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Abstract - The properties of starch can be modified by a variety of methods in order to meet desirable
technological needs. Electron beam irradiation is able to induce changes in starch properties. The paper deals
with investigation of physicochemical and structural modifications of corn starch processed by electron beam
up to 50 kGy and evaluation of the technical-economic aspects of starch processing. Paste viscosity, pasting
and peak temperatures decreased in a dose-dependent manner, indicating degradation of the macromolecule.
Small circular perforations on the granule surface were observed for 50-kGy irradiated sample. Spectral
characteristics suffered minor changes, suggesting that the inter- and intramolecular hydrogen bond stability
was affected by the electron beam. These modified starches could find applications in foodstuffs requiring
low-viscosity starch. A cost estimate of the electron beam processing of corn starch with an average absorbed
dose of 30 kGy showed an increase of corn starch price by 16%.
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INTRODUCTION

Starch is widely used in various industrial food
and non-food applications. Its natural properties like
swelling, gelatinisation, viscosity, sticking, film for-
mation, biodegradability or hydrophilicity determine
the multitude of its industrial applications (Mischnick,
2005). The selection of starches for certain types of
processing is very important because it influences
the processing, the attributes and the shelf life of the
product in which it was incorporated. For instance,
native starch may continue to hydrate even after food
processing and thus leads to a viscosity increase or
can cause a phenomenon of delayed retrogradation

*To whom correspondence should be addressed

and, in both cases, the products become unsuitable
for consumption. To solve the inconveniences caused
by the limitations of the native starch functionality,
modified starch with improved functional properties
is generally preferred.

Beside gamma rays, electron beams are often
used in material processing by direct and/or indirect
action of electrons, generating reactive entities such
as free radicals. Electron beam irradiation is also an
economically viable, efficient and rapid method to
enhance food safety and quality, having several useful
effects depending on the irradiation dose. Conse-
quently, the Joint FAO/TAEA/WHO Study Group
(WHO, 1999) suggested that any dose above
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10 kGy can be considered both safe to consume and
nutritionally adequate if it is appropriate to achieve
the intended technological objective. At the same
time, according to the EU legislation (Directive
1999/2/EC) related to the manufacture, marketing
and importation of foods and food ingredients treated
with ionizing radiation, the final decision regarding
the implementation of a technology is basically made
by the producer and it may be authorized in accor-
dance with the legislation in force only if the following
conditions are completely fulfilled: (i) there is a rea-
sonable technological need, (ii) it presents no health
hazard and is carried out under the conditions pro-
posed, (iii) it is of benefit to the consumer, (iv) it is
performed with electrons generated from machine
sources operated at or below a nominal energy
(maximum quantum energy) level of 10 MeV, and
(v) it is not used as a substitute for hygiene and
health practices or for good manufacturing or agri-
cultural practice.

In the last five years, the electron beam processing
of starches from different botanical sources was
reported to be efficient in order to induce different
changes in their physicochemical and structural
properties, such as an increase of solubility and free
acidity, decreases in swelling capacity, pasting
properties, intrinsic viscosity, molecular weight and
degree of polymerization (Kamal et al., 2007; Nemtanu
et al., 2007; Nemtanu and Brasoveanu, 2010; Nemtanu
et al., 2010; Pimpa et al., 2007; Shishonok et al., 2007).
Although the electron beam induced modifications
have generally similar tendencies, they are different
quantitatively, depending on the specificity of each
starch and irradiation dose (Nemtanu and Brasoveanu,
2010). Modification of functional properties using
electron beams can increase the use of starch in
various applications such as in the food, pharma-
ceutical, paper and textile industries.

Moreover, starch processing using electron accel-
erator facilities is fast, low cost and environmentally
friendly — without any use of polluting agents, cata-
lysts or generation of undesirable residual products
(Nemtanu and Brasoveanu, 2010). Therefore, the use
of starch modified by electron beam treatment could
lead to the opportunity for development of innova-
tive products, reducing product processing costs or
extending product shelf life.

