyipma button. The electrons can penetrate food onlydipth of 3
cm, or slightly more than 1 inch, so the food to be éeatust be no thicker than this for it to be treatechalMiay through. This is
a disadvantage of electron radiation compared with gamrmsgoraguced by radionuclide. Two opposing beams can treattabd
is twice as thick.

To be useful for food irradiation, electrons should be acattd to energies of at least 5 MeV. The maximum eragygsoved for
use in food is 10 MeV. Higher energy electrons have grgetegetration into the product. However, at 5 MeV and irradiatieg t
product from both sides, the maximum thickness thatbeapenetrated is approximately 3.8 cm (1.5 inch). At 10 MaY¥/ veith
two-sided irradiation, the maximum thickness that capdreetrated is approximately 8.9 cm (3.5 Wp¢ds and Pikaev, 1994 and
as such are suitable only for foods of relatively shatiewth(Steward, 2007). A treatment of food with ionizing electrons is often
more easily accepted because there are no radioactstsces in the process.

Table 1: Dose level and uses of gamma irradiation for foesepvation

Dose level Purpose dRob examples

Low dose:

delay in
(up to 1 kGy).

Disinfestations/
ripening

Inhibits the growth of sprouts on potatoes and other fo

Kills insects and larvae that can be found in wheatr fl
fruits and vegetables after harvesting.

Slows the ripening process.

ndotatoes, onions, garlic, ro
ginger, bananas, mangoes 4§
scertain other non-citrus fruif
cereals and pulses, dehydrat
vegetables, dried fish and me
fresh pork

Reduces or eliminates a number of

microorganisms

pathogge

s diezen poultry and meat.

Medium dose Dramatically reduces the number of or eliminates cernt&iresh fish, strawberries,
pasteurization microbes and parasites that cause food to spoil. grapes, dehydrated vegetables,
(1-10 kGy). fresh or frozen seafood, raw or
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High dose| Sterilizes food for a variety of uses, such as mealg Meat, poultry, seafood and
sterilization hospital patients who suffer from immune disorders aother food prepared for
(10-50 kGy) can eat only bacteria-free foods. sterilized hospital diets, spices,
enzyme preparations, natural
Eliminates some disease-causing viruses. gum.
Decontaminates certain food additives and ingredients

(Lester and Eric, 1996

RAIATION BOUNCE and then nWhea
owsrod o the botiom of & pool, whero water
tho workers. T

Figure 1: Atypical gamma irradiation facilifgcr.ucdavis.edu, 2006

Figure 2: An electron beam irradiation facility (Don et 2002)

For food treatment, x-ray machines must be operated enengy level of 5 MeV or lower. This restriction issbd on the need to
prevent induced radioactivity. X-ray production is relativielgfficient, but it can be competitive with gamma edidin for high-
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capacity plants. The possibility of using electron beantsxarays in the same irradiation facility is alsoadtive Farkas, 1988
Wilkinson and Gould, 1996.

