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Abstract

Irradiation is a potentially useful technology for ensuring the safety and extending the shelf-life of food

products. In this study the effects of γ-irradiation (1kGy, 5kGy and 10kGy) treatment on microbial safety of

some selected Ethiopian cereals maize (BH; 166) and sorghum (Teshale) were investigated. In addition, its

effect on their proximate composition was also studied. Each sample of the cereal grains were irradiated in

polyethylene bags in duplicate and half of them were stored for 60 days. Microbial and proximate

composition of the two cereals before and after irradiation was assayed. The results of this study revealed

that total microbial load decreased significantly (P<0.05) in a dose dependent manner. The total plate count

(TPC) after a gamma radiation dose of 5kGY reduced by more than 3log cycles and coliforms (TCC) and

Total fecal coliforms (TFC) were below detection limit (<1log) at 5kGy in a sorghum (Teshale) and were

eliminated at 1kGy in maize cultivar (BH; 166). The total aerobic molds were reduced significantly (P<0.05)

as radiation dose increased and were undetectable (<1log) at 10kGy. Regarding the proximate composition

there was no significant difference in (%) content of crude protein, carbohydrate and crude fat between the

irradiated and unirradiated sorghum cultivar (Teshale) and maize. Only crude fiber increased with radiation

dose for both cultivars. The result of this study showed 10kGy is an ideal dose for totally avoiding the aerobic

plate count bacteria and molds from sorghum and 5kGy for maize (BH; 166). During storage for 60 days no

significant change was observed in number of microbes compared to day zero which shows the possible shelf-

life extension and effectiveness of gamma radiation on the selected Ethiopian cereals.

Key words; Ionizing radiation, food preservation, Post harvest losses, proximate composition.
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One of the most important properties of gamma radiation is that it carries no mass/charge but

discrete amounts of energy. It can behave like a wave or particle (photons), has excellent

penetrating power by producing large amount of energy as high as 100Kev, and has the shortest

wavelength (Enujugha et al 2012) .Insects, mites and other pests are higher level multicellular

organisms responsible for considerable loss of fresh produce and cereals. They can also used as

vectors for carrying pathogenic bacteria and parasites. The best control of insects in agricultural

products can be achieved by using fumigants (such as ethylene bromide). But, the use of these

pesticides has been forbidden or severely restricted in most countries (WHO, 2005).

The international bodies including the Food and Agriculture Organization (FAO), the

International Atomic Energy Agency (IAEA), world health organization (WHO) and Codex

Alimentarius Commission (CAC) investigate projects on food irradiation to verify the safety and

quality of different irradiated products. It has been shown that irradiation used alone or in

combination with other methods could improve the microbiological safety and extend shelf-life

(IAEA, 2009).

Most food micronutrients (mainly water-soluble and fat-soluble vitamins) and macronutrients

(carbohydrates, proteins, and lipids) are not affected by 10 kGy-range ionizing dose with regard

to their nutrient contents but, with radiation doses above 10 kGy, the properties of fibrous

carbohydrates can be degraded structurally and lipids can become somewhat rancid (Miller, 2005;

Brewer, 2009).

Therefore, in this study the possible effect of gamma irradiation on the reduction or /and

avoiding of microorganisms in some selected Ethiopian cereal grains (maize and sorghum) and

its impact on nutritive values was investigated.
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1.2 Statement of the problem

Conventional preservation procedures such as washing, chemical sanitization, and thermal

treatment have limited efficacy against pathogenic bacteria, fungi and insects on stored food

products and fresh products. The use of gamma irradiation to improve the shelf-life of perishable

foods and to ensure the microbiological safety of these products has been studied extensively

(Zinedine et al., 2007).

The World Health Organization (WHO) stated, the infectious and parasitic diseases represented

the most frequent cause of death worldwide (35%), the majority of which happened in

developing countries in 1992 and the high risk groups for this food borne diseases include infants,

young children, the elderly and the immunocompromised persons ( Fleury et al., 2008).

Ethiopia is one of the countries that produce cereals in large amount for human consumptions.

Therefore, preserving of these products from microbial contamination and insect’s infestation

upon long storage is very important (Sherman, et al, 2010). The use of gamma irradiation

(ionizing radiation) decreases and/or avoids spoilage and pathogenic microorganisms, thereby

extends shelf-life and ensures food safety of cereals and other food products (Braghini et al,

2009).

In addition to cereals production, Ethiopia exports spices and vegetables in large amount after

storage and long transportation. Therefore, applying food irradiation technology can improve

food safety and shelf-life which is compromised by spoilage and pathogenic microorganisms and

insects’. In addition, food irradiation as food preservation method can contribute to a country’s

economy and public health by minimizing post harvest losses and food borne illnesses.
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1.3 Objectives

1.3.1 General objective

To investigate gamma irradiation effects on microbial composition of maize and sorghum and its

impact on proximate composition.

1.3.2 Specific objectives

To asses microbial safety of sorghum and maize after gamma irradiation

To determine the proximate composition of sorghum and maize before and after gamma

irradiation
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1.4 Significance of the study
Researchers, students and academicians can use as reference materials for future work and can

apply the method for different food items. Worldwide; high economic loss is incurred due to

microbial spoilage and insects’ infestation of food products. The Food and Agriculture

Organization of the United Nations (FAO) estimated that 25% of all food products are wasted

after harvests worldwide (Aquino, 2011).

According to Forsythe, most economic losses of foods are due to infestation with insects, fungal

contamination and premature germination (Frisvad, 1991). Growth in international trade of

agricultural products, especially tropical fruits, vegetables and cereals, is seen as a foundation

component of the economic development strategy of many developing countries (World Trade

Organization, 2001). Disinfestations technology for quarantine security purposes is a critical

enabler for such trade in agricultural products. (Lacroi, et al 2004). Food irradiation significantly

reduces the loss that occurs due to food contaminants (Lynch, 2009).

Food contaminants are one of public health problems that cause food poisoning and

contamination in fresh and stored foods such as cereals (Hoffman et al, 2005).

Food borne illnesses are prevalent but the magnitude of illness and associated deaths are not

accurately reflected by the data available in both developed and developing countries.

(Kuchenmüller et al, 2009). The microbial contribution of cereal grains and flours to

convenience foods is an important consideration from public health aspects and as a source of

possible spoilage agents (Anurag et al, 2013).So, the use of Ionizing radiation can safely and

effectively eliminate the pathogenic bacteria from foods by consequently minimizing or avoiding

food borne illnesses and hospitalization.

One of the main obstacles for the development of this technique in many countries is the

mistaken ideas consumers have concerning excessive nutrient denaturation, along with the myth

of food becoming radioactive and generation of toxic compounds. However, research results

back to the 1950’s have already shown the absence of radioactivity inducement in the food

treated by ionizing radiations (Bruhn, 2007). Creating awareness for the society and popularizing

the use of food irradiation techniques as safe methods of food preservation that improves food

quality and safety is very important.
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2. Literature review
2.1 Importance of cereals

Cereals are considered to be very important group of plant food stuff, particularly in the

developing and under- developed countries of the world. They supply substantial amount of

carbohydrates and adequate amount of other nutrients (Braghini,et al,2009).

Cereals include teff, barley, maize, sorghum, oats, millet and wheat. In Ethiopia, cereals make up

85% and 90% of the total cultivated area and total production of field crops respectively and for

over 90% of modern input consumption (CSA, 2000).

Eastern Africa sub-region has a great diversity of foods owing to its diverse biodiversity and

ecologies. However, the human diets are dominated by cereals that contribute on average over 40

per cent of total direct human dietary calorie intake with Ethiopia (68 %) the highest and Rwanda

(12 %) (Solomon, 2011).

Cereal grains are usually stored as dry seeds and forms an enormous source of food; however

large quantities of grains are damaged annually as a result of microbial contamination and insects

attacks (Ferreira-Castro, 2007). During harvesting and processing, and even during distribution,

these products may become rather highly contaminated with various microorganisms and insects

(Kikuzaki, 2006).