The purpose of the present study was: (1) to point
out some novel aspects related to the properties of
corn starch processed by electron beam in order to be
used for varied food applications requiring low-
viscosity starch, and (2) to present and discuss an
evaluation of technical and economic aspects of
electron beam processing of corn starch, which is

based on the processing capacity of the electron
accelerator technological facility, as well as on the
specific cost of processing.

EXPERIMENTAL
Electron Beam Processing

Corn starch from a local commercial market was
used for the experiments. The packed starch samples
(thickness of 49 mm, area of 50 mm x 80 mm) were
treated with a scanned electron beam (EB) using a
linear accelerator of mean energy of 6 MeV
(NILPRP, Bucharest-Magurele, Romania), at ambient
temperature and normal pressure. The absorbed doses
(10 — 50 kGy) with mean dose rate of 2 kGy/min were
checked using cellulose triacetate film. The configu-
ration of the samples and their positioning in the
beam field, at 500 mm distance from the accelerator
exit window, allowed us obtain a dose uniformity
above 90%.

Physicochemical Characterisation

The moisture content of samples was determined
by gravimetric heating (105 £ 2 °C for 4 h) using 4 —
5 g of sample.

The acidity of the samples was determined by
titrating starch suspensions against 0.1 M NaOH so-
lution. The starch suspensions were prepared by sus-
pending 5 g of starch in 50 mL of distilled water
with continuous shaking to homogenize the suspen-
sions. The results are expressed in terms of acidity
degree representing the volume of 0.1 M NaOH
solution required to neutralise the acidity of 100 g of
starch, according to the SR 90:2007 Romanian standard.

The ash content of starches was determined
according to the SR 90:2007 Romanian standard.
Briefly, a sample of corn starch (5 g) was accurately
weighed into a weighed porcelain crucible. The sample
was calcined over a gas burner with low flame
initially and then with a strong one. A few drops of
hot water or nitric acid were added to the crucible
after cooling if coal black dots were still visible. The
sample was further evaporated on a water bath and
heated until a gray ash without black dots was
obtained. The crucible was cooled in a desiccator for
30 min and then weighed. The calcination and
weighing were repeated until constant weight. The
percentage of ash content was calculated as:

9% Ash = ash weight [g]

: -100 (1)
sample weight [g]
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The protein content was determined by the
Kjeldahl method according to the SR EN ISO
20483:2007 standard. Starch (2 g) was inserted into a
300 mL Kjeldahl flask. Then 20-25 mL of concen-
trated sulphuric acid, 2 drops of mercury, some
paraffin and 8-10 g potassium sulphate were added.
The flask was heated with low flame initially and
then gradually higher flame until the liquid became
slightly yellowish or colourless and clear. The
disaggregation was considered completed after 3—4
hours. The flask was then cooled and the content
diluted with 100 ml of distilled water and transferred
quantitatively into a 1000 mL Erlenmeyer flask. The
volume was completed to 250 mL and a few drops of
phenolphthalein were added. Then 80 mL of 30%
sodium hydroxide solution, 10 mL of sodium sulphide,
several grains of zinc and pumice stone or glass were
added. The flask was connected with a distillation
apparatus. The conical flask received 30 mL of hy-
drochloric acid, a few drops of methyl red and dis-
tilled water and was then heated until around 200 mL
had been distilled. The distillation was interrupted
when the amount of 200 mL of distillate was col-
lected. The collector vessel walls were washed with
distilled water and the excess hydrochloric acid was
titrated with 0.1 M NaOH solution until turning
yellow. 1 mL of 0.1 M NaOH solution corresponded
to 0.0014 g nitrogen, and 1 g of nitrogen corresponded
to 6.25 g of proteins.

