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ABSTRACT

Microbial number reduction in spices through various treatments represents a necessity considering possible changes
which may occur during spices’ storage and application in food resulting in public health risk. The present study was
conducted in order to examine the effects of sterilisation and microwave irradiation treatments on total mesophilic
aerobic bacteria (TMAB) and bacterial spore content reduction in black pepper. Treatments applied were: sterilisation
at 130 °C during 30, 60 and 90 min; and microwave irradiation at a power level of 600 W during 1.5, 3, and 5 min.
Prolongation of the sterilisation treatment expressed positive influence on TMAB and bacterial spore reduction in
black pepper. Compared to the sterilisation, microwave irradiation treatment exhibited better results in terms of black
pepper decontamination. Maximal decontamination regarding TMAB and bacterial spore was achieved in black pepper
samples treated with microwave irradiation during 3 min. The present results suggest that microwave irradiation could
be applied in black pepper decontamination considering better effectiveness compared to the sterilisation treatment.
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1. INTRODUCTION

As the oldest and one of the most important spices valuable for its distinctive odour and flavour, pepper is
the most frequently used and imported spices in the EU [1]. Despite pepper’s contribution to overall food
sensorial properties, the main drawback of pepper and generally spices usage is their microbiological
contamination. The contamination may occur during harvest, even drying, which often begins in small-
scale farms if the proper precaution measures are not taken [2]. Although spices are non-perishable
commodities, considering their low moisture contents, dry stress resistant microorganisms such as bacterial
spores or some types of Salmonella still persist. The corresponding microorganisms have the ability to
grow and multiply quickly to effective and toxic levels when they are introduced to a suitable environment
such as water-rich food products with available nutrients. Considering this aspect, the spices addition in
ready-to-eat foods represents an arising problem since these types of products are not subjected to any heat
treatments [3]. Furthermore, contaminated spices addition besides product’s shelf-life shortening caused by
spoilage also induced the development of foodborne illness and intoxications in several European countries
[4].

Microorganisms that could be found in pepper are toxigenic moulds and yeasts as well as human pathogens
such as the spore-forming Bacillus cereus, Clostridium perfringens and Salmonella [5]. Pepper’s high
contamination level and high microbial load with viable counts greater than 10’ CFU g™, from which the
most numerous are aforementioned spore-forming bacteria, are unfavourable leading to significant
problems in export [6]. Commonly used treatments for the microorganisms’ inactivation in pepper are
steam sterilisation, gamma irradiation and fumigation with ethylene oxide [7]. Steam sterilisation requires
an additional drying step mining additional energy and potential recontamination of the product as well as
possible colour and aroma deterioration and volatile compounds content reduction. Regarding efficiency,
fumigation and gamma irradiation are more efficient compared to steam sterilization especially in spices
with a high microbial load like pepper [8]. However, considering carcinogen residues formation fumigation
with ethylene oxide is suppressed by European Union law while gamma irradiation requires higher initial
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investment and safety measures and is accompanied by consumers’ mistrust [8]. To overcome the
aforementioned technics’ drawbacks and address the present-day demands in the quick sterilisation process
development, without any post-treatment step required, and possible application on ‘in-pack’ products
microwave treatment should be considered.

Microwave is an electromagnetic wave with a wave- length ranging from 1 mm to 1 m and operating in the
frequency range of 300-30000 MHz [9]. In food processing microwave energy is used mainly for its
heating properties. The conversion of microwave energy into heat in food occurs mainly due to water
presence as a consequence of dipole water molecules rotation with respect to changing electric field with
frictional heat production as an outcome. The quick absorption of energy by water molecules causes rapid
water evaporation resulting in high food drying rates [10]. Microwaves penetrate directly into the material
inducing volumetric heating (from inside out) and providing fast and uniform heating throughout the
product. Therefore the main advantages of microwave drying over the conventional drying are warm up
time reduction and preservation of the product’s natural organoleptic characteristics [11]. Furthermore, due
to the convenience and ease handling, microwaves application in spices processing is gaining the research
community attention.

The objective of this study was to investigate the antibacterial effect of sterilization and microwave
irradiation on the bacteria and bacterial spore reduction in black pepper seed.

2. MATERIALS AND METHODS
2.1. Materials

Black pepper (Piper nigrum L.) seed before all treatments was purchased from Geneza Ltd., Kanjiza,
Serbia and stored at 8+1°C until further use.

2.2. Sterilization and microwave irradiation treatments

A laboratory dryer (Sutjeska) was used to investigate the effect of sterilisation on the bacterial
decontamination of black pepper. The sterilization treatment was conducted on 10 g of black pepper placed
on a Petri dish in a single layer at 130 °C during three different time periods (30 min, 60 min, 90 min)
(Tab. 1).

Table 1. Applied black pepper treatments and corresponding conditions

Sample code Treatment Conditions Equipment
Control none - -
Steam Sterilisation 130°C, 1.2 min Type of VKMI- 2000
F Drying 100—105°C, 21 min sterilising equipment
Cooling -2°C, 5 min
I o . Laboratory dryer
S30 Sterilisation 130°C, 30 min (Sutjeska)
S60 Sterilisation 130°C, 60 min Laborat_o ry dryer
(Sutjeska)
S90 Sterilisation 130°C, 90 min Laborat_o ry dryer
(Sutjeska)
Microwave . Microwave oven
MW15 irradiation 600 W, 1.5 min (Samsung M 171FN)
Microwave . Microwave oven
MW3 irradiation 600 W, 3 min (Samsung M 171FN)
Microwave . Microwave oven
MWS irradiation 600 W, 5 min (Samsung M 171FN)
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Dried samples were allowed to cool to room temperature, packed and used for further microbiological
analysis. To investigate the effects of microwave irradiation on the bacterial decontamination of black
pepper a domestic microwave oven (Samsung M 171FN) was used. For the treatment, 10 g of black pepper
was placed on a Petri dish in a single layer and located at the centre of turntable plate. Samples were
exposed to microwave at a power level of 600 W and three different time periods (1.5 min, 3 min, 5 min)
(Tab. 1). After microwave treatment, treated samples were allowed to cool to room temperature, packed
and used for further microbiological analysis.

2.3. Microbiological analysis

The effects of sterilization and microwave irradiation on the bacterial decontamination were evaluated
through total plate counts of total mesophilic aerobic bacteria (TMAB) and bacterial spore content of black
pepper. Following the sterilization and microwave drying treatments, pepper was aseptically sampled, to
exclude subsequent contamination and obtain a realistic insight into the effect of treatment (steam
sterilization, sterilization and microwave irradiation) on the present microflora. The sample of pepper after
the treatment was placed in a test tube with sterile 0.9% saline solution and homogenized by stirring. The
heat treatment in a water bath at 80°C for 10 min was conducted for the wash solution in order to isolate
and count the mesophilic spore-forming bacteria. The wash solution was then sequentially diluted (1:10)
placed on a plate count agar (PCA, Merck) and incubated at 30°C for 72 h for both TMAB and mesophilic
spore-forming bacteria [12]. Colonies of the appeared bacteria were counted and calculated according to
the equation (1):

c
N =
(ny +01xn,)XR @)

where ¢ represents the sum of all colonies, n; represents the number of parallels at first countable dilution,
n, represents the number of parallels at second countable dilution, and R represents dilution factor of first
countable dilution. Microbial enumerations were expressed as log of colony forming unit per gram of
sample (CFU g™).

3. RESULTS AND DISCUSSION

The results addressing the sterilisation and microwave treatments efficiency in bacteria and bacterial spore
decontamination are presented in Tab. 2 and graphically illustrated in Fig. 1.

Table 2. Bacteria and bacterial spore number in black pepper samples after sterilisation treatment during 30, 60, and 90 min (S30,
S60, S90) and microwave treatment during 1.5, 3, and 5 min (MW1.5, MW3, MW5)

Sample code Totz_;ll mesophilic aerobic R Mesophi_lic spore-forn_11ing
bacteria, TMAB (log CFU g™) bacteria (log CFU g™)
Control 5.58+0.62 4.62+0.67
F 5.89+0.49 5.63+0.25
S30 6.64+0.07 6.66+0.04
S60 6.28+0.30 5.96+0.19
S90 5.29+0.19 5.25+0.19
MW1.5 5.31+0.82 4.64+0.44
MW3 3.89+0.89 3.70+0.66
MW5 5.7840.26 6.08+0.01
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The number of TMAB expressed as log of colony forming unit per gram of sample for sterilised and
microwave irradiated samples was found to be in the range of 5.29 to 6.64, and 3.89 to 5.78, respectively.
An increase in the number of TMAB was observed in samples sterilised during 30 and 60 min (samples
S30, S60, Tab. 2) compared to control. probably due to too short time of treatment and smaller reduction of
water content inside pepper. Conversely, a decrease in the number of TMAB was detected with the
treatment period prolongation to 90 min (Tab. 2, Fig. 1), indicating time of treatment as an important factor
in dry sterilization. Considering microwave irradiation treatment, a decrease in the number of TMAB was
noted for samples treated during 1.5 and 3 min compared to control and sample sterilized by steam in the
factory. Furthermore, prolongation of the microwave irradiation treatment from 1.5 to 3 min induced a
decrease in TMAB number for 26% (samples MW 1.5 and MW3, Tab. 2). Similar observation on TMAB
number decrease with prolonged exposure time to microwave irradiation was previously reported in
literature [7]. However, further prolongation of the microwave irradiation to 5 min induced an increase in
TMAB number. A decrease in TMAB number was more pronounced in microwave irradiated black pepper
samples compared to sterilized samples.
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Figure 1. The effects of sterilisation and microwave irradiation treatments on pepper bacterial decontamination. For sample code
see Tab. 1.

