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ABSTRACT

Isotopic and nuclear techniques play an important role in food and agriculture, health and
industry. In the agricultural sciences and food technology sectors, recent research has elucidated
the new potential application of radiation for microbial decontamination, food preservation,
improve the nutritional quality of foods and effectively utilise its potential as human food or
animal feed. The information presented will help researchers to identify techniques of relevance
to them. Simplification of some of these techniques must be addressed so that they can be used
more widely, especially in developing countries. This review suggest that a key challenge for the
future is to use these techniques for improving efficiency of livestock production and decreasing
environmental pollution.
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INTRODUCTION

Research on the basic interaction of radiation with biological systems has contributed to human
society through various applications in medicine, agriculture, pharmaceuticals and in other
technological developments. In our world we faced to many restrictions in human and animal
nutrition. In many cases we want to improve food or feed quality because high output or healthy
body are required. For example Consumption of natural, fresh plant produce rich in
phytochemicals and antioxidants has been reported to overcome some of the degenerative
diseases that affect humans. In other hand a serious problem with plants is microbial
contamination which affects health and has economic impacts. Therefore, decontamination of
plant materials is important to increase the safety of medicinal plants. The current century has
witnessed innovations and techniques that have been introduced and explored in the field of food
preservation in human study. These innovations are a result of the ever-increasing demand from
consumers all over the world for high quality foods, with major emphasis placed on quality and
safety attributes. However, improper processing, handling, and long-term storage of produce
might result in minimal availability of the health-promoting compounds. Food irradiation as a
physical method for preservation has proved its efficacy over other common means of
preservation, and is known to retain the quality of food and agricultural commodities. One of the
main demands consumers make is for minimally processed, high nutrition/low energy natural
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foods with no or minimal chemical preservatives. medicinal plants can be decontaminated using
heat, fumigation (ethylene oxide; ETO) and irradiation. Heat is not suitable for heat sensitive
products. ETO is prohibited in many countries such as Japan and some European countries
because it reacts with organic components leaving harmful residues. (Chmielewski & Migdal,
2005). The sources for ionizing radiation used to decontaminate microorganisms are high-energy
electrons (electron beam; E-beam), X-rays or gamma rays (y-rays). Likewise consumption of
some animal feed and industrial by-products, especially its protein and energy, are less digestible
than other cereals for human and monogastric animals (Chen et al., 1995; Fombang, Taylor,
Mbofung, & Minnaar, 2005; Kondos & Foale, 1983), because of anti-nutritional factors such as
tannins and phytic acid. Removal of these undesirable components is essential to improve the
nutritional quality of foods and effectively utilise its potential as human food or animal feed.
Food processing by employing radiation is well established as a physical, non-thermal mode of
food preservation (cold-pasteurization) that processes foods at or nearly at ambient temperature.
Irradiation of food products causes minimal modification in the flavor, color, nutrients, taste, and
other quality attributes of food. However, the levels of modification (in flavor, color nutrients,
taste etc.) might vary depending on the basic raw material used, irradiation dose delivered, and
on the type of radiation source employed (gamma, X-ray, UV, electron beam) (Bhat &
Sridhar, 2008; Bhat, Sridhar, & Yokotani, 2007; Mexis, Badeka, Chouliara, Riganakos, &
Kontominas, 2009). Reports are available showing that ionizing radiation of food
commodities, in the form of gamma rays or electron beams, is effective in overcoming
quarantine barriers in international trade, as a mode of decontamination, disinfestation, and for
improving nutritional attributes and shelf life (Hong et al., 2008; Lacroix & Ouattara, 2000;
Teets, Sundararaman, & Were, 2008). During the last decade, several new nuclear techniques
have emerged and also new uses of several old isotopic and nuclear techniques have been put
forwarded. The purpose of this paper is to highlight the nuclear techniques that are being used in
the field of food technology and nutrition science.

radiation processing

Nuclear and related biotechnological techniques have played, and continue to play, a significant
role in improving livestock productivity. In the past four decades, a vast knowledge has been
accumulated on the chemical and biological effects of ionizing irradiation, which has contributed
to promote its utilization (Diehl and Josephson, 1994; Olsen, 1998; Radomyski et al., 1994). The
chemical changes resulting from the irradiation of proteins food have been the subject of
considerable study (Delincee, 1983; Elias and Cohen, 1997; WHO, 1999). These studies
demonstrated both fragmentation and aggregation of food proteins. Application of ionizing
radiation treatment of foods on an industrial scale started at the beginning of the 1980s after the
joint FAO/IAEA/WHO expert committee accepted the application of a 10 kGy overall average
dose for foods (WHO, 1981). Also in 1981, the U.S. Food and Drug Administration (FDA)
concluded that food irradiated at 50 kGy or less can be considered safe for human consumption
(FDA, 1981). However, gamma irradiation of most human foods is prohibited in many countries.
Most other countries that permit food irradiation also require labeling.
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Isotopic methods