The percentage of protein content was calculated
as:

% Protein = %(Vl%) 1100

@)
_ 087507 —V,)
ST

where V] is the volume of 0.1 M HCI introduced into
the distillate flask [mL], V; is the volume of 0.1 M
NaOH used for titration [mL] and W is the weight of
the starch sample [g].

The fat content of analyzed samples was deter-
mined according to the SR 90:2007 Romanian
standard. Thus, 10 g of starch were inserted into a
paper cartridge filter which was covered with
defatted cotton. The cartridge was placed into the
tube of a Soxhlet extractor coupled to a weighed
flask of the apparatus which was previously filled
with 100 ml of ethyl ether and then the refrigerant
was fixed. The heating was performed on a water
bath for 4 hours. After extraction, the ether was
evaporated and the residue was dried in an oven at

95 °C to constant weight. The difference between the
final and initial weights of the flask is the amount of
fat contained in the starch sample. The percentage of
fat content was calculated as:

extracted fat weight [g]

o —
/o Fat = starch sample weight [g]

100 3)

Pasting properties were monitored with a Brabender
Amylograph (Amylograph-E, Brabender, Germany)
for starch paste (15%, w/v) in the temperature range
of 30-90 °C with a heating rate of 1.5 °C/min,
measuring the following parameters: pasting tem-
perature T, (°C), peak viscosity temperature 7, (°C),
and peak viscosity (BU).

Granule Morphology Evaluation

The analysis of starch granules by scanning
electron microscopy (SEM) was performed using a
FEI Nova™ NanoSEM 630 microscope.

Fourier Transformed Infrared (FTIR) Spectroscopy

FTIR spectra of starch samples were recorded on
a Tensor 27 FTIR spectrometer (Bruker Optik GmbH,
Germany) in the frequency range of 4000 — 400 cm™
using KBr discs prepared from powdered samples
mixed with dry KBr and were analyzed with Opus v.
6.5. software.

Statistical Analysis

The results reported are expressed as the means +
standard error of three determinations except for the
flow curves. Statistical evaluation of the differences
between means was made by using the #-test with
P < 0.05 considered statistically significant.

RESULTS AND DISCUSSION
Physicochemical Characterisation

Moisture content, acidity, ash, protein and fat
content are characteristics of great interest, especially
when new processing methods are investigated for
starch.

From the data displayed in Table 1, it can be noted
that the starch samples processed by accelerated EB
had no significant changes in the physicochemical
properties studied, except the acidity and fat content.
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Table 1: Physicochemical properties of corn starch treated with accelerated electron beam.

Absorbed dose | Moisture content Acidity Ash content Protein content Fat content
[kGy] [%] [ml NaOH/100 g] [%] [%] [%]

0 12.1+0.6° 1.7+0.1° 0.08 = 0.018 0.54 = 0.02 0.45 = 0.02]

10 123+ 0.6 1.8 +0.1% 0.06 +0.01" 0.54 +0.03' 0.45+0.01

20 12.3 +0.5° 1.9+0.1¢ 0.08 + 0.008 0.56 = 0.05' 0.43 = 0.02}

30 12.5+0.6° 2.1+0.1% 0.07 + 0.00%" 0.55 + 0.03! 0.43 £ 0.03

40 12.5+0.5° 2.3+0.2° 0.06 +0.01" 0.56 + 0.03! 0.35 +0.03%

50 12.6 + 0.3° 25+0.2" 0.07 +0.01%" 0.54 + 0.03! 0.34 + 0.024

Values within each column with different superscripts are significantly different (P < 0.05).

The acidity value of EB treated samples increased
as the absorbed dose increased. These results are in
accordance with previously reported data on EB
irradiated sago starch (Pimpa ez al., 2007) or gamma-
irradiated dry bean starch (Duarte and Rupnow,
1994). Recently, a few works reported that the
carboxyl content increased with increasing absorbed
dose for gamma-irradiated corn starch (Chung and
Liu, 2009), and potato and bean starches (Chung and
Liu, 2010; Gani et al, 2012). Thus, the acidity
increase with increasing dose could be assigned to
the fragmentation of starch molecules and formation
of carboxyl-containing compounds. Moreover, EB
processing in presence of oxygen determines the
appearance of free radicals, aldehydes, ketones,
organic peroxides or other polysaccharide degradation
products (Ershov, 1998) that can lead to an increase
of starch acidity.

