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MEASUREMENT OF QUALITY PROPERTIES OF DRIED PLUM
VARIETIES
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ABSTRACT

This paper deals with a comparison between two different drying processes. Hot air and a vacuum-
freeze drying processes were used for drying samples of plum [Prunus domestica L.] varieties
(*Cacanska lepotica’, ‘Cacanska rana’ and ‘President’). The main objective of our research was to
analyse and simulate the change of the quality parameters formed during dehydration by comparing
two known drying procedures convective dehydration and lyophilisation.

The study shows the heat and mass transfers of the two drying methods, and examines some special
parameters which characterize the quality of dried products, including the chemical components,
rehydration, and surface hardness

1. INTRODUCTION

Drying is one of the possible ways of processing vegetables and fruits. The most frequently
applied method of this ancient preservation procedure is the artificial convective drying.
This procedure became popular mainly as a result of its simple use and low operational
costs; however, we should not forget its disadvantages, which are related to the quality of
the dried product. These disadvantages include significant decreases in nutritional value,
shrinkage, formation of a hard, non-permeable layer, and denaturation of proteins (Karel,
1980; Bouraout et al., 1994; Lewicki, 1998).

Research has been conducted for a long time on preserving fruits and vegetables in such a
way that they keep their original properties for the cold winter months as well. Nowadays,
in the 21% century the requirements set out for dried fruits and vegetables including that
they should be microbally stable, keep their physical, chemical and mechanical parameters
and have excellent storage, packaging and transportation properties. In addition, they
should have high nutrient contents suitable for producing functional foods and food
supplements. Only a few drying methods are suitable for satisfying the above-mentioned
demands on preservation. According to our present knowledge, the most tolerant
dehydrating method is vacuum freeze-drying. Better quality of lyophilized products results
from the fact that the temperatures applied during lyophilization are much lower than
during traditional drying and that the denaturation processes typical of the traditionally
dried products does not occur. During lyophilization, no internal diffusion takes place
because the sublimation starting from the surface gradually spreads to deeper layers; the
ice directly passes into steam (Karathanos et al., 1996; Kerekes et al., 2008).

2. MATERIAL AND METHODS

2.1. Description of the materials used in the trials

During the measurements we tested plum varieties (Prunus domestica 1.) (‘Cacanska
rana’, ‘Cacanska lepotica’, ‘President’) of exactly known origin purchased from local
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producers and traders (Nyiregyhaza, Hungary). d the material to be dried and cut it to size
then placed it on the tray of the dryer in one layer. The samples were cut into 20 mm
pieces, and total mass of the samples were 300 grams. We performed the drying test of the
varieties both simultaneously and separately. The analyses were replicated three times.

2.2. Description of the dryers applied in the experiments

We performed the dehydration of the horticultural products (plum varieties) used in the
experiments with the following dryers:
1. Convective drying - LP 302 laboratory cylindrical drying cabinet (drying parameters:
9-11 h; 75-80 °C; 1,1-1,5 m/s).
2. Lyophilisation — Armfield FT 33 laboratory vacuum freeze drier (drying temperature
from -50 to 20°C; the pressure ranged from 80 to 150 Pa, drying time: 24-26 h).

In order to exactly analyse the processes taking place during the drying, we equipped the
laboratory freeze dryer with a data recording system. The described apparatus with the data
recording system (platform cell - scale instrument — DATPump software) can be seen in
Figure 1.

DATPump .|  Scale instrument
software
163,7gr
acrylic-lid acrylic-lid [i5
. = » ® e
vacuum
.~ Condenser
Vacuum sensor | chamber
discharge | Working chamber
Refrigeration system __Plte
Platform eell =
Heater equipment

Figure 1. Armfield FT33 lyophilisation apparatus with data recording system
2.3. Description of measuring instruments and measuring techniques

The characteristics influencing the quality of the dried products were measured and
evaluated with the following instruments and methods:

- Moisture content measurement: PRECISA HA 60 type quick moisture meter.

- Measurement of the drying parameters of the convective method: TESTO 4510 type
measuring instrument.

- Detection of the chemical composition of the material: with analytical procedures and
instruments (HPLC, Mobil XRF Analyzer).
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- Measurement of the rehydration activity of the dried material in moistening agent (Tein et
al., 1998).

- Determination of the product strength: MGA-1091 type electronic penetrometer (Fekete
et al., 1994).

3. RESULTS AND DISCUSSION

3.1. Results of the tests of heat and mass transition

During the drying process one of the most important tasks was to determine the drying
diagrams (change of water content in function of the time).

Figure 2 demonstrates the change of moisture level in plum samples (‘President’), during
freeze drying and convective dehydration.

© Lyophilised ‘President’
o Convective dried ‘President’
90 | = <& - Temperature of drying air in drying cabinet ['C]
T AT
— . -~ . -
B o701 T, freeas 3 2
’ “. w =001141" -04488¢t° + 1,1525¢ + 78,489
601 o .. i | R*=0,9995
. % ‘Q
(S i 1 .
o " -
£ 40 o ‘o
a -
2 a0 = Son
” .
20 ) . Sox
10 = a ®. &
3 e -0 C-o 0. o o

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Drying time, t [h]

Figure 2. Drying curve of convectively and vacuum freeze dried plum slices
The figure indicates that the drying period of the vacuum-freeze drying process is longer
than the convective dehydration, because of the minor drying rate.

The drying curve of the Iyophilization is a higher degree polynomials; the formula can be
read in the figure and Table 1.

Table 1. Coefficients of the third-degree polynomial

Coefficients
Description a b c k
[] [] [l []
Plum varieties
Cacanska rana (d.t=24 h)* 0,0126 0,441 0,1702 83,017
Cacanska lepotica (d.t =24 h)* 0,0145 0,5345 1,5046 78,523
President (d.t =26 h)* 0,0114 0,4488 1,1525 78,489
* drying time
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3.2. Analytical results of dried plum

The most important chemical components of the dried plum samples were determined in
the Agricultural and Molecular Research Institute of the University College of
Nyiregyhaza. The results can be studied in Table 2.
The main conclusion from the data presented in the tables is that all the components of the
Iyophilised samples have a significantly higher value, compared with the conventionally
dried fruits.

Table 2. Chemical components of dried ‘Cacanska lepotica’ samples

Component | Raw material | Convective dried | Lyophilised
General characteristics [%]

Water 7927 8.6 5,88

Protein 0,58 0,23 0,39

Carbohydrate 9.8 4,33 7,84
Vitamins [mg/100g]

Vitamin-B, 22 1,17 1,74

Vitamin-B, 1.86 1,12 1.44

Vitamin-C 15,2 175 11,2

Phenoloids [mg/100g]

Coumaric-acid 5,82 0,61 4,73

Gallic-acid 1,23 0,54 1,11

Chlorogenic-acid 15,7 4,52 12,6
Minerals [mg/100g]

Na 16 12,1 15

K 374,1 333,6 352,1

Ca 21,45 19.8 20,39

3.3. Results of the rehydration tests

The process of the experiment was as follows: we measured the weight of the samples
dehydrated by various methods, then placed them in pots filled with water of 35 °C and 75
°C. During the experiment, we ensured the permanent temperature of the liquid by means
of liquid supply. We removed the samples from the liquid after 0.5, 5, 10, 15, 30, 60 min
periods and eliminated the surplus moisture from their surfaces with an absorbent. At the
end of the experiment we measured the weights of the rehydrated samples and calculated
the rehydration rate (RR). The value of the rehydration rate (RR) shows how much the
amount of the water absorbed again can increase the weight of the dried product.

The rehydration curves of the dried plum samples (‘Cacanska rana’) are illustrated in
Figure 3, at 35 and 75 °C water temperature.
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i - @ - Rehydration of Iyophilised plum slices ('C rana’) at 75°C
| —o - Rehydration of lyophilised plum slices ('C rana’) at 35 *C
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Figure 3. Rehydration curves of the dried plum (‘Cacanska rana’)

The rehydration rate (RR) can be calculated in the following way:
RR ="
m,
where:
my, — mass of the rehydrated material [g],
my — mass of the dried material [g].

It can be seen in the figure that the lyophilized samples have a higher rehydration rate than
the conventionally dried fruits.

Moreover, the tests proved that rehydration at a higher temperature resulted in a faster
moisturing process and larger rehydration rate.

In the Table 3, we indicated the percentage moisture content of the rehydrated product as
compared to the original moisture content.

Table 3. Moisture content of rehydrated dried fruits

Description Moisture content, w [%]
Raw material |  Convective dried Lyophilised
Plum varieties
Cacanska rana 82,71 70,93 82,18
Cacanska lepotica 79,27 62,37 7941
President 79,43 67,37 79,17

3.4. Surface hardness of dehydrated fruits

Besides the quality features (chemical and physical properties), it is important to discuss
the mechanical parameters, with special regard to the hardness of the fruit. In order to
ensure the quality during harvest and post-harvest technologies (drying, storing), it is
essential to know the hardness of the yield.

Results of the hardness of the dried plum samples are as shown in Figure 4.

The penetration tests confirmed that the surface of the convection-dried materials is
significantly harder than that of the freeze-dried products.
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Raw material 8 Vacuum-freeze dried Convective dried

Elasticty coeflicient, ¢ « [kPaimm)
g 8

Cacanska
lepotca

Cacanska rana

Pressdent
Tested plum varieties

Figure 4. Comparison of the surface hardness of dried fruits to the surface hardness of the raw material

4. CONCLUSIONS

With regard to the results of the heat and mass transports, we found that the temperature
and pressure applied for the freeze-drying is much less while the drying time is much
longer than those for the convection drying.

We defined a relationship for the characterisation of the drying processes of lyophilised
plums. The processes can be approximated with third-degree polynomials. The functions
representing the moisture content reduction of the drying materials can be described with
the following equation: w=at’-bt’+ct+k, where: w — moisture content of the product [%]; ¢
— drying period [h], a, b, ¢, k — coefTicients of the third-degree polynomial the values of
which depend on the characteristics of the material: the variety, the freezing speed, the
ripeness and the tendency to lose water.

Through the analytical inspection of dried plum varieties we stated that the nutrient
contents — carbohydrates, proteins, phenoloids, and vitamins — were reduced by 10-33%
for the lyophilized samples, while 20-89% reduction was measured for the materials
dehydrated by convection, as compared to the initial status.

We proved that during their rehydration the freeze-dried materials regain almost at their
original water content and keep their original shape and size as well. The reason for this is
that the lyophilised products have porous, spongy structure which is able to absorb
moisture and regenerate.

Through the rehydration tests we revealed that small amount of freeze-dried materials
seemed to be softer after rehydration than the raw material. The samples dried with the
convective method kept their hard, solid surface at the end of the rehydration process, so
they could not recover their original shape and moisture content.

Through the penetration tests, we noted that the surface of the plum varieties dried with the
convection method is at least 1,93 — 2,48 times as hard as that of freeze-dried products.
The reason for this is that during the drying the water leaves the surface of the product by
evaporation and the evaporated water is supplied by diffusion from the internal layers.
During its movement, the water diffusing from the internal parts takes dissolved materials
along with it, which remain on the surface after the evaporation of the water, are

10



Tamas Antal, Benedek Kerekes, Liszlo Sikolya
MEASUREMENT OF QUALITY PROPERTIES OF DRIED PLUM VARIETIES

concentrated and form a hard layer. During lyophilisation, no internal diffusion occurs
since the sublimation starts from the surface, spreads to the deeper layers step by step and
the ice is directly transformed into steam without a liquid phase.
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ABSTRACT

Modifications of small water reservoirs in the past focused primarily on addressing issues of
capacity and stability of the reservoir capture. By the impact of changes in the use of reservoir
surroundings, by acceleration of the erosion processes on the adjecent land and non-periodical
maintenance of the capture leads to morphological changes in the reservoir, which causes changes
in the in the reduced flowage of the basin and thus in changes of the flood protection degree of
adjacent land. This reduces the accumulation part of the basin and subsequently its economic use in
fish rearing

Bottom sediments of dams are products of erosion of agricultural and forest soils, the main flow of
the river basin and tributaries connected to the dam or a system of dams. They have the basic
properties of surface layers of soil erosion

KEY WORDS: bottom sediment, subsidence, the origin of the bottom sediments, dam,
water reservoir

1. INTRODUCTION

Unique technical design in water management contributed to the greatest expansion of
mining and the most glorious period in history of Banska Stiavnica in the first half of 18"
century when it was the third largest city in Hungary. In the years 1740-1760 14 tons of
gold and 475 tons of silver was produced in the area. The first university of mining was
established here as well especially due to ingenious utilization of water resources.

It was Matej Kornel Hell and especially Samuel Mikovini with his student Jozef Karol Hell
junior who resolved the problem of drawing water from flooded mines. Samuel Mikovini,
an excellent mathematician, cartographer and geodesist came to Banska Stiavnica in 1735
delegated by the emperor Charles VI and designed and built most of the reservoirs which
outlasted to the present. He filled up these reservoirs by means of dozens of kilometres of
collecting channels in relatively small area without any rivers. His system of head-water
channels and a specific concept of interconnecting the reservoirs by tunnels were also
ingenious.

The basis of this water-management framework was the interconnection of the reservoirs,
utilization of rainfall water often from greater area than offered the river-basin and its
transmit to the reservoirs. This means that we can speak of the most accomplished water

12
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utilization framework of the 18™ century. No other system of this kind was able to
accumulate greater amount of rainfall water than the one of Banska Stiavnica.

Rainfall water brought erosive material from the surroundings which subsided on the
bottom of the reservoirs during decades.

In general sediments besides their chemical influence change the function of a reservoir by
reducing its volume from the bottom and by changing its area from the sides.

2. MATERIAL AND METHODS

The reservoirs in Banska Stiavnica — so called ,tajchy” — are historically the oldest and
most influenced ones by sediments. Today their maintenance is in the competence of
Slovak water-management enterprise (Slovensky vodohospodarsky podnik, §. p., Odstepny
zavod Povodie Hrona). In the present the reconstruction of water outlets and dam
fortification in the reservoirs of Velka Kolpadska nadrz and Mala Kolpadska nadrz are
being finalized.

The reconstruction works on Belianska reservoir, Rozgrund and others have already been
finished and the project will continue. We can clearly observe changes in the attitude to
revitalization of the reservoir system.

The Kolpasské tajchy complex has been under reconstruction since 2008 prebieha
rekonstrukcia Kolpasdskych tajchov. In the past the comlex originally included three
reservoirs: Velky and Maly Kolpassky tajch a Rybnik. Velky and Maly Kolpassky tajch
are situated in the vicinity of Bansky Studenec village. Rybnik was located near the
nowaday railway station in Banska Stiavnica. All three reservoirs helped system of stip in
two valleys first in Rybnicka dolina and later in Mestska dolina.

Water from these reservoirs together with water from the reservoirs of piarska skupina
supported system of stip in Antolska dolina. Water from Velky Kolpassky tajch and Maly
Kolpassky tajch passed through a ditch part of which created an interesting aquaduct. Since
the second half of the 19th century water from the reservoirs was used for the needs of
smeltery and ore finishing workshop in Banska Stiavnica as well.

Velky Kolpassky tajch was built from in the year 1730. According to the budget of
construction from april 16th aprila 1730 the expenses had to be 90 000 gold coins that had
to be paid from the future profit. As early as the works on the dam had finished, its
insufficient quality became evident. Water leaked out and even some ruptures appeared.
Samuel Mikovini prepared the reconstruction project in 1735 and rebuilt it.

In the following years continual reconstruction works cost great amounts of money. It was
possible that Mikovini wasn’t allowed to design the reconstruction project as he wished
because none of the other dams he projected ever needed bigger modifications.

The volume of Vel'ky Kolpadsky tajch in 1855 was 798 900m’, volume of Maly Kolpassky
tajch 107 400m’. Maximum depth of the first one was 13,5m, the second one 6,6m. Velky
Kolpassky tajch has the dam crest lenght of 182,1m, width 20,9m and height 14.2m,
flooded area was 10,2 ha , volume of water in the reservoir was 799 thousandm3.
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According to present measurings the area of the reservoir is 8,742 ha which is almost 1,5
ha less than in the original documents.

Maly Kolpaisky tajch has and Velky Kolpassky tajch have a common dam while their
height rates are identical. The first mentioned was built in 1763. It has the dam crest lenght
of 79,9 m, width 15,2 m and height 6,8 m, flooded area is 1,0 ha, volume of water in the
reservoir is i 107 thousand m3. (Lichner, 1997).

3. RESULTS AND DISCUSSION
System of ditches that supplies both reservoirs brings deposits from surrounding areas

caused by erosion. Soils there are shallow to medium deep, mostly kambizeme vzniknuté
na vulkanitoch, tvoriacich materski horninu. The summary is in the chart 1.

Table 1 Bansky Studenec — soils in the surrounding areas of Velky a Maly Kolpassky tajch
(from:www.podnemapy.sk)

BPEJ  Popis pddnej jednotky Zrnitost’ Hibka pady

1081682 KM — Kambizeme na vulkanickych horninach Stredne  tazké Stredné 30 -
na vyraznych svahoch stredne t'azké az tazké  hlinité 60 cm

1077462 KM - Kambizeme plytké na vulkanickych Stredne  fazké Stredné 30 -
horninach stredne t'azké az tazké hlinité 60 cm

KM - Kambizeme na vulkanickych horninach Stredne  tazké Stredné 30 —
na vyraznych svahoch stredne tazké az tazké  hlinito piesoc 60 cm

KM - Kambizeme plytké na wvulkanickych Stredne  tazké Stredné 30 —

1081885

1077465 1 orninach stredne fazké a2 fazké hlinito pieso¢ 60 cm
1061442 KM — Kambizeme typické na na zvetralinach Stredne  t'azké Plytké do 30
vulkanickych hornin, stredne tazké hlinité cm
0981682 KM — Kambizeme na vulkanickych horninich Stredne tazké Stredné 30 —

na vyraznych svahoch stredne t'azké az tazké  hlinité 60 cm

Soil qualities significantly affect qualities of sediments in Kolpasské tajchy. Chemical
characteristics of sediments can be evaluated through relatively complicated reactions
between individual stages , especially between water solution and coloid part of the
sediments. We use the same characteristics to describe soils.

Basic characteristics of sediments include

- soil reaction

- absorption capacity and the nature of sorption complex
- organic ratio (humus content).

After sampling we performed three analyses mentioned above, at first for the samples
taken at Maly Kolpassky tajch.

One of the most important qualities of soil is its pH value. Soil reaction influences
solubility of substances in soils and their efficiency for living organisms, accessibility of
nutrients, adsorption and desorption of cations, biochemical reactions, soil structure
andthereby physical characteristics. Following great complexity of relations in soil we
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distinguish active and interchanging soil reaction. The pH value is expressed Hodnotenie

by means of extensive scale USDA.

Table 2 Evaluation of soil by the soil reaction ( USDA)

pH/H,O Rating

<3,5 very sour
3,5-4.4 extremely acidic
4,5-5,0 very strongly acid
5,1-5.5 strongly acidic
6,1-6,5 slightly sour
6,6-7,3 neutral
7.4-7.8 slightly alkaline
7.9-8,4 moderately alkaline
8,5-9,0 strongly alkaline

>9,0 very strongly alkaline

We made a pH analysis of the samples taken in 2008 in SPU laboratories. The results are

displayed in the following chart:

Table 3: Results of measured values pH v KCl a H20

KClI H,0

Sample pH Sample pH
1 3,05 1 3,82
2 2,86 2 4,02
3 3,19 3 3,81
4 2,8 4 4,25
5 34 5 3.9
6 Z.1 6 4
7 2,44 7 3,79
8 3,24 8 3,58
9 29 9 3,63
10 2,37 10 3.8
11 3.3 11 4
12 2,88 12 4,1
13 3,325 13 3,6
14 2,8 14 3,69
15 2] 15 3,69
16 3,375 16 4,3
17 2 17 4,53
18 2,8 18 42
19 3,18 19 4,6
20 3,2 20 4,15

The analyses show that samples from all the sampling places are characterized as acidic or

extremely acidic soil.