(AA AN OVERVIEW OF THE PRINCIPLES AND EFFECTS OF IRRADIATION ON FOOD PROCESSING AND
PRESERVATION

According to the Codex General Standard for irradiated Foodsjrigmadiations recommended for use in food processingigre: (
Gamma rays produced from the radioisotopes cobalt-60 (60Co) ainmme®37 (137Cs), and (ii) Machine sources generating
electron beams (maximum level of 10 MeV) and x-rays (maxinewai of 5 MeV).
Both cobalt-60 and cesium-137 emit highly penetrating gamnsathay can be used to treat food in bulk or in its finakpging.
Cobalt-60 is, at present, the radioisotope most extdpsuwgployed for gamma irradiation of fo¢&eward, 2007).
Machine-sourced ionising radiations have the advantageohadioactive substance is involved in the whole pratgss/stem.
Electron-beam machines use linear acceleratorsottupe accelerating electron beams to near the speed ofTlightigh-energy
electron beams have limited penetration power and &scsuconly be used on foods of relatively shallow d¢ftigward, 2007,
or on foods less than 10 centimeters (cm) thick becaube timited penetrating capacity of the electron beams.
Electron beams can be converted into various eneofjiesays by the bombardment with a metallic targeth@ligh x-rays have
been shown to be more penetrating than gamma rays @bait®0 and cesium-137, the efficiency of conversion fromirees to
x-rays is generally less than 10% and this has hinderedehs nsachine sourced radiation so({&@GFI, 1999.
Regardless of the source of ionizing energy, the psdoeslves exposing the food to the energy source foeega time period. In
the case of e-beam, food is irradiated in just a few secarde it takes gamma and x-rays considerably longee. fbod is never
in contact with the energy source; the ionizing energyefy penetrates into the food but does not stay irfabe:. It takes very
little energy to destroy harmful bacteria. At theseslgvhere is no significant increase in temperaturehange in composition.
Irradiation does not make food radioactive nor does it leaveesmues.
After food is irradiated, it is stored and may be transpdrtak to the processing plant for further handling and pacga@nce
the food has been irradiated, it must be handled appropriatphgvent recontaminatidfRobertset al., 1995.
The basic unit for measuring irradiation is the gray (@#lich is the amount of irradiation energy that 1 kilogiafood receives.
The amount of irradiation applied to a food product is casetdhtrolled and monitored by appropriate regulatory autlesrifthe
irradiation dose applied to a food product will depend upon tingpesition of the food, the degree of perishability, and the
potential to harbor harmful microorganisms. A low-to-medamse of below 1-10 kGy is usually sufficient to render a prostafet
from harmful bacteria or insects such as fruit fliekjlevcausing little or no effects on product quality or niatnit The amount of
radiation that a food product absorbs is measured by a des{iRelertset al., 1995.

V. SOME EFFECTSOF FOOD IRRADIATION
A. Effect of Irradiation On Lipids
In response to the continuously growing role of irradiatioriood preservation, several reviews and research stodiesbeen
published on the irradiation of foods of both animal and paigin over the past yeafgrvanitoyannis et al., 2009; 2019 The
application of ionizing radiation results in the radiolysfswater, which is present in most foods such as mehfisim products.
This triggers the development of species such as, ®¥drated electron and H+, which can then induce several chemical reactions
with food constituents. Studies show that the quantity ablysis products varies as a function of fat contert fat composition,
as well as with the temperature during the irradiationgg®@nd the actual dose of radiation ubd&srit et al., 1979. When fatty
acids are exposed to high-energy radiation they undergo gma#drcleavage in the ester-carbonyl region giving toseertain
radiolytic compounds that are specific for each fatty édaar et al., 1996. The strong oxidizer ozone is produced from oxygen
during food irradiation and can promote the oxidizationpafi$ and myoglobirfVenugopal et al., 1999.
Experiments carried out on chicken revealed no significanérdiite in total saturated and unsaturated fatty acitdgcbe
irradiated (1, 3, 6 kGy) and non-irradiated froze0¢C) chicken muscle (Rady et al., 1987. Other studies showed that e-beam
irradiation (2.5 kGy) seemed to increase the levels ob#nhituric acid-reactive substances (TBARS) in ground, ime the
difference between irradiated and non-irradiated samples otagtatistically significan{Nam et al.,2003. The results of Yilmaz
and Gecgel (2007) showed that irradiation in ground beef indeetbtmation of trans fatty acids. However, the rafidotal
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unsaturated fatty acids to total saturated fatty acidsOv@ts 0.86, 0.87, and 0.89 in irradiated ground beef sample8,8b,1and 7
kGy, respectively whereas for the control samples & &85 An examination of the effect of irradiation at 10 kGy oa liholeic
and linolenic acid contents of grass prawns found thatiatiaed resulted in 16% decrease in linoleic acid contentregsdinolenic
acid was not affected significant{iau et al., 1993. In the case of Spanish mackerel, C16:0 and C16:1 fatty dewsased when
irradiated at 1.5 to 10 kGfAl-Kahtani et al., 1996). No changes were reported in the fatty acid compositionvefspecies of
Australian marine fish irradiated at doses up to 6.0 kGy and vess lef fatty acids in oil remained stable in the irrgetiafish
samples whereas they decreased in non-irradiate@Aiststrong et al., 1994. The extent of lipid oxidation was dependent on the
irradiation dose. An analysis of the literature concludeat when lipids are irradiated under conditions which raet in
commercial food processing7 kGy), there is no significant loss of nutritional value (Thomas, 1988.