The bacterial spore number expressed as log of colony forming unit per gram of sample was found to be
lower compared to TMAB number in most black pepper samples regardless of applied treatments (Tab. 2,
Fig. 1). For sterilized black pepper samples bacterial spore number ranged from 5.24 to 6.66 log CFU g™.
Compared to the control sample, an increase in bacterial spore number was noted in sterilized black pepper
samples. However, a decrease in bacterial spore number was observed with sterilisation treatment period
prolongation from 30 to 90 min (Tab. 2). As regards to microwave irradiation treatment, bacterial spore
number in black pepper samples ranged from 3.70 to 6.08 log CFU g™. The bacterial spore number in
samples exposed to microwave irradiation for 1.5 and 5 min (samples MW1.5, MWS5, Tab. 2) was higher
compared to the control sample. Conversely, the lowest bacterial spore number was found in sample
treated with microwave irradiation during 3 min. The corresponding sample had bacterial spore number
19% lower than control. Prolongation of microwave irradiation to 5 min led to an increase in bacterial
spore number. Comparing the treatments applied, microwave irradiation was more effective in bacterial
spore number reduction.
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4. CONCLUSIONS

The present study investigated the effects of sterilisation and microwave irradiation on bacteria and
bacterial spore decontamination in black pepper. Sterilisation treatment at 130 °C during 90 min was the
most efficient regarding total mesophilic aerobic bacteria and bacterial spore decontamination considering
investigated sterilisation treatments. In general, microwave irradiation treatment proved to be more
efficient regarding bacteria and bacterial spore decontamination compared to sterilisation. In black pepper
samples treated with microwave irradiation during 3 min maximal decontamination regarding total
mesophilic aerobic bacteria and bacterial spore was achieved. However, further prolongation of the
microwave irradiation treatment resulted in microbial picture deterioration. The present study showed the
greater potential of microwave irradiation treatment in bacteria and bacterial spore decontamination
compared to sterilisation. Although further research is needed to establish optimal treatment condition for
achieving maximal microbial decontamination, microwave irradiation represents a promising technic for
the microbial number reduction in spices.
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ABSTRACT

Nowadays, the black locust (Robinia pseudoacacia) is the most current and the most widely used tree species in
Hungary. Due to its penetration and the wide variety of application it’s worth to examine the different mechanization
options of the reforestation technologies and their costs.

We provided our research in the area of Nyirerd6 Nyirségi Erdészeti Zrt.

According to the tests it can be said, that the cost of the reforestations with root ripping is the most favourable and the
reforestation or regeneration with planting costs the most. The disadvantage of the regeneration with root ripping is,
that after its multiple application it can be observed the significantly degradation of the assortment composition and of
the tree utilization income.

Keywords: black locust, mechanization, specific cost, Nyirség
1. INTRODUCTION

The black locust (Robinia pseudoacacia) is in Hungary the most current and the most widely used tree
species in Hungary, especially in the Great Hungarian Plain. More than 24% of all forest area is covered by
black locust, this means 451 771,95 hectares and 50 829 689,00 m3 tree [1]. The most prominent black
locust-producing districts are the Nyirség, Cserhat, hills of G6d6116, sand dunes of Duna-Tisza koz, ridge
of Vas-Zala, and the sandy area of the Little Hungarian Plain. Among them, the Nyirség, the Duna-Tisza
koze and the Northern Part of Somogy have high quality stands.

The natural spread of the black locust in the US is between 43-35 degrees. The black locust was brought to
Hungary around 1710. Initially, it was planted as a park tree and a pathway that surrounds roads. For the
purpose of afforestation, the military treasury used it for the first time in 1750 around the fortress of
Komarom-Herkaly. At the beginning of the 1800s, in the Great Plain they started planting it to fasten the
quicksand, then they also created shelter-belts from black locust. Its mass spread in Hungary began in the
mid-1800s.

Due to the law, in those areas, which are unsuitable for agricultural operations, 38000 ha black locust forest
was planted [2] [3].

Its rapid spread in our country is due to its good adaptation capability, its common and plentiful seed crop,
which is the bottom of the seedling cultivation, and due to its granulation capability, and last but not least,
due to its large wood yields.

The good physical conditions and the extreme durability of the black locust’s wood make it possible for the
sawmill industry, furniture industry and for the carpentry industry the widespread usability. The barrel
production finds its raw material important, because its wood isn’t permeable to water in case of cutting
direction either. It’s widely used in land-and water biulding, it’s a long lasting fencing panel, vine pole,
vine stake. Black locust is used in the production of pulp, fibreboard and chipboard. Recently, laminated-
glued holders are made of it. Half the weight of the exploited black locust serves energetic purposes, so it
will became firewood. [4].

Due to its widespread and multiple use it’s worth to examine the mechanization possibilities of the
different reforestation technologies, and their costs.
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2. THE TECHNOLOGIES OF THE BLACK LOCUST’S PRODUCTION

The renovation of forest areas covered by black locust in domestic practice can basically be done in two
ways. In one case, with root tearing, in the other case with full soil preparation after seeding, with planting
or with cuttings.

In the latter case, before the propagation material gets into the soil, the following operations have to be
done in the area of the depleted forest:

- site clearing,

- stumping,

- stump-pushing,

- flatwork,

- trenching+ smoothing,

- uprooting,

- soil crumbling.

In case of the site clearing-which can be done manually or with machines- the branches, bark, pieces of
wood will be removed from the area. In case of manual site clearing the gathered felling residue will be put
on a stump, to minimize the loss of space, or we pull them together in strips and in heaps, which will stay
in that area or will be cut. In case of mechanical site clearing, with the help of a site clearer powered by
toothed cutter we will put the slash together either to the edge of the area or into the strips. It’s a more
prefered solution to use hay horizontal shaft slash chopper, which smash the along the area scattered piece
of woods, branches into small pieces and leave them on the area. These small pieces won’t bother the other
procedures and will serve as a nutrient with time.

In case of soil cultivation the stumping essential, because the ploughing and the trenching can’t be done
because of the stumps in the soil. The stumping is really costly but it’s able to reduplicate the afforestation
costs. The removal of the stumps will be done by means of machine tools designed for this purpose.

During the stump-pushing in the area after the stumping the scattered stumps will be sorted in row.
There’s no need for this procedure in case of clutching accent stump puller, because the picked-up stumps
will be composed in stump —rows. We usually do the procedure with stump-pusher or with bulldozer.

In case the stumps of the area will be sold, this operation can be postponed as well, because this timet he
stumps will be chipped with special chippers. At this time there will be no stump- rows.

For the uninterrupted continuation of the afforestation works the flatwork is essential. Those operations
belong here, where we make the area passable for the power machines. As a result of the stumping
generated pits will be bury and we smooth the hillocks. The operation of plaining is also an essential
process in sand areas, where the dunes should be transformed in such way, that the its slope will be
favourable for the machines. We can do the flatwork with blades attached to the tool-machines or we can
do it with towed graders.

For trenching, the ground is rotated to a depth of 50-70 cm. This operation is carried out by rippers. In
many cases with the deep rotation the smoothing is also done. After the rotation the area has not an
appropriate quality for the planting or for the sowing, that’s why there’s a need for smoothing during which
we try to smooth the jagged soil surface as smoothly as possible.

On the stumped area, after turning to the surface of the soil or to the roots near the surface have to be
removed for the future machine planting and tilling. The root removal can be done in two ways. In one
case it can be done manually and it has to be done immediately after the turning soil cultivation, in the
other case it has to be done mechanically. In the latter case it can be done later. The operation is carried out
by a root rake fixed on a power machine. The collected roots have to be removed from the area. In case of
doing the stumping not with stump extraction , but with the help of stump driller or stump chipper, then
before rotating the area, the root-raking has to be applied , that the larger roots left in the soil don’t damage
the plough.
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The soil crumbling has several advantages. It should be done before planting and sowing, that the seedlings
and seeds in the area can be placed in an appropriate structure soil. But it’s also suitable for the reducing of
weeds, because if we crumble and old weedy ploughing, then the weed will be also worked into the soil.
There’re currently many machines available for the soil crumbling.
The delivering of the propagating material into the soil can be done by sowing, planting or by planting
cuttings.
Sowing with afforestation is preferable to planting, because the seedling numbers will be higher, which
will result in faster closure of the stock and a greater natural selection. This afforestation method is closer
to the natural reforestation. The sowing requires less work and cost than planting. However, its
disadvantage is that in the weediness prone areas the care work has to be done several times, and because
of the uncertain seed production there is not always available the right amount of propagating material. The
sowing can be done manually or mechanically. The manual sowing is done in areas without partial soil
preparation or soil preparation. We put 4-5 seeds into a pit made with the help of hoe, hack, grubbing hoe,
and than we cover it. The mechanical sowing can be applied after complete soil preparation.

The planting can be also done manually or mechanically. The tools of manual planting can be the spade,

hoe, hack, and the planting bar. During planting we have to take it into account the size of the seedlings,

and we have to dig pits for the roots of the seedling with the appropriate depth and width. The other
method is mechanical planting, which is much faster and has a lower demand of labour, and the
afforestation with it is much cheaper.

The black locust has an excellent regeneration ability, especially vegetatively. We take advantage of this

ability of the black locust during the planting cuttings. The root cutting dates back to the 1980s. Actually,

this is also a kind of coppicing. The picked roots of the selected mother trees will be cut into pieces, which
can be up to 10-12 cm or 2-4 cm dependig on the thickness of the root. These pieces are placed into the
seed furrow in such a way that they’re strictly horizontal so that the cuttings are very similar to the

coppicing situation after root ripping. This wood-production technology is very rarely used [5].

The black locust is able to sprout from root or from stump as well, but the with root sucker renewed black

locust has much better properties than the stump sprout. This is the basis of the reforestation technology

made with root ripping. The ripping of the black locust’s roots near to the soil surface is done by the late
help of the machineries’ knives.

Since the black locust is very viable and fast growing species, therefore, the nursing of the regrowth should

only be carried out in justified cases. The most commonly used care technologies in the locust [6]:

- Manual in-line hoeing: Its essence is to free the weed competition after the interrow weeding and to
loosen the soil. The operation will be mainly done manually or by hoe.

- Shoot control: The suppression of the in the stand undesirable stump sprouts, so that we can provide
the appropriate growing space for the slowly growing root suckers. It can be done by axe, or by chain
saw at an older age.

- Cutting off to one leader: We choose the regrowth with the most appropriate natural qualities to be the
leading shoot, and the other ones will be

- Cutting at base: The 1 or 2 year-old seedling will be cut at base after reaching the appropriate root
size, so we can achieve that the again shooted sprout specimen will grow faster, it will be straighter
and will raise less stems with side branches.