Many post harvest procedures for control of insects and moulds in stored product are chemical,

biological and physical control, or a combination of these techniques (Braghini , et al,2009).

The importance of cereals in terms of area of production in Ethiopia is depicted in table 1.
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Table.1 Importance of cereals (maize and sorghum) in terms of area and production (2008/09

production season in Ethiopia)

Crop

Area Production

ha in million % of grain

land

Qt in

million

% of grain

Production

Maize 1.8 15.77 39.32 22.97

Total 8.8 78.23 144.96 84.69

Source: CSA (2009)

Among cereals the contribution of maize and sorghum to agricultural sector of Ethiopia is

enormous.

2.1.1 Sorghum

Sorghum (Sorghum bicolor) ranks fifth in worldwide production among cereal crops following

wheat, rice, corn and barley. Popularity of sorghum is due in part to its ability to produce

reasonable yields in warmer, drier regions. Sorghum is a possible source of energy and protein

for millions of the world’s poorest people (Douolu et al, 2003). Sorghum (Sorghum bicolor) is

one of the major food crops of the semiarid regions of Africa and Asia. Ethiopian people

consumed sorghum as fermented flat bread (“Qita”), thick porridge, thin fermented bread (injera),

boiled grains and beverages (“tella”) as a source of protein and minerals (Asfaw, 1998). So

reducing the postharvest loss that occurs due to insects attack and microbial contamination

should be point of concern.

2.1.2 Maize

Maize (Zea mays) has been under cultivation for several thousands of years in the Americas, but

it was Columbus who introduced it in the early 1500's into West Africa where its uses have

increased (Odmanten, 2013).

Ethiopia is one of the world’s centers of genetic diversity in crop germplasm (McCann, 2001),

produces more of maize than any other crop (CSA 2010). The total area under maize in 2000 was

estimated to be 1.33 million ha and the total production in the same year was 27 million quintals

(CSA, 2000). Under Ethiopian context, seed politics is dominated by maize, specifically hybrid
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maize. Policy-makers consider maize as a crop where huge productivity gains can be obtained to

boost domestic production (Dawit, 2010).

2.3 Applications of ionizing radiation in food and others

Gamma rays are emitted from radioactive forms of the element cobalt (Cobalt 60) or of the

element cesium (Cesium 137). Gamma radiation is used routinely to sterilize medical, dental and

household products and is also used for the radiation treatment of cancer (Niemira , 2008).

The use of ionizing radiation to control the microbial growth in foods or applied in medicine has

been investigated since the late 19th century (Urbain, 1993). Ionizing radiation has been widely

recognized as a method of decontamination of foodstuffs.

Exposing food to radiation treatment delays spoilage and improves safety by eliminating or

reducing pathogenic microorganisms. The treatment by gamma radiation is based on an

electromagnetic radiation characterized by high frequency waves (X and gamma rays). Gamma

radiation is an ionizing radiation that carries enough energy to remove an electron from an atom

or molecule (Amro, et al.2009). Co 60 is derived from standard (non-radioactive) Co59 neutron

irradiation. It has a half-life of 5.27 years and decays to standard nickel (Odamtten, 2013).

Electron beams and gamma rays differ greatly in their ability to penetrate matter. Generally

gamma rays exhibit higher penetration into food compared to electron beams (Amro, 2009).

There are three food radiation processes comparable to thermal methods of conservation

according to radiation dosage assured in kilograys (kGy) (Dionsio, et al, 2009). These include;

Radurization; which are low doses (under 1 kGy) – inhibits the sprouting of produce (onion,

potato and garlic); retards the ripening and fungi deterioration of the fruits and vegetables

(strawberry, tomato), and promotes insect disinfestations in cereals and vegetable. Radicidation

(pasteurization); Typical doses (1 to 10 kGy) – controls the presence of pathogenic and spoilage

organisms, especially in fruit juices cereals; retards the deterioration of fishes and fresh meat,

and controls Salmonella in poultry products (Dionísio, et al, 2009).

Radapertization (industrial sterilization) High doses (over 10 kGy) – little used in food

processing and it is rather important to the sterilization of health and personal hygiene products

(Farkas, 2006).
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2.4 Food irradiation in developed and developing countries

Research on food irradiation dates back to the turn of the twentieth century with the first United

States of America and British patents were being issued in 1905. It allowed the use of ionizing

radiation to kill bacteria in food (ICGFI, 1999).

This technology is used as a method of food preservation in more than 50 countries, including

Belgium, Canada, France, South Korea, India, United States, Netherlands, and others.

Furthermore, use of irradiation on foods was adopted by international organizations such as

Word Health Organization, International Atomic Energy Agency, and Word Trade Organization

because of its wholesomeness and economic benefits (WHO, 1999, USEPA, 2002).

There have been positive developments on food irradiation in different regions of the World,

especially in the United States of America and several Asian and Latin American Countries.

China, USA and Ukraine make up about three quarters of the whole food irradiated in the world.

China is the most important country in the use of food irradiators. More than 200 facilities are

reported from China and have about 100 irradiators with different designed capacity. During

2006-2010, China established 20 new irradiators. The number of radiation processing facilities

and commercial food irradiation is showing an increasing trend around the world (EFSA, 2011).

2.5 Cereal grains irradiation in Africa

Research conducted in several countries in Africa demonstrated that irradiation has a potential to

be used to reduce high post-harvest losses of products such as roots and tubers, dried meat and

fish, cereals and ensure microbiological safety of spices and dried vegetable seasonings, and to

control insect infestation of fresh and dried fruits for export (Amro ,et al,2009). During the last

30 years, extensive research activities on the radiation preservation of food have been conducted

in Egypt with respect to the adaptability of the method to the local environment, the optimal

radiation doses required for specific changes in organoleptic, physical, chemical and

microbiological properties of irradiated food, and the technology of the process (Palou et al.,

2007).

Major research activities conducted along this line have been oriented to solving problems of

local and regional importance e.g. inhibition of sprouting; extension of shelf-life of certain

vegetables and fruits; and disinfestations of stored grains and grain products. Studies have been
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conducted to determine the lowest effective radiation level required for short term storage,

assessment of changes in organoleptic, physical, chemical and microbiological levels of

irradiated food and their nutritive status (Amro et al, 2009).

2.6 Post Harvest Loss of cereals

All food production techniques from the farm to the table are concerned with minimizing

spoilage, eliminating pathogens, and prolonging shelf life. Gamma irradiation can contribute for

the reduction of postharvest losses caused by fungi and reduce the use or doses of fungicides and

other chemicals on disease control (Cia et al., 2007). Irradiation has been used for the

preservation and production of foods that are free of pathogenic micro- organisms and is

therefore an important tool for the control of food contaminating microorganisms. In another

words, irradiation of foods can reduce the risk of food borne illness (Braghini et al, 2009).

Irradiation prolongs the shelf life of foods particularly fruits and vegetables by reducing spoilage

bacteria. All organisms present in the food are destroyed to secure long term preservation. Meats,

seafood, cereal grains, fruits and vegetables are preserved this way (Hotchkiss, 2001).

2.6.1 Mechanism of Action of Irradiation

The susceptibility of microorganisms and their spores to gamma radiation has been well

established. The ionizing radiation produces chemical changes on substrate that inactivate

microorganisms (Bugno, et al 2006). Many applications are realized also to reduce the

microorganism number and consequently eliminate the risks of a poisoning disease. The energy

of ionizing radiation affects directly the microbial DNA molecules, causing the damage on

fungal or bacterial cells (EFSA, 2011). Other effect of radiation (known as the indirect effect) is

the interaction of energy with water molecules present on substrate or food, producing free

radicals and ions that attack the microorganism DNA, killing the microbes (Kamat, 2005).

The DNA structure is that of very long ladder twisted into a double helix. Since there is only one

or at most a few copies of the DNA molecule in a cell, and if it becomes damaged by either

primary ionizing events or through secondary free radical attack, the induced chemical and

biological changes can prevent replication and cell death (Scott and Suresh, 2004).