B. Effect of Irradiation On Proteins And Amino Acids

Damage caused to protein by ionizing radiation includes deaorinatecarboxylation(Diehl, 1990, reduction of disulfide
linkages, oxidation of sulfydryl groups, cleavage of peptide bandschanges of valency states of the coordinated metairion
enzymegDelincee, 1983. Other studies indicated that there was no significartwii®n of cystine, methionine and tryptophan up
to a dose of 71 kGgdosephson et al., 1978. The majority of amino acids in minced lean beef or @ortt chicken breast muscle are
stable up to a dose of 5 k@yartmann et al., 1979. Irradiation does not generally affect the stability ofresracids and proteins in
situ. The stability to irradiation at 2 to 45 kGy of tryptaphof shrimp muscle was measured after storage under differe
temperature and moisture conditions. The results revehbd the loss of tryptophan was small under all thelions applied
(Antunes et al., 1977). Essential amino acids were not affected in electb@am processed (53 kGy) haddock filldtagunas,
1995. Reports from literature indicate that irradiation of timaacommercial doses (2—7 kGy) has no significant effecthe
nutritional value of proteins or amino acid$ayer, 1987.

C. Effect of Irradiation On Vitamins

Many authors have studied the effect of irradiation on th®lisyeof vitamins in foodg(Liu et al., 1991;Kilcasti, 1994;Muller and
Diehl, 1996; Song et al., 2007; Hussain and Maxie, 1974. No loss of riboflavin was found in pork chops and chicken dtsea
irradiated at temperatures betwe@90°C and 200°C at doses up to 6.6 kGy. Some irradiated samples even exhibited an increase in
riboflavin concentration of up to 25%Kilcast, 1994. Pork chops irradiated at different temperatures with dope® 5 kGy
displayed no loss in niacin. A loss of 15% was observed avilose of 7 kGy when irradiation was applied at (B6x et al.,
1989. Furthermore, in the case of pantothenic acid, it has sleewn that there was no loss in many foods irradiateldseds of
>10 kGy (Thayer et al., 1991). The application of gamma irradiation (1, 2, and 6 kGy) filets of Black bream
(Acanthopagrusaustralis) and Redfish (Centroberyxaffinis) esbullt vitamin E loss but this could not be correlatech wiite
treatment dosage. All irradiated fillets were found to hatamin E muscle contents above the levels considerbd tesirable for
human consumptiofArmstrong et al., 1994. No loss of vitamin B12 was observed in haddock fillets iated up to 25 kGy.
Similarly, there was no loss of niacin in cod irradiated &Gy (Murray, 1981). Irradiation of shrimps at 2.5 kGy induced a 15%
loss of riboflavin in air, 8% in vacuum, and 20% in nitrogerehl, 1995.

There are several methods that can be employed in wrdecrease such detrimental effects of irradiation. Tinehede oxygen
exclusion, the replacement of oxygen with inert gasddijtian of protective agents such as antioxidants, and pasliation
storage to allow the flavor to return to near-norraaéls(Brewer, 2009.