- Chemical weed control: It’s such an in-line weeding activity that we can drive back the weeds with, so
that won’t mean competition for the seedlings.

- Mechanical interrow care: During the procedure we do the interrow soil crumbling and weed control.
The operation can be well mechanized, as the machines fit well in the spacing, without damaging the
regrowth. The interrow care means very often the ,,shearing” of the weed with slash chopper.
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3. THE MACHINES FOR THE BLACK LOCUST’S REFORESTATION TECHNOLOGIES AND
THEIR SPECIFIC COSTS IN THE NYIRSEG

We did our researches in the area of the Forestry in Nyiregyhaza of the NYIRERDO Zrt. We summarized
the specific costs of the consecutive work phase and compared them to eachother (Table 1, Table 2, Table
3, Table 4). In addition to the specific costs, the table also lists the machines that are used for the particular
work phase.

Table 1. Reforestation technology |I.

Reforestation (with sowing)

Work phase Power machine Machinery Specific costs

Site clearing Front-end loader VT-02 18.000 Ft/ha
Stumping JCB 4cx front-end Special stump 160.000 Ft/ha

loader extraction spoon

Stump-pushing T-130 Blade 80.000 Ft/ha
Flatwork T-130 Blade 50.000 Ft/ha
Trenching +smoothing T-130 Ripper+disk 80.000 Ft/ha
Uprooting T-130 Root rake 35.000 Ft/ha

Soil crumbling T-150 Disk 10.000 Ft/ha
Sowing MTZ 820.4 Seeder 40.000 Ft/ha

Care MTZ 820.4 Slash chopper 10.000 Ft/ha
Total 483.000 Ft/ha

Table 2. Reforestation technology I1.
Reforestation (with planting)

Work phase Power machine Machinery Specific costs

Site clearing with machine Front-end loader VT-02 18.000 Ft/ha
Stumping JCB 4cx front-end Special stump 160.000 Ft/ha

loader extraction spoon

Stump-pushing T-130 Blade 80.000 Ft/ha
Flatwork T-130 Blade 50.000 Ft/ha
Trenching +smoothing T-130 Ripper+disk 80.000 Ft/ha
Uprooting T-130 Root rake 35.000 Ft/ha

Soil crumbling T-150 Disk 10.000 Ft/ha
Planting John Deer 2250 ERTI planting 80.000 Ft/ha

Care MTZ 820.4 Slash chopper 10.000 Ft/ha

Total 523.000 Ft/ha
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Table 3. Reforestation technology I11.
Reforestation (with planting cuttings)
Work phase Power machine Machinery Specific costs
Site clearing Front-end loader VT-02 18.000 Ft/ha
Stumping JCB 4cx front-end loader Special Stump 160.000 Ft/ha
extraction spoon
Stump-pushing T-130 Blade 80.000 Ft/ha
Flatwork T-130 Blade 50.000 Ft/ha
Trenching +smoothing T-130 Ripper+disk 80.000 Ft/ha
Uprooting T-130 Root rake 35.000 Ft/ha
Soil crumbling T-150 Disk 10.000 Ft/ha
Planting cuttings MTZ 820.4 BDU-2E 50.000 Ft/ha
Care MTZ 820.4 Slash chopper 10.000 Ft/ha
Total 493.000 Ft/ha
Table 4. Reforestation technology IV.
Reforestation (withh root ripping)

Work phase Power machine Machinery Specific costs

Site clearing Front-end loader VT-02 18.000 Ft/ha

Root ripping T-150 Ripper wedge 45.000 Ft/ha

Care MTZ 820.4 Slash chopper 10.000 Ft/ha

Total 73.000 Ft/ha

4. CONCLUSIONS

Based on the data it can be said, that by sowing, planting, and planting cuttings after the entire soil
preparation, afforestation can be done at nearly similar costs, however the regeneration with root ripping
means significantly less cost. However, this can’t be applied to the extreme, because after a number of root
ripping a high degree of degradation can be observed in the stand, as a result of which the assortment
composition deteriorates and the tree utilization income decreases.

A well-founded opinion can therefore only be given by summing up the forest tending costs and the
income of the extracted wood.
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ABSTRACT

Sustainability of water use has got into focus recently, as availability of fresh water resources is under depletion.
Population growth, extreme weather conditions (drought), increasing global meat demand all results in higher water
consumption of humanity and ecosystem. Water footprint is a promising indicator, which assesses both qualitative and
quantitative deterioration of fresh water supplies. By identifying blue, green and grey water components, water use can
be assessed in a more comprehensive way. Furthermore impact assessment of different components during production
and processing let us identify crucial points of water use, where more efficient solution should be found. As a
consequence of a more conscious and sustainable water use assessment considering water footprint, there is a chance,
that future generations will inherit fresh water supplies at least in the same condition as we got it from our ancestors.

Keywords: water management, water footprint, blue water, green water, gray water
1. INTRODUCTION

Sustainability is a balance between economy, environment and society by approaching one segment e.g.
agriculture considering all of its pillars or analysing that sector only based on each pillar (economic,
environmental or social) separately. Two from sustainable development goals defined by UN (United
Nations) in 2015 were related to water. Namely the sixth; Clean water and sanitation and the fourteenth;
Life below water [31]. However these will be influenced by global trends in agriculture such as climate
change. For increasing production capacity of crop production and animal husbandry, reasonable water use
is crucial, especially if it is considered, that fresh water resource availability is under depletion. Higher
average temperature, lower amount of precipitation, extreme weather conditions such as drought, flood or
internal water all influence water availability and decrease water supply ability of natural ecosystems for
humanity.

As it was highlighted above, dealing with water resources in a sustainable way is one of the biggest
challenge in the 21th century. Water footprint is a comprehensive tool for understanding issues related to
global water use and water consumption. However for finding the right solution, understanding definitions
related to water footprint and analysing its components in appropriate way is inevitable and | hope this
paper will help this process.

2. THEORY
2.1. What is water footprint?

A new concept was developed to better understand the impact of water consumption by human activities,
both direct and indirect, starting from the idea of virtual water trade [2] and Ecological footprint [37]. This
concept is the Water Footprint (WF), introduced by Ref. [17], which is quantitative and qualitative
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indicator. It is quantitative since it calculates the volume of water consumption to produce goods or
services during their total supply chains, and it is qualitative since it assesses the amount of water required
to assimilate pollutants based on the water quality standard in an ecosystem [8] [23] [24].‘The water
footprint is comprehensive indicator of freshwater resources appropriation, next to the traditional and
restricted measure of water withdrawal. The water footprint of a product is the volume of freshwater used
to produce the product, measured over the full supply chain. It is a multidimensional indicator, showing
water consumption volumes by source and polluted volumes by type of pollution; all components of a total
water footprint are specified geographically and temporally’ [16].

According to Ref. [4], the possible reduction of wasting water caused by production and consumption
activities is a global issue considering water footprint. It refers to a quantitative amount of impact, however
it also means a qualitative load according to the local water resource availability [12]. Research on water-
energy-food nexus has become into focus recently [11]. The approach assesses the links between different
aspects of the sustainability of food products and their impact on water resources. According to Ref. [34],
‘water footprint (WF) is an indicator that accounts for both the direct (domestic water use) and indirect
(water required to produce industrial and agricultural products) water use of a consumer or producer.’
The WF can be interpreted as an indicator of freshwater use that looks at both direct and indirect water use
of a consumer or producer [30]. The WF of an individual, community or business is the total volume of
freshwater that is used to produce the goods and services consumed by the individual or community or
produced by the business. For being able to develop strategies for sustainable water use, green, blue and
grey water footprint elements of WF indicator should be analysed in more details.

2.2. Blue, green and grey water

Water footprinting methods have been developed to account for green, blue, or grey water [25] [16], where
the green water is defined as the rainfall that is held within the soil profile and used by the plants, and the
blue water is defined as water used from groundwater and surface water resources. Blue water is made
available to the plant via irrigation. The grey water is defined as the volume of water required to assimilate
contaminants loads to the accepted (standard) levels in receiving water bodies [16]. Within the water
footprint methods, both direct and in-direct water uses for a product or process are accounted for. The
direct water use is defined as the water used directly in the production of a product, such as the green water
from rainfall and the blue water from irrigation that is used to grow grass. Whereas in-direct water use is
defined as the water used indirectly, such as in the manufacturing of fertiliser and production of the
electricity that is used on the farm. Blue water is abstracted from rivers, lakes and groundwater. Agriculture
accounts for approximately 85% of global blue water consumption [27]. Green water is used at the point
where rain falls. According to Ref. [26], green water is the soil water held in the unsaturated zone, formed
by precipitation and available to plants, while blue water refers to liquid water in rivers, lakes, wetlands
and aquifers. Irrigated agriculture is based on blue water (from irrigation) and green water (from
precipitation), while rainfed agriculture is based only on green water. Traditional water use statistics only
take into account blue water. Conventional approaches to water management have focused on managing
only the blue element of the water cycle. Ref. [19] did dairy specific interpretation of blue and green water
by which blue water is the ‘fresh surface water, groundwater and rainwater stored in artificial ponds’ and
green water is ‘water firom precipitation that does not run-off or recharge the groundwater but is stored in
the soil or temporarily stays on top of the soil or vegetation’. In simply way blue water is abstracted from
rivers lakes and groundwater and green water is used at the point where rain falls.
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2.3. Blue, green and grey water footprint

Ref. [6] defined blue water footprint as blue water consumption from surface and groundwater resources
through the total supply chain of a product. Consumption refers to water loss from groundwater body in
catchment area by evaporation, returning to another catchment area or incorporation into a product. The
green water footprint considers rainwater as green water resource, till it does not become run-off. The grey
water footprint considers freshwater volume required to assimilate a certain pollutant load, which meet
water quality standards of the region or country. There is more research on blue water resources as it has
higher opportunity cost than green water and it is available in limited volume. However green water
resources are scarce as well, especially if we consider that blue water can be substituted by green water in
agriculture. Historical datasets only focused on blue water, thus green water as a factor influencing
production has been under valuated [10]. Ref. [10] and Ref. [35] started to emphasise the importance of
green water in water management studies. The reason of this was that rainfed agriculture is the largest
(green) water user worldwide. Irrigated agriculture is the largest blue water user worldwide. Therefore
research started to assess the green component of the water cycle, e.g. Ref. [13] and Ref. [38].