Lipids are common minor constituents found in
cereal starches, being present both on the surface and
inside granules (Morrison, 1988; Kitahara et al.,
1994). Corn starch contains mainly internal lipids
(Baszczak et al., 2003) which are composed exclu-
sively of the lysophospholipids and free fatty acids
(Tester et al., 2004). Changes in lipids due to
ionizing radiation occur in two ways: (i) direct
(radiolytic), when cation radicals or excited lipid
molecules are formed; or (ii) indirect (oxidative), by
catalyzing their reaction with molecular oxygen,
known as autoxidation (Stewart, 2001). The fat
content of EB treated corn starch exhibited no
changes up to 30 kGy. Thus, the fat content of starch
granules showed low sensitivity to the EB in this
range of absorbed dose, most likely due to the
protective effect of the granular architecture and the
solid physical state of the starch treated, which did
not allow the diffusion of the free radicals formed, so
that the lipid molecules were not easily subject to
attack. However, the fat content values decreased in
samples processed with doses higher than 30 kGy,
indicating a degradation of lipids. Because the EB
processing was performed in the presence of oxygen,
this degradation might be due to superimposed
oxidative and radiolytic effects, which are important

at high irradiation doses. The oxidative effect can be
minimized by reducing the presence of oxygen
during EB processing.

Pasting Properties

The swelling of starch granules during the pasting
process has a major effect on the rheological
behaviour of starch paste. During the first stage of
granule swelling, water penetrates and soaks the
granule amorphous phase without any significant
alteration of the crystalline phase. The changes of
this limited swelling are reversible in successive
drying processes because, at temperatures lower than
gelatinization, only a small disturbance of the
ordered regions of the granule takes place. With an
increase of temperature, the soaking of starch
granule occurs simultaneously with the water
penetration and lateral or tangential swelling of
granule. In this case, the process is irreversible due
to the loss of crystalline order in the swelled paste
and, consequently, to the strongly distortion of the
granule architecture.

Pasting profiles of starch samples treated with
accelerated EB analyzed with a Brabender amylo-
graph are shown in Fig. 1 and the results are summa-
rized in Table 2.

4000 T T 100

3000+

2000+

Viscosity [BU]
[D.] @1njesadwa)

1000+

0 10 20 50

Time [min]

Figure 1: Amylograms (pasting curves) obtained
with a Brabender amylograph.
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The overall profile of amylograms showed
similar shape for both control sample and EB treated
samples. However, a significant decrease in the paste
viscosity could be noted as the absorbed dose in-
creased. Also, a gradual decrease of the initial
pasting and peak temperatures was observed for all
treated samples as the absorbed dose increased in
comparison to the control sample. These changes in
a dose-dependent manner show that the starch
macromolecule was degraded by EB processing.
The reduction of the peak viscosity of starch could
be assigned to its weaker water binding capacity,
granular rigidity and integrity due to glycosidic bond
cleavage (Lee et al., 2006; Liu et al., 2012). There-
fore, according to Pimpa et al. (2006), the decreased
viscosity reveals the inability of amylopectin —
responsible for promoting swelling — to hold the
granule together when water is imbibed as a conse-
quence of the amylopectin branches cleaved by
energy transferred to the molecule from the electron
beam.

Table 2: Pasting properties of treated starch samples.

Absorbed T, T, IPeak viscosity|
dose [KGy] [°C] [°C] [BU]
0 69.9% 79.58 3,857™
10 69.1° 76.8" 2,970
20 68.6° 75.8" 2,333°
30 68.34 75.91 1,766°
40 67.8° 74.6% 1,095°
50 67.3" 73.0! 578°

T, — pasting temperature; 7, — peak viscosity temperature;

BU — Brabender units

Values within each column with different superscripts are
significantly different (P < 0.05).