D. Effect of Irradiation On Microorganisms

A large amount of data is available on the sensitiot microorganisms to irradiation processing; this vagesatly from
microorganism to microorganism and is also dependentlwr eitrinsic factors. Vegetative cells are less tasigo irradiation
than spores, whereas moulds have a susceptibility widtian similar to that of vegetative cells. However sdori can be as
resistant as bacterial sporgsarkas, 2009. Compared to bacteria, viruses generally require higheatrawlidoses for inactivation
(Crawford et al., 1999. Studies have shown that irradiation doses of 2 and 3 kGyogledtrYersinia spp. and Listeria spp.,
respectively, with the microorganisms being undetectdinting storage of irradiated figMontgomery et al., 2003. Irradiation at
1, 2, and 3 kGy significantly improved the microbiologigahlity of the chicken by reducing the total bacterial tg@iBC), with
the decrease in TBC being dose-dependent. In all the ieddiamples, no fecal coliforms were dete¢kahatt et al., 2005.
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V1. CONCERNSABOUT FOOD IRRADIATION
According to the World Health Organisation (WHO), the renesviglobal authority on public health. “Food irradiation is a
thoroughly tested process and when established guidelidgsracedures are followed, it can help ensure a safemare plentiful
food supply”(Lester and Eric, 1996.While irradiation in theory has a significant potentiaktdhance food safety, its use for this
purpose has been of concelmadiation can undeniably kill food-borne bacteria, but tamhiaat doses useful for that purpose can
adversely affect the sensory quality of foods. Early studidsradiated fruits and vegetables indicated that these frgaht-
derived foods are more sensitive to radiation damage teatsprspices, or grains. In fact, the doses of radiegiguired to reduce
pathogen levels to effectively safe levels generally edhusiacceptable sensory damage in fresh produce. Foryearsy/it was
therefore assumed that fresh fruits and vegetables, atddgroducts like non-pasteurized fruit juices and pre-cutssaleck not
suitable candidates for food irradiation. With growing memass of the magnitude of pathogen contamination of prodtate
conclusion is being reassesg€doth, 2007).
Research in the past decade or so has explored theloseptioses of irradiation on fresh produce, to find outtidreacceptable
reductions in pathogen loading can be achieved whilerpiegeahe taste, aroma, color and texture of the foods Jifli relatively
small field of research has produced some promising esédtrat it may be possible, in many cases, to sthikeight balance
between pathogen reduction and preserving produce qualitgn\ifadiation is combined with other anti-microbraetments and
food preservation steps, recent studies suggest that irradiadipeventually be usefully applied to some current produtegern
problems. However, this same research indicates tipdirag food irradiation to a particular food-pathogen comldmatequires
knowledge about a large number of parameters that affectsbks of irradiation. The problems are complex, aneareb to date
has identified many needs for additional and better (&xtath, 2007).
A number of compounds are formed when food is irradiatetiapithere are when food is cooked or exposed to otherspioge
methods. However, based on hundreds of scientific &% is broad agreement among scientists and healthiegémat these
compounds are not a human health issue. In fact, meraichl changes occur when toasting bread or barbecuislg tei@n when
irradiating food(Anon, 1994).
Food irradiation provides an added layer of protection to fattbut significant changes to taste, nutritional valuegrcot texture.
Since irradiation does not substantially raise the teatper of food or cook it, taste and nutrient losses are smdltonsiderably
less than other methods of preservation, such as cannyigg dr heat pasteurizatiofCGFI, 2002. Carbohydrates, fats and
proteins are the main components of food, and a wide boisefrch has shown that these nutrients do not chagcantly
during irradiation Thayer, 1987 Randy et al., 1987). Some vitamins, most notably the B vitamins, havaessensitivity to
irradiation, but processors can minimize nutrient l9sseirradiating food in an oxygen-free environment or d colfrozen state
(Brewer, 2009. But in as much as food irradiation can be an effective foosepration method, it has been noted that it should
never replace proper and hygienic food handling methods.