Water footprint studies of European countries, such as Ref. [1], Ref. [28], Ref. [33], and countries outside
Europe, such as Ref. [7], Ref. [21], and Ref. [36] all included both blue and green water in their water
footprint assessment. The concept of grey water footprint expresses a pollution volume, thus can be
compared with volume of water consumption [8]. Grey water footprint is interesting, if polluted water can
be reused after different kinds of waste water treatments. If treated water reach the quality standards of
irrigation water, it will decrease the negative impact of the system on the environment. Freshwater
appropriation consists of both consumptive water use and the water required to assimilate pollution so all
green, blue and grey water footprints [23]. Assessing grey water footprint has got into focus recently by
analysing the importance of pollution as a driver of water scarcity. Ref. [29] revealed that water
consumption is not the only factor causing water scarcity; pollution plays an important role as well. Taking
into account grey water footprint, production could be more sustainable environmentally. If this treated
grey water can substitute blue water for irrigation, the production might be more sustainable in an
economic way as well.

3. WATER FOOTPRINT METHODOLOGIES
3.1. WFN-Water footprint Network

According to Ref. [14] most research on water footprint follow volumetric approach of the Water Footprint
Network (WFN). Ref. [34] made a review on the WF indicator and its applicability for EU28 policy using
this approach as well. They differentiated WF of production (WFprod) and the WF of consumption
(WFcons) of a geographical region (EU28). WF of production is the sum of direct and indirect water use of
domestic water resources. WF of consumption is the sum of direct and indirect water use of domestic and
foreign water resources through domestic consumption. A balance between the two is reached by virtual
water flows (import and export), which result from the trade in industrial and agricultural products.

EU28 is a net virtual water importer as it imports more virtual water than it exports. The WF of agricultural
products is 91% of the total WFprod and 89% of the WFcons. This study also assessed geographical
environmental sustainability indicators such as green and blue water scarcity and water pollution level. The
blue water scarcity indicator is calculated by dividing the blue WFprod by hydrological water availability
minus environmental flows in the geographical area. The green water scarcity indicator is calculated by
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dividing the green WFprod by the green water availability of a geographical region. The water pollution
level indicator is obtained by dividing the sum of all grey WFprod in a catchment to its actual runoff.

The above mentioned indicators used by Ref. [34] certify that all blue, green and grey water components
represent important roles in volumetric approach of the Water Footprint Network. Applying them let one
better understand environmental sustainability of agricultural products. Ref. [4] interpreted WF regarding
the water consumption of agricultural products from “cradle to gate” using also WFN database for the WF
indicator as main reference. They provided a free dataset of the WF indicators available for agricultural
products. This study revealed that sustainability of an agricultural product is closely related to its impact on
water resource.

3.2. LCA: Life Cycle Analysis

The Life Cycle Analysis approach as developed by the LCA community (which includes the weighted WF
approach [34]. Life Cycle Assessment is a ‘compilation and evaluation of the inputs, outputs and potential
environmental impact of a product system throughout its life cycle’ [19]. LCA is relevant in comparing the
environmental performance of a product during its entire production chain. Impact of water consumption
and degradation are usually assessed within the framework of water footprint assessment. Ref. [19]
interpreted three main levels of impact assessment adapted from Ref. [3]. Inventory consists of entering
and exiting flows focusing on direct and indirect water sources water sources and uses in order to present
where reductions can occur. Midpoint assessment illustrates indicators regarding degradation cause-effect
chains. Endpoint assessment analyses specific indicators for potential damage to human health, ecosystem
quality and resources. Besides ecosystems and human health, water serves as natural resource for several
economic activities. Thus population growth and economic development results in increasing human
freshwater use. However, at regional scale, main part of global freshwater withdrawal occurs in
watersheds, which already experiencing high water scarcity. According to Ref. [25], ‘the humanity’s water
footprint (referred as the sum of withdrawals multiplied by local water stress indices) must be globally
reduced by approximately 50 % to achieve a sustainable water use.’ Thus assessing environmental aspects
of freshwater use is inevitable. Diverse initiatives are available for developing and standardising analytical
tools to measure and assess freshwater use at both regional and global scale. Furthermore these initiatives
aim to improve freshwater resource management and the environmental performance of products and
operations. According to Ref. [5] water scarcity considering domestic use could be influenced by shifting
environmental burdens to other LC stages and impact categories. Withdrawn and released water can be
associated with loss of functionality associated with water stress. Modelling approach of their study
presented impact of diseases and malnutrition as years of life lost. The so called AWARE (available water
remaining) method was based on the quantification of relative available water remaining per area, once the
demand of humans and aquatic ecosystems has been met. Ref. [6] WULCA (Water Use in Life Cycle
Assessment) consensus characterization model for water scarcity footprints: The WULCA consensus
characterization model for water scarcity footprints: assessing impacts of water consumption based on
available water remaining (AWARE). Water scarcity results when cumulative human impacts decrease
water supply or quality to the point that water demand of humans and the environment cannot be satisfied
[32]. Water scarcity is generally related to harsh climatic conditions, but is sometimes increased by low
economic development that limits exploitation of groundwater resources or optimal management of
available water. Understanding links between inventory analysis and impact assessment is crucial to get
plausible conclusions regarding water footprint process. The reason of why it is assessed, the unit of
assessment such as product, organisation, community or activity and system boundaries of investigated
process all have to be clearly identified in order to get the goal and scope of definition (ISO 14046). During
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inventory analysis, all water flows in and out of the operation need to be quantified by water source or
destination.

3.3. Calculation of blue, green and grey water footprint of a process step

Basically water footprint of a process is expressed as water volume per unit of time. It can be expressed as
water volume per product unit in case when it is distributed over the quantity of product that results from
the process (product units per unit of time).

3.4. The blue water footprint in a process step

WPFprocess bue = Blue watergyaporation + Blue waterincorporation + Lost Return Flow (1)
Unit: [volume/time]

The first component, blue water evaporation, is the most important one. All kind of evaporation is taken
into account such as; the water that evaporates during water storage, transport, processing and collection or
disposal. However other three components should be included when relevant. Blue water that is
incorporated into the product, blue water that does not return to the same catchment area, for example, it is
returned to another catchment area or the sea and blue water that does not return in the same period, for
example, it is withdrawn in a scarce period and returned in a wet period. Thus the amount of available blue
water consumed by humans, the groundwater and surface water flow that is left to sustain the ecosystems
and water that is returned in another period of time are also considered.

3.5. The green water footprint in a process step

Calculating green water footprint in a process is relevant where the product is based on crops or wood, as it
consumes rainwater by evapotranspiration, which then is incorporated into the harvested crop or wood.

WFprocess green = Green WateTEvaporation + Green Waterlncorporation (2)
Unit: [volume/time]

3.6. The grey water footprint in a process step

The grey water footprint is calculated by dividing the pollutant load (L, in mass/time) by the difference
between the ambient water quality standard for that pollutant (the maximum acceptable concentration Cay,
in mass/volume) and its natural concentration in the receiving water body (Cng, in mass/volume). The
natural concentration in a receiving water body occurs, if there were no human disturbances in the
catchment thus cny = 0.

L
WFprocess grey = . . (3)

Cmax — Cnat
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3.7 Point sources of water pollution

In the case of point sources of water pollution, when chemicals are directly released into a surface water
body in the form of a wastewater disposal, the load can be estimated by measuring the effluent volume and
the concentration of a chemical in the effluent.

WFproCeSS green = L = Effl . CEfﬂ — Abstr Cact

' Cmax — Cnat Cmax — Cnat (4)
L: the pollutant load (mass/time)

Cmax: the maximum acceptable concentration of pollutant ¢, in mass/volume

Cnae: NAtural concentration in the receiving water body (C, in mass/volume

Effl: the effluent volume (Effl, in volume/time)

Cerri: the concentration of the pollutant in the effluent (e, in mass/volume)

Abstr: the water volume of the abstraction (Abstr, in volume/time)

Cat: actual concentration of the intake water (C., in mass/volume)

3.8 The total water footprint of a process

The total water footprint of the process of growing crops or trees (WFproc) is the sum of the green, blue
and grey components:

WFprocess = WFprocess,blue + WFprocess,green + WFprocess,grey (5)
Unit: [volume/mass]

4. CONCLUSIONS

Qualitative and quantitative deterioration of water resources as a result of human activity will become more
serious, basically since the water is essential for both plant and animal sectors, and especially, due to
climate change. Other factors such as social situation and habits, technological leakage, water price and
tourism all have impact on resident’s water consumption. According to Ref. [29], ‘Even without negative
climate change effects, the water consumption for food production will increase to meet demands of a 50%
larger global population’. For producing much more food with high water requirement, applying
sustainable water use management during its production and processing phase is crucial. Current water
sources should be preserved for future generations at least in the same condition as it was inherited from
ancestors. By understanding and applying water footprint indicator primary producers (farmers) and
processors can assess water use of their activity. If they can calculate where are the points with the highest
water demand during production and processing phase, they will be able to find solutions for more water
efficient operation. Considering blue, green and grey water use separately let them analyse water use in a
comprehensive way by which they can identify more precise consequences and recommendations.
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ABSTRACT

There have been several studies about competitiveness and within this, company competitiveness. These studies
include mainly the whole company spectrum in terms of company size from micro to large enterprises. There are
studies which focus on large companies and the others on big and medium sized companies. There are studies which
use mostly secondary data, and there is a few which use primary data. Although more studies do not take into
consideration the fact that the operation mechanism and behaviour of small enterprises are different from the larger
ones. Moreover, by using secondary data we are not able to look into the company, which does not ease the task of the
researchers and business economics specialists. This is the reason for this study topic, which can fill a gap in the
examination of enterprise competitiveness. In my analysis | focus on Hungarian small enterprises, and | do research
using primary data. The research was done by a research team at University of Pécs Faculty of Business and
Economics. | was also a member of this group, who analyses company competitiveness, but in my study | focused on
the role of the companies in the online space. The online research of the companies was done with the co-operation of
University of Pécs Faculty of Engineering and Information Technology, the result of which was integrated into the final
sample. | deal with its descriptive analysis in this study.