We do not know the cause of this. One of the possible reasons could be acidic rains in the
locality where we measured pH value of rainfall — in melting snow the value was pH 5,29.
Certain substances which cause acidity of the rainfall might accumulate in the reservoir
and during water evaporation their concentration and overall value change.
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Proportion of organic content (humus) is the indicator of agricultural land fertility, the
content of humic substances. In the case of sediments i tis is an indicator of contained
organic matter which has come into the sediment rather from dead planktonic organisms
from dead and decomposition of other dead organic matter. The average humus content as
an indicator of Cox in the soil are shown in Table 4 (Sanka 2001).

Table 4. Rating humus content in soils (Sdnka 2001).

The content of humus in% Stock humus
<0.5 extremely low
0,5-1,0 very low
1,0-2,0 low
2,0-3,0 medium
3,0-50 good
>35,0 very good

The content of humus (organic substance) is a very important parameter affecting the basic
features and functions of soil. | tis determined by setting of oxidizable organic carbon
(COX) and multiplying by a conversion factor of 1.724 for humus. This calculation is
based on the assumption that humus contains 58% carbon.

Table 5. Evaluation of the humus content in the sediment samples collected from Maly Kolpa$sky tajch.

sample number carbon content results in | humus content conversion
the average (%) factor of 1.724
1 10,8753 18,749
2 10,1477 17,4946
3 10,1515 17,5011
4 5,679 9,7905
5 10,1812 17,7356
6 9,4237 16,2464
T 8,5225 14,6927
8 9,1858 15,9316
9 7,8377 13,5121
10 8,0829 13,9349
11 5,734 9,884
12 0,9003 1,5521
13 7,3925 12,7446
14 9.2411 15,9316
15 10,4346 17,9892
16 8,0744 13,9202
17 8.3317 14,3638
18 9,8091 16,9108
19 8,8131 15,1937
20 10,1117 17,4325
21 1,4312 2,4674
22 2,1375 3,685
23 4,4481 7,6685
24 3,2819 5,6579
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Obtained values indicate an extremely high content of organic matter. It is caused by the
residue after planktonic organisms from the reservoir. More detailed surveys of sediments
clearly show their layered arrangement, where the layers of lighter minerals alternate the
ones with darker minerals.

The proportion of dead microorganisms in the total volume of sediments is significant.
Places with a lower content of organic matter were always on in the steeper the bank,
where the sediment consisted of material from the erosion of reservoir shores.

When trying to determine the volume of sediment, first we need to determine their
thickness in different sections. Given the condition of the sediments - their great humidity
and our technical possibilities and we estimated the thickness of the layer in the upper part
at about 0.50 to 0.60 m. At the bottom the layer thickness gradually increased to about 2.5
m. With the area of 6,130 m2 and the average thickness of 1.55 m the volume of sediments
would be at least 9501 m3. Even the reservoir area surface is smaller than the literature
indicates, and so we estimate that the present volume of the reservoir is around 60,000 m3
of water.

Part of the sediment was removed and taken away but most flooded again after the
reconsruction works had finished. Their chemical characteristics woul probably affect the
quality of the intercepted water.

In the future it is necessary for the reconstruction of other reservoirs to compare obtained
values and to evaluate the possibility of adverse changes in their characteristics.

4. CONCLUSIONS

The work was to evaluate the formation and qualities of historical sediments of water
reservoirs in Banska Stiavnica. In present time Kolpasské Tajchy in Bansky Studenec are
under reconstruction. During maintenance works after deletion of the reservoirs they
become available for exploration of sediments. After determining of their deposit and their
amount, samples were taken for mechanical and chemical analysis. After their evaluation,
we found out that their qualities are significantly influenced by their resources and
operation. Interesting It is not only extreme soil reaction which is interesting but also a
high content of organic matter. And also their large volume, despite the fact that water
flows in only by means of rain ditches.
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ABSTRACT

There are numerous questions to be discussed which are linked to agricultural ethics. Raw maternial
production, animal husbandry, food production, commercialization and consumption have several
ethical aspects. Nevertheless, up to now we have not dealt with ethical issues related to agricultural
and food sciences comprehensively and institutionally. The agricultural ethics must find its proper
place in the system of modern ethics along with bioethics. environmental ethics, business ethics
and engineering ethics.

All of us are interested in foods, their availability, safety, nutritional status and wholesomeness.
Our survival, health and welfare depend on the food supply, the production, processing and
distribution of safe and healthy foods. In the developed world nowadays the question is not if we
have enough to eat but more if the product is of high quality, safe and if it has been produced in a
sustainable way while the environment and biodiversity was protected.

Owing to the technical and technological accomplishments of the 20th century, the domination of
man has immensely grown on the environment. The activities of the participants of the food chain
effect not only the natural but the sociocultural environment as well. Has mankind utilised
rationally the available natural resources serving as a substantial background for the agricultural
production and in this way for its own supply?

Does our quality of life improve with our growing wealth? Should we further burden the
environment for our economic welfare? What will be the result of wasting the available and non-
renewable resources? Can we meet the increasing demand of consumer society? Must we satisfy
these expectations? Who has the right to decide which technology we may apply to achieve these
goals? Are we aware of all the possible consequences of the new technology made by us? (Bénati,
2008).

This paper reflects on some topics and questions of agricultural ethics such as global population
growth, food security, rural-to-urban migration. ecological footprint, environmental concerns.
consumption habits, food waste, biodiversity and new technologies which need more thorough
discussion and debating in order to develop a long-term approach for a sustainable agriculture as
the safeguard of future generations is needed. Of course, there are further ethical matters such as
animal welfare, international trade or the question of bio fuels and brain drain which needs
unfolding, however, this paper does not touch on these points.

1. INTRODUCTION

Ethics, simply put, refers to the rightness or wrongness of actions. People, groups, or
institutions act ethically when they do “the right thing,” and act wrongly when they do “the
wrong thing.” Obviously, one of the first problems encountered when thinking about ethics
is “What makes actions right or wrong?” This thinking is referred to as the problem of
finding ethical standards or criteria.
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Food safety is an ethical issue because in the modern food production-transportation-
processing-wholesaling-retailing chain, foods can be exposed to chemicals or microbial
pathogens, or simply can be mishandled. The well-known food scandals of the last few
decades such as the BSE, melamine, dioxin, avian flu or the HINI cases and the concerns
of all kinds of residues, additives, antibiotics and hormones in foods generated consumers’
fear of food worldwide.

Raw material production, animal husbandry, food production and commercialization have
various ethical aspects. Nevertheless, up to now we have not dealt with ethical issues
related to agricultural and food sciences comprehensively and institutionally. The
agricultural ethics must find its proper place in the system of modern ethics along with
bioethics, environmental ethics, business ethics and engineering ethics.

2. ETHICAL CONSIDERATIONS IN THE AGRI-FOOD CHAIN

There are numerous questions to be discussed which are linked to agricultural ethics. All
are general topics, and a complete analysis is much more than can be presented here.

2.1. Global population growth

The world’s population growth is currently following an exponential curve and is projected
to reach approximately 9 billion by 2050 (FAO, 2001).

Could the Earth's resources sustain such a population? Common sense tells us that such
growth cannot continue - otherwise within a few hundred years every square foot of the
Earth's surface would be taken up by a human. Global population growth has already
contributed to a serious loss of biodiversity and will pose serious ethical challenges to food
production and distribution in the future.

Connected to the global population growth there is a problem of ageing population.
Initially experienced by the more developed countries, the process has recently become
apparent in much of the developing world as well. For the near future, virtually all
countries will face population ageing, although at varying levels of intensity and in
different time frames (Rahman et al. 2009).

2.2. Food security

792 million people lack access to food in the developing world (FAO, 2001). In the face of
persistent and widespread hunger, therefore, the 1996 Rome Declaration on World Food
Security and the World Food Summit Plan of Action reaffirmed the right of everyone to
have access to safe and nutritious food and specified the need to clarify the definition of
the right to food. They also reaffirmed the fundamental right of everyone to be free from
hunger urging attention to the implementation and realization of these rights as a means of
achieving food security for all (FAO, 1996).

2.3. Rural-to-urban migration

Rural-to-urban migration also continues in many parts of the globe, leading to a world that
will soon have more urban than rural inhabitants. Given that young adults account for the
majority of migratory moves, rural-urban migration tends to accelerate demographic
ageing in rural areas, resulting in considerable shrinkages in the rural labour force. This
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will have profound consequences for agriculture, as the transportation and processing of
food products and people's ability to purchase them become even more essential as
components of food security (FAO, 2001).

2.4. Ecological footprint

Our ecological footprint is the measure of our consumption level. An average of 2.28
hectares per person is needed to provide food, energy, fibre and other input for life. Huge
inequalities exist around the world. Hardly more than half a hectare (0.53 ha) is needed in
Bangladesh,

but the ecological footprint is 9.5 in the USA, 8.04 in Denmark, 5.4 ha in the UK, 4.98 ha
in Austria, 3.96 in Poland, 3.55 ha in Hungary and 2.87 in Romania.

The ecological footprint includes the space needed for the production of crops, vegetables,
catching fish et cetera, so, mostly the land used by agriculture for the production of raw
materials. There are over 100 cities or regions worldwide which have assessed their
ecological footprint. In 1961, the first year for which ecological footprint accounts are
available, humanity’s footprint was about half of what the Earth could supply — it was
living off the planet’s annual ecological interest, not drawing down its principal. Human
demand first exceeded the planet’s ability to meet this demand around 1986 and this state
of overshoot has characterized every year since.

There are different approaches to reduce the ecological footprints, either aiming to reduce
our direct impact on the environment by becoming more efficient in the use of resources or
considering environmental matters when deciding which products and services to buy.
Consumers in industrialized, highly developed countries have much bigger footprints thus
bigger responsibility than others. The total area of the Earth’s surface needed to support
our individual existence, our ecological footprint very much depend on the foods we buy,
consume and waste (Banati, 2008).

2.5. Environmental concerns

Global agriculture will be under significant pressure to meet the demands of rising
populations using finite, often degraded, soil and water resources that are predicted to be
further stressed by the impact of climate change. The sector deserves more attention when
it comes to both climate change threats and opportunities. The impact of climate change on
agriculture could result in water shortages and drought, new diseases, heat stress and we
can expect to see flooding and droughts becoming more frequent and more severe.
Destruction of tropical forests and other native vegetation for agricultural production has a
role in elevated levels of carbon dioxide and other greenhouse gases. Higher temperatures
would eventually reduce yields of desirable crops, encourage weed and pest proliferation.
Agricultural production practices can have toxic effects through organic wastes and
chemical pollution, which can affect no target organisms, leave chemical residues on food,
and expose farm workers and other human beings to harm. Second, agricultural use of soil,
water, and genetic resources can be wasteful. In many areas of the world, plant and animal
genetic resources and land, air, water, forest and wetland resources - the renewable natural
resources on which human life depends - are being rapidly degraded. Overuse of marginal
lands continues apace, turning fields into deserts and depriving future generations of vital
crop and pasture land. Simultaneously, misuse of irrigation water is depleting aquifers and
causing the salinization of fertile lands. Long-term approach and the safeguard of future
generations is needed (FAO, 2001).
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2.6. Change in lifestyle and consumption habits

There is a change in lifestyle and consumption habits. Consumers in the developed regions
of the world have a wide choice of what and how much to eat, how to consume and waste
their foods. They have a sufficient supply of safe and nutritious foods, very often even a
surplus of foodstuffs (Banati, 2008). The less frequent shopping, longer shelf-life foods,
the consumption of highly processed and ready-to-eat convenience foods often result in
unhealthy conditions of humans in these countries. There are an increasing number of
overweight and obese people suffering from diet-related diseases and there is a strong
correlation between bad consumption habits and these diseases. Responsibility lies not
only with food producers, food business operators, policy-makers but also with individuals
and their choices in food consumption. However, contradictory information provided by
the media on what to eat, how much to eat or about matters such as GM foods and food
additives is not helping consumer awareness either.

Moreover, there is the question: as billions of people around the world seek to emulate the
high meat-consuming diets of the developed countries, how long will the Earth’s natural
resources be able to sustain an industrial agricultural system devoted to high-volume, low-
cost, monoculture production of animal feedstuffs? (CAST, 2005).

2.7. Food waste

The wastage of food occurs at all stages of the life cycle of food, starting from harvesting,
through processing and production via trade and finally consumption and household level.
A 50 % reduction in food waste could reduce the environmental impact (in the form of
greenhouse gas emissions) by 25 %. However, besides the considerable impact on the
environment the expenditures of labour, energy, resources and waste management which
have to be spent along the food’s life cycle need to be looked at from an ethical point of
view (Schneider, 2008).

2.8. Biodiversity

Biodiversity is threatened as a result of widespread specialization in agricultural
production, industrial pollution, deforestation and the introduction of invasive species.
Traditional and modern farming methods need to be reconciled in order to maintain
indigenous knowledge of diversified farming systems and biodiversity.

Today’s limited use of plant biodiversity for food production can be illustrated as shown in
Figure 2.

250 000 plant species are known o humankind

9 species provide
more than 75
Maote than

30 000 l“;:. of human food
slant species =
: u;{-‘-hm‘. Ww‘“
Only 3 species
provide more
than 507
of human food

Figure 2. Today's limited use of plant biodiversity for food production (FAO, 2001)
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2.9. New technologies

Another reason for ongoing ethical dilemmas is that new technologies might have
unexpected consequences. Science and technology have provided great benefits in the past
and are likely to do so in the future, as long as they are properly managed and applied.

New technologies such as xenotransplantation, cloning, genetic modification and
nanotechnology have emerged into the agro-food industries and with their help we can
meddle in nature in an unbelievable way. How far should we go?

New technologies generate both admiration and fear in society. They ensure unprecedented
opportunities (e.g. the genetically tailored diet) but they can also carry unforeseen hazards
(e.g. the accumulation of nanoparticles). Modemn technology gave numerous opportunities
into the hand of mankind and we must set its limits. Simultaneously with the appearance of
new ethical norms, we must be prepared for analysing the consequences to be observed in
the future (Banati, 2008). Science and technology have provided great benefits in the past
and are likely to do so in the future, as long as they are properly managed and applied.
When deciding whether certain developments or technologies should be accepted or
promoted, we have to look at the risks and the benefits.

3. CONCLUSION

After all, the most direct strategy for institutionalizing ethics is for everyone in the food
system to begin to include some consideration of ethics in the actions, decisions, and
policies they create or support. This strategy means that farmers, food processors,
scientists, research administrators, regulators, and decision makers at the highest levels
routinely would reflect on the ethical rightness or wrongness of their own actions and
decisions, as well as those of others; engage in debate as appropriate; and, ultimately, try to
act ethically. The improvement of sustainable production in agriculture, including forestry
and fisheries, should generally be beneficial to all.
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ABSTRACT

Different authors are dealing with description of motion components of human knee joint.
The relative motion between femur and tibia realized by knee joint is ensured by complicated
condyle surfaces and ligaments. Main part of authors focus merely on rotational displacement of
human knee joint such as flexion-extension, abduction-adduction, tibial rotation. In order to
achieve implanted prostheses we have to recognize not only the rotational but also translational
kinematical parameters of human knee joint.

Authors of this paper for description of motion of knee joint joined coordinate-systems on
the basis of anatomical landmarks to the femur and tibia moreover joined a three-
cylindrical mechanism as mechanical model to the axes of coordinate-systems. In 2nd
phase authors determined the six independent kinematical parameters of tibia compared to
the fixed femur during flexion and extension. The experimental examinations were carried
out on cadaver knees. The positioning was tracked by optical positioning appliance.

1. INTRODUCTION

Different constraints enable relative motion of joined rigid bodies referring to each other.
The constraints depending on their shapes have one or more degree of freedom. In case of
joints the degree of freedom cannot be always determined. It is expedient to treat the
human knee joint as six degree of freedom because of its complicated shape. In this case to
the precise description of motion achieved by knee joint we need six independent position
parameters [1, 7].

In recent years the number of kinematical models of anatomical joints has increased. In
case of certain models so many researchers have measured and described joint motion with
less than six degrees of freedom. Obviously the treatment of six degree of freedom models
is the most difficult. The motion of human knee joint can be described by following
components: The flexion-extension is defined around the medio-lateral axis, internal-
external rotation around the tibial axis and the abduction-adduction around the anterior-
posterior (floating) axis. The medio-lateral translation is measured along the medio-lateral
axis, proximal-distal translation along the tibial axis and antero-posterior translation along
the mutually perpendicular floating axis.

Description of motion components in such a way a little bit subjective. In order to descript
the motion components precisely it is needed to join coordinate-systems to the femur and
tibia consequently.

In recent decades to measure kinematical parameters of human knee joint different
methods have been developed. In these methods it is measured and processed the motion
of markers fastened to femur and tibia referring to each other. In vitro mechanical
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investigations are mainly phantom or simulated computer models or cadaver motion
experiments [7].

The visual examinations were based on marker technique to sign single points or axis of
the extremities delineating their motion. In spite of that the newly introduced techniques
developed in an enormous numbers in the last decades e.g. the radiology, fluoroscopy.
three-dimensional CT, MRI, stereophotogrammetry, ultrasound, etc. most of the results
were unreliable, inconsistent with other published data [3, 4, 5, 6]. The range of the tibia
out and in-rotation along the flexion-extension motion of the knee had been established by
different authors as between 5 up to 17 degrees, moreover the character of this diagram is
variable [8, 9]. On the basis of difference of published results it is quite difficult to
establish exact character concerning the motion of knee joint.

2. METHOD

Authors developed a special appliance [10, 11, 12] in order to make a serial experiments.
The aim of them was the determination of change of six independent kinematical
parameters of tibia (shin bone) compared to femur (thigh bone) during of motion of human
knee joint. From recorded data needed parameters can be determined by the aid of
kinematical model.

To the presented sensitivity investigation it is necessary to determine anatomical
landmarks on femur and tibia moreover coordinate-systems joining to the determined
anatomical landmarks. Details of this process can be found in paper of Katona et al [13, 14,
15]. Considering the biological characters of femur and tibia the optical positioning of
anatomical landmarks can be achieved with more or less position mistakes. The aim of this
paper is the determination of the effects on kinematical parameters of position mistakes
during flexion-extension of human knee joint.

Authors on the basis of current international standards and conventions (e.g. from the
International Society of Biomechanics) [16] using the above mentioned anatomical
landmarks joined coordinate-systems to femur and tibia.

Ya

femur

Figure 1. Model in straighten position of the knee joint
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3. THE KINEMATICAL MODEL OF THE KNEE JOINT AND OBTAINED
RESULTS

The Denavit-Hartenberg coordinates Hiba! A hivatkozasi forrds nem taldlhaté. can be
used with advantage if the kinematical pairs are cylindrical or planar joints (moving in 3
dimensions). The three-cylinder model of the knee joint: The HD coordinates can be seen
at straightens position of the knee joint in Fig. 1. The parameters (a;, /;, (i=1,2,3)) can be
manipulated optionally because of the specific geometry of the knee joint. On the basis of
recommended references the following values are proper approaches: a;=a;=90°, a;=0°,
l|:I2:l3=0.

FEMUR

TIBIA

longitudinal axis of libiﬂ‘

Figure 2. The three-cylinder kinematical model of the knee joint

If these are applied to a three-cylinder model, then the kinematical model of the knee joint
is suitable for determining the variables in motion as a three dimensional open-chain
mechanism (Fig. 2.).