Isotopic techniques are used in many animal nutrition experiment for example these Isotopic
methods have an important role in quantifying the supply of microbial protein post-ruminally to
ruminants and in determining the true digestibility of feed proteins in monogastrics.
Antinutritional factors such as tannins and saponins present in some feed resources can decrease
nutrient uptake and cause toxicity when consumed at high levels. Isotope-based methods for
quantifying some antinutrients are highly specific and sensitive. This method have many
application such as microbial protein production in ruminants/ Energy availability from a feed in
the rumen/ Determination of tannin level and activity/ Determination of saponins and other anti-
protozoal compounds True protein digestibility in pigs/ Radioimmunoassays in animal nutrition-
reproduction interactions and in food Safety/ Energy expenditure and body composition and etc.

Non-isotopic nuclear techniques
Gamma irradiation for enhancing nutrient availability

Several novel alternative plants are available that are good sources of protein, carbohydrate and
other nutrients for use in livestock diets. But, these unconventional feed resources contain
substantial amounts of plant secondary metabolites, which could have both adverse and beneficial
effects depending on the level and nature of the plant secondary metabolites. The plant secondary
metabolites that are found commonly in these feed resources are: protease inhibitors, tannins,
saponins, lectins, phytate, oxalates and non-starch polysaccharides (Makkar and Becker, 1999;
Francis et al., 2001). At high levels of plant secondary metabolites, the bioavailability of nutrients
decreases. Several physical and chemical approaches have been used to remove plant secondary
metabolites or inactivate their adverse activities. lonisation radiation treatment could also be a
possible method for inactivating these compounds. Gamma irradiation levels of up to 10 kGy
have been found to be effective for inactivating antinutrients such as protease inhibitors, lectin,
phytic acid, non-starch polysac-charides and oligosaccharides without altering the nutritional
value of food/feed. Higher levels of irradiation, up to 600 kGy can be used to improve rumen
degradability of dry matter and crude fibre in crop residues (Siddhuraju et al., 2002).
Commercially available soyameal, widely used in livestock feeds, is generally steam treated to
make it safe for livestock feeding. This heat treatment inactivates protease inhibitors and lectin
present in soyameal. It would be interesting to compare the economics of soyameal treatment by
steam and irradiation treatments and the industrial feasibility of using the latter.

Mutation breeding for producing feeds of desired traits

Induced mutations with gamma radiation, electron beam and fast neutrons produce random
changes in the nuclearDNAor cytoplasmic organelles. These chromosomal or genomic mutations
can be useful to plant breeders for selecting useful mutants (Ahloowalia et al., 2004) of forage
plants.