VII. THE STATE OF FOOD IRRADIATION TECHNOLOGY IN NIGERIA
Food irradiation technology in Nigeria is still at i@rky stages, and has not gone beyond the experimergakstaots of research
has been carried out on some common Nigerian crops, antsrieaué favoured its use as a preferred form of food premervat
(Fapohunda et al., 2012 James et al., 2012. The involvement of the Nigerian government in advocatinghe use of irradiation
technology as a food preservation method to reduce pogshdogses is a positive indicator that this technolaysoon reach its
commercial stage in Nigeria. Government agencies sutheaSmall and Medium Enterprise Development Agenciligeria
(SMEDAN) and Nigeria Atomic Energy Commission (NAEC) havadatoded agreements that would pave way for the private
sector to participate fully in the food irradiation indygEmeka, 2009.
Nigeria for now possesses one Gamma Irradiation Ba@@itF), located at the Nuclear Technology Centre (NTCYeNa Atomic
Energy Commission (NAEC), Sheda Abuja, Nigeria. The GlRa isategory IV (wet storage source) multipurpose industrial
irradiation facility with six different modes of operatidhconsists mainly of an irradiation room with a ste@hficerced concrete
walls thickness of about 1.8m to house the Co-60 radi@astiurce of current activity of about 5.5 X°Bdy (170 kCi)(Fapohunda
et al., 2012). It has a continuous overhead conveyor transport systelfarge products. The choice of the mode of operation
depends on type of product, quantity of product, shape, size, bugkydend the required dose. Uniform irradiation and accurate
computer controlled irradiation dosage are ensured inalnthdes of operations and as much as 18 metric tonsdiqis could
be irradiated in a single batch irradiation using the four-peghliation mode of operatigqdameset al., 2012).
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The GIF is a multipurpose industrial plant with a compnshe research and development facility built by govemnfor the
preservation of food and agricultural products, steriirabf medical devices, pharmaceuticals, cosmetic produdiparkages,
improvement of mechanical, electrical and thermal pragsedf plasticfEmeka, 2009.

VIIl. THE PROSPECTS AND PROBLEM SOF FOOD IRRADIATION TECHNOLOGY IN NIGERIA
A. The Prospects
One of the most effective strategies that could be usesblving the problem of population-food imbalance espgciallthe
developing countries where a quarter of the harvested fooddigcsde lost due to wastage and spoild#yAS, 1978; is to
drastically reduce the amount of food lost in the post-hasyegem.Several forms of research has already been carried out by
some Nigerians from various fields of discipline to asaeitze efficacy of the food irradiation technology in redgcor curbing
sprouting or spoilage of some basic Nigerian foodstuffs ssgfam, water yaniJames et al., 2012, onions(Agbaji et al., 1981,
sesame seedfapohunda et al., 2012 etcetera. The results and conclusions drawn frone tiegstigations has shown time and
time again that food irradiation technology will find good irséhe country if it is properly and adequately utilizBding aware of
that, Nigeria has developed a research and development progrianwarious fields of nuclear science including food iatoh.
This section tries to describe the research and dawelot activities carried out on food irradiation in Nigeria.
In this vain, the Nigerian Atomic Energy Commission (NAE@) formulated as early as 1976. The Commission was isbebl
as a multi-disciplinary body in order to identify problenfsnational and regional importance and to contribute to gwution
through irradiation techniques. It is in this light that M&EC created six nuclear research centers among whitte ibluclear
Technology Centre (NTC), Sheda Science and Technology Configleéesearch and developméAgedah, 2014, which houses a
340 kCi Co-60 Gamma Irradiation Facility (GIF) so as to enabkningful research work on the usefulness of this technalogy
Nigerian food products and to facilitate the smooth intrbdncof this technology in Nigeria. This facility is ecantly being
utilized by various researchers in the country. Withahailability of the GIF and the interest of severakegshers in the food
irradiation technology, it is hoped that the process of foatiation may in the nearest future be more readibessible for
widespread use.

B. The Problems

The use of food irradiation technology as an alternative foeskepvation method is yet to reach the stage of conafieation in
Nigeria, and as such very little can be said concerniagptbblems faced during the use of this technology in Nigé&ta
following are some factors that have neverthelessduihe use of this technology commercially in NigeFaod irradiation
technology is yet to find widespread use in Nigeria, becatitack of adequate equipment in view of the only irradiatamility
presently in place and which is located at the nu¢kzdmology centre (NTC), Nigeria atomic energy commis$MAEC), Sheda
Abuja, Nigeria. The fact that there is just one irradiafiacility will make it difficult for intending and potentiakers to access it.
The fact that Nigeria has just one functional irradiafiacility is a setback. If Nigeria has to measure up wither developed
countries as regards the use of irradiation technologthéopreservation of food and other materials comméycihlen she will
need to begin setting up more irradiation facilities at esgiatlocations, so as to enhance easy accessibiity &l parts of the
country. The cost of procurement of the facility isoadensidered as a serious problem.