The definition of these is:
— @, — flexion,
—®, — ab/adduction,
—©; — rotation of the tibia,
—d,, dy, d3 — moving on accordant axes.

It is practical to plot these values in function of flexion [1,2]. The matrix-equation will be
the next if the perpendicularity of the axes is taken for granted as the previous.

cf)@] 0 sinG)] 0 a.):i-)z 0 sin®2 0 Cf)@:i —sin(-)3 00 n. O, a Px
smG-)I 0 -co@l 0 2 smG)2 0 —c{)sﬁ)2 0 ! sm(-33 oosi-)3 00 " ny Oy ay Py
0 1 0 d, 0 1 0 d 0 0 1 d N T L
1 2 3 AR e A

0 0 0 1 0 0 0 1 0 0 0 1 0 0 o0 1

The next system of equations can be derived from the matrix-equation.
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n,= cos®, *cosO,*cosO;+sin@, *sin®;
n,= sin@®,*cos6,*cosO;-cosO, *sin®;
n;= sin®;*cosO;

0,= =050, *cos0),*sin®;+sinB, *cosO,
0,= -5in®; *cos@,*sin®;-cosO, *cosO;
0,= -sin®,*sin®;

a,= cos®,*sin®,

a,= 5in®,*sin®,

a,= -cose);

P.= d;*cos®,*sin®,+d;*sin®,

P,= ds*sin®,*sin®,-d,*cos®,

P,= -d;*cos®,+d,

Several conditions should be considered to derive and solve the system of equations. The
conditions were the knowledge of the n, o, a unit vectors and the origin (P) of the X;YsZ;
coordinate-system attached to the tibia in the XyY¢Zy system (Fig. 1.). The roots of the
system of equations: ©,, @, ©s, d), db, ds. In Fig. 3-4 the obtained diagrams can be seen.

W-3, right leg, 11-05-2009

| S —— -

X
A

8 ! L a—" | W T E

) SR L A R RS 0 3T

2 : _.’__:L== -

- L e | =

Py WETSRERT IS 60 g =00 FO0CH Py ST 1#0
Flexi ion, degree (teta 1)

—e— Abduction-adduction, m (teta 2) —=— Tibial rotation, dogroo (tota 3)
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W-3, right leg, 11-05-2009
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Figure 3. Obtained kinematical parameters of right cadaver knee joint
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e e e

W-2, left leg, 11-05-2009
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-25

Flexion-extension, degree (teta 1)

—e— Abduction-adduction, degree (teta 2) —s— Tibial rotation, degree (teta 3)

W-2, left leg, 11-05-2009

-25
Flexion-extension, degree (teta 1)
| —e— Translation along axis Z1, mm —a— Translation along axis Z2. mm |
W-2, left leg, 11-05-2009
442
440
438
0 20 40 60 80 100 120
Flexion-extension, degree (teta 1)
—a— Translation along axis 23._rnm |
Figure 4. Obtained kinematical parameters of left cadaver knee joint
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ABSTRACT

Biodiesel, nontoxic environmentally-friendly renewable fuel, is a mixture of different fatty acid
methyl esters produced by transesterification of vegetable oil triglycerides. Content of particular
FAMESs is one of the qualities of biodiesel that is regulated (standard EN 14214). FAME
composition of biodiese! depends upon the feedstock and its quality. In Serbia for production of
biodiesel rapeseed and sunflower oil (SFO) are mostly used, although waste frying oil from
household and restaurants is possible and economically more favorable feedstock.

Since transesterification of triglycerides is catalyzed reaction, aim of this work was to investigate
the influence of different catalysts on FAMEs yield. NaOCH3, NaOH and KOH with HCI were
studied as the catalyst for reaction of transesterification. FAMEs mixtures derived by
transesterification of refined and different waste frying SFO samples in the presence of mentioned
catalysts were qualitatively and quantitatively analyzed using gas chromatograph coupled with
mass spectrometer as a detector.

Content of FAMEs was the highest both for refined and waste frying SFOs when KOH and HCI
were used as catalyst for transesterification. The method which uses KOH and HCI as catalyst was
the fastest among investigated methods.

1. INTRODUCTION

A shortage of fossil fuel recourses, alongside high prices of these fuels, has caused
intensive researches in the field of renewable fuels. Biodiesel is nontoxic environmentally-
friendly renewable fuel which is produced from animal fats and vegetable oils. It can be
used solely, or as a mixture of different ratios with fossil diesel, as a fuel for diesel engines.
Biodiesel is a mixture of fatty acid methyl esters (FAMEs) that are produced by
transesterification of triglycerides of vegetable oils or animal fats. In Serbia the most
important feedstock for production of biodiesel are rapeseed and sunflower oil. Although
vegetable oils are main feedstock for biodiesel production, waste frying oils from
restaurants and households are possible and economically more favorable feedstock.
Properties of biodiesel are regulated by standard EN 14214, which specifies, among others,
the FAMEs content in fuel [1]. This content, on the other hand, depends upon feedstock
qualities, as well as production i.e. transesterification method.

Transesterification (alcoholysis) is catalyzed reaction of vegetable oils’ triglyceride and
alcohol, usually primary or secondary aliphatic ones, resulting in a formation of fatty acid
alkyl ester and glycerol. In a case of methanol, as mostly used alcohol, different fatty acid
methyl esters (FAMEs) are obtained [2, 3]. Wide range of parameters has an influence on
the rate of the transesterification of the triglycerides from vegetable oils: molar ratio of the
reactants, temperature, reaction time, stirring rate and type of catalyst [2, 3]. Possible
catalysts for transesterification are acid, alkali or enzyme. According to the literature data
reaction with alkali catalysts is faster that the transesterification with acid catalysts and less
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corrosive. Researches of enzymatic catalysts have started recently; however, their use is
still expensive and time-consuming. Possible alkali catalysts are NaOH, KOH, NaOCH3,
KOCH:; and carbonates [2, 3].

In this work the influence of three alkali catalysts namely NaOH, NaOCHj; and KOH with
HCI was investigated with aim to determine which one gives the highest yield of FAMEs.
Gas chromatography coupled with mass spectrometry was used for qualitative and
quantitative determination of FAMEs content in samples of transesterified refined (RSFO)
and waste frying sunflower oil (WFSFO). The results of transesterification of WFSFO
were compared with the results of RSFO.

2. EXPERIMENTAL
2.1. Materials

Two WFSFO samples, one collected from household and the other from restaurant, with
experimentally measured iodine numbers 104.76 and 101.62 and acid values 2.21 and 2.58,
respectively, and RSFO sample with an iodine number of 113.94 and an acid value of 6.68
provided by “AD Dubravka”, were used for transesterification. For GC-MS analysis
FAME mix C8-C22 18920-1AMP, producer Supelco, Bellefonte was used as external
standard.

2.2. Methods

The Hanus method for the iodine number [4] and the AOCS Cd 3a-63 method for the acid
value [5] were used in this work.

Acid value is determined by neutralizing 1-2 g of oil diluted in 50 ml of acetone with 0.1M
solution of KOH in alcohol in the presence of phenolphthalein as an indicator.
Transesterification of 100 mg of oil sample with 10 ml of freshly prepared 0.28M solution
of NaOCHj; in methanol is done on 75°C for 20 minutes with constant stirring rate 1000
rpm in round bottom flask equipped with condenser. Mixture is transferred into the
separation funnel where 20 ml saturated NaCl solution is added. FAMEs are extracted by
adding 10 ml diethylether and 50 ml distillated water. FAMEs from water layer are
extracted one more time with 15 ml diethylether after separation of the layers. Organic
layers from first and second extraction are joined are dried by adding Na,SOj4. Sample is
left over night, filtrated and evaporated (35°C, atmospheric pressure) to 1 ml [6].
Transesterification with NaOH is used for neutral oils with acid value below 2. 0.5 ml
methanol solution of NaOH (1 mol/l) is added to mixture of 4 g oil and 40 ml methanol.
Mixture should be heated up to a boiling point. The reaction reaches end point when
mixture becomes clear usually after 5-10 minutes. After cooling, 20 ml heptane and 40 ml
water are added to the mixture. FAMEs layer is separated and dried with Na;SO,. After
filtration solvent is removed by evaporation (50°C, 150mbar) [7].

First step of transesterification with KOH and HCI is saponification of triglycerides with
KOH and the second step is esterification of the soaps in the presence of HCI into FAMEs.
120 mg of oil is placed in 10 ml tube with ground cork. After adding 2.4 ml petrol ether, a
mixture is shaken for 10 s. 0.6 ml methanol solution of KOH (2 mol/l) is added to the
mixture which should be shaken again for 20 s. The mixture is heated for 1 minute in water
bath at 60°C. After the mixture is shaken for 20 s, 1.2 ml HCI solution in methanol (1
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mol/l) is added. 4 ml petrol ether is added in tube. After shaking ester layer is removed.
Petrol ether is removed by evaporation in nitrogen stream up to 1 ml [8].

The cleanup of the FAME samples before GC-MS was done on silica gel column which
was prepared inside Pasteur pipette. Glass wool is placed on the bottom of the pipette. 0.3
g activated silica (heated at 120°C for 2h) and 0.3 g anhydrous Na,SO, are put above the
wool, respectively. The column is conditioned with 5 ml cyclohexane. After the sample is
applied, FAMEs are eluted with 5 ml mixture cyclohexane:ethylacetate=2:1 v/v. Elute is
collected is 25 ml round bottom flask. After adding 1 ml toluene, sample is evaporated up
to | ml.

GC/MS system consisting of instruments Trace GC and Trace MS, Thermo Finnigan,
Germany with capillary column OPTIMA 240, Machery Nagel: 60m = 0.25mm ID x 0.25
um film thickness was used for analysis of the samples after transesterification. Working
temperature of GC column was programmed as follows: initial temperature 80°C,
20°C/min to 120°C, 3°C/min to 240°C that was held for 10 min. Helium flow of 1.5
ml/min was constant. 1 pl of the sample was injected automatically by AS 2000
autosampler, Thermo Finnigan, Germany. PTV injector, which was working with split
ratio 10:1, had initial temperature 60°C that was constantly risen 14.5°C/min up to 260°C.
MS parameters were set to following values: interface temperature 250°C, ion source
temperature 220°C, ionization energy 70eV. Full scan mode was done with ion mass range
50-500 a.m.u. For quantitative analysis of the samples by external standard method SIM
technique was used.

Qualitative analysis of the FAME was done applying NIST library of mass spectra for EL
Total relative content of FAMEs which represents mass fraction of FAMEs (C14:0-C21:1)
in sample after transesterification is determined by modified standard method JUS EN
14103 [9]. Methyl ester of margaric acid is used in this method as internal standard.
Relative content of each FAME was determined by modified AOAC-IUPAC method [10].
Relative content of FAMEs was calculated after assessing of correction factors for
transfering area into mass fractions.

Content of each FAME was determined by external standard method. FAME standard
solutions in hexane of following concentrations 0.005 mg/ml, 0.05 mg/ml, 0.25 mg/ml, 0.5
mg/ml and 1 mg/ml were used for obtaining a calibration curve. Blank sample, standards
and samples were analyzed in triplicate.

3. RESULTS AND DISCUSSION

Determined acid values of the RSFO and WFSFO from household and restaurant were
6.68, 2.21 and 2.58 (analysis were done in triplicate expressing results as mean value),
respectively. Since acid values of all samples were higher than 2, transesterification with
NaOH was not applicable.

a)

c) Ef
i_.?__l.ﬁ P

Figure 1. Chromatograms of: a) FAMESs standard and FAMEs obtained from b) RSFO ¢)WFSFO
household d) WFSFO restaurant
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Chromatograms of FAMEs standard and FAMEs obtained from RSWO, household and
restaurant WFSFO when KOH with HCl was used as catalyst are shown in Figure 1. For
all analyzed samples peaks of FAME C14:0, C15:0 C16:0, Cl6:1, C17:0 C18:0, C18:1 cis,
C18:2 cis, C18:2 trans, C18:3, C16:1, C20:0, C20:1 and C20:1 are well separated.

Total relative content of FAMEs, shown in Table 1, is higher for all samples when KOH
with HCI was used as catalyst, instead of NaOCH3.

Table 1. Total relative content of FAMESs obtained by transesterification of RSFO and WFSFO

Sample Total relative content of FAMEs (%)
NaOCH; KOH+HCI
RSFO 86.58 99.33
WEFSFO Household 88.94 99.96
79.79 96.23

Relative content of FAMEs (%) is given in Table 2. Since the standard mixture does not
contain trans form of linoleic acid, content of linoleic acid was calculated as sum of its
trans and cis form using correction factor for cis form. A choice of the catalyst reflected
the most on the relative content of obtained FAMEs in the case of RSFO. Change of
relative content of two dominant FAMEs, namely C18:1 cis and C18:2 cis+trans, for both
WFSFO samples was less than 0.9%.

Table 2. Relative content of FAMEs obtained by transesterification of RSFO and WFSFO

Relative content of FAMEs (%
FAME RSFO Household WFSFO Restaurant WFSFO
NaOCH; | KOH+HCl | NaOCH; | KOH+HCl | NaOCH; | KOH+HCI

Cl14:0 0.09 ND 0.07 0.05 0.14 0.11
C15:0 ND ND 0.01 0.01 ND ND
C16:0 5.53 6.21 7.25 6.53 9.59 9.84
Cl6:1 ND ND 0.50 0.30 0.66 0.38
C17:0 ND ND ND ND ND ND
C18:0 7.83 0.77 3.98 3.65 5.73 5.71

C18:1 cis 28.09 16.96 38.03 38.58 28.03 28.69
C18:2

siatival 55.92 76.07 49.19 50.17 54.86 54.44
C18:3 031 ND 0.15 0.10 0.18 0.10
C20:0 0.55 ND 0.18 0.13 0.22 0.19
C20:1 0.25 ND 0.18 0.13 0.22 0.18
C22:0 1.43 ND 0.46 0.34 0.37 0.35

The contents of detected FAMEs (mg/g) are given in Table 3. Total FAMEs yield was
higher for all samples when transesterification was catalyzed by KOH with HCl. The
highest influence of catalyst was observed when RSFO was transesterified: the FAMEs
yield was 306.53 mg/g when NaOCH; was used as catalyst and 955.56 mg/g when KOH
with HCI was applied as catalyst. The highest yield of FAMEs 957.32 mg/g was obtained
when RSFO was transesterified in the presence of KOH with HCL.
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Table 3. Content of FAMEs determined by external standard method

FAMES content (mg/g
FAME Raw SFO Household WFSFO Restaurant WFSFO
NaOCH; | KOH+HC1 | NaOCH; | KOH+HCI NaOCH, KOH+HCI

Cl14:0 0.05 1.76 0.59 0.94 1.10 3.60
C15:.0 0.08 0.29 0.17 0.13 0.12 023
C16:0 16.70 42.50 58.47 53.84 5942 6391
Cl6:1 1.27 3.75 4.01 451 4.50 5.82
C17:0 019 031 046 N4l 055 065
C18:0 29.02 37.09 47.59 35.82 40.24 45.02

Cl8:1cis | 8475 212.53 372.06 390.86 165.01 179.42
Cl8:2

Gishtras 159.49 629.83 417.47 452 .68 34746 566.75
C18:3 2.52 8.26 9.23 9.64 7.81 7.94
C20:0 228 6.29 235 2.06 2.14 6.46
C20:1 2.80 3.74 111 1.06 0.56 0.79
C22:0 7.38 9.21 6.56 537 4.68 9.95
SUM 306.53 955.56 920.07 957.32 633.59 890.54

4. CONCLUSION

NaOH was not used as a catalyst since acid values of RSFO and both WFSFO were higher
than 2. Total relative content of FAMEs and content of FAMEs in obtained mixture was
higher for both refined and waste frying SFO when KOH with HCI was used as catalyst for
trasesterification in comparison to NaOCH;. Relative content of particular FAMEs is less
dependent of the catalysts for WFSFOs than for the refined SFO. Transesterification of
RSFO in the presence of KOH with HCI gave the highest yield.
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ABSTRACT

Much of the World population suffers in lactose intolerance so these people mustn’t eat milk and
milk products without lactose pre-hydrolysis. Nowadays, dairy firms produce more and more
lactose hydrolysed milk products for people suffered in lactose intolerance and enjoy the benefit of
milk and milk products consumption. One of the most popular milk products are the fermented
products such the yogurt. Well known, that lactose hydrolyzed milk has a sweeter taste and more
prone to strong Maillard reaction. But the other technological properties and/or consequences of
these are less investigated.

We observed a significant effect of the rate of lactose pre-hydrolysis on the acid clotting time, pH.
and the gel firming. The pre-hydrolysis of raw milk (from 4.62% to 3.87%) accelerated the pH
decrease so the clotting time was about 30 minutes shorter than in the control samples. The
hydrolysis of raw milk accelerated the speed of pH decrease in lactase inactivated milk samples.
Further difference was observed in the gel firming. The pasteurized than pre-hydrolysed and lactase
inactivated milk samples showed better gel firmness at 4,6 pH. The biggest difference in gel
firming was approximately four fold in hydrolysed raw milk samples versus control samples. The
trend of pH and clotting changes was different in doubly pasteurized milk samples.

Keywords: lactose hydrolysed milk, fermentation, yogurt, acid gelation

1. INTRODUCTION

Lactose is the main carbohydrate in milk. The average content in cow's milk is usually
between 4.5-5.0% (wt/vol) in cow, sheep and goat milk. During a normal digestion in a
human lactose is hydrolyzed into glucose and galactose a process catalyzed by lactase
normally in the intestinal mucosal cells and released to the intestinal juice (1). Low lactase
activity is a relatively common abnormality of the small bowel in man. These lactose
intolerant people don’t able to hydrolyze lactose so lactose intake affects gastrointestinal
symptoms in this people. Lactose intolerance is prevalent in most areas where there are
few dairy animals or where adults use little or no milk. The proportion of lactose
intolerance varies widely among region, from 10 to 90% (2).

Hydrolysis of lactose also will take place during milk processing, more exactly during
fermentation and the monosaccharides produced are assumed to be utilized by the
organisms. This fermentation reduces lactose in milk about to two thirds of the original
level (2) so lactose intolerant to be given a chance to consume these products, but the
partially hydrolysis don’t guarantee the lack of symptoms fully. Lactose free milk products
produced by lactase adding don’t cause symptoms. Furthermore, the lactose maldigesters
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should be able to tolerate foods small amount of lactose, not more than 2-6g per serving
)

It is important to note, that the lactose derivatives lactulose, lactitol and galacto-
oligosaccharides find applications in foods and pharmaceutical preparations as prebiotics
to promote gut health. Similarly to non-digested lactose, these compounds enhance the
intestinal absorption of calcium and magnesium. Other lactose-derived compounds (e.g.,
tagatose and lactobionic acid) have potential applications as bioactive ingredient in foods
(4). So the lactose hydrolysed milk products have more benefit compared to the products
from non-hydrolysed milk. It is found many lactase enzyme products in the market having
different activity and properties, but problems can appear in milk processing inhibiting the
fully hydrolysis. Further problems the excellent quality, heat stability, and the shelf life. It
was observed a high reactivity of lactose-hydrolyzed milk to the Maillard reaction and the
more limited chemical stability of products during storage (5, 6).

More inactivating and reactivating agents of lactase have already investigated. The enzyme
can be inactivated by ethylenediaminetetraacetic acid tetrasodium salt or dialysis against
distilled water, and activity can be recovered partially upon addition of magnesium ++ or
manganese ++ salts at optimal concentrations. Heavy metals and p-chloromercuribenzoate
can strongly inactivate the enzyme, indicating sulphydryl groups and their requirement for
lactase activity. O-nitrophenyl-/3-D-galactopyranoside hydrolysis also can inhibit
competitively by lactose, methyl-fl-D-galactoside, galactose, galacturonic acid, ribose, and
galactitol; but neither glucose nor melibiose can affect enzyme activity (7).