Advanced nuclear techniques and their novel applications

Body and carcass composition can also be determined using another nuclear technique, dual
energy X-ray absorptionmetry (Marcoux et al., 2003; Mitchell et al., 2003; Suster et al., 2004).
This technique is based on a three-compartment model that divides the body into total body
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mineral, fat-free soft mass and fat tissue mass. The dual energy X-ray absorptionmetry uses a
whole body scanner that has two dose X-rays at different sources that read bone and soft tissue
mass simultaneously. It involves a small amount of radiation (0.6 mrems) and its use in pregnant
animals requires careful evaluation; otherwise, it is safe and non-invasive. The computer
tomography and magnetic resonance spectroscopy-based techniques have also been used for
assessment of body composition studies (Kamba et al., 2001; Tylavsky et al., 2003). These
techniques have largely been used in humans or in small animals for determining carcass
composition, carcass value, and muscularity: for example, rabbits (Milisits et al., 2003) and fish
(Hancz et al., 2003); birds such as chicken (Andrassy-Baka et al., 2003) and turkey (Brenoe
andKolstad, 2000); pigs (Kolstad andVangen, 1996; Dunshea et al., 2003); lambs (Junkuszew
and Ringdorfer, 2005) and sheep (Jones et al., 2004), but there is a need to validate them for large
ruminants and to identify the investigations for which these methods have comparative
advantages over other methods that require less capital and expertise. These techniques have
many other potential applications, for example the use of hormonal (e.g., use of somatotropin)
and nutritional manipulations on body composition and meat quality. These non-invasive
techniques provide new opportunities for animal breeders to determine body composition and
slaughter value of live farm animals used for meat production, and to improve carcass
composition and muscularity amongst the breeding objectives of their breeding programmes. In
the last decades, high energy ions from accelerators and high quality neutron beams from reactors
have been used in the analysis of the composition and structure of materials. Recently,
electrostatic accelerators have evolved into specialized tools for accelerator mass spectrometry
and ion beam analysis techniques. Accelerator mass spectrometry has applications in studies
where measurement of long lived radionuclides such as 14C, tritium is required at isotope
sensitivities as high as one part in 1015. This method utilizes a high energy isotope ratio mass
spectrometer. Traditional isotope ratio mass spectrometers cannot differentiate ions having the
same charge:mass ratio, but by accelerating the ions to MeV energy levels, accelerator mass
spectrometry can distinguish ions with the same charge:mass ratio by measuring differences in
energy loss inside the detector. This method eliminates the decay counting efficiencies of
radionuclide measurement. It increases measurement efficiency by directly counting the
individual ions of the isotope being measured. As a result, this method enables rapid analysis
with greater sensitivity using much smaller samples when compared to other techniques such as
liquid scintillation counting. Similarly synchrotron accelerators/X-rays microprobes have very
high sensitivities, which allow the microscopic properties of material to be investigated.
Microstructural features with dimensions in the range 10-1000 °A in biological samples can be
studied using neutron beams. The information obtained using these techniques could compliment
those obtained from conventional techniques such as optical, electron microscope, and mass
spectrometers (Tuniz, 2003). Proton microprobe systems such as proton induced X-ray emission
and proton induced gamma ray emission provide simultaneous and non-destructive determination
of elements. These methods permit direct analysis of solid samples (Kumar and Raju, 2003).
Trace elements in biological samples have also been determined using thermal ionisation mass
spectrometry and induced coupled plasma mass spectrometry (ICP-MS). Thermal ionization mass
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spectrometry was found to be more precise and accurate than ICP-MS (Turnlund and Keyes,
2002). Prompt-gamma neutron activation analysis is an established nuclear analytical technique
with important applications in in vivo studies of human body composition. Neutron beams from
radionuclide neutron sources or accelerators are used to irradiate sections of the animal body.
Prompt-gamma rays, produced by neutron capture reactions with tissue elements, having distinct
peaks for nitrogen, hydrogen, chlorine etc., are detected by appropriate gamma ray detectors. It
has also been used on small animals, for example rabbits, rats, fowls (Stamatelatos et al., 2003),
allowing studies on in vivo analysis of the major body compartments of protein, extra-cellular
and intra-cellular space. In the last two decades, the development of energy dispersive X-ray
fluorescence spectroscopy has been intense. Lately, impressive developments have been made in
digital technology, detector systems, image processing and data analysis. These developments
have extended the applicability of this technique by enabling construction of low cost, reliable
and portable spectrophotometers for determination of hazardous and essential trace elements in
biological samples (Bamford et al., 2004).The synchrotron radiation-based Fourier Transform
Infra Red microspectroscopy technique is capable of exploring the molecular chemistry within
the microstructures of a biological tissue without destroying the inherent structures at ultraspatial
resolutions within cellular dimensions. This technique has the potential to study the availability
of nutrients to animals from feed resources. This technique could be used to produce an image of
intensities and the distribution of the biological components such as protein, lipids, lignin,
structural and non-structural carbohydrates and their ratios in the microstructure of the plant
within cellular dimensions. This would enable the intrinsic feed structure to be defined
chemically and a comparison of feeds to be made according to spectroscopic properties,
functional groups, spatial distribution and chemical intensity. This information about the
chemical makeup of the ultrastructure could be examined in light of the conventional nutritional
parameters, for example rumen degradability, post-rumen degradability of nutrients, and used for
prediction of nutritive value of feeds or accessibility of various enzymes for digestion of nutrients
(Yu, 2004). 13C, 3H and 1H nuclear magnetic resonance, fast atom bombardment mass
spectroscopy, and mass ionisation spectroscopy have been used for the analysis, characterization
and structure elucidation of compounds in environmental, clinical and biological materials
(Gamble et al., 1996; Bacon et al., 1999; Stobiecki and Makkar, 2004). These recent techniques
have applications in nutritional, environmental, and toxicological investigations, especially in
understanding complex pathways in biological systems.