Keywords: competitiveness, small enterprises, online presence, infocommunication
1. INTRODUCTION

The development of the Hungarian economy has been continuously a goal and now it is a goal too for the
government. In the long-term economic development it is essential to keep the competitiveness in high
level [7].

Of course the performance of a country can be described by many components, but among these the
competitiveness indices can represent this status in a complex way. According to Ref. [4] in the past years
Hungary was in 50. place in the world ranking list, in which there were some changes, but in 2018 Hungary
reached better position, its result improved 5 positions, from 52. place to 47. place.

World Economic Forum found similar result, according to this Hungary was in 63. place, but in 2018 it
improved 12 positions to 48. place in the competitiveness ranking [9] [10] [11].

It is obvious that there are differences between the score counting methods, but it can be declared that
Hungary reached similar place, and the improvement in the ranking list refers to economic development.

In this economic development the companies get outlined role, and within this the small and medium-sized
enterprises (SMEs). The productivity growth of the Hungarian companies and the strengthening of
competitiveness get high priority from leading economic decision makers [5].

Thus this is apparent that this topic is relevant due to the above reasons and it is worth dealing with the role
of the small enterprises in the economic development.
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2. INTRODUCTION OF METHODOLOGY

In the past many studies dealt with company competitiveness. These show miscellaneous view in terms of
company size. There are studies which examined the companies miscellaneously or focused on large
company sector [1] [2] [3] [6]. Ref. [8] dealt with the competitiveness micro-level analysis of small
enterprises, which examined especially the micro, small and medium-sized enterprises (SMEs). | analysed
the competitiveness of the small enterprises along the research logic of this model.

Before going on, it is useful to determine what do we think of company competitiveness: “The
competitiveness of small enterprises is the close relation of the human capital, financing, co-operation,
offered goods, administrative routines, competitive strategy, used technology, marketing, internalization
and online presence. These inner competences form a system, which enables to compete efficiently with
other companies and to produce goods/services which are valued highly by the customers” [8]. It can be
seen that the competitiveness of the small enterprises is a complex conception. In the final sample there
were almost 800 companies, which are representatively layered in terms of company size, branch of
industry and region. These companies were analysed according to a specific approach, the conceptual
model of which is described in Figure 1.
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Figure 1. The conceptual model of the competitiveness of the small enterprises [8]

On the Fig. 1. it is visible that competitiveness is built from pillars (e.g. human capital, financing, co-
operation etc.). In order to speak about high level competitiveness, all pillars should be strong, since the
logic of the model is that the pillars should be on high level to reach a high level of company
competitiveness. These pillars are built from so called variables. These variables were made to help the
model structure, what was put in form of thematic questions in the used questionnaire. All in all, it can be
stated that the competitiveness of small enterprises was created in a complex way, taking into consideration
the different factors. Among these there are hierarchical order and it makes finally the SME index, what can
describe the competitiveness of the small companies (Figure 2.).

DOI: 10.14232/analecta.2019.2.21-27
22



Analecta Technica Szegedinensia
Vol. 13, No. 2 ISSN 2064-7964 2019

Pillar 1 Pillar n

Variable Variable Variable
1 2 m

Figure 2. The hierarchical structure of the methodology of SME index [8]

The Fig. 2. has already shown the pillars of the model but | have not spoked about the variables yet. The
introduction of these would be very long, this is the reason why I mention only some of these. The human
capital pillar deals with human resource management, qualifications, incentive scheme. The co-operation
represents types of co-operations, relations with external institutions, co-operation time etc. The complete
description of the conceptual model was done by Ref. [8], this is the reason why | describe only the essence
of it.
First of all, the creation and normalization of the variables and pillars were made.

_ %
Xi‘j - max Zi,j (1)
where:
all j=1... 10, the number of the pillars
x;,; the normalized score value of the j pillar of the i company
z;; the original pillar value of the j pillar of the i company

maxz; ;the maximum value of the j pillar

The average value of the pillars showed heterogeneous distribution, that is why it must have been
equalized. For this the average of the average of the pillars was created:

n

In order to keep the values in [0,1] domain, the values were raised to the power of k and were weighted
with themselves:

Yii=X; 3)
Then the value of k should have been determined in order to solve the following equation:
n
k _
D> x—ny, =0 (4)
i=1

Then it came the Penalty for Bottleneck principle. In this case the adjusted pillars were punished with the
help of the so called penalty function according to the following:

he,; = minyg,; + (1 — e”Vormnve,)y ®)
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where

h;; the modified value after the penalty in the case of the j pillar of the i company
yi; hormalized value in the case of the j pillar of the i company

Ymin the minimum value of yi,j in the case of the i company

i=1,2,...... n = the number of the companies

=12, m= the number of the pillars

After the usage of the function the value of all pillars can be determined between 0 and 1, which shows
which pillars are the weak points of the company. The higher this value is, the better. It is important to
mention that disharmony between the pillars has negative impact on the competitiveness, and the weak
pillars weaken the other pillars. Finally, the creation of the competitiveness score comes, which gives the
SME index. This happens with the addition of the values of the 10 pillars. Then the results of the research
will follow.

3. RESULTS OF THE RESEARCH

Previously it was mentioned that there were almost 800 companies in the final examined sample. Within
this, the companies showed diverse picture but in this study I examined only those companies who are
present somehow in the online space. As it was expected, not all the companies have online presence. This
case it means 405 companies out of the 798 (51%). Classifying the companies as per the national economy
sectors according to the factor that they are present in the online space, it can be stated that 10 companies
(2,7%) operate in the agricultural sector, 95 companies (25,5%), in the industrial sector and 267 companies
(71,8%) in the service sector. 33 companies did not give its main activity but is was a viewpoint only in the
sector classification.

Classification based on the employed staff members shows that the micro enterprises (1-9 staff) takes the
48% of the examined sample, the small enterprises (10-49 staff) are present with 40%, and the middle sized
companies (50-249 staff) have 12% share.

The age groups of the companies in the four categories are the following: there are 15 companies (3,7%)
the age of which is between 1-3 years, 42 companies (10,4%) the age of which is between 4-7 years, 74
companies (18,3%) the age of which is between 8-12 years and finally 274 companies (67,7%) the age of
which is elder than 13 years. From this point of view, it can be stated that the elder is the company the
higher ratio they are present. This refers to a relative maturity.

I examined also what strengths and weaknesses the companies have in terms of human capital. Five
categories were created based on college degree ratio. There have not been any staff with college degree in
case of 66 companies (16,3%), the ratio of the staff with college degree was low at 78 companies (19,3%),
the ratio is medium in case of 77 companies (19%), the ratio is high at 76 companies (18,8%) and the ratio
is remarkably high of the staff with college degree in case of 108 companies (26,7%). From this point of
view, it can be stated that there are less companies who do not have any staff with college degree. With the
others the ratio is balanced except for the last category, where the ratio of the staff with college degree is
remarkably high because the number of these companies is the highest.

For company internationalization the presence of foreign language speaking staff is essential. This factor
was examined too and the result is the following. There is no foreign language speaking staff at 132
companies (32,6%) and there is foreign speaking staff at 273 companies (67,4%). The distribution of the
foreign speaking staff is interesting. There are 57 companies (14,1%) who have one foreign speaking staff,
59 companies (14,6%) where the staff can speak two foreign languages, 84 companies (20,7%) where three
or four languages are spoken and finally there are 73 companies (18%) who can use five or more foreign
languages. Thus a third of the companies cannot speak any foreign languages, but a larger proportion can
and the ratio is relatively high where more foreign languages are spoken.
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I wanted to get answer to the question, what is the share of the foreign customers in the total customer
portfolio. 274 companies (67,7%) do not have any overseas customer, while 131 companies (32,3%) have
somekind of overseas customers. Among these, there are 65 companies (16%) where the share of the
foreign customers is not more than 25%, 27 companies (6,7%) where this share is maximum 50%, 28
companies (6,9%) where this share is maximum 75% and there are 11 companies (2,7%) where the share of
the foreign customers is more than 75%. Interesting notice is that with the companies who have online
presence, the foreign language usage and overseas customers are in inverse ratio.

Afterwards the examination of the competitiveness scores will follow. The Fig. 3. shows the case of those
companies who have online presence.

40 Mean = 4,71
Std. Dev.'= 1,02
H=405

Frequency
9

T T T
2,00 3,00 4,00 5,00 6,00 7,00 5,00
SME index

Figure 3. The distribution of competitiveness scores

From the histogram it can be read that there is symmetry with a smaller asymmetry. The average value of
competitiveness scores of the companies with online presence is 4,71. It can be seen that there are little bit
more companies who have lower scores this is the reason for the asymmetry. There are many companies
between the scores of four and five. Then | examined the normal distribution curve of competitiveness
scores, which is shown in Fig. 4.

Normal P-P Plot of SME index
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Figure 4. The normal distribution curve of competitiveness scores
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A small right side asymmetry can be seen on the curve, but all in all it fits well to the normal distribution
linear.

Of course all pillar values affect the competitiveness scores, although if the focus is on the online presence,
the results can be seen on Fig. 5.
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Figure 5. The distribution of online presence pillar values

The average value is 0,686 which is a higher value even if it is an average value, but if 1 examine the
histogram more accurately, it can be seen that the results thicken between the scores of 0,7 and 0,8. This is
similar to the preconception that the companies with online presence use more sophisticated online
solutions during their operations.

4. SUMMARY AND CONCLUSION

In my study I drew the attention to the conception that the increase of the competitiveness of the companies
can be an efficient means of economic development. However, it is not useful to generalize and it is worth
thinking separately of the companies. Since there are many small enterprises a good way can be to develop
the competitiveness of the small enterprises, but only if the volume is the goal this will not be enough. For
this there should be qualitative development within the company. For this a good means can be the Szerb’s
conceptual model, the mathematical logic of which has been introduced.

From the research it turned out that around the half of the Hungarian companies are not present in the
online space. Examining their economy sector operations, a little bit less than three quarters of those
companies who have online presence operate in the service sector, a quarter of them in the industrial and
only a few operate in the agricultural sector. In the point of view of employment, a large proportion of them
are micro and small enterprises and there are a fewest from middle sized companies. Regarding their age,
they have been operating for a longer time and there are relatively few younger companies among them.
The company staff have relatively high qualification, and more than two thirds of them have staff who can
speak at least one foreign language. It is remarkable that the human capital potential is high among these
companies, but it is fact that they have no or only a few overseas customers, which means that they do not
use this potential well.