Heat treatment also affect the enzyme activation. It was observed that heat treatment of
milk significantly increases lactase activity, due to the liberation of free SH groups.
Authors suggested, that this enzyme activation can be reversed by oxidizing the reactive
sulfhydryl groups, proving that the observed effect may be related to the release of free SH
to the medium, rather than to the denaturation of a thermo labile protein inhibitor (8)

The heat sensitivity of enzymes extracting from different microorganisms is different. The
lactase from Bacillus stearothermophilus is quite heat resistant (9) so this enzyme can used
in hot milk (70°C) so we can make lactose hydrolysis and microbe killing simultaneously.
These mentioned observes confirms, that the lactose hydrolysis has significant effects on
the processing and quality of these milk products.

Our aim was to observe the effect of lactose hydrolysis on the fermentation speed and the
coagulation properties (coagulation time, viscosity of gel) using yogurt as a test product.
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2. MATERIAL AND METHODS

2.1. Making of samples

VEcometer
|

Water bath

Figure 1. The coagulation measurer system

Raw com milk was homogenized (20 MPa), pasteurized (90°C with 30 sec. holding) and
cooled (at 40°C) cow milk for lactose hydrolysis adding 1.00 ml Maxilact 2000 lactase
enzyme (Gijst Brocades) to 3.0 litres milk. Hydrolysis was performed at 40°C in a
thermostat (Memmert UNB 200, Schwabach, Germany) for 15, 30 and 45 minutes in raw
milk samples and for 60 minutes in pasteurized milk samples than the samples were heated
up to 80 °C (with 1 min. holding) to inactivate the enzyme. The samples were cooled to 45
°C for inoculation and fermentation. So we had samples which were heat treated once and
twice.

For fermentation Chr. Hansens Yo Fast 88 starter was used inoculating into the pre-treated
samples. First, solution was made from 0.20 g lyophilized culture and from 9.80g distilled
water, than 30 minutes conditioning was used before inoculation with 0.500 ml into 100 ml
milk. Each measuring was repeated fivefold.

2.2. PH and gelation measure

PH was measured with Thermo Orion-3 Star pH meter (Thermo Fisher Scientific Inc).
Coagulation properties were investigated with SV 10 oscillatory viscometer (A&D
Company, Japan). The sensors of viscometer cut the protein net partly, but this time (point)
is affected by the clotting ability of milk. Therefore it able the observing to show the
differences in the clotting ability of the milk samples resulted different pre-treatment
(hydrolysis). The constant temperature of samples was kept with water bath (Memmert
WNB 14 Schwabach, Germany)

3. RESULTS AND DISCUSSION

We observed unexpected differences in the pH and gel properties between once and double
pasteurized milk samples. The development of fermentation was faster in hydrolyzed but
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only once heated milk samples than in non hydrolyzed samples (Fig 2.). This phenomenon
corresponds with the information of the producer.
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Figure 2. PH changing in milk samples during the fermentation

The clotting occurred sooner (after 210 min) in hydrolysed milk samples than in non
hydrolysed samples. The clotting time of non hydrolysed samples was 240 min. So the
clotting time of hydrolysed milk samples were 30 min. shorter than in non hydrolysed
milk. The explanation of this remarkable difference of clotting time and pH can be the
faster microbe growing in milk is rich in monosaccharides This difference is markedly
affect the processing time of lactose hydrolysed yogurt but this time gain in the
fermentation only compensates the time of hydrolysis.

The trend of lactose decrease was similar both in hydrolysed and control milk samples.
The lactose content of control samples was 3.30% at the clotting (30% decrease). The
degree of lactose decrease was better in hydrolysed milk samples (40%) as compared to the
initial 3.83% and the lactose content at the clotting was 2.32% (Fig 3.).

This markedly lower lactose content can decrease further during the cooling and storage
probably, but most likely doesn’t reach the wanted low level, so this is not a lactose free
milk product. Even so, this low lactose level in yogurt doesn’t causes symptoms likely in
many lactose intolerant people or these people can eat more yogurt without symptoms (10).
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Figure 3. Lactose changing in milk samples during the fermentation

Fig 4. demonstrates the changes in the clotting time and gel viscosity among the control
and hydrolysed samples with different hydrolysation time. As it can be seen, longer lactose
hydrolysis time caused shorter clotting time (the peak of curves).
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Figure 4. Clotting curves of control and different scale hydrolysed milk samples (represented time values
are the time of hydrolysation)

The first 15 min. hydrolysis decreased the clotting time about a half compared to the
control. This finding agree the result of (11) observed the clotting time decreasing effect in
Twarog production. Further hydrolysis did not cause remarkable changes in clotting time
but it caused big changes in viscosity of gels. The viscosity of hydrolysed (for 60 min)
milk gel was about four fold than in the control samples, 4.1mPas versus 22.56mPas. Now,
we have to note that this viscosity is not typical for a common set type yogurt gel has 50-
120 mPas viscosity. These observed low values occurred due to the conditions of the

experiments presumably.

The trends clotting time and viscosity changed in double heated milk samples (Fig 5.).
Control samples clot sooner than hydrolysed samples and the gels of hydrolysed samples
had higher viscosity, but the differences were not too big. The difference in clotting time
was 12 min. but in viscosity was only 0.8 mPas. So the use of HTST (High Temperature
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Short Time) to hydrolyse and and lactase inactivation at 80 °C for 1 min. gave different
results compared to the use of raw milk for hydrolysis.

The different heat treatments of the samples may have caused this different tendency. Heat
treatment significantly increases the enzyme activity (8) and affects the microbe activity so
the speed of hydrolysis and the exact changes in milk during the fermentation also can be
different.

The different lactose content and some side product (galacto-oligosaccharides and other
prebiotics) of hydrolysis at the lactase inactivation by heating also can cause differences in
the gelation.
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Figure 5. Clotting curves of control and hydrolysed HTST milk samples (60 min.: 60 min. pre-hydrolysis
of HTST milk)

Further, we observed difference in the sensory properties of yogurt made from hydrolysed
and non-hydrolysed milk. Yogurt from hydrolysed milk had lower flavour intensity mainly
lower acid flavour. This result agrees with results investigated the sensory properties of
cheeses from low, high and lactose free milk (12).

CONCLUSION

We observed contrary phenomena’s during the fermentation of non-hydrolysed and different scale
hydrolysed milk samples. The clotting time was shorter and the viscosity was higher using raw
milk for hydrolysis versus using HTST milk for hydrolysis. Even so, these differences between the
properties of acid gelation of different milk samples were remarkable. Other important observe was
the lower flavour intensity in yogurt from lactose hydrolysed milk. Important problem was the lack
of expected sour flavour in yogurt from pre-hydrolysed milk. We can not give an exact
explanation for these contrary results but the pre-treatment of milk, the side products of
lactose hydrolysis and also the second heating of milk (lactase inactivation) can play a role
separately or jointly in the appearance of gelation of these samples. We have to continue
these preliminary experiments due to the mismatching data to the interest of obvious
results, and to clear the trend in the acid gelation of lactose hydrolysed milk. The finally
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aim our future work is to give data and methods for producing of lactose free yogurt with
the expected texture and sensory properties.
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ABSTRACT

Primer agricultural products and by-products of the food industry provide the mass of animal feeds.
These ingredients have great variance in their quality that influences the feed product. Six Sigma
tools helped to understand and provide solutions to manage the variance occurring in the supply
chain. Due to the sourcing and the nature of these raw ingredients, the probability, that the feed
product meets the target values, may need to be considered and if needed, increased at the
manufacturer.

1. INTRODUCTION

The most of the literature in relation to Six Sigma refers to industrial manufacturing
processes that intend shifting the standard of their performance from +-3¢ (93.32% long
term yield) to +- 60 (99.99% long term yield). Little research had been done in the
applicability of Six Sigma in agricultural production systems in particular, where natural
and environmental effects influence yield, standard performance, quality and efficiency
significantly. Generally speaking, Six Sigma improves the way that any process works,
hence the deployment of Six Sigma tools into industrial compound feed manufacturing,
formulation and the quality management of its supply chain. The toolbox of the
methodology provides help in data collection, conducting analytical assessments, solving
performance problems and optimizing processes. The focuses on quality improvement,
cost reduction and improved delivery performance, resulting in higher profits and customer
satisfactions. It is important to underline, that in case of compound feeds, the customer
needs also include the physiological needs and health of the livestock consuming the final
product. The reduction of unwanted variation in outputs with critical importance to
customers by finding and eliminating causes of defects in processes is the target of the Six
Sigma approach. The understanding of critical-to-customer characteristics and the
variability around their averages is necessary to focus on the variables that control these
functionalities. (Stamatis). Six Sigma approach also ensures continuous improvements.
Even though reaching Six Sigma performance is absolutely challenging and not the
ambition of a compound feed producer, the toolbox of the method still can help to improve
quality. Six Sigma projects focus not only on problems but also on the opportunities.

3. LITERATURE REVIEW

In the EU-27, meat and animal products had the value of 136 billion € in 2009. This is 42%
of the total farm production. Farm animals consumed 465 million t feedstuffs, and this
takes the biggest chunk of animal production costs (i.e. up to 77% of the farm gate value of
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poultry). 30 % of the feeds are considered to be industrial compound feeds that represent
20% of the estimated 740 million t global compound feed production. 48% of the total feed
materials are cereals. (FEFAC, 2010)

To maximize the production performance of the animals their nutritional needs must be
fulfilled on the optimal level through feeding stuffs. At the same time, the cost of feeds
needs to be kept at the minimum in order to increase the efficiency and profitability of the
animal production. Modern compound feed formulation uses powerful software tools to
calculate the least cost diets that fall into the optimal ranges of various nutritional
parameters. The calculation method of these software tools is based, in most of the cases,
on linear programming, where the linear objective function is the cost. The ingredients
available for the formulation are populated with their typical, expected nutritional values
and prices in the tool that calculates the optimal combination of the raw materials meeting
the nutritional or other requirements of the product. Ingredient nutrients are varying and
hardly ever known accurately in reality. Each uncertain ingredient nutrients, as variable
inputs within the formulation model, are assigned a “best guess” estimate. Assuming
symmetrical probability distributions of ingredient nutrients, the expected nutrient levels of
the product will be achieved only 50% of the times.

As a solution to achieve more reliable nutritional composition of the product, Nott and
Combs (1967) proposed the use of a safety margin for each nutrient by subtracting one-half
of a standard deviation from the mean value of the nutrients. In this way the probability of
meeting an animal’s requirement would be higher. Pesti and Miller (1998.) states that
higher than 50 % probability of success can be achieved by adding safety margins to the
rations, which, in terms of concept, is closely related to stochastic programming.

Roush et al. (2004.) identified the variability of feed ingredient nutrients as a major risk of
diets having insufficient nutrients. As a nonlinear input variable this variation breaks the
linearity of the program and it has been proven that the linear program with a safety margin
would over formulate at a higher than requested level of probability Roush et. Al. (2007.)
The method of stochastic programming would provide better accuracy in meeting the
requested probability levels and reach better controlling of nutrient variation.

Broers (2009) pointed out that the formulations should take the real ingredient quality of
every lot into account during production [ ptimized !['n to reduce the nutritional
variations of the final product. However, often, the analysis of parameters of conventional
raw ingredients is difficult or takes longer time. Feed producers are not always equipped
with on-site laboratory to control all quality characteristics. Raw material nutritional
analysis and data processing to derive means and standard deviations are done
retrospectively. (Roush, 2004.) By the time the data is available about a batch, it is likely to
be mixed and fed to the animals. The least cost and the most accurate diet could be
formulated if the raw materials had limited or no variations at all, which is never the case,
particularly for primer agricultural products.

Variability of quality attributes of a feed ingredient may occur due to multiple vendors,
seasonality, processing variations of the supplier, deviations of laboratory analysis
methodologies. In order to minimize the variability and accurately formulate diets the
nutritionists must assess which ingredients impact the product performance significantly
and statistically analyze and evaluate the distribution of the characteristics of the
ingredients.

Raw material batches, even being from the same type, may significantly differ from each
other due to different sources or supplier processes. Supplier quality management activities
could address those raw material characteristics that cause significant deviations in the end
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product, and the cost benefits of this approach can be quantified by running simulations for
diets based on the improved ingredient nutritional profiles. The measurement and analysis
of quality data is necessary not only for accurate ration formulation, but the conclusions
drawn from the analysis also must drive essential supplier quality development processes.

Shewhart (1980) defined quality that can be described as numerical measurement, which
makes possible to see if the quality of the product for a given period differs from that for
some other period taken, as a basis of comparison. It can be also the comparison of product
qualities for two or more periods to determine if the differences are greater than should be
left to chance. The establishment of standards is essential for industrial quality control and
the quality requirements should be expressed as quantitatively measurable physical
properties.

Deming (2000) underlined the importance of standards and measurement in buyer and
seller relationships. The specification of an item is meaningless without operational
definition. It must contain quantitative attributes and refer to the measurement considering
that the instruments are in statistical control. The principles, laid down by Shewhart and
Deming, provide the universal foundation of modern quality management.

Modern feed formulation requires a disciplined, systematic, data based approach.
Nutritionists must define the customer requirements, measure, analyze, improve and
control the variations occurring in ingredients, feed products that impact the performance
of the target animal group. These are the typical steps of Six Sigma methodology for
minimizing mistakes and [Iptimized| value. Schroeder et al. (2008) indicated that one of
the distinctive features of Six Sigma from TQM was the higher emphasis on data and the
use of specific metrics to highlight the importance of process improvements and encourage
difficult but attainable goals for improvement.

The validation of the problem statement happens in the define stage by reviewing existing
data to confirm that the problem exists, it is important to customers (Voice of the
Customer), it is important to the business (Voice of the Business) and it can be improved.
This step includes the creation and validation of process maps, the development of project
plans with key milestones. The measure stage reviews the current state of the process
(baseline capability analysis, SIPOC Supplier — Input — process - Output — Customer
diagram, control charts) and reliable data on critical inputs and outputs are collected in
terms of quality, speed, costs. Of course a capable measurement system must enable these
tasks. The Analyse stage verifies those causes that affect the key input and output variables
(root cause analysis, narrowing potential causing through Pareto analysis, statistical
analysis to confirm cause-and-effect relationship, or strength of the relationship) (Voice of
the process). In the Improvement phase potential solutions are developed, evaluated, and
the [Iptimized. Lastly, in the control step project completion takes place with launch
implementation, auditing and validate the results, and performance. (George et al. 2005)

In the supply chains, specification limits of the components (ingredients) are usually set by
the buying company. For the end-product manufacturer, often the product specifications
are set by the customer. Quality is determined as two sets of characteristics: the
characteristics of component parts (lower-level), and the characteristics of the product
(higher-level). The proper definition of the specification of the lower level characteristics
is important, because these affect the higher-level quality characteristics. In Six Sigma
context parameter and tolerance design are included in the determination of these lower
level specifications (Park, 2008).

According to the Six-Sigma based on Taguchi’s loss function, additional cost incurs when
the supplier performance moves away from the target in the specification. Therefore,

45



Andrea Csika
INTRODUCTION OF SIX SIGMA TOOLS INTO THE SUPPLY CHAIN QUALITY MANAGEMENT OF FEED PRODUCTION

supplier developments should target getting a characteristic to be on target value with as
little variation as possible that goes beyond managing suppliers to stay within the specified
range defined as lower and upper limits. If the distribution narrower than the specification
limits, it is possible to make all or nearly all of the units to match the specification,
especially is the distribution is centered around the target. (Ross, 1996)

3. METHODS AND MATERIALS

In the case study, a basic pet food product was taken as an example. The diet had been
formulated from 9 ingredients (wheat, maize, wheat bran, digest, choline supplement,
calcium carbonate, vitamin and mineral mix, pork fat, and poultry meal) and on 18
nutritional parameters in WinFeed 2.8 software tool with linear programming. The
nutritional profile of the ingredients had been populated with their measured averages on
each parameter in the linear programming tool. Even though the raw ingredient nutrients
had average figures in the software, the set of end product analysis indicated varying
results on calcium against the maximum level in the product specification (1.4%), and this
characteristic becomes the target of the theoretical improvement project. With the help of
Six Sigma tools a process map had been drawn, the possible inputs have been listed in
cause-effect matrix, Pareto diagram were made to assess which ingredients may influence
product calcium levels the most. Statistical analysis of data and diagrams were made with
SPC for Excel software. After these steps, the variation of calcium content of the
ingredients was analyzed in histograms and also capability analysis was carried out on the
data per suppliers. The cost impact of using the material from one or the other vendor had
been assessed with the formulation tool, where the different average Calcium levels were
populated and the diet was re-optimized.

4. RESULTS

The formulation process map provides a visual explanation of the operation. To formulate
the diets accurately, ingredient nutrients, prices are needed from the supply chain and the
product specification is driven by the animal needs and other customer requirements. The
problem with the occasionally occurring high calcium levels is belonging to the finished
product, therefore every element that is before the end product stage may potentially have
impact. Also, once non-conformities are recognized, corrective and preventive actions can
be taken in the steps beforehand the place of occurrence.

Suppliers I I Compound feed producer I [ Customer
Ingredient # Incoming 1 Diet 1 Diet production End-products
delivery batches matenial testing formulation from Laboratory tests
Ingredient prices ingredients '

Animal
T performance, needs

Figure 1: Process map of animal feed formulation
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The most important and possible causes of high calcium levels in end-products have been
captured in cause-and- effect analysis as inaccurate scales weighting incorrect ingredient
amounts, homogeneity of the feed blends, laboratory measurement precision, wrong data in
the formulation tool for ration optimization, actual calcium content of ingredients varies
too much around the target.

Investigating the causes related to raw ingredient variability the Pareto diagram highlighted
that in the test diet the animal meal and the calcium-carbonate are the main contributors to
the product calcium level due to their mineral content and proportion in the recipe. Taking
into account that the calcium carbonate is a pure mineral source, less variability is
expected.

Pareto Diagram
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Figure 2: Pareto diagram

Looking at the data available about the calcium content of the animal meal the variability
is displayed on a histogram. (Figure 3.) The LSL and USL lines are defining the
acceptable, expected range of variation. The statistical analysis compares the actual
performance on a parameter in a given time period to the specified limits. The statistical
tool also calculates the sigma level of the operation, the average that traditionally would be
populated in the linear programming tool for ration formulation, if the similar performance
is expected in that period when the product will be produced.
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Figure 3. Variability of Calcium content of the animal meal batches
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The same dataset (calcium content of every batch) can be graphically displayed and
analyzed in time sequence with run charts. Here the additional element in the analysis is
the time line, which can flag if any particular movement happens (trend, shift, run) in the
characteristic over time. (Figure 4.) The advantage of run sequence plots is that it helps to
recognize outliers easily. In this case three data points (three batches: 1.2%, 6.7% and
7.6%) had calcium levels that are considered to be outliers caused by a measurement error
or the distribution has a heavy tail.

Run Chan

L ]
Calchmn i}
O = N W A e N ® ©

&‘f‘wwwwwwwwww&@%‘*f@w@

Figure 4: Run chart of calcium content of animal meal batches

Box and Whisker plot (Figure 5.) displays the difference in terms of calcium content of the
meals between two suppliers. The plot for the comparison was been made with excluding
the outliers. The average calcium level of batches from Supplier B was lower than from
Supplier A. The dispersion, spread of the data is more for supplier B than for supplier A.
From formulation point of view, if linear programming is used, the average needs to be
carefully selected for the software tool, as it impacts the nutritional profile and drives cost
of the diet. The other important factor visible in the plot is that the variation of the
parameter is different between the two suppliers and this triggers greater variations in end-
product calcium around the expected value. If this end-product parameter is a critical-to-
customer characteristic, the supplier quality management activities should address this
variation.

