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Abstract

The potential of using electron beam radiation and bremsstrahlung for

some biotechnological materials treatment it is presented based on the results of

the R & D programme established in 1993 at the Institute of Lasers, Plasma and

Radiation Physics Bucharest, Electron Accelerator Laboratory.

There are presented the main parameters of different electron accelerator

types used to process biotechnological materials, as these machines were

designed, developed and improved. In order to fulfil the radiation processing

requirements for biotechnology and environmental protection there are

considered betatron, linear and microtron-type electron accelerator and there is

an interest to develop a dedicated one, as well.

There are presented the results on irradiation of different biotechnological

items as cell cultures, microbial strains, enzymes and biopreparates, cellulose-

based wastes.
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Irradiation have been carried out to different doses, usually in the range of

0.5^20 kGy with a mean dose rate of 1.5 kGy/minute. For cellulose-based

wastes the dose range was 0.5-7-3.0.MGy.

The cell cultures, based especially on different microbial and fungal

strains, were irradiated to investigate their radio-resistance that is useful for

further applications. Some of these strains, namely Bacillus subtilis and

Monascus ruber were irradiated in order to improve their biosynthesis potential.

To achieve the required qualities of biopreparates there were irradiated

different enzymes as dehydrated crude extract and a red pigment obtained from

Monascus ruber biosynthesis.

There are also presented the tests carried out for radiolytical degradation

of cellulose containing wastes, based on a mechanical and chemical pre-

treatment followed by a very high dose (MGy) irradiation.

From the results it should be pointed out that electron-beam irradiation

could be, in some cases, an effective method for practical purposes in

biotechnology.

1. INTRODUCTION

Radiation processing development in the last years is the result of

extensive research activities, especially on the field of electron beam irradiation

based on new power radiation sources [1, 2]. The use of the electron

accelerators has been successful tested in the field of environment protection

[3], but there are active research programmes and encouraging results, too.
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There could be mentioned the results obtained in different fields as reduction of

volatile organic compounds emissions; decontamination of industrial and

municipal wastes; degradation of high molecular wastes, as cellulose-based

ones; treatment of airport, hospital, or industrial wastes; obtainment of

biotechnological materials and of biomaterials [1, 3, 4].

In the same time, it should be emphasised the improvements in design

principles, especially if there are related to safety and radioprotection features,

and the increased operational experience on irradiation facilities, as well as the

new trends in quality assurance and control of process parameters [1,2].

All this matter and the necessity of development alternative effective

methods for different purposes in processing materials of biological nature and

to preserve and rehabilitate the environment had lead to set up an appropriate

R&D programme on irradiation. On this basis, in 1993 a research part regarding

electron-beam processing was started at the Institute of Lasers, Plasma and

Radiation Physics, Bucharest-Magurele. This programme concerns with

developing and improving the technical parameters of different types of

electron accelerators [2], and, on another side to perform and develop suitable

methods for food processing; irradiation in biotechnology and electron-beam

processing of biomaterials, medical supplies, materials and for environmental

protection [4, 5].

After this period some results seem to be promising, and as actual trend, it

should be considered a technological transfer of these methods to the market and
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practical application, especially in irradiation of biotechnological materials,

irradiation of plastics, polymers and other materials and for food irradiation [5].

2. ELECTRON BEAM EQUIPMENT FOR BIOTECHNOLOGICAL

MATERIALS PROCESSING

One of the main part of the R&D programme on electron beam processing

is to design, develops and improves different types of electron beam machines

as appropriate for the established objectives of the programme [2, 4].

These accelerators should be flexible enough to be used in biotechnology,

for biomaterials, medical supplies, plastics, environmental protection and in

food irradiation. The electron accelerators should also be reliable and they have

to meet the specific technical requirements, as well as the safety features. In

order to fulfil all these requirements there are considered three electron

accelerator types: betatron; linear accelerator and microtron [4].

The linear accelerator could be used to irradiate materials both

horizontally and vertically, because it is designed to produce a rectangular

deflection of the horizontal beam spot, by an electromagnetic mirror. This linac

also supports a bremsstrahlung obtaining module. The linear accelerator has the

following main parameters: electron mean energy 6 MeV; mean beam current

5uA; pulse length (duration) 3.5 \xs; and pulse frequency (repetition) 100 Hz [4].