Since the SME index is based on 10 pillars, all pillars influence the final value. Since the model is so
complex there was no opportunity to show all of them, but it is visible that the distribution of the values is
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relatively symmetric and gives values around the average. But by examining the online presence pillar
more closely, it can be found out that the values are high and outstanding.

Finally, it can be stated that the Hungarian companies should develop their attitude to be present in the
online space. Those who are present in the online space, can use this ability, but it is not a cure-all itself
because in one hand they should use the potential of the other fields well and in other hand they should
improve its weak points. Taking into consideration of these points can help the development of the
competitiveness of the small enterprises.
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ABSTRACT

Using poppet valves to control the air-fuel mixture entering and leaving the combustion chamber of an engine is just
one among many other more flow efficient alternative solution. The geometry of the poppet valve and its valve seat are
the main causes of the flow restriction in the internal combustion engines. The engine downsizing concept dictates to
obtain more power from a given engine volume, therefore proportionally more air should be drawn into the cylinders to
burn more fuel. These criteria best fulfilled with a new Swinging Valve (SwV) solution that enables the unhindered
flow of air and exhaust gas through an engine’s cylinder. The filling of a cylinder is improved while the pumping
losses are decreased. In this experiment, a Super Flow SF600 flow bench was used to examine a Suzuki SV650
motorcycle engine’s normal poppet valve cylinder head and a Swinging Valve cylinder head was constructed as well.
First the flow parameters of the original cylinder head were obtained then the Swinging Valve head was investigated in
the same way. The outcomes of the tests show the superiority of the new concept. The results will also be the base of
further OD/1D engine simulations.

Keywords: IC engine, swinging valve, poppet valve, flow test, 0D/1D engine simulation
1. INTRODUCTION

From the beginning of the earliest times of four stroke internal combustion engines, many ways of
controlling air and exhaust flows were experimented. From these poppet valves came out as the most
widely used solution. A very handy feature of them is that the gas pressure on the compression and
expansion stroke increases the valve seating pressure thus improving sealing. To be able to do so the valve
head has to be arranged in its port to practically block the way of gases. This characteristic is quite
unwelcome because when the valve is opened the valve head is still located in the middle of the gas stream
forcing the flow to change direction and decreasing the engine’s breathing ability and effectively reducing
its power capability. Another problem with the universally used poppet valve systems is their control
method. The opening of the valve is done by a cam and lifting mechanism (tappets, rockers, etc.) while its
retention to its seat is usually performed by a spring. The spring with the mass moving together with the
valve creates an oscillating system that will resonate at certain engine speeds. This causes the valves to lose
contact with the control mechanism and float. If the speed of the piston reaching TDC is sufficiently high
the floating valve can smash into it. Another way of destruction is when the valve smashes into its own seat
without the control of the cam/lifter. The result is overly high local stress and premature wear or breaking
of the components. With the employment of Swinging Valves (Fig 1.) these boundaries of engine
downsizing in general can be done more efficiently and environmental problems could be solved cheaper.

Figure 1. Swinging Valve cylinder head section view
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2. MATERIALS AND METHODS
2.1. Suzuki SV650

To find a suitable engine for the Swinging Valve project a Suzuki SV650 motorcycle engine had been
chosen to validate the results. The reason of the choice was its availability; and the fact that it has separate
cylinder heads that made actual manual work easier. Also this power-plant is a very robust design. If the
Swinging Valve concept can be made working on this type of engine it would probably withstand the abuse
in other designs as well Table 1 shows the engine specifications for the SV650 engine and Fig. 2. the
torque and power curves as measured on a SuperFlow CycleDyn dynamometer.

Table 1. Technical specifications of the tested engine and cylinder head

Engine Make and type: Suzuki SV 650

Engine configuration: V2

Year of Manufacture: 2003

Bore: 81 mm

Stroke 62,6 mm

Swept volume: 0,645 litres

Valve stem diameter 4,5 mm

Valve head diameter Intake: 31 mm Exhaust: 25,5 mm
Valve seat inner diameter: Intake: 28 mm Exhaust: 23,5 mm
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Figure 2. Torque and power curves of the Suzuki SV650 test engine as measured on a SuperFlow CycleDyn dynamometer
2.2. Superflow SF600 flow bench

To examine the given cylinder head’s flow capability at different valve lifts a SuperFlow SF600 steady
state flow test bench was used (Fig. 3.), which is designed to measure the air-flow resistance of the intake
and exhaust conduits of internal combustion engines. The actual test conditions can be found in Table 2.,
while specifications of the SF600 flow bench is in Table 3. In the case of intake testing it means the air
flow resistance of valves, valve seats, manifolds, velocity stacks, and if applicable, restrictor plates. During
the test, air is drawn through the cylinder head which is attached to the flow bench via an adapter that
replicates the flow masking effects of the cylinder wall. The necessary pressure difference to perform the
test is created by specially designed fans that are driven by a set of electric motors. The pressure drop
across the valve/valve seat opening is kept constant at each valve lift points in comparison to ambient air
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pressure and is observed on a vertical U-tube manometer (Fig 4.). Further along the air passage there are
calibrated measuring orifices. Another U-Tube manometer is located on the machine and it measures the
pressure drop across the actual open orifices. The scaling is in percentage of flow. For better accuracy and
visibility the readout section of the manometer is inclined. The percentage value indicated on the inclined
manometer is used together with a chart attached to the flow bench. The LCD display indicates flow values
in cubic feet per second.

7 SuperFilow.
=

Table 2 Information on the volumetric flow test of the SV650 cylinder-cylinder head assembly

18th February 2019, Szentes
62,27 mbar (25 inches of water)

Date and place of test
Test pressure drop across valves

Ambient temperature 18°C
Relative humidity 49%
Barometric pressure 1014 mbar
Pressure ratio 1,0653

Table 3 Specifications of Superflow SF-600 FC Flowbench

Calibration Test Pressure:

62,27 mbar (25 inches of water)

Test Flow Range:

0 — 0,28 m%s (0-600 CFM)

Capacity:

0,28 m*/s at 62,27 mbar pressure drop
(600 CFM @ 25 inches of water)

Flow measurement accuracy:

+0,5%

Repeatability: +0,25%
Test pressure accuracy: + 0,127 mbar
Temperature measurement accuracy: +0,3 °C
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2.3. Flow test methodology

For the actual test a specially designed valve opener device was used, which allows to open and close both
valves independently. The valve opener had 1 mm pitch on the screw and was placed in line with the axis
of the valve stem, each full turn meant 1 mm lift at the valve itself.

| valve opening device

| ﬂr" air inlet

| AP
‘ L calibrated
{ ‘ orifi(ie plate
l —rk =
A
—— d P fans

Ap: pressure drop across the cylinder head
Apmp: pressure drop across the orifice plate

Figure 4. Typical flow bench testing layout [1]

Regarding data to be processed, the general practice was followed and relative lift values were obtained in
a dimensionless format, L/D:

L
L/D=B @

where :

L: Actual valve lift [mm],

D: Valve diameter [mm].

This way direct comparison is made possible to other designs and makes.

According to [2] the valve was open to 0,3 x valve diameter which equalled approximately 1 mm. After
turning the device on and adjusting the test pressure to the standard value (62,27 mbar/25 in H,O) the flow
range was set to get at least a flow of 70%. That was indicated on the inclined manometer. During the test
the flow range was adjusted as requested to keep the flow in the desired range. At each lift point the flow
was recorded in cubic feet per second and then converted to 1SO unit m*/s.

Leakage test:

Before the flow test the standard test depression was applied to the cylinder head while all the valves and
openings were kept closed. To get repeatable results, it was necessary to take any leakage into account and
deduct it from the actual results. According to flow bench manufacturer recommendation the amount of
leakage flow could be accepted if it was between 0...10 Cubic Feet per Minute (CFM, 0...16,99 m*/h).
During testing of the SV650 cylinder head the leakage was 1,4 CFM (2,379 m*/h) for the intake test and 1
CFM (1,699 m*/h) for the exhaust test so all the openings and flat surfaces of the tested assembly were
acceptably sealed to the outside environment.

3. RESULTS AND DISCUSSIONS

As stated in [1] an intake system that is more efficient in terms of flow losses is favourable as the
volumetric efficiency and specific fuel consumption is improved. With better flow characteristics the
spread of torque and exhaust gas emissions are also improved. In the light of engine downsizing efforts this
translates to smaller engines with the same characteristics and driver perception that a larger, heavier
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engine would produce with higher fuel consumption. With the flow bench test the flow capabilities of these
boundaries are established to the maximum valve lifts. The obtained volumetric flow data was plotted (Fig.
5.) and to allow further comparison with other engine data the Coefficient of Flow (Cf) for all valve lifts
were calculated as well according to the test equipment’s Operators Manual [2]. The cylinder head was
tested without any attachment. To smooth out the flow over the edge of the intake tract modelling clay was
used to streamline the entrance of the port and eliminate any detachment of flow downstream the intake
entrance. After the measurements taken on the poppet valve cylinder head the newly designed Swinging
Valve head was also tested with the same procedure as mentioned above. To get comparable results the
flow measurements of the Swinging Valves were performed at the exact opening positions where the SwV
flow areas exactly matched the flow areas of the poppet valves at their respective lift points. The results
can be seen in graphical form below in Fig. 5.

Intake Swinging Valve Exhaust Swinging Valve
100 50
) ) -
2 80 2 40 —— ===
2 . 2 /S
w 60 / ~ e —== o 30 ——
=) - 9 7/
§ N /l : § 20 y
7
S 20 » = 10 -
g =7 g, -
3 0 T . . . : . . . . 3 T T T T T T T T T )
3 © v O N D> N> SN 8 VR T S N A S SR
L N ¥ S o° L NI AN S NI M L NGRS AN
S OFFTIIT YT S PP I TP FIFES
Dimensionless valve lift [L/D] Dimensionless valve lift [L/D]

Figure 5. Graphical representations of measured flow parameters of the intake and exhaust Swinging Valves. For comparison,
flow values of the original poppet valves are shown with dashed lines

From the measured data the Coefficient of Flow (Cof) was established at each lift point. The calculation
was performed according to [2] where the Theoretical Volumetric Flow Rate (TVFR) through a unit area
of a perfectly streamlined orifice is used as a datum in the calculations. The value of TVFR is equal to the
speed of flow of uncompressible, ideal gas but the unit used adapts to the requirement of evaluating the
specific flow capabilities of IC engine valves. For the definition of TVFR the following formula is used:

2Ap
WW—V—M-T
TA A )

where:

V: Volumetric flow rate [m%/s],

A Flow area of test orifice [m?],

Ap: pressure difference across the orifice [Pa],
p: Density of air [kg/m°].