Box and Whisker Plot
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5. CONCLUSIONS

Component variations drive the variability of end-product characteristics. Six Sigma tools
provide logical and reasonable assessment of causes that effect the final product quality. In
agri-food operations, where the variability of ingredients are very much dependent on
various environmental conditions the good understanding of these variabilities enable the
design and manufacturing of products that conform to their specifications and fulfill
customer needs. In compound feed production the diets are formulated in specific ranges of
characteristics. Linear programming is a deterministic method that considers input data as
typical, descriptive figures with ignoring the probability of their occurrence. Therefore
when a product expected to contain a nutrient in a certain amount (usually the measured
average), in reality, the amounts of this nutrient is going to vary around the average. So, if
the linear programming tool finds the optimal diet on the higher edge of the allowed
nutrient range, the end product nutrient may be higher than the maximum of the
formulation range. This needs to be taken into account when minimum and maximum
limits are set for formulation so that the end product will still fulfill customer requirements.
Although, tighter ranges in linear programming result in more expensive diets, it may bring
quality improvements. The other alternative is using stochastic programming for ration
optimizations, where each ingredient has its nutritional profile populated with measured
average and the standard deviation.

The commonality of the two formulation methods that both need a sound basis of statistical
analysis on input and output data (ingredient variability) to maintain and improve quality.
Formulation tools help to quantify the effects of variability and provide powerful solutions
on the least cost of the business. Following the principles of Six Sigma and with the help of
the Six sigma toolbox, feed or food producers can get into the loop of measuring,
analyzing, improving, and controlling factors that influence quality improvements, even
though achieving Six Sigma performance may not be realistic for some of the processes in
the industry.

Customer orientation can be realized along the supply chain if the supplier performance is
measured against delivering components according to specifications and these components
can be effectively and safely used in end products. Dealing with primer agricultural
products, the compound feeds may have tighter specified ranges than what the ingredients
would fit into. This case the variability needs to be managed and set aside by proper
differentiation of quality sub-groups either by the suppliers or the producer. Supplier chain
quality management can help to tackle these problems, with the condition of having
adequate data to do the analysis with Six Sigma tools. To assess and improve quality of
supplier processes Six Sigma tools can be used as well, either by the vendor, or with the
facilitation of the buyer firm. This second case could promote and enhance customer-
orientation in the supply chain.
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ABSTRACT

The inhibitory effect of various concentrations (0, 0.1, 0.5, 1 and 2%) of caraway, garlic and
oregano extracts on growth of four species of Penicillium were investigated. Among the spices
used, caraway showed the strongest effect on all moulds. It completely inhibited growth of P.
aurantiogriseum at the level of 0.5% extract and P. commune, P. griseofulvum and P. corylophilum
at the level of 1%. The garlic extract completely inhibited the growth only of P. aurantiogriseum,
but was ineffective against P. commune and P. griseofulvum. Oregano showed partial effect in
inhibition of all four species, with significant growth reduction at concentration of 2%.

1. INTRODUCTION

Aromatic plants (either fresh or dried) have been widely used for flavouring of various
foods. Essential oils and extracts obtained from natural aromatic plants have been gaining
increasing attention in food industry due to their tremendous potential in the prevention of
microbial spoilage of food and as an alternative to synthetic preservatives. It has been
confirmed that caraway, cloves, mustard, coriander, thymus, and cinnamon are effective
antimicrobial agents which inhibit fungal growth (Karapiran, 1985; Soliman and Badeaa,
2002; Suhr and Nielsen, 2003; Velluty et al., 2003). Moreover, many studies revealed that
some spices do not exert antifungal activity, e.g., vanila (Nielsen and Rios, 2000) whereas
some have stimulative effect (Mabrouk and El-Shayeb, 1980; Ozcan, 1998; Boyraz and
Ozcan, 2005).

Essential oils are complex and consist of many components. Their active constituents such
as eugenol, thymol, cinnamaldehyde, cariofilen, geraniol, sulphuric and other compounds
have been subjected to extensive research (Bullerman et al., 1977; Hitokoto et al., 1980;
Moleyar and Narasimham, 1986; Mahmound, 1994; Mansour et al., 1996; Matamoros-
Leon et al., 1999; Moriera et al., 2005 ). Guynot et al. (2003) reported about the preventive
activity of essential oils against fungi through contact with volatiles at various water
activity levels. Authors found that five out of total 16 essential oils completely inhibited
the growth of all tested fungi over a wide range of water activities (0.80-0.90 aw).
Somewhat earlier, Nielsen and Rios (2000) demonstrated that mustard essential oil and its
major constituent allyl isothiocyanate (AITC) can be successfully used to prevent fungal
growth. Fungi are responsible for the development of offensive odour and production of
cytotoxic, carcinogenic and allergenic compounds. They prevail more frequently than other
microorganisms on medium or low humid, acidulous food which has been inadequately
stored.

The objective of this work was to examine the inhibitory potential of extracts of caraway,
garlic and oregano against four fungal species from genus Penicillium which have been
frequently encountered in food and recognized as food spoilage agents. P.
aurantiogriseum, P. griseofulvum and P. commune are known producers of many toxic
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metabolites (Frisvad and Thrane, 2004) whereas P.corylophilum is the most xerophilic of
all Penicillium species (Pitt and Hocking, 1985) but its toxigenic activity has not been
affirmed (Singh et al., 1991).

2. MATERIALS AND METHODS
2.1. Materials

Extracts of caraway, garlic and oregano used in this study were commercially available
products procured from ETOL Celje Comp., Slovenia. Test microorganisms P. commune,
P. griseofulvum, P. aurantiogriseum and P. corylophilum were maintained on Potato
dextrose agar (PDA) slants at 4°C. For the experiment, the microorganisms were cultivated
on the same medium for 10 days at 25°C.

2.2. Antifungal assessment

Determination of antifungal activity was conducted on PDA medium. The test medium
was poured into 250 ml Erlenmeyer flasks and autoclaved at 121°C for 15 min. After
sterilization, spice extracts were separately added to the flasks to obtain concentrations: 0,
0.1, 0.5, 1 and 2%. The culture medium was then poured into sterile Petri plates (9 cm
diameter) in equal volumes (12 ml per plate).

Suspension of conidial spores was prepared in a medium that contained 0.5% Tween 80
and 0.5% agar in distilled water (Nielsen and Rios, 2000). The concentration of suspension
was adjusted to 10° spores/ml using a haemocytometer. For each tested extract and
concentration, triplicate plates were centrally inoculated by spreading 1 ul of spore
suspension (10’ spores/ml), including a control samples, too.

The growth inhibition was evaluated by daily measurement of radial growth of colonies
during the days of incubation at 25°C.

3. RESULTS AND DISCUSSION

Inhibitory effect of all spice extracts against the tested Penicillium species are displayed in
Table 1. The extract of caraway completely inhibited the growth of P. aurantiogrisum at
0.5% dose. At the same dose, the growth of P. griseofulvum was almost completely
inhibited (91.3%) whereas significant inhibitory effects were observed with P. commune
and P. coryphilum (50.0 and 73.1%, respectively). At 1% dose, the growth of all tested
microorganisms was inhibited.

The extract of garlic was totally inefficient against P.commune, it even exhibited a growth
stimulating effect within the tested doses. Also, the highest doses applied (1 and 2%) did
not show any activity against P. griseofulvum whereas P. corylophilum was partially
inhibited (34.6 and 53.8%). Solely P. aurantiogriseum was completely inhibited by the
garlic extract.

The lowest applied dose of oregano extract was found inefficient against P. griseofulvum,
P. aurantiogriseum and P. corylophilum with weakly inhibitory effect against P. commune.
The next dose (0.5%) was also actually inefficient against P. commune, but it reduced the
growth of other tested species by 13.6% (P. griseofulvum), 14.8% (P. aurantiogriseum)
and 7.7% (P. corylophilum). Although the oregano extract did not exhibit complete
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inhibitory effect against any of the tested species, a 2% dose had strong activity which was
maximal (85.2%) against P. aurantiogriseum and minimal (50% ) against P. commune.

Table 1. Antifungal activity of spice extracts on the growth of moulds

Eixisact Conc. Inhibition colony growth (%)
(% v/v) P. commune _P. griseofulvum __ P. aurantiogriseum _ P. corylophilum

0.1 10.7 19.6 333 19.2
0.5 50 91.3 100 73.1
iy I 100 100 100 100
2 100 100 100 100
0.1 0 0 74 15.4
i 0.5 0* 0 259 23.1
Garlic 1 0+ 23 100 34.6
2 0* 2.3 100 53.8

0.1 11.1 0 0 0

Oregano 0.5 13.0 13.6 14.8 7.7
1 29.6 68.2 40.7 385
2 50 83.6 85.2 84.6

0* -stimulation colony growth

The effects of caraway, garlic and oregano on germination and growth rate of fungi is
presented in Figures 1, 2 and 3.

The growth rate of P. aurantiogriseum was more markedly reduced in the presence of
caraway extract indicating higher sensitivity of the species. Low extract concentration
(0.5%) delayed the colony growth of P. commune for 4 days, P. corylophilum for 6 days
and P. griseofulvum for 7 days but it was found inefficient in the case of other species

(Fig. 1).
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Fig. 1. Inhibition of Penicillium spp. by caraway extract

In all treatments with the garlic extract, the period of colony growth delay for P. commune
and P. griseofulvum was virtually the same as for the control. Garlic favoured the growth
of these fungal species. Moreover, this effect was intensified with increasing extract
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concentration in the case of P. commune. At 0.5% concentration, P. aurantiogriseum and
P. corylophilum were completely inhibited for 2 days. At higher concentrations, the growth

of P. corylophilum was delayed for one more day (Fig. 2).
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Fig. 2. Inhibition of Penicillium spp. by garlic extract

The treatments with oregano extracts revealed a growth delay for P. aurantiogriseum and
P. corylophilum at concentrations over 0.5% for the same number of days. The colony
growth continued with similar activity over the further experimental period. The inhibitory
effect on the growth of P. griseofulvum at 2% concentration remained constant until the
fifth day of the experiment after which it was gradually diminished (Fig. 3).

3 —— 0% P. commune 3| 0% P. griseofubwum
- 0.1% —-01%
u‘
Eu - 0.5% E - 05%
¥ 2 —-— 1% 2 1%
g"' —-— % 15 —— %
1 1
fu § e
axys
] 0
1 2 3 4 & 8 T 1 2 3 4 5 [ 7
3 P. aurantiogrisecurn 3 P. corylophilum
—— Pl —— 0%
‘52.5 - 0% g” .- 0.1%
T 2 —~—05% T 2. 0%
—-— 1% —-— 1%
15 - 2% 15 —-— 2%
1 1
& days o . S days.
1 2 3 4 ] ) 7 1 2 3 4 s 6 7

Fig. 3. Inhibition of Penicillium spp. by oregano extract

The experimental results demonstrated that solely the caraway extract had the ability to
completely inhibit the growth of all tested Penicillium species. The garlic extract showed a
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total inhibitory effect on P. aurantiogriseum and partial on P. corylophilum whereas it was
ineffective against the other two species. The oregano extract failed to inhibit the
germination of the tested fungal species; however, it exerted a strong antifungal activity at
the highest concentration. The most sensitive species to the effect of spice extracts was P.
auratiogriseum. The increasing concentrations of extracts caused an absence or growth
delay of fungal species and showed various effects on the rate of fungal growth that ranged
from inhibitory to stimulating.

The antifungal activity of the tested extracts is associated with their major constituents
such as carvacrol (caraway, oregano), limonene (caraway) and sulphuric compounds
(garlic) (Barrata et al., 1998; Ceylon and Fung, 2004).

It has been reported that essential oils of caraway, clove, garlic, onion and oregano might
prevent the synthesis of sterigmatocystine, aflatoxins and ochratoxin A produced by some
toxigenic fingi (Hitokoto et al., 1980; Hasan and Mahmoud, 1993; Basilico and Basilico,
1999). Benkeblia (2004) concluded that EO extract from garlic behaved different to that of
red onion by showing strong inhibitory effect against P. cyclopium at lower doses (50 and
100 ml/l). Moreover, micromorphological changes in fungi have been documented after
exposure to volatile essential oils of some spices (Arras and Usai, 2001; Rassoli et al.,
2006).

3. CONCLUSION

The current results confirmed that the shelf-life of food can be ensured with natural
antimicrobial agents such as spice extracts. Their application can contribute to lowering the
use of synthetic preservatives commonly used to limit the fungal growth. Penicillium
species are the most important contaminants of stored food commodities and present a
considerable health risk.
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ABSTRACT

Resistant starch (RS) refers to the sum of starch and starch degradation products that are not
absorbed in the small intestine of healthy individuals. The fact that resistant starch escapes
digestion confers to it many positive health effects like reducing the glycemic response and acting
as a functional prebiotic. Resistant starch also interacts with dietary macronutritients such as fats
and protein, and with micronutritient such as minerals. Resistant starch type 3 comprises
retrograded starches.

In this study resistant starch type 3 was prepared by two different treatments. The samples obtained
by suspending 10% and 20% (w/v) of maize starch in 1000ml of water were autoclaved at adequate
conditions: pressure 1.1 bar, temperature 120°C, autoclaving time 30 min and volume 60 dm’.
After autoclaving the samples were stored at 4°C for 24h and two autoclaving—cooling cycles were
applied. The enzyme treatment means debranching of starch samples with pullulanase after
gelatinization process. The maize starch gels were exposed to different concentration of
pullulanase, 2% and 4% calculated on dry starch weight, and the reaction time was varied (1, 3 and
5h). Adequate analysis was performed after the preparation of the samples and also after three
weeks of keeping them at 4°C.

A method of differential scanning calorimetry (DSC) measurements was used for thermal
analysis of the samples. Hermetically sealed aluminum standard crucibles contained Smg
of each sample (mixed RS and distilled water). Heating range was from 25 to 200°C at
heating rate of 10 °C/min. From DSC curves the temperature of degradation 7d and
enthalpy 4H could be obtained. DSC thermal analysis of examined resistant starch showed
significant higher values of 7d and AH for the samples that were stored for three weeks
than samples analyzed after preparation. It could be concluded that during that period the
content of retrograded fractions, which are nondigestible and designate RS3 as resistant
starch, increased.

Key words: resistant starch, enzymatic treatment, autoclaving, DSC analysis

1. INTRODUCTION

Starch has a major contribute to the appearance, structure and quality of food products.
Starches can be classified according to the retention time in the gastrointestinal tract and
accessibility to the enzymes into three major groups, as rapidly digestive starch (RDS),
slowly digestive starch (SDS) and resistant starch (RS). (1, 2)

Resistant starch is indigestible by body enzymes so escapes digestion and absorption in the
small intestine and may be fermented in the large intestine, providing many physiological
functions similar to those of dietary fiber and many positive health effects. Resistant starch
affects reduction of the glycemic response, acting as a functional prebiotic for some
probiotic microorganisms and increases the production of short fatty acids chains,
primarily acetates, propionates and butyrate. [t has indirect influence to the pH value of
the large intestine, colonic blood flow and mineral absorption. (3)
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Four types of resistant starch vary: physically inaccessible starch (RS1), raw starch (RS2)
that is in a certain granular form and resistant to enzyme digestion, retrograded or
recrystallised starch (RS3) and chemically modified starch (RS4). (4)

RS3 represents the most resistant starch fraction and is mainly retrograded amylose formed
during cooling of gelatinized starch. Most moist-heated foods therefore contain some RS3.
In the formation of RS3, the starch granule is completely hydrated. Amylose leaches from
the granules into the solution as a random coil polymer. The polymer chains upon cooling
begin to reassociate as double helices that are ordered into a crystalline structure over a
particular region of the chain and interspersed with amorphous enzyme degradable regions.
The conformation and stability of recrystallised starch is accomplished during processing
and storage. Crystalline structure type A is formed in gelatinized starch stored at high
temperature, it has dense structure and it is less open than B form, which has hexagonal
symmetry and is processed and recrystallised at low temperature. (2) The conformation
and physico-chemical properties determine functionality, nutritional value and the health
implications of recrystallised starch. Structural stability affects interactions between the
starch and intestinal microorganisms, thus recrystallised starch possess bifidogenic and
butyrogenic properties. RS3 is structurally and thermally more stable than others RS types,
thus may be used as a functional fiber ingredient in many processed food. (4, 5)

2. DIFFERENTIAL SCANNING CALORIMETRY OF THE RESISTANT STARCH

Thermal analysis of resistant starch type 3 obtained by different processes is suitable
method for determining physical properties and structural changes of resistant starch
during thermal treatments and storage. DSC (Differential Scanning Calorimetry) is based
on measuring the thermal effects that occurs during heating of the examined sample and a
reference sample exposed to the same temperature regime. (6)

2.1. Preparation of the resistant starch

Resistant starch type 3 was prepared by two different treatments.

The samples were prepared by suspending 10% and 20% (w/v) of commercial maize starch
obtained from local producer (,,JJabuka”, Panevo, Serbia) in 1000 ml of water. The
suspensions were heated in a boiling water bath for 15 min with stirring and then
autoclaved at the adequate conditions: pressure 1.1 bar, temperature 120°C, autoclaving
time 30 min and volume 60 dm’. Two autoclaving-cooling cycles were applied and then
the samples were stored at 4°C for 24h.

The enzyme treatments means debrancing of starch samples using pullulanase after
gelatinization process. Commercial debranching enzyme, pullulanase (PromozymeBrewQ,
400 PUN/ml), from Bacillus acidipullulyticus was obtained from Novozymes (Bagsvaerd,
Denmark). The enzyme concentrations were 2% and 4% (calculated on dry starch weight)
and the reaction time varied (1, 3 and 5h). After that the samples were heated at 95°C for
20 min, cooled down to room temperature and stored for 24h at 4°C. Finally, the samples
were dried at 40°C and then stored in closed glass containers.

A method of differential scanning calorimetry (DSC) was used for thermal analysis of the
samples. Measurements were performed at DSC Q20 V23.10, TA Instruments, UK, Ltd.
and data were analyzed using manufacturer’s software Universal V4.3A TA Instruments.
Resistant starch and distilled water were mixed in the aluminum crucibles that contained 5
mg of each samples (3 mg of resistant starch and 2 mg of distilled water) and then were
hermetically sealed. The samples and the empty crucible used as a reference were heated
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from 25 to 200°C at heating rate of 10°C/min. From DSC curves the temperature of
degradation 7 and enthalpy 4H could be obtained. Thermal properties of examined samples
were analyzed after preparation of the resistant starch and after storage at refrigerator temperature

of 4°C for three weeks.

2.2. DSC analysis

Samples treated by enzyme pullulanase were exposed to different enzyme concentration,
2% and 4%, and different reaction time, 1, 3 and 5h. Determined parameters from DSC
curves, the temperature of degradation 7 are presented in Table 1.

Table 1. Degradation temperature of resistant starch obtained by enzyme treatment

Sample T4 [°C) | T tatier hree weekn [C] | Sample T4[°Cl | T tafier three weekss [°CJ |
1 (1h,2%) 138.93 169.58 IV (1h,4%) | 139.70 158.30
11 (3h,2%) | 139.40 159.25 V (3h,4%) | 139.85 167.36
111 {5h,2%) | 139 53 169 21 VI (5h,4%) | 136.62 163.74

Longer time of enzyme action for the same enzyme concentration caused slightly increase
of degradation temperature. Applied enzyme, pullulanase, is debranching enzyme that
rapidly hydrolyses only the a-1, 6-glycosidic bonds of amylopectin molecule. Longer
reaction time caused an increase of debranching degree and appearance of more short side-
chains from the initial amylopectin molecule. Residual side amylopectin chains aligned
and by hidratic bonds aggregated and hence form crystalline structures. More released
side—chains lead to the formation of broad range of crystalline forms, thus more energy is
required for decomposition (dissociation) of the sample, accordingly degradation
temperature increased.