The lethal dose of radiation can vary according to the organism and comparing with vegetative

form of bacteria, fungi are more resistant to ionizing radiation doses (Bugno et al, 2006). In
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general, the vegetative forms of bacteria are more sensible to radiation than fungi (Table 2). The

effectiveness of the treatment is dependent on several factors including the composition of the

food, the number and type of microorganisms and the dose applied (Kamat et al, 2005).

Irradiation kills microbes primarily by fragmenting DNA. Sensitivity of organisms’ to radiation

increases with the complexity of the organism. Thus, viruses are most resistant to destruction by

irradiation, and insects and parasites are most sensitive. Spores and cysts are quite resistant to the

effects of irradiation, because they contain little DNA and are in highly stable resting states

(Cemile and Osman, 2013). In table 2 the lethal dose of ionizing radiation is depicted.

Table.2 Lethal doses of ionizing radiation (kGy) ( Bugno et al,2006)

2.6.2 Effect on Bacteria

On the basis of food safety, bacteria are generally divided into three groups; useful bacteria that

are applied in food industry for fermentation. Spoilage bacteria that are responsible for

undesirable changes in the odor, flavor, texture and appearance of food, and patho genic (disease

causing) bacteria are responsible for most of the outbreaks of food-borne illness (Miller, 2005).

Organisms Dose (kGy)

Humans 0.0056-0.0075

Insects 2.2-9.3

Virus 10-40

Yeasts 4-11

Moulds 1.3-11

Escherichia coli (Gram negative) 1.0-2.3

Salmonella spp. (Gram negative) 3.7-4.8

Bacillus subtilis (spores) 12-18

Clostridium botulinum (A) (spores) 19-37

Staphylococcus aureus (Gram positive) 1.4-7
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The endospores of spore-forming bacteria are resistant to most treatments. Doses used to

preserve foods below 10 KGy may only give a 2-3 log10 reduction in spore numbers. This is not

sufficient to produce shelf-stable foods (Patterson, 2005).

2.6.3 Effect on Yeasts and molds

Fungi can contaminate foods from cultivation to harvest, during transportation and storage, and

in various production phases, whenever the fungus is under favorable conditions of temperature

and humidity (Frisvad, 1991).

Yeasts are generally more radiation resistance than molds and vegetative bacteria. So, they can

become important in the spoilage of irradiated meat products (such as sausages) stored at

refrigeration (Ahari and Zafarani, 2008; Patterson, 2005; Scott and Suresh, 2004).

If only one cell escapes damage, the spore may still have the ability to germinate. So, these

spores are more radiation resistant as higher doses will be needed to destroy all the cells

(Patterson, 2005). Therefore, higher dose radiation has been suggested as an alternative to yeasts.

(Landgraf et al., 2006; Marcotte, 2005).

2.7 Effect of gamma irradiation on nutritional quality of cereals

The main purpose of cereal irradiation is decontamination and elimination of pathogenic

microorganisms and extension of shelf-life by reducing molds, spoilage and pathogenic bacteria

and insect infestation (Paula et al, 2009).

The 10 kGy dose, accepted by Codex Alimentarius Committee is very effective for the

microbiological decontamination of wheat (Triticum vilgare ), barley (Hourdeum vulgare ), corn

( Zea mays ) and sorghum ( Sorghum bicolor ), does not cause unfavorable nutritive and sensory

effects to them (Rosana , et al, 2012). The stability of separate food components such as vitamins,

protein, carbohydrates, and fats during gamma radiation has been extensively studied, but foods,

which are complex systems, may not be lost significantly (Ahari et al, 2010). In order to

determine the minimum dose required to control food spoilage agents, it is necessary to estimate

the maximum acceptable dose, because high doses can have negative sensory and nutritional

effects on foods (Miller, 2005, and Ahari et al, 2010). The effects of ionizing radiation on the

primary components of foods, including carbohydrates, lipids and proteins, as well as some

important micronutrients (vitamins) are studied. For these large molecules any excess energy is
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most likely to be absorbed in those parts of the molecule having the greatest electron density, or

where bonds are weak (Ahari, et al, 2010). Therefore, it is not surprising that the products of

radiolysis are nearly similar to the products resulting from cooking (Scott and Suresh, 2004).

2.7.1 Carbohydrates

Carbohydrates are a main basis of energy for the body. When subjected to radiation, the complex

carbohydrates breakdown into simpler sugars, while the monosaccharide breakdown into sugars

acids and ketones. These are the same compounds that result from normal hydrolysis (Marcotte,

2005). Consequently, low and medium radiation doses have little effect on the nutritional value

of carbohydrates. High radiation doses, however, can deteriorate fibrous plant cell wall material

leading to a deterioration of texture and loss of quality (Marcotte, 2005; Miller, 2005; Suresh et

al., 2005).

2.7.2 Proteins

Proteins are large compounds that have long chains of amino acids attached by peptide bonds

(the carboxyl group of one amino acid is related to the amino group of another). Protein

molecules range from the long (insoluble fibers that make up connective tissue), soluble enzymes

that can pass throughout cell membranes and catalyze metabolic reactions necessary for life

(Ahari , et al, 2010).

The role of a protein molecule is largely established by its three- dimensional structure. Whereas

amino acids by themselves are relatively susceptible to free radical attack following irradiation,

they are much less sensitive when buried in the rigid structure of a protein molecule. As a result,

low and medium doses cause only a small breakdown of food proteins into lower molecular

weight protein parts and amino acids. (Ziebkewicz et al., 2004, Ahari, et al, 2010).

Indeed, trial evidence suggests that such treatments cause less protein degradation than steam

heat sterilization. At high doses, irradiation can result in protein denaturation, with resulting loss

of food quality (Miller, 2005; Suresh et al., 2005).

2.7.3 Lipids
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Fats are composed of the same elements (carbon, hydrogen and oxygen) as carbohydrates. At

low and medium doses, the effect of irradiation on the nutritional content of fats is minimal.

Additionally, it is also significant to note that low and medium doses will not cause the

formation of aromatic or heterocyclic rings, or the condensation of aromatic rings, all of which

are measured to be carcinogenic, and are known to be visible at high cooking temperatures

(Patterson, 2005; Scott and Suresh, 2004). However, the irradiation of lipids at high doses, and

especially in the presence of oxygen, can lead to the formation of liquid hydro peroxides.

Although not necessarily dangerous, these substances often have undesirable odors and flavors.

The unsaturated fatty acids are more prone to develop rancidity. Lipid oxidation can be

considerably reduced by freezing, or by oxygen removal prior to irradiation (Marcotte, 2005 and

Ahari, et al, 2010)

2.8 Safety of irradiated food

Healthiness of irradiated food (toxicological, nutritive and microbiological) has been carefully

evaluated and tested for over 50 years. Results of innumerous studies assure that the intake of

irradiated food is absolutely safe for the consumers. (Farkas, 2006).

Most opponents of food irradiation suspected that polyploidy brings about chromosomal

abnormality which is traceable to consumption of irradiated wheat. Scientific studies have shown

that no chromosomal aberrations occur in animals and even human volunteers (IAEA, 2009).

Mutation in micro-organisms is a well known event. So, selection of spontaneous mutants and

production of mutant strains by various mutagenic agents are practiced for scientific and

industrial purposes. Ionizing radiation is able to induce mutations, as a number of physical or

chemical antimicrobial agents. Some evidences showed that the pathogenicity of infectious

organisms is diminished by irradiation (EFSA, 2011).

Studies on transcriptional changes of S. Typhimurium and Vibrio spp., showed that, the

expression of the virulence genes in Salmonella irradiated mutants was reduced, and expression

of toxin genes of Vibrio irradiated mutants did not increase, compared with non-irradiated

counterparts (Lim et al., 2007, IAEA, 2009).
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Food irradiation has not provided any evidence of increased threat of mycotoxin formation in

irradiated food. Therefore, these do not show any specific hazard in relation to mycotoxin

production (Kottapalli et al., 2006).

It is physically impossible for irradiated food to be radioactive just as our teeth are not

radioactive after we had a dental X-ray. Irradiation is radiant energy. It disappears when the

energy source is removed (Cemile and Osman , 2013). Radioactivity of food is only possible

with the exposure to radioactive particle leak caused by nuclear accident and nuclear weapon

tests (Çelebi, 2007).