These starches could find applications in food-
stuffs like canned or instant soups, dressings and
confectionery products that require lower viscosity.
Apart from food products, electron beam modified
starch could also find use in paper manufacturing,
pharmaceuticals and various other industrial applica-
tions.

Granule Morphology

SEM investigation showed that native corn starch
had granules of 5-15 pum with a polyhedral shape
and a slightly roughened surface, rarely concave,
having a tendency to agglomerate as a bunch and
occasionally presenting small holes on some granule
surfaces (Fig. 2(a)).

The corn starch samples treated with EB showed
fewer agglomerated granules than the control
sample granules. The granule shape and sizes were

apparently unaffected by EB, but even so the
appearance of small circular perforations on the
granule surface could be observed for sample treated
with 50 kGy (Fig. 2(b)). Shishonok et al. (2007)
reported that the electron beam irradiation did not
violate the surface structure of potato starch even at
relatively high doses (110 — 440 kGy), while Kamal
et al. (2007) showed that the shape of corn starch
granule was somewhat deformed by both gamma and
electron beams for doses between 5 and 100 kGy.
However, a recent study reported that gamma irradi-
ated maize starch retained the original shape and size
without any granular cracking or roughness occur-
ring on the surface, even for 500 kGy (Liu et al.,
2012).

I
2.8 mm |7 000 x

(b)
Figure 2: SEM images of corn starch granules: (a)
native form and (b) treated with 50 kGy.
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Accelerated electrons are a kind of penetrating
radiation which is able to produce effects in the
whole volume of the samples, so that the radioin-
duced changes may occur both in the central regions
and in the peripheral regions of the starch granules.
However, the fact that microscopic methods reveal
no damage to the granule outer layer leads to the
conclusion that the radioinduced changes might
occur at a more intimate level of matter in the form
of structural changes.

FTIR Spectroscopy

FTIR spectra of native corn starch showed
complex vibrational modes due to the pyranose ring
of the glycosidic unit in the region below 800 cm™
(Vasco et al., 1972; Kizil and Seetharaman, 2002).

The spectral characteristics of the EB treated
samples were similar to native starch (Fig. 3), but
with some peaks slightly shifted. These shifts of
bands did not indicate any clear and obvious change
in the starch structure. However, these minor
changes, especially for bands assigned to C-H and
O-H bonds, might indicate that the stability of the
inter- and intramolecular hydrogen bonds of corn
starch structure was affected by EB processing. Liu
et al. (2012) also showed that the spectral patterns of
highly gamma irradiated maize starches were similar
to native starch and no new functional groups were

found in the FTIR spectra. Kamal et al. (2007)
reported that the IR spectra of the electron beam
irradiated corn starch showed that the OH stretching
band centred around 3400 cm’' was affected; an
increase in the intensity of the characteristic peak at
1647 cm™ ascribed to carbonyl groups was also
observed.

Most authors have used infrared spectroscopy to
estimate the amount of ordered or crystalline regions
by analyzing the bands at 1047 and 1022 cm™. Thus,
the crystalline state can be identified by the
appearance of a band at 1047 cm™, while the starch
amorphous region is characterized by an absorption
band around 1022 cm™, and their respective ratio
indicates the degree of starch order (Cael et al,
1975; Soest et al., 1995; Sevenou et al., 2002; Liu et
al., 2004). In our case, the EB processing of corn
starch had no influence on this ratio, suggesting that
larger crystalline zones might be transformed into
small crystallites such that the cristallinity degree
was practically unaffected. Abu et al. (2006) reported
similar findings on gamma irradiated cowpea starch
for which the degree of granule surface order
(cristallinity) was not affected up to 50 kGy. On the
other hand, the ratio of 1047/1022 decreased with an
increase of gamma radiation dose for corn, potato
and bean starch, and the granular cristallinity was
affected (Chung and Liu, 2009; Chung and Liu,
2010).