The addition of the higher amount of enzyme did not result in complete debranching, thus
higher pullulanase concentration of 4% has not significant influence on DSC parameters.
Storage of resistant starch type 3 obtained by enzyme treatment at 4°C for three weeks
significantly increased parameters of thermal properties. During storage the retrogradation
of amylopectin occurred. It is slow process that requires several weeks and depends of
storage temperature and water availability (7). Required degradation energy is higher and
confirmation of that was a significant higher value of degradation temperature 7; and
enthalpy 4H of stored samples compared to the samples measured after preparation.
Significant increase of enthalpy for stored samples is presented at Figure 1.

(3/r) 1V \
(3r) THV

Figure 1. Enthalpy of resistant starch samples obtained by enzyme treatment: AH —enthalpy of samples
measured after preparation, AH —enthalpy of samples stored for three weeks
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Thermal characteristics of resistant starch samples obtained by autoclaving are presented in
Table 2.

Table 2. Degradation temperature and enthalpy of resistant starch samples obtained by autoclaving

Sample T,/°Cl | Ty (after three woeks) [°C] | AH [J/g] AHMMH/RL
I (10%, I autoclav) | 139.34 164.52 85.63 1771
II_(10%, Il autoclav) | 139.44 163.10 52.27 1341
IT11 (20%, I autoclav) | 140.98 59.82 78.81 93.91
IV (20%, Il autoclav) | 138.56 48.31 43.09 104.2

Slight increase of degradation temperature points that increase of starch concentration in
the suspensions caused higher resistant starch yield. The number of autoclaving cycles did
not increase the number of released side—chains, thus amount of crystalline regions in the
resistant starch structure was approximately equal, and differences between degradation
temperatures were negligible. Storage of these samples at 4°C for three weeks led to
retrogradation process. It affected the values of enthalpy and degradation temperature that
were higher for stored samples.
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ABSTRACT

My examinations aimed at the positive role of software production programming on costs. In
addition to the fact that reduction of expenses can be reached with rearrangement of production
between shifts, | pointed out that with this simulation technique the following problems can be
avoided: product bump on the production belt due to careless planning. product piling in the heat-
treatment unit and thus, product deterioration due to the heat-treatment which was not started in
time.

To put the experiences in practice I developed a software system based on factory data. In
development | used Microsoft Excel and Access programs as software environments and | made
the necessary program codes in the built-in Visual Basic for Applications, as a programming
language. I elaborated a user-friendly operation mode to reach functions with a special menu. 1
applied form-technique to upload and to modify data. Production programming and scheduling
software modules can be used easily with dialogue boxes. Queries can be applied to check product
bump on the production belt and sufficiency of heat-treatment capacity.

1. INTRODUCTION

To increase quality is the primary aspect in food industrial researches. It is the most
important aim to lessen the degree of conservation in food processing otherwise the food
cannot preserve its original qualities, consuming and nutritional values. Furthermore,
consumers claim the possibility to prepare their food more quickly, the safe and hygienic
application, longer shelf-life, the constant and checked quality, the usability on wider scale
and the solution of unexpected situations. All of them could be utilized by preserved food-
makers but for this they have to employ modem work organization which follows the
expectations of our time. (Biacs 1998, Goldberg 1994, Kiss 2000, Farkas 2001, Bir6é and
Bir6 2000)

Heat-treatment is used to prevent the microbiological danger thus it makes longer
conservation-time possible. However, in case of an over-guaranteed heat-treatment there is
a deterioration of quality, since sensory features, substance, taste, smell of the food can
suffer a serious loss (discolouration on the surface in case of liver pastes, liquid exudation
and jelly precipitation in case of meat, transformation into puree etc.)

It is worth involving engineering calculations, modelling, computer simulation in the
research of this field, for the sake of the quality of products and expense-efficient
production. A work organization should be formed which guarantees manufacture of
products which are safe from microbiologal aspect; which keeps the regulations more
precisely in the interest of higher quality and lower expenses. To do this there should be an
informatic background which can provide the necessary assistance, on the basis of research
results, to elaborate the suitable work organization. For this aim it provides the user-
friendly operation surfaces, which fulfill the claims of our time, the simulating and
optimizing technique, the predicting and problem solving services and the flexible
enlargement possibilities.
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2. THE PLAN OF THE SOFTWARE SYSTEM

Since our program involves a simulator, it is advisable to complement it with components
which support the model parameters again. Thus, the program will be suitable to check the
model periodically and it guarantees that other companies can adapt it easily.

Software environment

A database manageable with an Excel spreadsheet would serve the user’s interest the most.
Thus, data processing and tabulation, graph making, which fit to the different demands and
cannot be planned in advance, could be done easily. Application of spreadsheet guarantees
a simple opportunity to provide program functions for calculations and graph making,
besides it can be used as a development environment with the service Visual Basics for
Applications (VBA) to elaborate the program. In addition, the database manager program
should be used because firstly, it is easier to realize data storage, secondly, the program
could have more functions, thirdly, the user-friendly way of data entry can be guaranteed
by the technique of forms. Fortunately, both the spreadsheet and database manager can be
applied since Excel sheets can be used as attached tables with the database manager
program. It means that physically the data storage is realized on Excel sheets, while Access
manages these data as if they were stored in its own tables. Thus, data correction done in
Access will be stored on Excel sheets.

User interfaces, main functions
After starting the program the first thing to appear is the main menu (Figure 1) which

shows three submenus, besides log out. If we choose ,,Data input, modification”, we can
find the points shown by Figure 2.

EE Heat treatment

Heat treatment program

Ll Data input, modification
_| Check
_| Information

_| Eat

Figure 1: The main menu of Access
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E Data input, modification

Heat treatment program

] Modification of the product data
__| New product

__| Modification of the sterie formula

__| New sterile formula

__| Indication. modification of the weekly production plan
__| Back to the main menu

Figure 2: The submenu of ,,Data input, modification”

First of all, we can fix the data of tables ,,Product™ and ,,Sterile formula™ which can be
modified only when a new product is to be manufactured or the regulations on the heat-
treatment (sterile formula) of a given product should be modified because of the bigger
security or the earlier over-guaranteed regulations. The user will rarely need these
functions, the program provides forms of data input to realize them.

=10ix]
shift Product c
_ 2009.06.16. de ~| Termék21 ~ |
: m.osﬁs'.]{ o | — _ - Termekm_-]J
[ 2009.06.16 | é - - Terméks1 « [
i 20090616 c - - rl’emékaa_-]:
0 m_-]] ] — Teméllzd.:
» m.1é[ é~| - - Termékﬂ?-_-.]-
L SR = — -
R.La-. Y s11¥s| ssszesen 46 Pt

Figure 3: Form of indication and modification of the weekly production plan

Indication of the data of the weekly production plan is used in a weekly frequency in the
program which can be done by means of a form (Figure 3).

Due to the applied technique of attachment, data manipulations done in Access forms are
stored on Excel sheets, so they can be used directly in Excel.
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Heat treatment program

] Product bump on the production bek
__| Autoclave demand of heat-reatments per shift
__| Back to the main menu

Figure 4: ,,Check” submenu

Data of the plan should be checked. The submenu ,,Check” guarantees these functions
(Figure 4). The first one examines if the plan contains a mistake in case of which more
products would arrive at one production belt at the same time (in the same shift). The list
of products bumping on the production belts are provided by a query available on the
Access surface which is shown by the program as the view print preview by means of a
report. Since the table stores, among the product data, which production belt it can be made
on, this result can be obtained without simulation.

The other checking function examines if the heat-treatments can be done in time. We can
get the printable report without simulation, since the number of the necessary autoclaves
can be calculated from the time spans of heat-treament stored in tables. If the demand of
any shifts exceeded the capacity, the plan should be modified. For this, the list shows when
the capacity is unemployed in the suitable measure and then we can move the product here
with the form which modifies the plan.

x|

} Save the heat-treatments of the realized

Simulate the gas consumption of the weekly plan

Modfy the weekly production plan

Balance the gas consumption within shift

Exit

Figure 5: The main menu of Excel

Having the checked plan the Excel spreadsheet takes over the work from the Access
database manager to do the other tasks. It is the main menu shown in Fugure 5 which helps
us reach the functions that should be performed in the order of appearance with weekly
frequency.
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First, we can save heat-treatments of the realized weekly plan, then we can simulate gas
consumption of the plan for the following week. Then, the program generates heat-
treatment data necessary for the input of the simulator, and makes the calculated data for
gas consumption broken down in shifts appear on a diagram. Data generation is done with
a VBA (Visual Basic for Applications) operation, while the program switch on the
adequate sheet to make the diagram appear. The task of this function is to point out if it is
necessary to modify the plan, provided gas consumption of each shift shows a big
deviation. The manual data modification can be accomplished with a form made for data
input, but plan modification can be done automatically, too, in case of which a VBA
operation rearranges the products of the plan within shifts. Modification can be followed
by the user in a table of a sheet, and then it can be printed, too.

The last function of the program guarantees that gas consumption within the given shift
will be even, evolving the appropriate schedule by delaying the heat-treatment of the
products. It is done by a VBA algorithm, together with the simulator, which in every shift
of the production week tries to find the value variation of delay of heat-treatments which
causcs the gas consumption of the lowest standard deviation thus securing the even boiler-
load and avoidance of high gas consumption peaks. In this function the maximum waiting
time appears as a restriction since it cannot be exceeded to avoid spoilage of canned food.
As a final result we can get the optimal value variation of the waiting time for the heat-
treatment which then gives the recommended time to start heat-treatments.

Apart from the initial setting functions, the program should be used in a weekly frequency
and by storing the data of the accomplished heat-treatments, it makes their registration
possible. This registration is compulsory for the company but the stored data can provide
an excellent basis for an informational system, too. In our database statements can be made
with queries from different points of view, and our data can be displayed even in diagrams.
We can easily observe changes, tendencies and seasonalities in the production profile.
These functions can be formed in ,,Information™ submenu. Thus, for example, we can have
a statement on the weekly summary of production, a diagram of the changes in the
produced amount of a certain product per week, production of a selected week per product
etc.

3. DISCUSSION AND CONCLUSION

For the software developed for simulation, optimization and sceduling the Excel can be
applied, in a user-friendly way, to store, process the data and to represent them in
diagrams, to fulfill programming tasks, while the Access to feed data into the computer
with forms and to form queries and reports. The developed computer system guarantees an
easy possibility for data input and modification, to check product piling on the production
belt, to avoid the long waiting lines for the heat-treatment by checking the autoclave
capacity, to balance the gas consumption of the shifis and to prevent the gas consumption
peaks. All in all, it can guarantee the manufacture of better quality products with lower
direct costs.

With this simulation software system the production process, which starts with the
production belts and finishes with heat-treatment on the autoclave group, can be organized
so that products of better quality can be manufactured assuring regulations on heat-
treatment, while it guarantees lower direct costs avoiding product bumps on the production
belt and long waiting lines before heat-treatment and balancing the boiler load both within
and between shifts.
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ABSTRACT

The Hungarian bred sour cherry cultivars play an important role in the global sour cherry
sortiment among the grown sour cherry cultivars because their are grown in the most
important sour cherry growing countries. The Hungarian bred cultivars are suited not only
for industrial purposes but for fresh consumption because of their good tastes.

During our trials we have examined IV-3/48 cultivar candidate was bred at Research
Institute for Fruit Growing and Ornamentals Budapest-Erd for industrial purposes and
amounced for examination and named ‘Erdi ipari' at Central Agricultural Office in
Budapest. The IV-3/48 has very early ripening time (late May). We examinated suitability
of this cultivar candidate for shaking and for changing of its inner content value during the
ripening time. The samples were collected three times during the ripening time in 2008,
2009 and 2010. We determined the suitability of choosen candidate for food industrial
purposes which appoint a ripening time when the content of antioxidant compounds is the
highest. Our aim was to determine the suitability of IV-3/48 sour cherry cultivar candidate
for producing food industrial products.

Refraction, titrable acid content, watersoluble antioxidant capacity, total antocyanin and
polyphenol content of fruits were measured under laboratorical conditions.

According to the results of inner content value the optimal shaking time of this cultivar
candidate can stated in the last stage of ripening time. In this stage the watersoluble
antioxidant capacity, anthocyanin and polyphenol capacity of IV-3/48 sour cherry
candidate is suitable. On the grounds of our results this candidate neared or exceeded both
watersoluble antioxidant capacity and anthocyanin as well as polyphenol content of
standard cultivars. According to our results this candidate is suitable for food industrial
purposes for producing both fruit juice concentrate and dried cherries. During the drying
IV-3/48 saved its natural color therefore the food industry can use it for natural coloring
material.

1. INTRODUCTION

Nowadays examination of antioxidants as well as slight of artificial materiels and its taking
out possibilites with natural materials are in the lime-light of reserach. The tart cherry
(Prunus cerasus L.) is such a food industrial raw material is suitable for taking out the
artificial aggregates and plays an important role in the health-care nutrition because of its
biological active substances (Stéger-Maté et al. 2010).
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Tart cherry has remarkable vitamin content next to its extrem high polyphenol and
antocyanin content. Its By- (50u1g/100g), B>- (20pg/100g), Be- (0,05mg/100g) as well as
biotin (0,8ug/100g) content are also extrem high. Its mineral content is well-balanced
(Ficzek et al. 2008), its potassium (186mg/100g), its calcium (186mg/100g), its
magnesium (15mg/100g), its iron (0,6mg/100g) and its phosphorus (50mg/100g) content
are notable. Its copper content is one of the highest among the grown fruit species
(Bir6,Linder, 1999).

The fruit juice concentrates contain the most valuable inner content of the fresh fruits and
those can be used as natural coloring material at some areas of food industry (Espin et al.
2000).

The consumer layer is increasing who wants to live and feed knowingly therefore this layer
needs such food industrial products contain the biological active substances in natural form
means keystone of progressive nutration.

The Hungarian bred tart cherries play an unique role in the heath-care because those
cultivars are suitable for fresh consumption. The Reserach Institute for Fruit Growing and
Ormamentals Budapest-Erd has bred a lot of tart cherry cultivars with excellent inner
content and antioxidant capacity. The Research Institute has amounced for examination a
novel tart cherry candidate with early ripening time is suitable for shaking and for
industrial purposes. Our aim was to measure inner content value and to show possibilities
for food industrial usages of this novel candidate in this study.

2. MATERIAL AND METHODS

2.1 Research material

Fruit samlpes of the examined self-fertile tart cherry candidate were collected at the
Experimental Farm Erd-Elvira major of the Reserach Institute for Fruit Growing and
Ornamentals Budapest-Erd. The orchard was involved in this study during the sample
collection was in the full bearing period in 9th-11th leaves. Soil of the orchard was
calcareous chernozem. The average yearly sunny hours were 2 000 hours, the average
temperature in the vegetation period was 16,8 °C, the average yearly preciptation was 550
to 570 mm at the experimental orchard. Fruits of self-fertile IV-3/48 tart cherry candidate
(Erdi btermd’ x "Meteor korai’) are dark red, their average weight is 3 g, their average
fruit diameter is 19 to 21 mm. The fruits have stainy juice.

2.2 Sample collection

The samples were collected with hand from 15 trees, from four cardinal points of the trees.
Fruit flash of 15 kg average sample was shaked and storaged in the deep fridge till the
meansurings to determine inner content value of the samples. Refraction, titrable acid
content watersoluble antioxidant capacity, total antocyanin and polyphenol content of
fruits were measured under laboratorical conditions at the Department of Pomology of
CUB in 3 replications.

Adaptibility of the choosen candidate for drying and producting fruit juice concentrate was
examined at the Department of Food Preservation of CUB.

2.3 Refraction
Determination of water-soluble dry matter content (refraction) was carried out according to
the regulation Codex Alimentarius 3-1-558/93 by a Zeiss-Abbé refractometer.
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2.4 Titriable acid content

Total acid content of the sampes was determined by 0.1N NaOH titration by adding
bromothymol blue indicator, according to MSZ 3619-1983 Hungarian regulation.

2.5 Determination of anthocyanin content

Examinations of colouring materials were made by the method of Fiileki and Francis
(1968) using hydrochloric acid and ethanol for colour extraction, at 530 nm with a U-
2800A spectrophotometer.

2.5 Determination of polyphenol content

Polyphenol content was determined in the presence of Folin-Ciocaltens agent at 765 nm
using spectrophotometry, on the base of a calibration curve made from gallic acid,
according to the method of Singleton and Rossi (1965).

2.6 Ferric reducing/antioxidant power (FRAP)
I'he ferric reducing/antioxidant power (FRAP) assay was carried out according to Benzie
and Strain (1996). The FRAP assay is based on the reduction of the Fe3+-2,4,6-tripyridyl-
S-triazine complex to the ferrous form (Fe2+) and the intensity of the reaction is monitored
by measuring the change of absorption at 593 nm.

2.7 Fruit juice concentrate and drying

The samples were dryed in the atmospheric (60 °C, 5 hours) and vacuum (60 °C, 5 hours,
10 mbar) dryers. The samples were taken out every hour to determine the above mentioned
parameters.

Fruit juice samples were made from the candidate to determine its adaptibility for
producting fruit juice concentrate. The fruit juice samples were prepared on the following
way: washing, pulping, handling with enzyme (40-45°C, Fruktozym-P pectindecoupling
enzyme 0,Imlkg, standing time: 1 hour), pressing, handling with pectindecoupling
enzyme (Fruktozym-P pectindecoupling enzyme 0,05 ml/ 1, standing time: 20-25 minutes),
settling (silica 0,5 ml, standing time: 30 minutes, gelatine 0,1 g/l, stanind time: 30
minutes), filtration, evaporation (Rotadest vacuum evaporator, 100 mbar). Filtered fruit
juice, semi fruit juice concentrate (29-32 ref%) and ready fruit juice concentrate (66-68
ref%) were made from every samples.

3. RESULTS AND DISCUSSION

3.1 Changing of inner content value of fresh fruits during the ripening time

According to 3 years study it can be statemented that the examined variety and the 'Erdi
bétermd’ has excellent inner content and was used as controll showed the highest
antioxidant content at the end of ripening period, between the 2nd and 3rd picking time in
80 to 90 % of mature (Table 1). There wasn’t any effect of vintage on the tendency of
antioxidant compounds but there was effect of vintage on quantity of them. The IV-3/48
candidate exceeded the inner content value of "Erdi bétermd’. This candidate contained
extreme high antocyanin and polyphenol content.
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Table 1. Results of raw material

1V-3/48
Antocyanin Polyphenol Refraction | Titrable acid
Picking time (mg/) (mg/l) (%) (%) Frap (mMA)
26.05.2008 180.17+£7.76 | 232.84 £20.62 | 13.3£0.01 1.18+0.01 5.44 +0.09
29.05.2008 250+ 18.87 [ 30523+2554 | 129x0.01 1.13+0.23 5.96 = 0.02
03.06.2008 | 417.5+69.69 | 475.74 £24.65 | 152+ 0.01 1.03 £ 0.01 7.50+ 0.04
19.05.2009 150+ 7.5 2441 £ 10.05 10+£0.2 1,23+ 0.03 585007
25.05.2009 1075+ 18.87 | 449.2+2242 125+ 0.1 1.04 £ 0.03 742 +0.04
28.05.2009 215+£2634 | 527.22+£22.12 12+ 0.1 1.01+0.01 6.11+0.04
26.05.2010 107.5+£4.33 158.04 = 241 9.1+0.1 0.92 +0.02 447 +0.06
02.06.2010 167.5+3.12 | 284.31 +24 .41 9.7+0.1 0.81+0.01 5.95+0.03
08.06.2010 | 420.5+27.26 | 511.13 + 59.81 11.5+0.1 0.71+0.01 698 +0.15
Erdi bitermé
Antocyanin Polyphenol Refraction | Titrable acid
Picking time (mg/l) (mg/) (%) (%) Frap (mMA)
05.06.2009 115£15.6 2039+ 124 16.5+0.01 1.81+0.12 3.64+ 0.05
11.06.2009 | 197541145 2969+ 17.8 175+ 0.1 1.65+0.16 5.09 +0.04
22.06.2009 211.1£6.76 | 422.3+16.93 19.5+0.2 1.26 + 0.02 6.29+ 0.03

3.2 Changing of antioxidant compounds during producting fruit juice concentrate

The watersoluble dry matter content of fruit juice was created the above described method
was 15,35 % but the semi fruit juice concentrated contained 31,42 % and the filtered juice
had 68,14 %. Anthocyanin and polyphenol content as well as the antioxidant capacity of
the samples increased during the compression. We published data on 10 ref% to have a real
picture about the changing (Table 2). According to Table 2nd’s data the polyphenol
content didn’t change so the candidate’s pressed fruit juice was tolerant to temperature was
arose during the evaporation. The brauning processes are connected to the synthesis of
polyphenols weren’t characteristics for the examined cultivar (as against other cultivars
e.g. 'Erdi Jubileum’), the antocyanin content remained stabil. Those parameters are
important if the aim is to produce functional food (e.g. natural color material, producting
products with high antioxidant contenct).