2.9 Irradiation facilities

Ionizing radiation for food processing is limited to high energy photons (gamma rays) of radio

nuclides 60Co or 137Cs, X-rays from machine sources with energies up to 5 MeV and

accelerated electrons with energies up to 10 MeV generated by electron accelerating machines

(Hvizdzak et al., 2010). These kinds of ionizing radiation are preferred due to: the suitable food

preservative effects that do not generate radioactivity in foods or packaging materials and

available at costs as commercial use of the irradiation process (Farkas, 2004).

The strength of the source and the length of time the food is exposed to the ionizing energy

determine the irradiation dose which is measured in grays (Gy) or kilo grays (1kGy = 1,000 Gy).

One gray is equal with one joule of energy absorbed in a mass of one kilogram (EFSA, 2011,

Aziz et al., 2006).

Low-dose irradiation (≤1 kGy) is used primarily to delay ripening of produce or kill or render

sterile insects and other higher organisms that may infest fresh food. Medium-dose irradiation (1

to 10 kGy) pasteurizes food and prolongs shelf life. High-dose irradiation (>10 kGy) sterilizes

medical instruments and hygienic products (Shea et al., 2000).

The irradiation dose absorbed by a product may not be uniform due to the limits in penetration

capacity of ionizing radiations. This can reduce the overall efficacy of the food irradiation in

practice (EFSA, 2011). So it is necessary to determine the ability of an irradiation facility to

deliver the absorbed dose, prior to the irradiation of the food product. Also, it is essential to

monitor and document the absorbed dose during each production run (Moreno et al., 2008).
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2.10 Public Acceptance and trade of irradiated foods

In spite of the fact that irradiated foods and the process of food irradiation have been carefully

tested and the greater quality of treated products recognized, the quantity of irradiated foods in

the global food trade is not significant (Ahari et al. 2010).

The lack of acceptance of food irradiation has been mostly because of misconceptions and

irrational fear of nuclear connected technologies. Also, people are confused and fail to

differentiate irradiated food from radioactive foods. At no time throughout the irradiation process

does the food come into contact with the radiation source and, by using gamma rays or electron

beams up to 10 MeV, it is not possible to induce radioactivity in the food (Marcotte, 2005).

The degradation products formed when a food is exposed to ionizing radiation are called

radiolytic products. Products of radiolysis are present in very small quantities (ppm-range) and

do not persist in food in presently measurable amounts. The major food components - of water,

protein, lipids (fatty materials) and carbohydrates (starches, sugar and cellulose) - are vulnerable

to radiolytic attack (Robins , 1991).
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3. Materials and methods
3.1 Study site

The sample of maize was collected from Ethiopian seed Enterprise (BH; 166) that was originated

from Bahir Dar and was harvested on December, 2014. Melkasa Agricultural Research Center

provided sample of sorghum (Teshale) for this study which was also collected on December,

2014. Both samples of the cereals were irradiated at National Center for Control and Eradication

of Tsetse fly and Trypanosomiasis which is located at Akaki-kality Sub-City. Bahir Dar is

located to Northwest of Addis Ababa. Melkasa agricultural research center is located at112km

east of Addis Ababa.

3.2 Experimental materials

3.2.1 Instruments and chemicals for irradiation

Cobalt-60 Gamma cell Excel 200 ( Noridion India) as source of gamma radiation, Polyethylene

bags to hold the samples and analytical balance for weight measuring, Fricke-dosimeter solution

for calibration, UV-visible spectrophotometer for measuring absorbance of the dosimeter

solutions.

From the absorption spectra (appendix 1), the radiation-chemical yield is calculated using the

following equation as follows:

(Nabod.etal,1998).

3.2.2 Instruments, Reagents and Media for microbial assay

Sterilized spoon, analytical balance, pipette, measuring cylinder, and wire loop were used for

measurement. Incubators were used to create suitable environment for growth of microbes.

Autoclave machine was used to sterilize the instruments and Medias, Erlenmeyer flask,

petridishes and test tubes were materials used to hold analytical samples. A laminar flow cabinet

served as protection of personnel and the samples from contamination. Buffered peptone water

was used for dilution of samples, and sodium hypo chlorate solution was used for disinfection of

working area and Inoculating wire loop used for inoculation of samples. The wire loops were

sterilized using flame.

Plate count agar and potato Dextrose agar were used as general media for total aerobic plate

count and total aerobic mold and yeast count respectively.

   JmolbDAdyeG /.../ 
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3.2.3 Instruments and chemicals used for determination of proximate composition

Electronic balance-Ax120 used for weighing samples for analysis. Muffle furnace (S302RP)

England for ash determination. Hot air circulating oven (DHG 9055A) for determining moisture

content, different types of crucibles for moisture, ash and fat determination were used. Sulphuric

acid of different concentration and KOH were used for digestion, Hcl (0.1N) for titration of

nitrogen, sodium hydroxide (40%) to make the medium alkaline, Boric acid, Distilled water,

catalyst mixture (copper sulphate & potassium sulphate), hydrogen peroxide (30%), dietylether

as solvent for crude fat extraction.

3.3 Sample selection and preparation

Fresh samples (1kg) of maize (zea mays) BH; 166, and 1kg of sorghum (sorghum bicolar)

‘Teshale’ grains were collected purposely from Ethiopian seed Enterprise and Melkasa

agricultural research center respectively. Each was divided into two, 600gm for experimental and

the other 400gm for control and both kept in polyethylene bags at 4ºC. Sample of sorghum and

maize (100mg in duplicate) were weighed for an irradiation dose of 1kGy, 5kGy and 10kGy.

3.4 Handling of Experimental unit

All samples are kept in refrigerator at 4ºC before analysis to avoid environmental contamination.

The irradiation machine was calibrated prior to treatment using Frick-dosimeter solution as per

standard to know the radiation dose absorbed due to the spontaneous radioactive decay of Co60

that depends on its half-life.

After treatment by gamma radiation the samples (100mg for each doses including control) which

were sealed in polyethylene bags were taken into food microbiology laboratory of Ethiopian

public Health Institute and kept at 4ºC before analysis. Half of the irradiated samples for each

dose (100mg for each) were stored for 60 days at room temperature in sealed polyethylene bags.

3.5 Experimental procedures

3.5.1 Calibration of Gamma Cell 220 Excel

The control and measurement of absorbed radiation dose received by a food product is of

dominant importance to assure the quality of the irradiated product and regulatory compliance.

Dosimeter is the only independent method that can guarantee the quality and reliability of the

process sine the isotope radiation source Co60 decays overtime due to its half life (Nabol 1998).
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3.5.2 Fricke dosimeter chemical yield determination for dose measurement standardization

Preparation of Fricke dosimeter solution

100 mL of the dosimeter solution was prepared by dissolving 39.2 mg Fe (SO4)2(NH4)26H2O and

5.84 mg of NaCl in 0.8 N H2SO4 (Chapman 1980).

Irradiation of the Fricke dosimeter solution

The Fricke dosimeter solution in 4mL vials were irradiated with a Co-60 Gamma Cell Excel at

500 Gray dose.

UV-Vis absorption spectrometry

The UV-Vis absorption spectra of both the un-irradiated and irradiated solutions of the Fricke

dosimeter solutions were measured using Perkin Elmer 950 UV-Vis/NIR Spectrophotometer.

Fig.1. Diagram of 60C0Gamma Cell- 220 Excel Nordion MDS India (Naboletal 1998).

3.6 Irradiation of the cereal grains

Irradiation was done using Co-60 gamma cell 200-Excell (Noridion MDS Indian) at national

center tsetse fly and trypanosomiasis eradication and control which is found at Akaki-kality sub-

city. The irradiation was done at three different doses 1kGy, 5kGy and 10kGy.The irradiation
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time was 1151sec for 1kGy, 5755 sec and 11510 second for 10kGy. The irradiation rate was

0.81Gy/sec according to the Fricke dosimeter measurement and 0.87Gy/sec according to the

institution dosimeter and the experiment was conducted using the institution’s dosimeter. The

temperature during irradiation was 22ºC.