This accelerator is equipped with control automation and registration of

operating parameters system, which is placed in operator's room.
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In horizontal position of the beam the samples are irradiated only in batch

mode, directly in the perpendicular electron beam. In beam vertical position, the

samples could be irradiated both in batch or continuous mode by adapting a rail

conveyor on the floor surface. This conveyor supplies materials with a

programmable and constant velocity established in such a way to achieve the

appropriate radiation dose.

The microtron-type electron beam accelerator is adapted for radiation

processing in order to scan the electron beam in vertical direction and to

generate bremsstrahlung, as well. It should be noted this feature was not so far

used into processing experiments.

The microtron parameters are: number of orbits 17; electron energy in the

first accelerating mode 10 MeV; mean beam current in the first accelerating

mode 50 uA; pulse duration 3 us; pulses repetition frequency 400 Hz. The

facility comprises the irradiation room; manipulation (loading-unloading) room

and supplies and ventilation room, as they are specified in Fig. 1.

As result of the research done and of the rough technical and economical

calculations, there is a deal of interest in developing a dedicated electron beam

machine, which seems to be a promising solution for the biotechnological

materials processing, both in continuous and batch modes.

The foreseen parameters for such an electron accelerator should be:

adjustable electron mean energy approximately 5 MeV; mean beam current

approximately 1 mA; mean power in the beam 5H-10 kW; vertical and horizontal
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electron beam spot; both electron beam and bremsstrahlung irradiation;

controlled material conveyor; control and automation room in order to achieve a

wide range of irradiation doses, by adjustable dose rate, in an economic effective

manner [4].

3. ELECTRON BEAM IRRADIATION OF CELLS AND MICROBIAL

STRAINS

Electron beam effects on cells and microbial strains have been extensively

studied to acquire basic knowledge on this topic, and in the same time, to obtain

real information on cells radio-sensitivity or a Higher biosynthesis potential for

some microbial strains. Both these aspects are of great interest for the

commercial application development in biotechnology; environment protection;

medical supplies sterilisation and food irradiation [5, 6, 7].

The radio-sensitivity was analysed in dose-effect terms by survival

curves. The microbial strains took into consideration in experiments were from

IFR collection and consist of: Bacillus subtilis; Mucor spp.\ Aspergillus niger

and fungal strains of Monascus ruber.

The irradiation has been performed in cell culture, at dose-rate of

approximately 0.5 kGy/minute, in the dose range of 0.5 H- 10.0 kGy and at room

temperature (~20°C).

The microbiological tests are the standardised ones, based on the total

viable cell counting. The effectiveness of electron-beam irradiation was

measured in terms of survivor cells out of the original population, considering
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the loss of colony-forming ability as main criterion of radio-induced

inactivation.

The main experimental results for the microbial and' fungal strains

inactivation are presented in Fig. 2 as dose-effect survival curve. From these

curves there could be obtained other significant parameters as exponential or

decimal reduction doses, i.e. De and D l0, and the inactivation factor, IF.

Considering these findings there were performed some radio-induced

stimulation and mutagenesis on the strains of Bacillus subtilis and Monascus

ruber. There were obtained some strains which a higher biosynthesis potential

for both micro-organisms. The microbial strains are used to produce crude
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FIG. 2. Survival curves (dose-effect) for different micro-organisms.
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enzyme preparation of amylases and proteases, meanwhile from Monascus ruber

strains is obtained a very good red pigment for foodstuffs.

4. ELECTRON BEAM IRRADIATION OF ENZYMES, PIGMENTS AND

CELLULOSE-BASED WASTES

In biotechnology there are two important requirements for the

biotechnological preparates considered: the functional and technological

properties and the quality of these materials, especially in terms of the microbial

load and hygienic constraints.

Irradiation represents one of the most suitable methods to obtain a good

biotechnological product quality which, in the same time, preserves its

technological requirement. In this respect, irradiation has been extensively

studied to identify its ability and restrictions to be used for processing crude

enzyme preparations [6].

The experiments were conducted by electron beam processing using

either linear accelerator or microtron-type accelerator. Electron beam irradiation

has been performed in normal environmental conditions at dose rates of 1.0+1.5

kGy/minute, in the dose range of 1 +30 kGy. The enzymes were obtained by

specific biotechnologies and from some biochemical companies, and there were

irradiated in dry (dehydrated) state.

There were considered the following enzymes: microbial cc-amylase (E.C.