control sample
=
3
[y
by
£
[
oy
i
=
50 kGy
T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber [cm’1 ]

Figure 3: FTIR spectra of native form and 50 kGy treated corn starch.
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Technical and Economic Aspects of Starch Electron
Beam Treatment

Due to their construction and functional charac-
teristics, electron accelerators have several advan-
tages, including: full electrical control over the
operation and radiation emission; stability and repro-
ducibility of the processing parameters; simplicity of
processing control; short duration of processing due
to high dose rates; processing in the final stage of the
technological flux; clean processing without the use
of environmental pollutants, generation of unwanted
by-products, and penetration of toxic substances in
the treated materials and without any risk of radioac-
tive contamination.

For commercial applications, the most important
characteristics of an accelerator are its electron
energy and average beam power, parameters that
influence the electron path in irradiated material and
the processing rate, respectively (Cleland and Parks,
2003). Evaluation of the technical and economic
aspects of a technological treatment with electron
beam is based on the production capacity of the
technological facility and on the specific cost of the
processing as well.

Capacity of Starch Processing with Electron Beam

The main technological parameter of an e-beam
facility is the processing rate V" expressed in kg/s and
defined by the following equation:

P
V=n- beam 4
=y 4)

where # is the yield of beam power use [%)], Ppeam 18
the beam power [kW] and D is the absorbed dose
[kGy].

The yield of beam power use is the fraction of the
beam energy that turns into used dose:

n=i~100 (3)

beam

where P, is the beam power turned into used dose
[kW].

The beam use yield of the technological facilities
based on electron accelerators is between 30 and
60% (Korenev, 2004), often around 40% (Morrison,
1989).

At the technological level, other typical parame-
ters for an electron accelerator facility are also used,
including:

(i) processing rate per hour and per kGy, Viigy

expressed in _ke :
h*xkGy
Vh,kGy =3,600-n- Pbeam (6)

(1) processing rate per hour, V, expressed in kg/h:
Vh:3,600-n-Pbe% (7)

Processing capacity (PC) of an electron accelera-
tor based plant depends both on the beam power and
yield of beam power use and on the operating system
by the number of hours of use per year (Teodorescu
and Fiti, 1979). Thus, the value of annual processing
capacity of the facility, expressed in tonnes/year, will
be:

PC=3,600~n-n-P”e% 8)

in which 7 is the number of hours of accelerator use
in order to perform the treatments per year.

To calculate the annual processing capacity, an
example is given below by assuming that the
treatment is performed with an average absorbed
dose of 30 kGy and 6,000 hours per year could be
used for treatment, operating three shifts per day.
Table 3 shows the values of the most important
parameters characterizing electron beam processing
in the facility considered.

Table 3: Values of operating expenses for an
electron accelerator plant.

Energy [MeV] 10
Beam power [kW] 60
Power consumption [kW] 240
Beam power turned into used dose [kW] 24
Beam use yield, 7 [%] 40
Absorbed dose [kGy] 30
Processing rate per kGy [kg-s'kGy™'] 24

Processing rate per hour and per kGy [kg-h'kGy™'] 86,400
Annual processing capacity per kGy [t-year 'kGy']| 518,400

Processing rate [kg/s] 0.80
Processing rate per hour [kg/h] 2,880
Annual processing capacity [t/year] 17,280

The processing rate increases with the beam
power and the processing capacity of a facility is
directly proportional to its processing rate,
representing the product of processing rate and the
number of hours used for processing. So, when the

Brazilian Journal of Chemical Engineering Vol. 30, No. 04, pp. 847 - 856, October - December, 2013
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processing rate is higher, the processing capacity
is higher. In our example, the accelerator has a
processing rate of 0.80 kg/s and a processing capacity
of 17,280 tonnes/year to treat corn starch with an
average absorbed dose of 30 kGy. Thus, the beam
power determines the amount of product that can be
treated in a certain time at the required absorbed
dose.