3.7 Assay of microbial content

3.7.1 Preparation of food homogenate and dilution

The irradiated and non-irradiated samples of sorghum and maize were opened in a laminar flow

cabinet 48 hours after irradiation. Using a sterilized spoon, a representative sample of 25gm

sorghum and maize for each dose of radiation (1kGy, 5kGy and10kGy) and unirradiated sample

were randomly weighed and diluted in 225ml of 0.1% buffered peptone water in a 250ml

Erlenmeyer flask and allowed to mix on shaker for few minutes (AMPH, 2001).

After mixing each sample of sorghum and maize, serial dilution was done by pipetting 1ml of

cereal homogenate in 9ml of 0.1% buffered peptone water, and pipetting 1ml from tube labeled

10 -1 into 9ml of peptone water and from the 10-2 dilution 1ml of the cereals sample were pipetted

to a dish labeled 10-3forming a 1:10, 1:100 and 1:1000 dilution ratios (Nutli et al 2013).

3.7.2 Preparation of culture media

A 25.5gm of buffered peptone water (Oxoid CM009) was prepared for dilution in 1000ml

distilled water and autoclaved at 121ºC for 15 minutes.

Media for analysis of total aerobic plate count was prepared using plate count agar (PCA)

(Acumedia 7157A). PCA is a general media which supports growth of both gram+ve and gram-

ve bacteria.

A 8.75gm of PCA was weighed and diluted in 500ml distilled water and allowed to mix on hot

plate, and sterilized in an autoclave at 121ºC for 15 minutes.

A 9.5gm of Potato dextrose agar was diluted in 500ml distilled water and autoclaved at 121ºC for

15 minutes.

20gm of Tryptone soya agar (TSA) was weighed and dissolved in 500ml distilled water and

allowed to sterilize in autoclave at 121ºC for 15 minutes. Violet red bile agar was a selective

media that supports growth of total coliforms and fecal coliforms. The fecal coliforms and total

coliforms were sub-cultivated using Brilliant green broth (BGB) for confirmation.
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3.7.3 Inoculation and incubation procedure

Aerobic Mesophlic plate count

A 15ml of PCA was poured onto petridishes that contains the samples for each dilution (1; 10, 1;

100, 1; 1000) and the three doses of gamma radiation including control in duplicate. All samples

were allowed to cool for few minutes and incubated by inverting the prepared dishes at 37 ºC for

72 hours.

Total Coliforms and Fecal coliforms count

For determination of total coliforms and fecal coliforms, 15ml of Violet red bile (VRBA) (Oxoid

CM0107) media, (pour plating) agar was poured into the petridishes for all dilutions and

treatments incubated at 37 ºC and 44 ºC for total coliforms and fecal coliforms respectively for

24 hours. There was a negative control for both samples of sorghum and maize uninoculated

VRBA and TSA agar medium. After 24 hours the colonies grown were sub cultivated on Briliant

green broth (BGB) with 1ml of sample inoculation and incubated at the same temperature for 24

hours for confirmation.

An inoculation of 1.0 mL of the dilutions 10−1, 10−2 and 10−3 was performed in three sets of five

tubes containing 9.0 mL TSA which were incubated at 37 °C for 24 hrs. After this time, the tubes

that showed turbidity and gas production (positive) in the interior of the Durham tubes were

transferred to the analyses of total coliforms and Fecal coliforms at 44°C and 37°C for fecal

coliforms. For total coliforms and fecal coliforms confirmation, 1ml of an aliquot was transferred

to tubes containing 9 mL of Brilliant Green Bile Broth (BGB) using sterile wire loops, which

were then incubated at 37°C and 44°C for 24–48 hours respectively. Positive results were

interpreted in the appropriate table as log cfu/gm considering the inoculated dilutions and the

second dilution were used for colony counting. Plates having 25 to 250 colonies were counted.

Total count for molds and yeast

The aerobic colony count for molds and yeast was estimated as the number of viable mould and

yeast per gram of a food sample. A 15ml of potato dextrose agar medium) (Merck HG00C100)

with chloramphenicol (2%) (spread plating) was poured on to petridishes prepared in advance

containing 1ml of each samples for all doses and control of sorghum and maize cultivars in

duplicate and the average was taken.
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The result of microbial content was calculated as follows by the following formula.

N = [C/V] × d

C = number of colonies counted

V= volume applied to each plates

d = the dilution from which count was obtained

For all microbial calculation the second dilution (10-2) was taken and count was done by standard

plate count method manually.

3.8 Determination of proximate composition for maize and sorghum

3.8.1 Determination of crude protein

Addition of reagents

Protein was calculated from the % of N (6.25xN) which was determined by kjeldhar method

described by method no 979.69A (AOAC, 2000).

A 0.5gm of samples of maize were weighed for a dose of 0, 1, 5 and10kGy and added in a

tectator tube, then placed in tectator rack. About 6ml of sulfuric acid (98%) was added on each

sample prepared in duplicate mixed with the sample in a safety hood.

3.5ml of hydrogen peroxide (30%) was added step by step. As soon as the violent reaction

ceased the tubes were shacked few times. About 3gm of Catalyst mixture (k2So4 +CuSo4 1; 10)

was added to each samples and allowed to stand for 15 minutes before digestion.

Digestion

After addition of catalyst the samples are taken to digester. With the temperature of the digester

at 350 ºC the tubes in the rack was lowered into the digestor.The digestion continued for 4 hours

until a clear solution appeared and taken to fume hood for cooling.

Distillation

25ml of 40% sodium hydroxide solution was added to the digested and diluted solution to

neutralize the acid and to make the solution slightly alkaline.

NH4SO4 + NaoH 2NH3 + 2 H2O + Na2SO4

Then the ammonia was distilled in a flask that contains excess boric acid (4%) up to a volume of

200-250ml and rinsed with distilled water.
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Titration

The borate ion from the reaction; H3BO3 +NH3 was titrated with standard (0.1N Hcl) until the

green color changes to red pink.

Total Nitrogen content was calculated as follows;

NH3 + H3BO3 NH4+ + H2BO3-

Calculation;

Nitrogen (%) = [[VHCL (L) x VHCL x14] ÷W] × 100

Protein (%) = 6.25x% Nitrogen

V= volume of HCL in Liter consumed to the end point of titration

N= the normality of HCL (used often 0.1N)

W0= sample weight of nitrogen.

14= the molecular weight of nitrogen

The percentage of nitrogen was converted to percentage of protein by using conversion factor

which is 6.25.

3.8.2 Crude fat Determination

Crude Fat content was assayed using soxhlet method of extraction using method no 4.5.01

according to (AOAC 2000) standard) with dietylether at 55ºC. The extraction cylinder was

washed with hot water to remove any impurity and dried in an oven for 1hour at 105 ºC and

cooled in desiccators and then weighed.

After covering the extraction thimble with defatted cotton, 2gm of the samples were weighed and

the thimbles were inserted into the extraction chamber. The extraction cylinder were taken away

from desiccators and put in a bucket and 50ml of dietylether was added to each cylinder and

moved to heating plank and extraction gone for 4 hours, two hours for soaking and two hours for

extraction.

After the extraction was completed the extraction cylinders were disconnected and put in drying

oven at 70 ºC for 30 minutes to evaporate the solvent and cooled in desiccators at room

temperature. After cooling, weight of the cylinders was taken as W2.

The crude fat content was calculated as follows;
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Crude fat% by weight= [(W2 –W1) ÷ W] × 100

W1= weight of the extraction flask

W2= weight of the extraction flask plus the dried crude fat (g)

W3= weight of the sample (g)

3.8.3 Determination of Crude fiber

Extraction

Crude fiber was determined gravimetrically by treating oil-free samples by H2SO4 (0.25%) and

boiling for 30minutes on hot plate by keeping the level constant with distilled water followed by

addition of 20ml of KOH (0.28%) solution on hot plate for further 30 minutes by occasional

stirring.