Table 2. Results of fruit juice concentrates

Filtered juice | Semi fruit | Fruit  juice
juice concentrate
concentrate

Refracio (ref%) 15.35 31.42 68.14
Antocyanin (mg/l)

Antocyanin (mg/l) (for ;gg 13%3: 2345155
10ref%)

Polyphenol (mg/l) 1665 3786 7588
Polyphenol (mg/1) (for 10ref%) 1081 996 1031

FRAP mMAS/1) 10,52 17 15.5

FRAP (mMAS/1) (for 10ref%) 6.83 5.41 2.28
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3.3 Examination for drying

The original moisture content of the IV-3/48 candidate was 72,34 % it was decreased by
4,84 % at the end of atmospheric drying but by 10,5 % after vacuum drying (Table 3).
Polyphenol content of the samples increased significantly (by 18,7 %) among atmospheric
conditions but their antocyanin content decreased (by 10,5%). It was an opposite change in
the vacuum drying: the polyphenol content decreased but the antocyanin content remained
stabil. According to our results the vacuum drying method can suggest for processing IV-
3/48 candidate so the quantity of antocyanin can be saved and the important polyphenolic
brouning won’t appear.

Table 3. Results of drying

raw 1" hour 2nd hour e - il
hour | hour | hour
Moisture content (%)
atmospheric 72.34 34.37 52.49 2944 | 16.18 | 4.84
vacuum 72.34 - 17.4 - 15.2 10.1
Polyphenol (mg/l)
atmoszférikus atmospheric (for | 1045 1368 1956 | 3240 | 3891 4930
14ref%) 1150 1080 1100 | 1160 1190 1241
vacuum (for 14ref%) 1045 - 3602 - 4733 5758
1150 - 1090 - 1010 1102
Antocyanin (mg/l)
atmospheric 603 771 940 | 1595 | 1676 | 2145
atmospheric (for 14ref%) 603 600 524 550 500 520
vacuum (for 14ref%) 603 - 2140 - 2644 3238
603 - 602 - 620 640

4. CONCLUSIONS

The 1V-3/48 was amounced for examination contained both fresh and in processed form
extrem high antioxidant compouns are important in the health-care. According to our
results the examined candidate is suitable for taking out the artificial coloring material as
well as producting food products have functional effects.
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ABSTRACT

Lifestyle can be shortly described like this: how do we live? Specific features can be experienced in
the housing conditions, in the economic structure, in the way we do our work. in the way of living
and finally, in changes that touched traditions and eating habits, too.

In this essay we are focusing on the following fields: mass migration into town due to the
disappearance of farmsteads as a special settlement form, and analysis of changes involving eating
habits caused by the sporadic moving out of town today.

1. INTRODUCTION

We are examining the period from the middle of the last century up today. We are aiming
to analyse the eating habits in connection with the changes in the housing structure and
conditions. Some determining factors have to be underlined to get a full picture of the
necessities created between town-dwellers and people who live on farmsteads.

These are the following:
e Important changes in housing conditions (moving to town, to a detached house, to a
block of flats, or to a flat without a pantry from farmsteads)
Statistic data concerning household utensils (for example, refrigerator)
Infiltration of networks of chain of stores into the traditional shops
Special eating habits in case of the youth and the intellectuals
Change in eating habits generated by the growing number of the elderly.

What are we seeking the answer to? First of all, how did the above mentioned factors
influence, alter the way of eating? Secondly, what is expected in our modern world from
the protectors of the national traditions and customs?

2. MATERIAL AND METHOD

In our research work we were assisted by the surveys made by the City Council of
Hodmezovasarhely, secondary specific literature and personal encounters; data collection
was done in the empirical form.
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3. THEORITICAL APPROACH OF THE MAIN SOCIAL-ECONOMIC CHANGES
THAT HAVE AN EFFECT ON LIFESTYLE

Manner of life is the relatively constant system of people’s everyday life which is shaped
to fulfil their necessities and which involves:

1. the problem of ,,how do we live?” and

2. the one of ,,how should we live?”.

These questions cannot be answered without recognising the way of living realized by the
mass and types of ,how do we live”, but at the same time the present cannot be formed or
altered if we do not know what direction to take, if we do not have a conception about
how to live”. (Farkas 1977)

4. HOW DO WE LIVE? HOW SHOULD WE LIVE?

Customs, habits and ideals are of double-sided. Customs can be conservative conventions
and positive traditions. Ideals also can carry positive energies and inactive desires to
escape from present reality.

What has become a custom is a strong pillar of the everyday culture. If we did not have an
ideal for the lifestyle, the present would easily remain alone closed into conventions and it
could become a conservative force, without the model of ,,how to live™.

The lifestyle model of ,how to live” is not an abstract, future ideal. It is a type that
influences present and it is imbued with the values of future. It realizes the present values,
although not because of its wide-spread feature but because it has peculiarities referring to
future tendencies. It is a special self-realization. The more it becomes useful for others, the
more it becomes important for life.

In the present social-economic conditions the question of consumption model is very actual
the importance of its examination has a growing tendency. In our everyday routine, in our
environment examinations concerning consumption are getting more vivid.

When thorough changes are planned to be accomplished in the production structure, it
concerns the consumption, too. There are tendencies in consumption which make
production more dynamic. Dynamic feature of certain necessities motivates modernization
which proves the mutual connection between production and consumption.

Where the standard of living has started to rise, the food consumption is increasing at a
rapid pace until food requirements are fulfilled at a certain level.

Nowadays, examinations on the structure of consumption are highlighted, first of all, the
ones on foods which are more valuable from the point of view of nourishment and
physiology, while proportion of industrially processed foods, which contain additives and
flavour-intensifiers, is increasing.

Analysing the structure of the Hungarian food consumption it can be said that positive
changes have started in our country, composition of food demand is changing. Changes
can be seen in Table 1. The year 1989 was chosen because it was the quantitative peak in
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the Hungarian food consumption, then tendencies are shown with data of the year 2000,
and finally data of the year 2004 are presented.

Table I Consumption of food and consumer goods in Hungary in three highlighted years
(Source: "Elelmiszerek és tapanyagfogyasztds 2004°, calculations based on statistic (KSH) data)

Data on consumption Changes (%)
Name 2000/ 2004/ 2004/
1989. 2000. 2004. 1989 1989 2000
Foodstuffs(kg/person/year)
Meat products 78,2 70,2 68.8 89.8 88.0 98.0
Fish 2.8 3.0 34 107,1 1214 113.3
Dairy products 189.6 160,6 1552 84,7 81.8 96,6
| Egg 202 153 16,7 75,7 82,7 109.2
Fats, oil 392 39.0 39.0 99.5 99.5 100,0
-animal 28.7 21.0 19,5 73,2 67.9 92,9
- vegetable 10,5 18.0 19,5 1714 185.7 108.3
Cereals 1122 94,1 89,2 83,9 79.5 94,8
Potato 55.2 64.0 68,0 1159 123,2 106,3
| Sugar 40,9 33.6 332 82,1 81,1 98.8
Vegetable, fruit 159.6 2177 2114 136.4 132.5 97.1
Consumer goods
Wine, | 22.8 283 32,7 1241 143 4 115.5
Beer, | 104,0 71,6 732 68.8 70,4 102,2
Spirits, | 5.0 32 3.6 64.0 72,0 ¥12:5
CofTee, kg 2,6 2.8 2,7 107,7 103,8 96,4
Tea, dkg 12,6 20,3 31,9 161,1 2532 157.1
Tobacco, kg 22 1,5 1.4 68.2 63.6 93.3

Between 1989 and 2004 positive changes have started in the food consumption structure of
the Hungarian population. In this period intake of food moved toward the alimentary
recommendations thus adjusting to the structure of consumption in the developed
countries. We have to add that the solvent demand had an important role in this process. It
can be established that consumption of vegetables, fruit, vegetable oil and potato have
increased. Use of animal fats has significantly decreased but our country still shows the
highest value among the European countries. Besides, consumption of sugar and certain
consumer goods (beer, tobacco, and spirits) have considerably lessened. These improving
tendencies are weakened by the essentially low consumption level of fish, dairy products
and meat products (Panyor 2007).

Comparing data of the year 2004 to the consumption data of the year 2000, a stagnation of
greater significance in improvement can be seen, so the positive tendency until 2000 seems
to stop. There are economic factors in the background.

Comparing to other countries of the EU Hungary is among the last ones regarding
consumption of fish, dairy products, vegetables and fruit. It is the first in the use of animal
fats which is basically responsible for different metabolic diseases and insufficiency of
nourishment.

The favourable life expectations of the inhabitants of the Scandinavian countries are in
strict connection with the lifestyle, the clean environment and good eating habits. In the
Mediterranean countries consumption of vegetable oil, fish, vegetables and fruit is high so
positive eating habits are typical. Both regions can be set as examples for Hungary, this
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way we can find a lot of positive examples to change the eating habits in our country
(Szakaly 2004).

In addition, it is important to mention that proportion of those who follow a healthy diet is
fairly low. According to the data of GFK HUNGARIA (2006), only 13% of the population
eats healthily.

5. THE MOST IMPORTANT FEATURES OF CHANGES IN THE EATING
HABITS OF PEOPLE LIVING ON FARMSTEADS AND IN TOWN

If we shortly look back in time, about 7.000 farm numbers were allocated in
Hodmezdvasarhely until 1950. According to the data of the City’s Register of Title Deeds,
nowadays the number of farmsteads which still take part in the agricultural production
hardly reaches 400. Enormous lands have become empty. Liquidation of farmsteads was
started in the 1950’s then it accelerated from the 1960°s.

In the first part of the 20th century — according to certain opinions- the system of farms
was a kind of surviving feudalism where not only developing model farmers lived but also
smallholders, farm hands, landless agrarian workers whose number were constantly
growing. In other opinions this form of settlement is nothing else than a certain way of
living where housing, workplace, land and cattle rising coincided with each other. Some
food was produced right around the house which then the farmers either sold in the
marketplace or used for their own sake. The number of farms was decreased with
collectivisation, their population moved to the nearby settlements, people who stayed
produced for their own alimentation on the lands around their house.

In the inner city areas shortage of flats increased which was aimed to solve by building
flats of small ground-space. Members of the co-operatives who lived in town were taken to
their workplaces, to the surrounding lands, 10-20 km away from their homes.

There was such a dramatic and rapid change in the housing structure around the town that
the farmer of Hodmezdvasarhely had not imagined before. He had not thought that it could
be possible to produce in other way than from the farmhouse built on the land itself where
all the products, and equipment, tools can be found.

Table 2 Farmstead as home and workplace
(Source: Szenti 2005)

Number Number | Number | Number of | Number of | Number of | Number of | Number
of outskirt | of of people | traditional | deserted farmsteads | farmsteads | of people
districts dwellings | in the farmsteads | farmsteads | inhabited where who
in the outskirts periodically | cattle is raise
outskirts raised cattle
1. 66 137 63 16 2 38 113
2. 43 109 43 4 1 4 4
3. 84 223 80 1 - - -
4. 45 144 45 - - 26 97
5. 59 185 59 - - 19 53
6. 97 237 94 4 - 70 182
7o 55 118 55 11 2 - -
8. 81 233 81 1 - = =
9. 118 303 117 19 1 - -
10. 100 205 94 11 1 41 100
11. 59 154 59 3 - - -
Altogether 807 2048 790 70 7 198 549
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Table 2 shows the data of the survey made by the City Council of Hédmezdvasarhely. The
outskirts of the town are divided into 11 districts where about 2000 inhabitants live. The
number of deserted farmhouses is quite high, due to the above mentioned process. In most
farms only as many cattle are raised as many are enough either to complement the lower
salaries, aids, allowances or to meet their own needs. (Present essay does not examine the
agricultural production of small businessmen, or agricultural stock corporations.)

Survey made by the rural constables in October, 2005 examined the everyday life of the
inhabitants of the outskirts from a different aspect. The questionnaires were filled in by
people who live in 650 farmhouses, official residences or closed lands. It can be seen in
Table 3 that people in the outskirts live typically in farmhouses the number of which
reaches 600. Proportion of those who live on farms out of necessity is fairly significant,
besides, 12% of the inquired ones moved to the farms for agricultural reasons. Tradition is
an important motivating factor: if parents and grandparents lived on farms the next
generation choose this way of living, too. The number of those who cannot move to town
because of bread-and-butter worries should be mentioned, as well. 65% of the inquired
cultivate lands in properties in the outskirts but only 30% of them gain their living from the
produced goods.

Table 3 Some characteristics regarding the way of choosing residence
(Source: Kdszo 2004)

Do not | Cannot

Type of the | Num | Live on Moved to | Moved to want to | move to Live on the land
outskirt ber farm out | farm by farm to move to | town

of of choice cultivate town

prope | necessity lands His/her parents, Can get | Cannot get

rties grandparents along along

in the lived on farm

outsk

irts
Farmstead | 587 60 46 71 336 74 117 263
Official 38 16 1 - 19 2 2 15
residence
Closed 25 15 4 3 2 1 - 4
land
Altogether | 650 91 51 74 357 77 119 282

In the 1950s people on farms had their grain milled, they baked their home-made bread in
oven once a week. The housewife was proud of her nice, light bread, while town-dwellers
bought their bread at the baker’s. In the last half a century people both on farms and in
towns buy their needs from a wide variety of bread at the baker’s and in shops.

In the past pigs, poultry were raised in the yards of the houses both on farms and in towns.
On farms families were independent regarding the meat, while in towns they were partly
independent. They stuck and processed the pigs at home; a part of the meat got smoked,
while the other part was preserved at the house. The wide-spread use of refrigerators from
the mid-80’s brought important changes which today means 100% degree of supply, what
is more in most houses there are more fridges and deep freezers. The use of refrigerators
together with moving to town reduced the consumption of smoked goods and meat fried in
fat. Long time ago ,mangalica™ pigs and bacon pigs were stuck, too. From the 1960’s it
was impossible to get ,,mangalica” pigs and it was necessary to get permission to stick
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sheep. Actually the private butchers had to close down. Only a little beef and no veal at all
was available at shops.

Nowadays those who live in the detached houses of towns and even those who are
somehow linked to the village or farmhouses do not stick pigs, they buy the fresh meat for
cooking in shops, mainly in super- and hypermarkets.

Poultry (chicken, goose, duck, turkey, guinea-fowl) was raised on farms, a part of which
was sold in markets. Chickens were raised in towns, too. Today poultry is bought in shops,
mostly in the form of semi-processed or ready-made products.

The peasants, agricultural and industrial workers consumed more meat and bacon and less
vegetables. Those who lived on farms could not imagine lunch without some soup; they
could make more than twenty different kinds of it (Nagy 1975). They cooked as much as
they could eat the very day because they could not store it.

They had bacon, milk, cottage cheese, eggs and cheese for breakfast and dinner with
radishes and chives. They said that "there are more days than sausages’ so they eat them
very rarely. Today these eating habits are typical to the older generation. The new
generations, the intellectuals who live in towns have more vegetables, cold dishes, grilled
food, pizzas, hamburgers and different cold cuts, while they need less and less soup and
stew.

The number of those who buy fresh milk directly from the houses is quite low, the majority
of the population consumes products made in factories and sold in trade. There is a wide
range of cheese, yoghurt, butter, margarine, though we buy less of them than it should be
necessary for the healthy diet.

Today housewives do not knead paste; lots of different kinds of ready-made pastas can be
bought which are produced in factories. Bakery products are widely sold everywhere, too,
and pastry-making has improved a lot. These products are more and more popular with the
youth who live in towns thus pressing back the home-made, original and traditional cakes.

Consumption of mineral water (still or soda water) and soft drinks has spread, as well, the
majority of which contain more artificial and additive materials. Some decades ago it was
not typical in case of people living on farms to drink either soda water or soft drinks. They
consumed natural water and fruit syrups made at home.

There is an important change even in case of vegetable crops, too. Who has a garden is
fully or partly independent today. However, the majority of population either in town or on
farm does not often have a kitchen garden. They buy the vegetables in marketplace, in
shopping centres or at the greengrocer’s. Long ago it was impossible to get first-fruits in
winter, today vegetable supply is continuous. In supermarkets vegetables are always
available for the population. It is a typical tendency that vegetable and fruit consumption is
growing among town-dwellers, the youth and the intellectuals while it is less typical in
case of people who live on farms.

Long ago it was natural to preserve fruits, vegetables for winter, it is out-of-date today.
Only elder grandmothers do it and it remained important for those who prefer natural,
home-like flavours to the ones of uncertain origin made in factories.

It was natural to make home-made pickled cabbage on farms; it was consumed throughout
the winter. Today it is made in factories and bought in the form of conserves or at the
greengrocer’s.
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By the 1960s factory canteens had been developed both in industrial and agricultural firms
so workers could have cooked dishes at their workplaces. Today it is taken over by
enterprises in some places but only few people can get this service.

Network of catering children has been developed which provides children with cooked
meals — according to their age- in kindergartens, elementary and secondary schools. This
task is managed by different enterprises.

A lot of private catering units have been established, each of them offer customers weekly
menu bars which can be consumed locally or delivered to the house, and at weekends the
guests can help themselves as much as they want to for a fixed price.

Meals made in oven or in stew-pots, barbecue, vegetarian dishes and dietary kitchen are
reviving now. In case of certain costumer groups consumption of ,,mangalica” pig, grey
cattle, veal and sheep can be experienced.

Lifestyle has significantly changed the essence of which is to promote conditions of
healthy way of living by realizing a modern structure of consumption. It is aimed to stop
overfeeding and the high level of consumption of alcohol. Diffusion of modern hygienic
conditions and habits, formation of health behaviour adequate to the modern health culture
belong to this field of interest, too.

6. SUMMARY

The Hungarian cuisine was formed by people who work hard, who live carefully but when
they celebrate something these people make a sacrifice preserving traditions and
motivating boldly (Szakal 1985). Nowadays more modern, more conscious eating habits
have an important role in forces which form new prospective and in the everyday routine
of the scientific-technical revolution.