Calculation of Specific Cost of Starch Processing
with Electron Beam

Economic profitability of the technological treat-
ment of starch with electron beam is closely related
to installation costs, operating costs and specific
consumption of electricity. Operating costs depend
generally on the required absorbed dose, involving
expenses with electricity and the recovery of
investment costs (investment amortization), costs of
maintenance and regular repair of the facility, staff
costs and other specific costs of the envisaged
treatment.

Electron accelerators run on electricity, whose
cost influences the variable operating costs for a
facility based on electron accelerator of great
complexity. The amount of electricity used for
processing depends on the beam power, yield of
beam power use and the conversion factor of the
power consumed by the accelerator to obtain an
electron beam of a certain power.

For an estimate of specific cost in US$ per ton of
corn starch processed with an average absorbed dose
of 30 kGy, we considered an annual production of
10,000 tonnes of processed starch and 6,000
operating hours. Table 4 presents the percentage
values of the operating expenses on which the
specific cost of electron beam processing per tonne
of product was calculated.

Table 4: Typical parameters for technological
processing of corn starch.

Labour [%)] 43
Maintenance (repair and maintenance) [%] 5
Electricity [%] 14
Utilities [%] 16
Investment amortization [%] 11
Others [%] 10
Annual operating cost [%] 100
Specific cost of processing [US$/t] 80,00

The cost of corn starch processing with electron
beam varies from plant to plant depending on the
accelerator type and other operating expenses. In our
example, it results in a processing cost of 0.08 US$

per kilogram of starch exposed to electron beam with
an average absorbed dose of 30 kGy.

Considering that one tonne of native corn starch
has a price of approximately 500 USS$, after electron
beam processing with an average absorbed dose of
30 kGy, the modified starch would cost 580 USS,
which means 0.58 US$ per kilogram of corn starch
treated with an average absorbed dose of 30 kGy.
This estimate showed that EB processing with an
average absorbed dose of 30 kGy could increase the
price of the native corn starch by about 16%.

CONCLUSIONS

The moisture, protein and ash contents suffered
no significant changes upon electron beam
processing of corn starch. The acidity increased,
while paste viscosity, pasting and peak temperatures
decreased as the absorbed dose increased due to the
macromolecule degradation. The fat content de-
creased only for doses higher than 30 kGy. No
significant changes appeared in the morphological
properties, while the spectral characteristics suffered
minor changes, probably because of the sensitivity of
inter- and intramolecular hydrogen bonds to the EB
processing. Electron beam modified starches could
find applications in foodstuffs like canned or instant
soups, dressings and confectionery products that
require lower viscosity. The irradiation dose required
to modify starch to desirable properties can be
chosen to meet specific application.

The evaluation of the technical and economic
aspects of the corn starch electron beam processing
showed that, at a given absorbed dose, the processing
capacity of an electron beam facility depended on the
processing rate, which was influenced by the beam
power and efficiency of its use. The cost of starch
electron beam processing depended on the indirect
(variable) operating costs and the desired absorbed
dose, thus depending on the beam power, the
efficiency of its use and the conversion factor of the
beam power from the facility consumption power.
Our calculation showed that EB processing with an
average absorbed dose of 30 kGy increased the price
of the native starch by approximately 16%.
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NOMENCLATURE
D absorbed dose Gy
n number of hours of accelerator h/year
use in order to perform
irradiations per year
Pream beam power W
P, beam power turned into used w
dose
PC processing capacity of the tonnes/year
facility
V processing rate kg/s
Vi, processing rate per hour kg/h
Vikey ~ processing rate per hour and per kg
kGy hx kGy
V volume of 0.1 M HC1 ml
introduced into the distillate
flask
Vs volume of 0.1 M NaOH used ml
for titration
w weight of starch sample g
n yield of beam power use %
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