Filtration

Filtration was done by pouring the sample solution into a sintered glasses crucibles using

vacuum pump by alternatively washing the residue with 1% H2So4, distilled water and 1% NaoH

and water free acetone.

Drying and combustion

After drying the crucibles in an oven at 130 ºC, they were allowed to be cooled for 30 minutes in

desiccators weighed as weight 1(W1). The crucibles were then transferred to muffle furnace for

30 minutes at 550 ºC and cooled to room temperature and weighed as W2.

3.8.4 Moisture content determination

Moisture content of both sorghum and maize cultivars treated at 1kGy, 5kGy, 10kGy and

control were determined by method no. 925.09 according to (AOAC 2000) using hot-air

circulating oven (GujenKamp). The crucibles were cleaned & dried in an oven at 105 ºC for 1n

hour and weighed after cooling. 5gm of the samples were weighed and inserted in an oven at

105 ºC for 3 hours. After cooling in desiccators to room temperature it is again weighed.

The moisture content per 100gm was determined using the following equation;

Moisture content in % = [(W2 –W3) ÷ (W2 –W1)] × 100

W1 = weight of crucible W2= weight of sample (wet) + weight of crucible

W3= Weight of dried sample + weight of crucible
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3.8.5 Determination of total Ash content

The total ash content which indicates total mineral of the cereals was determined by gravimetric

method using muffle furnace incirnation at 550 ºC for 5 hours after charring on hot plate in

fume-hood using method no 925.03 according to (AOAC, 2000) to remove the organic residues.

After cleaning the porcelain crucibles with acid (HCL) and distilled water, they are dried in an

oven at 105 ºC for 30 minutes and cooled in desiccators (with granular silica gel) at room

temperature for 30 minutes.

About 2.5gm of fresh sample of sorghum and maize in duplicate were weighed in crucibles for

all treatments including unirradiated samples and charred on hot plate in fume-hood by slowly

increasing temperature until smoking ceased and ashed in a muffle furnace at 550 ºC for 5 hours

to a clean white appearance.

Finally they were cooled and weight of each crucible with ash was measured.

The total ash was determined using the following equation;

Total ash (%) = [M3- M2/M2-M1] × 100

Where; (M3 – M1) = mass of sample in (g) in dry base

(M2- M1) = mass of ash in (g)

3.8.6 Determination of carbohydrate

Carbohydrate content was determined by the difference obtained after subtracting the total

organic nitrogen, protein, lipid, ash, fiber, from the total dry matter and expressing as percentage

AOAC (2000).

%CHO= 100 - % [moisture + total ash+ crude protein+ crude fat + crude fiber]

3.8.7 Determination of Gross Food Energy

Total energy values were calculated by multiplying the amounts of protein and carbohydrate by

the factor of 4 kcal/g and fat by the factor of 9kcal/gm as described by Bazi Yabani et al., 2009.

Gross energy (kcal/100gm) = (4×protein) + (9×Fat) + (4× Carbohydrate)
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3.9 Experimental Design and Data analysis

It was assumed that the design is a completely randomized design (CRD) with one factor at

different levels. The analysis of microbial content and nutritional qualities used one way analysis

of variance (ANOVA) and paired sample t-test to compare effect of storage time on microbial

load. Duncan’s test was used to separate the means. The logarithmic transformation of bacterial

count was done with the aid of Microsoft Excel 2007. Results were expressed as mean + SD.

Mean and standard deviation were calculated using SPSS (Version20).Significance of the

obtained results was judged at 95% confidence level.
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4. Results and Discussion
From the absorption spectra (appendix 1), the radiation-chemical yield is calculated using the

following equation as follows:

   JmolbDAdyeG /.../  (Chapman 1980).

The values for G.,  and b are 312.5 m2.J-1, 1.024 Kgm-3 and 10-2 m, respectively as used in (M.

A. Bero.2009). The dose reading from the Co-60 Gamma cell is 500 Gy as read directly from the

irradiation of the samples for 574.71 seconds at a dose rate at 0.87 Gy/sec.

The dose calculated using the above equation at A of 1.49 calculated from the absorption

maxima at 303 nm of the UV-Vis spectra is equal to:

D = 1.49/312.5x1.024 x10-2 = 465.25 Gy. This corresponds to a dose rate of 465.25 Gy/574.71

sec = 0.81 Gy/sec.

4.1Calibration of Co60 Gamma cell Excell-220

The samples of sorghum and maize were irradiated by the Co-60 Gamma cell 220 Excel with a

dose rate of 0.81 Gy/Sec (appendix 1). Calibration of the source was done using Fricke

dosimeter.

According to the previous dosimeter of the Institution the dose rate was 0.87gray/sec which is

slightly higher than the result obtained in current study using Fricke dosimeter solution. The

difference in result could be due to experimental error during reading or preparation of the

solution or due to the time gap in calibration.

4.2 Effect of gamma irradiation on microbial content of maize and sorghum

Gamma irradiation is a reliable and safe method for improving microbial safety and the shelf life

without significant reduction in nutritional quality of the stored food. The result of gamma

irradiation on microbial load of sorghum and maize was depicted on (Table 3).
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Table.3 Log cfu/gm of sorghum (Teshale) and maize (BH; 166) irradiated at different dose of

gamma irradiation

Dose(KGy) TPC TCC TFC

Molds &

yeast

0 1.84+0.35a 1.65+0.78a 1.47+0.54a 1.05+0.78a

Sorghum
1 1.06+0.78b 0.73+1.77b 0.00+0.00b 0.39+0.13b

(Teshale)

5 0.53+0.11c 0.00+0.00c 0.00+0.00b 0.15+0.21bc

10 0.00+0.00d 0.00+0.00c 0.00+0.00b 0.00+0.00c

Maize

(BH;166) 0 5.06+0.21a 2.83+0.99a 3.09+0.34a 1.12+0.50a

1 0.39+0.13b 0.00+0.00b 0.00+0.00b 0.00+0.00b

5 0.00+0.00c 0.00+0.00b 0.00+0.00b 0.00+0.00b

10 0.00+0.00c 0.00+0.00b 0.00+0.00b 0.00+0.00b

Results are mean+ SD.

Means in the same column for each cereal with different superscripts are significantly different

(P<0.05) as described by Duncan’s test.

All results of bacterial and mold count were expressed as logarithm10 of colony forming

unit/gram of sample.

Total aerobic molds and yeasts

On the current study, yeasts which are more resistant than filamentous fungi were not observed

on both maize and sorghum cultivars. Application of different doses of gamma irradiation (1kGy,

5KGy and10kGy) for decontamination of sorghum and maize seeds, revealed a significant

(P<0.05) dose-dependent decrease in the fungal contaminants (appendix 2 and 3) which agrees

with (Aquino ,2011) in which fungal contaminants of sorghum and maize seeds showed similar
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results compared to unirradiated samples. In the study conducted by (Bahat . et al,2009),

application of different doses of gamma irradiation (0,2.5,5….30kGy) for decontamination of

Lotus seeds, revealed a significant dose-dependent decrease in the fungal contaminants which is

in agreement with current results.

The total aerobic molds were decreased by 62.9% at 1kGy, by 90.7% at 5kGy and decreased by

more than 99% at 10kGy of gamma radiation compared to the control for sorghum. After storage

for 60 days, both cereals showed no significant difference in their number of mold count

compared to day zero. In a maize sample (BH; 166) a dose of 1kGy was sufficient to avoid the

molds but in case of sorghum (Teshale) the molds were undetectable at the maximum dose

(10kGy) used in this study. This could be due to the reason that both samples were processed

from different station and their postharvest handling could also be a factor.

Total Aerobic Mesophlic count

The aerobic colony count estimates the number of viable gram positive and gram negative

bacteria per gram of a food sample.

Current study on sorghum showed about 3log reduction in total viable count at 5kGy dose of

radiation and the colonies were reduced as irradiation dose increases and undetected at 10kGy.