Entering the values of standardized test pressure of 62,27 mbar and the density of air of 1,222 kg/m® the

resulting Theoretical Volumetric Flow Rate is 100,95 m*sm™ or m/s. Since this value is just reaching 0,3

Mach so air is considered to be an ideal, incompressible gas while the flow as adiabatic. This value is used

as a datum for the calculation of Coefficient of Flow (Cf) of the intake and exhaust valves:
V/Aac

f=
¢ TVFR

3)

where:
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A, Actual valve flow area at each valve lift point, where the flow is perpendicular to an imaginary
cylindrical flow surface [m?]

This type of definition is rather idealized because it assumes that flow across the valve is determined by
valve diameter. Moreover the imaginary flow surface generated during valve event is cylindrical and
particles travel through it perpendicularly (Fig. 6).

Figure 6. Imaginary flow area of a poppet valve. The white arrows show the assumed particle flow trajectories

After entering the actual values of valve lift points for the intake and exhaust valves the values of
Coefficient of Flow were determined for each valve lift points. These are represented graphically in Fig. 7.
From the graph it is clear that the exhaust valves and ports with their 44,4% Cf are far from their capacity.
Also the waviness of the graph indicates irregularities in the flow field. The intake port is just the opposite
in terms of flow quality: the graph is smooth without disturbances in the flow field and plateaus at 42,5%
It shows that the design reaches its limit within the available valve lift. Therefore any development should
be focused on this area to improve the intake breathing characteristics because that would largely improve
the engine’s fuel consumption and overall efficiency.

45.0% 4
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15.0%
10.0% //
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0.0% T T >
0.000 0.100 0.200 0.300

Dimensionless valve lift [L/D]

Coefficient of flow [%]

Figure 7. Calculated Coefficient of Flow for the intake (blue) and exhaust (red) poppet valves

The same procedure was repeated with the Swinging Valve cylinder head. The graphs of the calculated
coefficient of flows show a marked increase in the flow capacity of the Swinging Valve cylinder head that
can be seen in Fig. 8.
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Figure 8. Calculated Coefficient of Flow for the intake (blue) and exhaust (red) Swinging Valves

To ease numerical comparison from the obtained data the area based average values of Coefficient of Flow
were determined. For the poppet valve cylinder head the average value of CoF is 25,38% for the intake
valves and 25,48% for the exhaust valves. The same parameters for the SwV cylinder head are 39,94% and
36,84% respectively which is 14,5% and 11,36% increase for the intake and exhaust valves respectively.
To facilitate further research with 0D/1D engine simulations Coefficient of Discharge (Cd) was also
calculated, which is the actual rate of contraction of flow. In this case the flow area is is conical and it
changes during valve lift. This behaviour is embedded in the calculation procedure [3] (Fig 9.).

Figure 9. Graphical representation of the shape and position of the flow area [3]

For the calculation first the theoretical flow area (A must be determined. The surface area of a cone
frustum is given by:

dinax + dii
At=Xﬂ(w) ()

where:

dmax: Greater diameter of the cone frustum [m],
dmin: Smaller diameter of the cone frustum [m],
X: Side wall height of the cone frustum [m].

If the lift is sufficiently small then the value X is perpendicular to the valve seat. As the valve lifts ever
higher, the value of X is such that the wall of the frustum is no longer perpendicular to the valve seat (Fig.
7). The limiting value of lift when this occurs is given by the following equation:
dos + dis
Ly = [ ———= 6
lim ( sin2¢ ) ©
Up until the valve lift is equal to the limiting lift, the minimum flow area is the frustum cone area, such
that:

DOI: 10.14232/analecta.2019.2.28-37

34



Analecta Technica Szegedinensia

Vol. 13, No. 2 ISSN 2064-7964 2019
d.
A, = X <§ + r> 0
Up to the limiting lift point X can be calculated using the following formulae:
X = Lcos@ (8)
The value of r can be found:
r= f + Xsing ©)
At lifts greater than the limiting value, the value of X is given by:
2 2
o (i ) (p ) 0

Using these relations between valve and valve seat and from the above definition, Cd can be determined as
follows:
Aac

Cd:A_t

11)

where:
A.c: Actual conical valve flow area at each valve lift point [m?],
A Theoretical valve flow area at each valve lift point [m?].

Since the experiment was a steady state flow test and the pressure drop across the valve annulus was kept
constant at all opening point the flow speed was constant as well regardless of valve lift. For this reason the
measured flow values collected during the test were determined only by the actual flow area. Dividing the
volumetric flow rate values by the flow speed we obtain the actual flow area [4]. Using this theory the
Coefficient of Discharge is calculated as follows:

N (12)

After completing the calculations the following graphs were plotted for the Cd values of the poppet valve
cylinder head (Fig. 10.).

Coefficient of Discharge
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Dimensionless valve lift [L/D]

Figure 10. Coefficient of Discharge (Cd) values for Suzuki SV650 exhaust (red) and intake (blue) poppet valves

Even though the parameters remained unchanged during the test the flow changes throughout the valve lift
range because the shape of the actual flow passage changes. In [5] is stated that there are three stages of the
port opening where the incoming charge has different flow conditions (Fig. 11.). These are:
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— Low lift: the main restriction is caused by the vortices at the edge of the intake valve sealing area
and the inner diameter of the valve seat.

— Intermediate lift: The flow separates from the edges of the valve. The effective flow area is
decreased due to the separated flow.

— High lift: The flow separates from the valve seat edge as well and the effective flow area further
decreased but it is compensated by the increasing opening of the valve.

E‘{C' w |

Intake valve Exhaust valve
Low lift Intermediate lift High lift Low lift High Lift

Figure 11. Three different stages of intake valve lift and the two phases of exhaust valve lift. Note how
heavily affects the lift the actual flow patterns through the different phases [5]

As can be seen from the graphs above, the intake valves reached Cd value 61,8% highest because eddies
generated by the edge of the valve seating rim and inner edge of the valve seat effectively limit the
achievable Cd values. The exhaust valves behave differently since the flow direction is reversed (Fig 11.).
Air moves through the moderately streamlined flow passage that is composed of the cylinder head surface
and valve seat from one side and the valve greater diameter and edge on the other side. At very low lifts
these two surfaces create a Venturi-like channel therefore the highest Cd value of 81,4% is reached at
0,039 L/D. As the valve lifts farther away from its seat the flow detaches from the surfaces and from about
half of the useful valve lift the exhaust side performs similarly to the intake. For comparison, the Swinging
Valve cylinder head Cd values were also plotted and were overlaid on the graphs of the poppet valve
cylinder head (Fig. 12-13.). It is clear that the Swinging Valve arrangement generates better Cd values than
the original poppet valve.

= 100% Coefficient of Discharge Intake Valve

=2 (]

R e —.

5 80%

5 1w =~ - — - Cdpoppet
a 60% S ——= valve

= 50% ——= ==

— 0, - -

S 3802 Cd Swinging
2 Valve

£ 20%

3 10%

© 0%

3

RPN RN 6 & O
P P S DS
Q'Q Q'Q Q'Q Q'Q Q'\ Q'\ Q'\ ny Qr} Q('»

Dimensionless valve lift [L/D]

Figure 12. Coefficient of Discharge (Cd) values for intake Swinging Valve. For comparison, Cd values of the original poppet
valves are shown with dashed lines
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Figure 13. Coefficient of Discharge (Cd) values for exhaust Swinging Valve. For comparison, Cd values of the original poppet

4. CONCLUSIONS

The collected data shows that the traditional poppet valves heavily constraint any engine’s breathing
ability. It is stated in [2] that the flow capabilities of an engine’s cylinder head closely correlate its
performance and efficiency parameters. Also through empirical assumptions some other engine data can be
derived from the flow numbers (eg. valve opening and closing points, power/torque values, etc.). As can be
seen from the previous chapters a more efficient engine can be produced from the existing SV 650 with the
unconventional Swinging Valve systems which present greater scope. This research program proved that
an arrangement where the intake and exhaust ports are uncovered by a fully or partially rotating assembly
can perform vastly better than the original poppet valve system. This special solution will eliminate the
problems associated with poppet valves. The Cd values collected during this present work will be used for
validation of CFD simulations and 1D engine models of poppet valve and engines with unconventional
valve systems.
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ABSTRACT

Thanks to the favorable impact of vintage effect occurring in recent years the Fusarium contamination of wheat and
consequently a high DON-toxin concentration is often caused problem. The DON-toxin in terms of human and animal
health is a serious food safety risk factor. Therefore, it is important that there are methods during the wheat milling
process which reduces the level of toxin. We confirmed in our earlier examinations, that with the help of modern color
sorting machine the DON-toxin content of wheat items is effectively can be reduced. The question is, during the
process how parallel changes the mycotoxin content of by-products, which are used primarily as animal forage. The
authors are presented an analysis of these relevant experimental data. The results show, that the toxin content of the by-
product is exceeds the starting wheat item's toxin content. However, the result of the regression analysis shows that no
correlation in the toxin contents between the starting raw material, purified wheat and by-product. This should be
considered to the users when they would like to utilize the by-product as ingredient of forage or feedstuff.

Keywords: DON-toxin, wheat, by-product, color sorting
1. INTRODUCTION

The production of safe products, that is the guarantee of food safety is primarily important in the entire
system of food chain both during the production of foods and forages. It is important to assess the risk of
the technology and to maintain it proficiently. This is supported by food safety laws and standards.

food production
byproduct

Figure 1. The return of milling by-products into the food chain

The goal of milling technology is direct food production. That is flour production from appropriate quality
wheat which flour is basic material for pasta, bread and numerous essential foods. During the processing
by-product is produced also, which primarily is used for animal forage. (Figure 1.)