3.2.1.1) obtained in I.F.R. Bucharest from B. subtilis and produced by MERCK,
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Darmstad, Germany and FLUKA A.G, Buchs, Switzerland; a fungal amylase

produced by SERVA, Heidelberg, Germany and glucoamylase (E.C. 3.2.1.3) and

protease (E.C. 3.4.2.3.) from I.F.R. Bucharest.

The molecular weights of these enzymes are approximately: 34,000 D for

protease; 51,000 D for fungal amylase; 58,000 D for Fluka cc-amylase; 60-

80,000 D for IFR a-amylase; 75-90,000 D for glucoamylase and 96,000 D for

Merck amylase.

Before and after irradiation there were analysed, by standardised methods,

the specific enzymatic activities and the microbial load. There is also studied the

conservability of these preparations and there is calculated the inactivation

parameter. There were established, by appropriate methods, the kinetic

parameters as activity, Ae; Michaelis-Menten constant, Km; and reaction

velocity, v, which could be useful in the investigation of technological changes

under irradiation conditions.

The results are presented in Fig. 3 for inactivation curve, which represents

the loss of enzymatic activity and in Fig. 4 representing the dependence of

kinetic properties by dose, in terms of Michaelis-Menten constant [6].

From these results it seems that electron beam irradiation could assure a

good microbiological and hygienic quality of enzyme crude extract, preserving

the most important part of its properties.

The same methods have been used to study the irradiation influence on a

food-grade red pigment obtained by a specific biotechnological process from
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FIG. 4. Kinetical behaviour (as Michaelis-Menten constant, Km in arbitrary units)
of enzymes by irradiation dose, D.

Monascus ruber fungi [7]. There were tested several strains of Monascus ruber,

some of them being obtained by electron beam radio-mutagenesis and they

present a better pigment production biopotential, as is shown in Fig. 5. From this

figure it is observed the "red" pigment consist of three colour-type pigments and

this was confirmed by chromatography and spectrophotometric analysis.
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FIG. 5. The Monascus ruber spectra (as optimal density O.D. for alcoholic extract,
VARIAVCARY3Espectrophotometer, A = 300 - 700 ran) for three strains

(1-reference; 2 and 3 - e-beam irradiated).

Therefore, this pigment contain a yellow-component at X ~ 400 nm from

monascine and anka-flavine; an orange-component at X ~ 425 nm from

monascorubrine and rubropunctatine and a red one at X ~ 510 nm from

monascorubramine and rubropunctamine [7].

From the experiments result that electron-beam processing is a good

treatment for this red food-grade colorant, in order to assure its hygienic quality

together with the preservation of its colouring power and its stability.

Another trend has had in view to test a more economically method for

degradation of cellulose-based wastes by using irradiation of lignocellulosic

materials at very high doses: 0.5; 1.0; 2.0; 3.0 MGy, at dose rates over 4

kGy/minute. The samples were grounded and chemically treated before
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irradiation, by an alkaline solution or by a concentrated sulphuric acid solution.

After irradiation some samples were enzymatically treated by cellulases.

All the process is based on the radiation effects on polymeric chain of

cellulose, combined with a very specific action of enzymes, which leads to

flexibilisation of the macromolecular chain, its degradation and, finally, to the

depolymerisation in different degradable or useful compounds.

Based on radiolytical degradation of cellulose there were obtained results

from which it could be concluded that a mild mechanical and chemical treatment

together with irradiation presents technical and economical advantages but

further studies and developments still remain to be performed.

5. CONCLUSIONS

The presented R&D programme results point out the potential of electron

beam radiation and bremsstrahlung for processing different biotechnological

materials.

For electron beam irradiation there could be used different types of

electron accelerators -betatron, linear accelerator, microtron- but an interesting

point is to develop a dedicated electron accelerator, flexible and which can

optimise the technical and, especially, economical parameters of such an

equipment.

From the wide range of biotechnological materials, a good opportunity is

to use electron beam machines to obtain very good quality enzyme preparations
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and ingredients, as a mentioned food-grade red pigment. Due to the rather high

specific value of these materials, the electron beam processing could be

developed as technique in order to transfer this technology on the market.

In the case of cellulose-based wastes the irradiation experiments show the

feasibility of radiolytic degradation, but still remain open some questions on the

technology that should be chosen and, especially due to high doses required, the

questions persist from economical point of view.

All the subjects of the R&D programme of electron-beam irradiation of

biotechnological materials has confirmed this process effectiveness and

advantages, together with its feasibility.
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