Similar result was observed on maize cultivar at 1kGy. At dose of 10kGy, no aerobic colony

forming units were detected which is in agreement with previous studies. This was probably due

to the effect of energy produced from irradiation which breaks the bonds in the DNA molecules,

leading to inability of microorganisms to replicate and reproduce resulting in bacterial death.

According to Hanis et al 1988, initial microbial contamination of the tested cereal (corn and

wheat) was about 106 to 107 colony-forming units (cfu)/g; irradiation with a dose of 1 kGy

resulted in a decrease of the total viable count to about 104 cfu/g , and in another study shown by

Nathawat. et al 2013 ,the total bacterial counts for non-irradiated samples of fresh dried kachri

and Old dried kachri were found 5.55 and 5.60 log cfu/g, respectively, However, the radiation

dose of 2.5 kGy reduced the initial microbial load by 3 log cycles in both fresh and dried samples.

Saroj et al. 2007 studied that aerobic plate counts for sorghum and bean seeds were 2.0 to 2.6 log

cfu/g, which were reduced to 0.9 and 1.2 log cfu/g on treatment with a 2 kGy radiation dose. The

current result indicated a total elimination of aerobic plate count at a dose of 5kGy.
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In the present study, a dose of 10kGy was sufficient to completely avoid the aerobic colony

forming bacteria and molds in which both group of microbes were not detected after storage for

60 days indicating the effectiveness of gamma radiation.

In maize cultivar, result was different in which lower number of colonies were observed after 60

days of storage which was significant (P<0.05) in the control sample.

Coliforms and fecal coliforms

From the current study, a dose of 1kGy reduced coliforms in sorghum sample by more than one

log cycle compared to control and at radiation dose of 5kGy the cfu/gm for coliforms reduced

from 3log cycle to undetectable but a study conducted by Yidrim et al, 2005 who tested the

effect of irradiation (2.4 and 7 kGy) in a group of coliforms bacteria present in a traditional

Turkish dish (Cig Köfte), commonly consumed as an appetizer showed that doses of 2 kGy were

sufficient to eliminate these microorganisms in that type of food.

No growth and gas production by total coliforms were observed in the samples of maize

irradiated with 1kGy, 5kGy and10 kGy doses on both dates but coliforms were observed at 1kGy

for sorghum cultivar but no gas production or growth was observed at 5kGy and 10kGy (Table

3), evidencing the effectiveness of irradiation for the control of total coliforms and fecal

coliforms in both cereals.

Fecal coliforms which are an indicator for the presence of E.coli were found in the control

sample of both cereal grains but 1kGy was enough to avoid them from both samples of cereals.

There was no significant difference in the microorganisms counting from this group of bacteria

between the two periods (day 2 and day60) studied for both cereals as shown in table 4 and 5.

The effect of storage after irradiation on microbial load was indicated in (table 4 and 5). The

microbial values were expressed as log cfu/gm.

In the present study, a dose of 10kGy was sufficient to completely avoid the aerobic colony

forming bacteria and molds in sorghum in which both group of microbes were not detected after

storage of 60 days (table 5) showing the effectiveness of gamma radiation. In maize (BH; 166)

lower number of colonies were observed in control sample after 60 days of storage (table

compared to day zero which was not significant (P<0.05) and in irradiated samples the difference

in number of colonies observed at day 60 was also insignificant (P<0.05) compared to day zero.
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Here in table 4 log cfu/gm of microbial at day zero and day 60 is presented of storage and their

difference is compared.

Table.4 Comparison between microbial content of sorghum sample irradiated at different doses

of gamma radiation at 2 and 60 days storage.

TPC TCC TFC Molds & yeasts

Dose

(KG

y)

Storage

time(days)

Storage

time(days)

Storage

time(days)

Storage

time(days)

2 60 2 days 60 2 60 2 60

0 1.84+0.35a 1.36+0.78a 1.65+0.78a 1.72+0.28a 1.47+0.54a 1.80+0.21a 1.05+0.78a 0.98+0.35a

1 1.06+0.78b 1.07+0.41b 0.73+1.77b 0.78+0.11b 0.00+0.00b 0.00+0.00b 0.39+0.13b 0.50+0.28a

5 0.53+0.11c 0.00+0.00c 0.00+0.00c 0.00+0.00c 0.00+0.00b 0.00+0.00b 0.15+0.21bc 0.00+0.00ab

10 0.00+0.00d 0.00+0.00cd 0.00+0.00c 0.00+0.00c 0.00+0.00b 0.00+0.00b 0.00+0.00c 0.00+0.00ab

Values in the same row for each group of microorganisms with similar letters are not

significantly different at (P<0.05)

All Values are presented as mean+ standard deviation.

Results are mean + SD.

TPC = Total plate count TCC = Total Coliforms Count

TFC = Total Fecal Count
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In table 5 comparisons between post-irradiation microbial growths of maize after storage is

presented.

Table.5 Comparison between microbial content of maize sample irradiated at different doses of

gamma radiation at 0 day and 60 days storage.

TPC TCC TFC Molds & yeast

Dose

(KGy)

storage

time(days)

Storage

time(days)

Storage

time(days)

Storage

time(days)

2 60 2 days 60 2 60 2 60

0 5.06+0.21a 1.69+0.54a 2.83+0.99a 1.24+0.00a 3.09+0.34a 0.95+0.00a 1.12+0.50a 1.12+0.50a

1 0.39+0.13b 0.54+0.34b 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00a

5 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00a

10 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00a 0.00+00a

At each dose and storage time values in the same row with similar letters are not significantly

different at 95% confidence level.

All Values are presented as mean + standard deviation.

TPC = Total plate count TCC = Total Coliforms Count

TFC = Total Fecal Coliforms
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The results of the effect of gamma irradiation on proximate composition of maize and sorghum

grains are shown in table 6 and 7.

Table.6 Proximate composition in % of maize (BH; 166) irradiated at different dose of gamma

radiation

Dose

(kGy)

Crude

Protein Crude Fat Carbohydrate

Crude

fiber Total Ash Moisture

Gross

Energy

(Kcal/100gm)

0 7.97+ 0.12a 5.00+0.71a 64.69+1.65a 9.95+0.49a 0.90+0.14a 11.50+0.75a 335.60+0.71a

1 7.88+ 0.01a 4.00+0.00a 64.90+0.20a
10.58+0.21
a 1.10+0.14a 11.50+0.71a 326.44+1.70a

5 7.79+ 0.12a 4.25+0.35a 65.96+1.87a
10.01+1.46
a 1.00+0.28a 11.00+1.41a 331.23+14.98a

10 7.44+ 0.12a 3.88+0.18a 66.88+1.50a
10.66+0.84
a 1.05+0.21a 10.10+0.14a 331.80+4.41a

All Values in the same column with similar superscripts are not significantly different at (P<0.05)

according to Duncan’s test.

All Values are presented as mean+ standard deviation.

Table.7 Proximate composition in % of sorghum (Teshale) irradiated at different dose of gamma

radiation

Dose

(kGy)

Crude

Protein Crude Fat Carbohydrate

Crude

fiber Total Ash Moisture

Gross

Energy

(Kcal/100gm)

0 11.20+ 0.25a 3.5+ 0.20a 63.69+0.64a 10.01+0.69b 1.61+0.01a 10.00+0.28ab 331.05+1.51b

1 10.76+ 0.12a 3.25+0.35a 62.63+0.88a 11.99+0.13a 1.57+0.14b
9

10 .80+0.28b 322.83+0.16a

5 11.12+ 0.12a 3.25+0.35a 61.90+0.32a 11.53+0.78a 1.60+0.01ab 10.60+0.00a 321.33+1.43a

10 11.12+ 0.12a 3.00+0.00a 62.14+0.70a 12.16+0.28a 1.59+0.14ab 10.00+0.28ab 320.00+2.32a
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Values in the same column with different superscript are significantly different (p<0.05)

according to Duncan’s test. All Values are presented as mean+ standard deviation.

4.3 Proximate compositions

Crude protein (%) of sorghum and maize

In current study, % of crude protein for control of sorghum ranges from (11.20 to 11.11%) and

irradiation at 1kGy reduced % of protein by 3.93% which is not significant. And even up to

10kGy no significant change was observed on % protein composition of sorghum cultivar

compared to control (table 7).