Effects of radiation treatments on phytochemicals composition

Irradiation can influence the levels of antioxidants/phytochemicals and the capacity of a specific
plant to produce them at different levels. It has been reported that under certain favorable
conditions, the concentration of plant phytochemicals might be enhanced. These conditions
include exposure to radiation sources, wounding, storage at low temperatures, and/or exposure to
extreme temperatures (Zobel, 1997). In terms of exposure to radiation sources, this depends on
the dose applied (usually low and medium doses have insignificant effects on antioxidants), the
sensitivity of the antioxidant or the phytochemicals towards irradiation, and the effect of
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irradiation itself on other food constituents that might be responsible for the production and/or the
accumulation of phytochemicals/antioxidants in the plant.

Effect of radiation on digestion

In animal nutrition studies different effect of gamma irradiation on the digestion were observed.
For example Taghinejad-Roudbaneh et all (2010) indicate that electron beam-irradiation of
canola meal at dose of 45 kGy increases the rumen undegradable CP content of canola meal
without negative effects on in vitro CP digestibility. However, electron beam -irradiation at doses
of 15 and 30 kGy had no effects on ruminal protein degradability but improved digestible rumen
undegradable protein of canola meal. This difference was because of the different dose of
irradiation. In the another study shawrang et all (2008) showed that gamma irradiation of canola
meal (at doses of 25, 50 and 75 kGy) could alter its ruminal protein degradation characteristics
by cross-linking of the polypeptide chains. This processing resulted in decrease (linear
effect, P < 0.001) of ruminal protein degradation and increase (linear effect, P < 0.001) of
intestinal protein digestibility Gamma-irradiation of SBM by cross-linking and aggregation of the
polypeptide chains resulted in decrease of effective protein degradation in the rumen and increase
of intestinal CP digestibility. Therefore, g-irradiation at doses equal or higher than 25 kGy can be
used as a cross-linking agent to improve protein properties of supplements in ruminant
nutrition.(shawrang et all, 2007). Behgar et all (2011) indicated that there was no effect of
gamma irradiation on the in vitro digestion of the pistachio hull. Irradiation decreased the
digestion rate of the pistachio hull at the dose of 40 kGy when compared to the control. Ghanbari
et all investigate comparison between effects of electron beam and gamma ray irradiations on
ruminal crude protein and amino acid degradation kinetics, and in vitro digestibility of cottonseed
meal. They showed that ionizing radiations of electron beam (EB) and GR had significant effects
(P < 0.05) on CP and AA ruminal degradability characteristics of CSM. Effective ruminal
degradability (ERD) of CP was lower in EB and Gamma-irradiation (GR) irradiated CSM (P <
0.05) than in unirradiated CSM. GR and EB treatments had the same effects on ERD decreasing
of CP (P40.05). Irradiation processing caused decrement in AA degradation after 16 h of ruminal
incubation (P < 0.05). EB irradiation was more effective than GR irradiation in lessening the
ruminal degradability of AA (P <0.05). EB and GR treatments at a dose of 75 kGy increased
in vitro digestibility of CSM numerically. This study showed that EB could cause CP and AA
bypass rumen as well as GR.

Conclusions

Isotopic and nuclear techniques are important tools in animal production research. The principal
advantage of stable isotopes over other tracers is that they are not radioactive and thus provide
the ease of handling and transport. On the other hand, special precautions and laboratory
conditions are required for using radio-isotopes, which could discourage some workers in using
them. Although isotopic and nuclear techniques might be more expensive compared to the
conventional techniques and probably as expensive as some of the molecular techniques in use,
these techniques offer comparative advantages of high specificity, sensitivity and accuracy over
non-nuclear techniques. Because of these advantages, isotopic and nuclear techniques help
generate accurate data and provide unequivocal answers.These techniques coupled to the use of
molecular tools have the potential to revolutionize the understanding of complex biological
processes and make the livestock an efficient entity — highly productive with minimum wasteful
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discharges to the environment - helping to achieve sustainability of the global food chain. It is
clear from the available literature and evidence that food irradiation is a promising preservation
method with certain advantages. The main advantage is the short processing time, in addition to
the minor effect irradiation has on the antioxidants in plant produce (with some limited
exceptions, such as vitamin C).
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