This means, even if in an indirect way, these materials will get in touch with human body. That is the
determination of the risks of by-product production and the development of treatment options is equally
important as in the flour production. Producers particularly have to keep in mind this, when they perform
developments or changes in the technological process. It is not enough just to concentrate on main
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processes, but parallel the effect on by-product process must be analyzed also. Even in this case the
requirements of legislation, and food safety regulation must be kept.

According to the above line of thought, there are two aspects of our research work when we investigate the
reduction possibilities of DON-toxin content of milling wheat after harvesting. The primary goal is to
investigate, whether usage of modern equipments in the production process has significant, and reliable
effect on the reduction of mycotoxin content of wheat. Our experimental results proved the toxin level
reliably can be decreased by application of adequate sorting and surface cleaner machines [13], [14]. But
the question arises: This case how changes the toxin content of by-product, which primarily is used as
forage. This is second aspect of research. We present the relevant data in this article. The topic is
deliberately current issue, since in the last years several places intense Fusarium infection was experienced
in the harvested wheat, which can cause high DON-toxin contamination.

Mycotoxins occur in the foods are secondary metabolic products produced by mould fungi. These have
strong toxin effect, therefore they represent high risk in food safety respect [2], [11]. They can cause
serious complications in human and animal bodies, illness which take shape shorter or longer period, and
in many cases permanent damage [7], [10]. In cereals Fusarum ssp. is the most frequently occurring
fungus. Compared with the most significant toxin producing fungi - like Aspergillus, Penicillium genera -
Fusarium species are on the first place, because they produce one-third of the mycotoxins [11].

Fusarium species are parasitic orgasms on many cultivated plants, but they cause the biggest damage on
cereals [8]. The fungi infect cereals during the plant cultivation period in the field. Growing of fungi and
formation of toxin may continue after harvesting also, if the cereals intended for food and the fodder
industry are not handled properly [3].

The infection can cause significant economic damage in plant cultivation and animal husbandry equally.
Getting into food chain the human health consequences may be considerable [4], [12]. Frequently
occurring representative of fusariotoxins is the deoxinivalenol, or vomitoxin, more commonly known as
DON-toxin. In reference [4] opinion this toxin occurs most frequently in wheat. Since this mycotoxin
might be present both in cereals and cereal products it has great importance from food safety aspect.

The weather factors play a key role in appearance of toxin infection and in the development of toxin
content of cereals [15]. The rainy, humid weather is favourable for fungi infection. However the effect of
unfavourable ecological conditions can be decreased by application of preventive agrotechnical procedures
[6]. According to the experiences the rainy weather results higher toxin level in the period of blooming and
harvesting of wheat.

The size and the chracteristic of fusarium infection depends on which phenological phases was attacked the
wheat by the fungi, that is the environmental conditions in which phenological phases are good for
multiplication of fungi. This determines whether the seed-coat or the endosperm was effected by fungi
infection. The color and the specific gravity of grain depends on the characteristic of infection. The
difference of color and the specific weight determines the opportunity of sorting grains with higher toxin
content, that is which applicable methods should be chosen to reduce toxin content of wheat item.

The experimental results of Reference [5] clearly proved the processes described in the preceding
paragraph. Beyond that he demonstrated by analyses of infected wheat items there is no close correlation
between the infection of outer and inner part of grain, that is formation of infection caused by different
factors. All of this demonstrates: conventional cleaning, sorting methods cannot decrease reliably and
efficiently the toxin concentration of grain items, that requires application of modern equipments.

2. MATERIALS AND METHODS

During our research work we investigated, whether DON-toxin contamination can be decreased in the
milling process by application adequate and modern machinery. It is primarily important to guarantee the
toxin content of end-product flour remain below the legal allowable level in all circumstances. Beyond the
legal requirements it is important also to keep the toxin level of basic foods as low as possible, reducing the
intake of harmful substances into human body by foods.
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Figure 2. Sortex Z+ Optical Sorter

Primary goal of our research work was to investigate whether achievable positive result by color sorting of
grain items. To this we completed cleaning with Sortex Z+ color sorting machine (Figure 2.), then we
measured the DON-toxin content of milling wheat samples before and after cleaning. But after cleaning of
the milling wheat by-product is produced also, which is used as forage. (Figure 3.) That is this by-product
return into the food chain too. (Figure 1.) It is shown from the process, that toxin content of milling wheat
can be decreased by color sorting, but the mycotoxin content of by-product should be increased parallel.
The question is: Is it possible to draw a conclusion about toxin concentration of by-product - used as forage
- from the toxin content of starting raw material or purified milling wheat? That is the results of measures
have done during the processing are suitable to decide whether the by-product is usable for forage
production? To get answer we investigated the toxin concentration of wheat samples taken from three
fraction and the results were evaluated statistically. Detailed description is in the chapter ,,Materials and
methods”.

L Purified milling
N wheat
Grain item g
(raw material)
8 Byproduct
(forage)
\

Figure 3. Operational scheme Sortex Z+ color sorter
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The place of research was a mill, which has one of the most up-to-date technology in Hungary. We
consider of importance to put the investigation into real production environments where the food safety
technology and its operation can be studied directly. This type of investigation is not possible with model
experiments. When we choose the place we looked for a mill where the experiments are achievable in
controlled circumstances, complete mechanism of production process and its environment is transparent,
trackable and measurable. Besides these the conditions and the experimental settings should be changeable
and repeatable.

The basic material of experiment was durum wheat (Triticum durum). This species was chosen on the basis
of the cultivation experience described in the literature. It was observed during the cultivation, that durum
wheat is more sensitive to fusarium infection than other wheat species [1].

The characteristic of infection is widely influenced by vintage effect, as it was previously mentioned.
Therefore the subject of investigation was the analysis of wheat items harvested in different years. In this
article we summarized the evaluation results of samples of wheat items harvested in 2013 and 2014. The
sampling system was elaborated according to the technological phases because of nonstop operation. The
goal is to follow up the change of toxin content of wheat items during the production process. We formed
three sampling place at the Sortex color sorting machine. First sample was taken directly before sorting.
This indicated the initial toxin content of raw material. During the evaluation it was called 1. fraction. After
cleaning there were two fractions. 2. fraction was the purified milling wheat, from which the flour is milled
at the end of technological process. 3. fraction is the selected by-product which can be used as basic
material for forage (Figure 3.). DON-toxin content of each fraction was measured and analyzed by
statistical methods. Toxin concentration was determined AgraQuant Deoxinyvalenol test Kit, which
operates with ELISA method and distributed by Romer Labs.

3. RESULTS AND DISCUSSION

So far the results clearly revealed the DON-toxin content of wheat items reducible by application of Sortex
Z+ color sorting machine. The relevant analyses are described in detail in our previously published articles.
This time we are looking for answer, whether there is correlation between toxin content of 3. fraction and
toxin content of starting raw material (1. fraction) or cleaned wheat (2. fraction).

Jb
o

m 1. fraction
m 2. fraction

3. fraction

DON-toxin concentration (mg/kg)
= NW A UVON WO
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Figure 4. The DON-toxin content of generated fractions during the color sorting (2013.vintage)
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Figure 5. The DON-toxin content of generated fractions during the color sorting (2004. vintage)

Figure 4. and Figure 5. clearly show toxin content measured in 3. fraction is always higher than in the other
two fractions.

To get answer to question raised in the first part of this chapter we arranged the samples ascending order
according to DON-toxin content of 3. fraction in Figure 4. and 5. It is simply illustrated, if concentration of
particular fractions has visible correlation with each other. The answer at first sight unambiguous ,,not”.
Let pick up a data pair from the samples harvested in 2013 (Figure 4.) and a data pair from the samples
harvested in 2014. (Figure 5.) and compare them. The results of comparison of samples 5. and 25. in the
Figure 4. and the toxin content of samples 17. and 20. in the Figure 5. Our previous statement has been
verified. There is no correlation between toxin content of three fractions neither in 2013 nor in 2014
harvested wheat items.

We used biostatistical methods to prove or reject our argumentation beyond any shadow of doubt. We
completed detailed analysis by regression analysis. The correlation study can answer that question, if we
can conclude the toxin content of by-product from initial DON-toxin concentration of wheat item or from
DON-toxin content of cleaned wheat.

For the sake of filling the legal requirements we have to know the toxin contamination of starting raw
material in order not to mill those wheat items which exceed the limit value. The simplest solution would
be therefore to find statistical correlation between toxin concentration of starting raw material and the toxin
concentration of by-product which can help to determine the contamination of by-product and to decide its
further utilization. Thus first we did regression analysis referring to both vintage (Figure 6-7.).

According to Figure 6. (2013. vintage) the starting wheat item (fraction 1.) has 9 % effect on DON-toxin
concentration of by-product (fraction 3.), nevertheless 91 % owing to the random effects. The Figure 7.
shows, the initial toxin content of wheat had 24 % effect on toxin contamination of by-product. It can be
said in both cases, there is no linear correlation between data pairs, so cannot be drawn conclusion to the
toxin effect of by-product.

DOI: 10.14232/analecta.2019.2.38-46

42



Analecta Technica Szegedinensia
Vol. 13, No. 2 ISSN 2064-7964 2019

10
> ¢
8
B .
| I
g y=1,7228x+1,4782
3 2 4 ¢ R'=00942
SB4 SR
z % =
s 3 ¢ _‘_”’"-‘F
§E g ¢ ® ot
B2 —— - o
51
g 0 @
@ 00 02 04 06 08 10 12 14 16 18

DON-toxin content of wheat item before color sorting (mg/kg)

Figure 6. Correlation examination of the DON-toxin content between the wheat item before color selection (1. fraction) and
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Figure 7. Correlation examination of the DON-toxin content between the wheat item before color selection (1. fraction) and
milling by-product (3. fraction) (2014. vintage)

We investigated the correlation between 2. fraction (wheat after color sorting) and 3. fraction also. (Figure
8-9.).
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Figure 8. Correlation examination of the DON-toxin content between the wheat item after color selection (2. fraction) and milling
by-product (3. fraction) (2013. vintage)
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