Extensive research showed that the macronutrients (carbohydrates, proteins and lipids) content

are relatively stable against irradiation doses up to 10 kGy. However, Lee et al. (2005) reported

that gamma irradiation affects proteins by causing conformational changes, oxidation of amino

acids, rupturing of covalent bonds and formation of protein free radicals.

Kanemaru, et al. (2005), reported that protein content for the irradiated grains was not affected

with gamma irradiation and ranged around 10.6-10.9% which is in agreement with current study.

Regarding % of protein composition of maize cultivars, for control it ranges from (7.88% -

8.01%) and at a dose of 10kGy protein decreased by 4.44% which is insignificant compared to

the non-irradiated sample (table 6) which may be due to the change of protein into smaller amino

acids but not destroyed due to their three dimensional structure that is less susceptible to

radiation.

For example, as explained by (Dogan et al., 2007) gamma irradiation of hazelnuts at10kGy

induced protein aggregation and denaturation. Also, the reported decrease in pectinase activity

(the most sensitive enzyme to irradiation) at 20 kGy was in the range 20% to 50%. As a result,

many experiments indicated that such treatments cause less chemical reactions than steam heat

sterilization (Azzeh and Amr, 2009).

Crude fat (%) of sorghum and maize

The current study showed a dose dependent decrease in % of fat for both sorghum (Teshale) and

maize cultivar (BH; 166).For example, it decreased from 3.50% to 3.00% for sorghum (table7)

and from 5.00% to 3.88% in maize (table 6).



35

Though lipids belong to the food constituents that are more sensitive to irradiation, published

data (Delincee 1983) indicate that low-dose application of ionizing radiation, up to 10 kGy does

not cause any significant changes in total lipids of cereals.

The current study shows a dose dependent decrease in % of fat for both sorghum (Teshale) and

maize cultivar (BH; 166) (appendix 1 & 2).Wu et al. (2002) revealed that crude fat content was

unchanged at irradiation dose of 1–7.0 kGy in transgenic rice. Similarly, Amro et al. (2009) also

found insignificant change in fat content when the grains of sorghum and maize were irradiated

at 5 kGy. In case of maize cultivar of this study similar scenario was observed in which there

was no significant reduction 5 kGy dose.

Crude fiber (%) of sorghum and maize

The crude fiber contents showed a direct relationship with dose of gamma radiation. The

increment at all doses were significant (P<0.05) compared to control but increased

insignificantly between the doses (1kGy, 5kGy, 10kGy) in sample of sorghum but in case of

maize the crude fiber content showed slight increase but not significant. Bhat et al 2009 reported

a decrease in crude fiber content of lotus seed flour irradiated at a dose range of 0–30 kGy which

is different from the current results. The pattern was also reported by Imdad et al. 2010 on crude

fiber contents of dry irradiated beans and palm, respectively. Percentage increase in crude fiber

of the cereals could be due to the method of analysis (gravimetric).

Carbohydrate (%)

Carbohydrates are the major chemical component of the maize and sorghum grains. It was found

in the range of (63.24-64.14%) in unirradiated sorghum (table 7) and (63.52-65.85%) for

unirradiated maize cultivar (table 6). The result of this study showed that irradiation reduced %

of carbohydrate of sorghum slightly but insignificantly in a dose dependent manner up to 5kGy

which due to normal hydrolysis but increased at 10kGy which could be due experimental error.

For example, at a dose of 5kGy carbohydrate was reduced by 2.3% and by1.97% at 10kGy

compared to control. In case of maize the % of carbohydrate was increasing with radiation dose

which is different from previous studies by Wu et al 2002 which could be due to

depolymerization of polysaccharides by radiolysis of starch by radiation.
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Total ash and Moisture content

In a study done by Anurag et al,2013, moisture content increased in Ragi samples from (6.22-

7.43 to 7.97- 10.97 %) and in Barley from (5.44-7.44 to 8.34-9.32 %) which is different from the

current study in which moisture content of sorghum was not affected significantly by gamma

radiation even up to 10kGy but in case of maize seeds, there was a slight decrease in moisture

content (from 11.5-10.1%) but not significant .This may be attributed to the effect of irradiation

on the capacity of the cereal on holding water. The increase in moisture of the packed

commodity of barely and ragi seeds indicates that the packaging was not impermeable to

moisture and need to be improved (Anguar, 2013).

Regarding total ash content no significant difference was observed between unirradiated sample

and those treated at 5 and 10kGy but significant reduction (P<0.05) was observed at 1kGy on

sorghum grain exposed to gamma irradiation which could be due to measuring errors or loss of

sample during ashing. However, significant decrease (P<0.05) was observed in moisture content

of both maize cultivars and ash content of Maize 75 cultivar at a dose of 1kGy in a study done

by Amro, et al., 2009 which is in line with current study regarding ash content. Bhat et al., 2008

also reported a decrease in ash content of bean seed exposed to gamma irradiation at a dose

range of 0–30 kGy.

Gross Energy

The results of this study revealed that there were insignificant reduction of gamma irradiation on

the gross food energy of maize (Table 6) but proportional to radiation dose but significant difference

was observed only at 1kGy in sorghum cultivar (table7) compared to control. A dose of 1kGY

reduced the gross energy only by 2.5% and 5kGy by 2.94% and decreased by 3.34% at 10kGy. A

study by Rousta et al, 2014 revealed no significant change in Gross energy in sorghum treated by

10kGy.
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5. Conclusion and Recommendations
5.1 Conclusion

The lack of an effective treatment against post harvest decay of stored foods such as cereals

highlights the need for developing new controlling methods. Irradiation did not cause any

significant loss of macronutrients. Proteins, fats and carbohydrates undergo little modification in

nutritional value through irradiation even with doses up to 10 kGy.

According to the results of this study, a dose of 10kGy is sufficient to totally decontaminate

sorghum from aerobic Mesophlic counts and molds and 1kGy radiation dose reduced them

significantly (P<0.05) but in case of maize coliforms and fecal coliforms were undetected at a

dose of 1kGy. These results indicate that irradiation on maize and sorghum may be involved in

shelf-life improvement during storage by reducing the viable bacteria and molds as there was no

significant increase in their growth upon storage for 60 days at room temperature. Thus Gamma

irradiation is an alternative food preservation technique with the potential to protect cereal grains

from bacterial and fungal contamination during storage.

5.2 Recommendations

It is time to educate the consumers and increase their knowledge and awareness of gamma

irradiation as a technology intended to increase the quality and the safety of food, especially

fresh produce and stored products.

Irradiation can serve as an effective process for disinfestations and decontamination of certain

pre packed cereals and cereal products. It is recommended to use food irradiation technology as

an alternative food preservation method for countries like Ethiopia that produces cereals and

other food products (spices, vegetables, fruits etc) in large amount for human consumption and

export after long storage and transportation.

Regarding the nutritive value of the cereals, the results of this trial revealed an inverse

relationship between the radiation dose and proximate composition. So it is not recommended to

use doses higher than 10kGy in order to keep their nutritional qualities.

Further investigation by upcoming researchers is needed on the effect of gamma irradiation on

beneficiary microorganisms and sensory attributes of the cereals even though results of many
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studies indicated the insignificant effect of gamma irradiation on sensory qualities of cereals up

to 10kGy dose. An in vivo animal study on the toxicological safety of irradiated food is also

another point to consider which are not covered by this research.

The fear that people have for irradiated food due to the misconception that irradiated food will

become radioactive is another obstacle to widely applying this technology. So increasing

awareness and educating people about the safety of irradiated food is another assignment in the

future.
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Appendices

Appendix 1 UV-Vis absorption spectra of Fricke dosimeter solution, top to bottom: irradiated at

500 Gy and un-irradiated solution.
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Appendix 2

Log cfu/gm versus irradiation Dose for sorghum (Teshale)
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Appendix 3

Log cfu/gm versus irradiation Dose for Maize (BH; 166)
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