There is also the issue of the cost arising from thashservice. Though not much can be said concerningpiitsbecause the use
of food irradiation technology is yet to reach the stageashmercialization in Nigeria, and as such very litkn be said
concerning the pricing. But taking a cue from some moreldped countries like the USA that have commercializedislesof this
technology, a slight increase in price for the irradigeducts is expectgievin, 2013.

There is also a lack of adequate sensitization as retjgrdse of this technology in Nigeria. There is n@praapport between the
relevant government agencies or extension workers and food predspecially in the rural areas on the use of irraisds an
alternative food preservation method. The results of a stodgucted by Okoedo-Okojie and Onemolease (2009), reveals that
ignorance of existence of improved storage methods sunfadisition is a major factor for its non-adoption.

Transporting is the marketing function for moving goods. &fieient flow of agricultural produce requires a good qualistey
for shipping and moving goods. A country’s infrastructurestesntsport system are often seen as key aspects of ilsglaeat. In
Nigeria, road and rail systems are the means for tramspa@gricultural produce down south and up north. Despite tieious
importance, transport systems do not function as theyidh®he roads and rail are in a dilapidated condition asdy@ificant
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proportion of investments made in road networks in 1960s1870s have disappeared because of lack of maintenance. The poor
state of roads slows down the development of supply systechod distribution. It is common to see trucks conyepierishable
produce breaking down and remaining in that state for froeetdays to a week without removing the produce. In dikes]os,

Kano and Lagos, piles of spoiled fruits tell the talehaf ineffectiveness of the transport sysigwyewole and Oloko, 2006. The
highlighted problems in addition to others particularly tbeation of the only gamma irradiation facility in &ta, Abuja will
constitute problems that limit the adoption of this moeftof food preservation in Nigeria.

IX. POSSIBLE SOLUTIONSTO THE PROBLEM SASSOCIATED WITH FOOD IRRADIATION TECHNOLOGY

If food irradiation technology is to gain widespread usagegeni, then the problems highlighted in the previowspbér needs to
be addressed. This section will attempt to proffer ptessitiutions to the problems highlighted in the previduwepter.

A. Lack of Adequate Equipments

The fact that Nigeria has just one functional irradiafiacility is a setback. If Nigeria has to measure up wither developed
countries as regards the use of irradiation technologthéopreservation of food and other materials comméycihlen she will
need to begin setting up more irradiation facilities at esgiatlocations, so as to enhance easy accessibiity &l parts of the
country. To address the above issues properly, a systeshbae put in place that brings public and private sectorshiagéor
active interaction. A cue could be taken from the Food @atjpn of India, which has played a significant roléransforming the
Indian food economy. It operates through a countrywide nktabinstitutions and infrastructures at zonal, regicarad district
level (Oyewole and Oloko, 2006. Active co-operation between the relevant governmenage and the private sector will in more
ways than one hasten the creation or construction o in@diation facilities at strategic geo-political zoned #ocations in the
country, in order to make this technology accessible tenpial users.

Once these structures are put in place, it will alsa ¢nng way to address the issue of transportation. Once @#-available at
strategic geo-political zones and locations in the cgumaces where production is high, then the constm@fimhoving food
produce over long distances will be considerably minimized.

B. Cost Arising From the Actual Service

There is also need for production incentives in terniawafrable pricing linked with efficient marketing facilitigglosses are to be
reduced. In Nigeria, however, incentives are generallymahor non-existent. There is no provision for cushig farmers against
periods of sharp price fluctuations. The issue of pricarasse must be addressed so that the farmer can inqgeaketion to
levels that will ensure stability of supplies to medhbmormal and emergency requirements.

Also, the slight increase in price for irradiated foadimsignificant considering the benefits the conswrget in terms of
convenience, improved hygiene of the food, quantity aadability (Frenzen et al., 2000.

C. Lack of Adequate Sensitization

To solve the issue of inadequate sensitizations, thexgdsbe a platform for extension agents to actively digsate information
on improved storage techniques to farmers in the rurabdaheough use of mass media (e.g. radio/television) anersugnoups.
Available sources of storage technologies should alsofmenunicated to farmers by the zonal extension servic

Also, the use of some modern storage technologies regpeembkzed skills and technical know-how which farmerslacking.
Farmers should be trained on the use of these improvegstarethods such as storage by irradiation. Institutions, thermguoent
and other organizations should arrange regular workshop trdarifeymers and those who operate agricultural machinirea bid
to educate and familiarize them with this technology, targhcourage its adoption.

D. Transport System

Also necessary, is the Construction of Feeder R@dusse must be built to convey the large amounts of faoduce now wasting
away in the fields because of lack of transport facilitidss problem can also be solved setting up more irradidicilities at
strategic locations, so as to enhance easy acceagdituin the farms to the facility.
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X. CONCLUSION
This report has attempted to discuss the prospects aneémhissociated with the use of food irradiation as a foeskpration
method in Nigeria. Food irradiation is a food preservatiathod which involves the process of exposing foodstafés source of
energy capable of stripping electrons from individual atomnike targeted material (ionizing radiatig@non, 1997). This method
of food preservation can be referred to as a more advéogadf food preservation. Some school of thought criticizeutbe of
irradiation for food preservation because of the negatiyedssions of the nuclear industry, and this has made titad@ne the
most investigated forms of food preservation. Food irradidtas being endorsed by the World Health Organisation (WH@)isa
currently being used in over 40 countries and approximately 50@08®t food items are irradiated yearly all over the gorl
The common sources of ionizing radiation recommended bgottiex general standard for use in food irradiation include;
Gamma rays produced from the radioisotopes cobalt-60 (60Ca@etsiaim-137 (137Cs)
Machine sources generating electron beams and x-rays.
Machine sources have the advantage that no radioactivieusodss involved, and it can be switched off and on thighjust the
push of a button.
Though food irradiation brings about some chemical chamgésod, these changes are not different from thoseoitatr when
food is exposed to other forms of food processing or probabiyidod is cooked. However based on hundreds of sciermtstis, t
there is a broad agreement among scientists andhlagghcies that these changes do not pose a human hsadth is
Food can be irradiated either in its prepackaged form patkaged form depending on the type of food product. The food products
are exposed to ionizing radiation over a particular peridgah, to achieve the desired and recommended dose radgrohbess is
carried out in specially designed and shielded facilitiegssto avoid incidences of environmental pollution.
In Nigeria, food irradiation has not gone beyond the expatimhstages. But with the present efforts of some rakeyavernment
agencies such as the Small and Medium Enterprise Devatophgency of Nigeria (SMEDAN) and Nigeria Atomic Energy
Commission (NAEC), and also some promising research frarougascholars in Nigeria, there is a promising indic#tat this
technology will soon reach its stage of commercialirain Nigeria.
The problem of population-food imbalance, caused by food gasiad spoilage is common to most developing nationseof th
world including Nigeria. One of the effective strategies tlaau be used in solving this problem is to reduce theuatraf food lost
in the post-harvest system. Several investigationdNiggrian scholars have confirmed that food irradiatiachnelogy will
adequately help reduce spoilage and wastage of some babjoréstucts in Nigeria.
The Nigerian government under the directive of the NAEC stiswes the same view and as such have begun to puttsootgres
in place so as to enable meaningful research work onsfeliness of this technology on Nigerian food products afatiitate
the smooth introduction of this technology in Nigertaislin this light that the NAEC created six nuclear aesle centers among
which is the Nuclear Technology Centre (NTC), Sheda Sciandelechnology Complex, for research and developiAgetiah,
2014, which houses a 340 kCi Co-60 Gamma Irradiation Facility (GIF)s Tacility is currently being utilized by various
researchers in the country.
Despite all these efforts, there are still someaaitissues that need to be addressed for the smooth irttoodatthis technology
in Nigeria. These problems include; lack of adequate irtiadidacilities, cost of procuring this service, costsetting up more
irradiation facilities, lack of adequate sensitizatioretetia.
If irradiation is to gain widespread use in, then the higitdid problems would need to be adequately tackled.
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