During the last fifty years the world changed a lot, there were changes in consumption, as
we have shown, indicating the formation of a more modern way of living which is much
debated regarding preservation of health.
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ABSTRACT

The aim of the study was to examine the attitude of Hungarian students toward novel food
processing technologies. A questionnaire survey was made with sample N=212. Three novel (PEF -
pulsed electric field, HPP - high pressure processing and nanotechnology) and two traditional
(pasteurization, fortification) technologies were studied. The respondents got a technical definition
of these technologies. Based on the description, the respondents evaluated three statements
(whether the technologies were extremely good or extremely bad. unreasonable or reasonable and
how much do they agree with or oppose the use ot these technologies) on a 1-7 point Likert scale.
According to the results respondents have the most positive attitude toward HPP and pasteurization
and accept the nanotechnology the least. The rationality of the technologies got the highest scores
but respondents supported the application of the technologies the least. This suggests the negative
emotional acceptance of the technologies.

The K-means cluster analysis was used for grouping the respondents. We could define four clusters
based on the acceptance of the technologies. The “Slightly differentiating accepting group” (N=64)
judged the technologies nearly as equal, except nanotechnology. They had the most positive
attitude toward fortification of foods. The acceptance of nanotechnology was also the highest
within this group. The “Open for novel technologies group™ (N=37) evaluated all the technologies
between 4.0-5.5 except pasteurization, to which the lowest preference level was attached. This
group mostly preferred fortification and PEF. The “Traditional technologies supporting group”
(N=59) opposed nanotechnology the most. The highest preference was attached to the well known
fortification and pastcurization. “Naturalness expecting group” (N=56) mostly preferred the HPP
and pasteurization and they were mainly against fortification and nanotechnology. The
considerable differences between the groups were primarily caused by the different judgement of
the well-known fortification and the less known nanotechnology.

This study was carried out in the framework of the NovelQ EU FP6 project.

1. INTRODUCTION

The new food processing methods provide several benefits (e.g. longer shelf life, less
energy and water use, better preservation of vitamins). However, the benefits of the new
technologies could only be realized on the market, if suitable demand comes forward for
the products produced by these technologies. This makes the examination of consumer
attitudes toward these technologies important. The aim of the study was to examine the
attitude of Hungarian students toward novel food processing technologies. This study was
carried out in the framework of the NovelQ EU FP6 project, which aims at the
investigation of novel minimal processing technologies (HPP and PEF).

2. PREVIOUS STUDIES ON NOVEL TECHNOLOGIES

Several researches were made on the consumer acceptance of novel technologies.
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Cardello (2003) examines the opinion of 88 respondents about novel technologies. The
respondents were between 18 and 64 years and the study was carried out in the US Army
Natick Soldier Center. 41% of the respondents had concern of PEF technology, and 29%
had concern of HPP technology. The fewest respondents (18%) felt concern of
pasteurization. At Central Food Research Institute in Budapest a conjoint analysis was
made to examine the consumer acceptance of apple juices made of novel (HPP and PEF)
and traditional technologies (pasteurization, untreated products). The study was made with
the involvement of 150 Hungarian and 150 Slovakian respondents. The results showed that
respondents mostly preferred untreated juices. From among the technologies respondents
accept HPP technology the most and those consumers preferred HPP, who rejected
pasteurization (Banati et al., 2010). Results of Cardello, (2003) and Deliza et al. (2003,
2005) showed the acceptability of application of HPP, too. A study was carried out with 96
fruit juice consumers in Rio de Janeiro. The aim of the conjoint study was to quantify the
impact of package attributes (brand, price, production type, product definition and
technology information) on consumer intention to purchase. Technology information had
three levels: technology with some explanation; technology without explanation and
without information about the technology. The information about the technology applied to
the fruit juice production had a significant effect (p<0.05) on the consumer intention to
purchase. The relative importance of the technology was 11% in the intention of purchase.
Information about the benefits of HPP technology had positive contribution on purchase
intention, while the information about the technology without additional explanation led to
a negative impact on consumer purchase intention (Abadio, 2003). According to Deliza et
al. (2003) explanation of the meaning and advantages of high pressure technology may
lead to higher product satisfaction and contributing to the market introduction of the juice
that was processed with non conventional technologies.

3. METHOD

In our survey three novel (PEF - pulsed electric field, HPP - high pressure processing,
nanotechnology) and two traditional (pasteurization, fortification) technologies were
studied.

Our survey was made with standardized questionnaires. The respondents were chosen from
among the students of four universities in Budapest and near to Budapest. 226 students
filled the questionnaires. Respondents evaluated the five technologies on a 1-7 Likert scale.
The questions concerned the affective, cognitive and conative aspects of the attitude.
Respondents had to evaluate the goodness, reasonableness of the technologies, and the
agreement of the application with the technologies. The students had not previous
knowledge about the technologies, they got short descriptions, which helped them to
evaluate the technologies. The descriptions of the technologies were the following:

e HPP - High Pressure Processing: High pressure is a technology that preserves
food products and extends shelf life of fresh products through application of
pressures. High pressure has limited effects on the fresh characteristics and usually
maintains colour, taste, texture and nutritional value without using additives. HPP
is using limited energy and water compared to conventional technologies.

e PEF - Pulsed Electric Filed: Pulsed Electric Field, a mild processing technology
is a method that uses short electric impulses to preserve food products. The
application of this technology extends shelf life of fresh products. This processing
method operates at room temperature, so food quality and several healthy heat-
sensitive vitamins are better preserved in the treated products. Using Pulsed
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Electric Field technology saves the energy of heating up and cooling down food
products.

e Nanotechnology: Nanotechnology deals with the production and utilization of
particles <100 nanometres (nm) or even smaller in size. Nanoparticles used as
vehicle substances make possible to enhance and adjust the colour, flavour or
nutrient content of foodstuffs to meet special consumers or health needs.

* Fortification: Fortified foods are food products which in the industrial processing
are enriched with substances such as vitamins, minerals, fiber and plant extracts in
order to increase the health effects of the conventional, basic product.

e Pasteurization: Pasteurization is a process where food products are heated up and
subsequently cooled down. This process slows microbial growth in food and
extends the shelf life of the product.

4. RESULTS OF THE SURVEY

According to the results, respondents have the most positive attitude toward HPP and
pasteurization. The judgement of PEF was better, than fortification concerning all three
examined attributes. The most unfavourable technology was nanotechnology. The
reasonableness of the technologies got the highest scores but respondents supported the
application of the technologies the least. It may indicate the low confidence of consumers
and the low purchase intention of the products made of food technologies.

Figure 1. The evaluation of the technologies (N=216)

As the chart (Figure 1.) shows there are relatively high standard deviations, which indicate
that consumers are divided in terms of their views of the technologies. For this reason it
was needed to examine the separable consumer groups concerning the judgement of the
technologies. With the use of K-means cluster analysis four consumer groups were
separated.
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1. The “Slightly differentiating accepting group” (N=64) gave the highest values for
all the technologies from among the consumer groups. They judged the technologies nearly
as equal, except nanotechnology which got the lowest scores. They had the most positive
attitude toward the fortification of foods.
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Figure 2. ,Slightly differentiating accepting group” (N=64)

2. The “Open for novel technologies group” (N=37) evaluated all the technologies
rationality between 4.0-5.5 points, except the well-known traditional technology,
pasteurization, to which the lowest preference level was attached. This group mostly
preferred fortification and PEF. 28 respondents from the 37 are female in this opened

group.

Figure 3. “Open for novel technologies group” (N=37)
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3. “Traditional technologies supporting group” (N=59) opposed the nanotechnology
mostly. The highest preference was attached to the well known fortification and
pasteurization.

=
|

4,58

Figure 4. “Traditional technologies supporting group™( N=59)

4. “Naturalness expecting group” (N=56) mostly preferred the HPP and pasteurization and
they were mainly against fortification and nanotechnology.

2,75

Figure 5. “Naturalness expecting group” (N=56)
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5. CONCLUSIONS

30% of the respondents were not influenced dominantly by their previous experiences.
Among them, the judgement of the novel and the traditional technologies — except
nanotechnology — was approximately similar.

Most of the young adult age group had a strong opinion about the unknown novel
technologies. There were remarkable differences in the acceptance of new technologies
among the students, which sample was supposed to be open for novelties because of their
young age and their experiences.

The “Open for novel technologies group” (17%) formed their judgement on the
technologies rationally. They preferred physical technologies without heat treatment. 76%
of this segment are female.

The judgement of the new technologies fitted to the respondent’s existing preferences in
case of the “Traditional technologies supporting group” (27%) and “Naturainess
expecting group” (26%). The “Traditional technologies supporting group” accepted HPP
the most from among the new technologies, presumably because of the favourable
associations (freezing, like traditional technology). They rejected nanotechnology, and the
acceptance of the PEF was moderate. The most preferred technology among this segment
was the well known pasteurization and the fortification.

The “Naturalness expecting group” preferred HPP more, than pasteurization. The most
rejected technology was the fortification, they judged it unnatural.

According to the survey most of the respondents form their point of view according to their
existing expectations and information about the technologies. The results show openness
toward novel technologies, particularly the HPP technology. The most unaccepted
technology is the nanotechnology.
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ABSTRACT

After the change of the political-economic regime, since the 1990s, economic restructuring
and subsequent crisis in agriculture have reduced the economic opportunities of rural
communities. These - mostly negative - changes have limited rural communities’ economic
development options, making former development strategies less viable and forcing them
to look for new ways to sustain themselves. One of the most popular, non-traditional rural
development strategies has been tourism and its associated entrepreneurship/partnership
opportunities because of tourism’s ability to bring in money and to generate jobs and
support economic growth. The purpose of this study is to identify and examine those
factors that have helped or could still help rural communities to develop tourism.

A research work (with the help of surveys) was conducted with the participants of the tourism
market. The results clearly demonstrate the importance of the community approach to
tourism development and that rural tourism development and entrepreneurship cannot
work without the participation and collaboration of the different partners (e.g.
businesspeople, local governments, NGO-s, local people) directly and indirectly involved
in tourism.

This paper also reviews, how the principles of sustainable tourism have special relevance to the
development of rural tourism, and examines how those principles can be put into practice. It
considers the advantages of this approach, and offers guide-lines for future practitioners.

Rural tourism is increasingly viewed as a panacea, increasing the economic viability of
marginalised areas, stimulating social regeneration and improving the living conditions of
rural settlements. Less developed areas, afflicted by debilitating rural poverty, have
considerable potential in attracting tourists in search of new, authentic experiences in areas
of unexploited natural and cultural riches. This paper proves — the above mentioned
statement - that the clustering of activities and attractions, and the development of rural
tourism routes, stimulates co-operation and partnerships between local people, institutions
and mostly the neighbouring areas. The other aim of this paper is trying to outline the
complexity of rural development processes that specifically relate to the phenomenon of
multifunctionality.

Conclusions:

- local people were active in giving information about their work and plans

- they need help (e.g. EU support, education) in participating in the tourism market

- there are local values of the settlements that have not been utilized yet but can be
developed into a tourism supply

- the surroundings (e.g. road infrastructure) of the settlements are very important

Aims:

- organise an attitude-shaping complex communication campaign serving the
conceptual and framework system of sustainable tourism (e.g. to inform farmers or
local people about how to start an agro-tourism business)

- compile a specific appeals register for the settlements/sub-regions

- design a leaflet with the most important information for tourists (Slovak example)

88



Katalin Herbaly-Hekli:
THE USE OF LOCAL VALUES FOR TOURISM AND RURAL DEVELOPMENT

- organise and implement a profession-specific tourist cluster or Tourism Destination
Management organisation (to strengthen co-operation).

1. INTRODUCTION

After the change of the political-economic regime, since the 1990s, economic restructuring
and subsequent crisis in agriculture have reduced the economic opportunities of rural
communities. These - mostly negative - changes have limited rural communities’ economic
development options, making former development strategies less viable and forcing them
to look for new ways to sustain themselves. One of the most popular, non-traditional rural
development strategies has been tourism and its associated entrepreneurship/partnership
opportunities because of tourism’s ability to bring in additional money and to generate jobs
and support economic growth. The purpose of this study is to identify and examine those
factors that have helped or could still help rural communities to develop tourism.

This paper also reviews how the principles of sustainable tourism have special relevance to
the development of rural tourism (especially agro tourism), and examines how those
principles can be put into practice. It considers the advantages of this approach and offers
guidelines for future practitioners.

2. MATERIAL PERUSED

2.1 International examples proving the connection between rural development and
rural tourism

Especially during the last decades, many countries considered tourism as a real and
sustainable support for their economic development. Tourism was considered a real
opportunity for Romania as well. Despite this, the contribution of travel and tourism
economy to Romanian GDP varied around 2% in the period of the years between 1997 and
2007. Due to an underdeveloped and neglected road infrastructure, to the lack of financing
sources and to the lack of interest on behalf of local and central authorities for tourism
development, regions otherwise fit for ecotourism and rural tourism - like Maramures -
failed to attract tourist, neither foreign, nor Romanian. The situation improved slowly since
1996, after the decision of the European Community to finance rural development
(including rural tourism) in Romania through PHARE programs and - by the end of 1990s
- through SAPARD programs. (Negrusa-Cosma-Bota, 2007)

Farm recreation simply includes any recreational activity enjoyed by guests for a few hours
or a few days, while staying on a farm or ranch. It was first legally defined in the U.S. by
the Wyoming Department of Public Health as "a ranch/farm facility containing or having
under use agreement 160 acres or more which may for a charge to the public provide
activities for not more than a daily average of 8 persons in any given 30 day period or may
include sleeping facilities in not more than 4 sleeping units along with accompanying
meals. Meals and lodging shall be considered an adjunct to the activities which take place
on the farm and are not available to ‘non-registered guests’. Recreation offered by a farmer
or a rancher is a secondary activity to generate supplemental income. The activities offered
are limited only by the imagination or resources available. These activities help the
farm/ranch recreation industry to fit nicely into the travel industry’s definitions of
adventure travel, ecotourism, heritage or cultural travel and are generally thought of as a
destination vacation. Space, aesthetics, new learning experiences, adventure, and the
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opportunity for recreationists to do their own thing with a rural American family, away
from crowds, are valuable resources and services which can be provided by farmers or
ranchers. For potential guests in stressful jobs, and those wanting to get back to nature,
rural recreation can provide a measure of wellness in today's health-conscious society.”
(Daniels-Powell-Rottman, 2001)

Another useful possibility for developing especially rural tourism - practiced by Slovakia -
is to inform guests about the tourism supply of a settlement/region in printed leaflets (one
side written in the home language and the other in English) with the following contents:
General information

History

Ethnography

Religion

Economy

Transportation infrastructure

Natural features and protected areas

UNESCO cultural and natural heritage sites

Special places of interest (www.vupco.sk)

@ & & & ® & @ @° o

2.2. Area description

We suppose that education - especially higher education - can help in developing rural
areas through rural tourism. Szolnok University College in Hungary represents one of
those institutions that involve students in different research activities and in working out
projects for different applications, related to tourism. The College offers eight first degree
programmes, including Tourism & Catering, Commerce & Marketing and Economic &
Rural Development Management.

The surroundings of the College are typically 'rural’, with the town of Szolnok situated by
the Tisza River at the heart of the Great Hungarian Plain, 100 km east of the capital,
Budapest. From a largely agricultural community in the 18th century, Szolnok, due to its
advantageous location and excellent road and rail links, by now it has developed into a
tourism hub and a thriving commercial centre. The surrounding region is blessed with
remarkable natural endowments: fertile soil, plenty of thermal water and a high number of
sunny hours. Though largely agricultural, with the unique landscape of the Great Plain and
the picturesque Tisza and Zagyva Rivers, it boasts many thermal and medicinal spas
underpinning a growing tourism industry.

Two years ago a research project (with the help of surveys) was conducted with the
participation of our students, with the aim of getting information on the activities and
opinion of the hosts living in settlements our students came from; mostly in the eastern part
of Hungary. (Thus the findings were not representative but gave useful information for
students and for teachers alike about the way of thinking of the participants of the tourism
market, as well.)

2.3. Findings of the research project

This paper highlights only some of the questions that are primarily related to the above-
mentioned aim. The hosts (39 people) were asked whether they could mention some
reasons that made their settlements and its surroundings attractive. Results show that (in
most cases the rural) settlements and their environment (12.7%), the traditions (11.3%) and
the existing tourist centres (10.0%) can be mentioned as the main elements of a desirable
tourist supply. It is obvious that a various range of the natural environment and traditional

90


http://www.vupco.sk

Katalin Herbaly-Hekl:
THE USE OF LOCAL VALUES FOR TOURISM AND RURAL DEVELOPMENT

activities, existing even in our days, could be involved in the tourism supply in the eastern
part of Hungary.

The hosts, who participate in the field of rural tourism, answered that only one-fifth of the
houses were traditional peasants’ homes. 67.7% of the houses have separate entrance but
the kitchens are mostly (57.9%) used together with other guests or with the host family.
They have been asked whether they could provide meals for the guests or not.Table 1.
below shows the results.

Table 1.Types of meals provided by the hosts

Type of the meal (%)
Only breakfast 5.1
Breakfast and dinner 10.3
Breakfast, lunch and dinner 51.3
No meal provided 333
Altogether 100.0

Resource: surveys

It is good to note that about half the hosts can provide full board but we consider a
handicap that one-third of them offer only accommodation. From the point of view of
developing rural areas through rural tourism it is distressing that 93.2% of them purchase
the raw materials necessary for making food and only 6.8% can use their own products for
this service.

Another important expectation of tourism development is the ability to provide guests with
more and more services (Table 2.) As the table below shows, the number of services is
quite good and the tourism values and programmes of the surrounding settlements or
regions are not being involved.

Table2. Types of services provided by the hosts

Type of the service (%)
Telephone 43.6
TV, radio 97.4
Washing machine 56.4
Refrigerator 974
Bedclothes 94.8
Bathing pool 12.8
Garden 76.9
Playground for children 46.1
Other (e.g. (Internet) 25

Resource: surveys

Another important issue is to know the sources of intermediaries from where tourists can
have information on the tourism supply of a region. It seems obvious that getting
information with the help of former guests, friends or relatives was found the most
common. We consider surprising the low level of Internet use as a source of information.
(Figure 1.)
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Resource: surveys
Figure 1. Type of the source of information

We wanted to get some information on the activities that they need help in. We got the list
of the most common answers, like learning about the experiences of others working in the
given field, market research, organising programmes, co-operation with others, etc. The
findings to this question prove the importance of networking and taking part in different
training programmes (like getting the latest information on the legal regulations, best
practices, tenders, etc.) in the future.

2.3. Conclusions

The results clearly demonstrate the importance of the community approach to tourism
development and that rural tourism development and entrepreneurship cannot work
without the participation and collaboration of the different partners (e.g. businesspeople,
local governments, NGO-s, local people) directly and indirectly involved in tourism.

The other aim of this paper is trying to outline the complexity of rural development
processes that specifically relate to the phenomenon of multifunctionality.
Multifunctionality is introduced as a means for visualizing the complex inter-relationships
in rural development processes and to highlight the functional relationships in the use of
local resources such as land, labour, knowledge, traditions and nature.

Conclusions:

- local people were active in giving information about their work and plans

- they need help (e.g. EU support, education) in participating in the tourism market

- there are local values of the settlements that have not been utilized yet but can be
developed into a tourism supply
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- the surroundings (e.g. road infrastructure) of the settlements are very important
- the necessity of developing agro-tourism in rural regions.

3. RECOMMEDATIONS

Drawning on the information from trade literature and the findings of the surveys we can
conclude that it would be advisable to develop agro tourism first. In spite of the favourable
conditions (good soil, the high number of sunny hours, indigenous plants and animals,
traditions of agricultural production and food-processing) agro tourism in Hungary is not
so well-known and developed as in Germany or in the U.S.

We must not forget that agro tourism is a commercial enterprise at a working farm, ranch,
or agricultural plant conducted for the enjoyment of visitors that generates supplemental
income for the owner. It is advisable to develop this form of tourism, because agro tourism
enterprises might offer:

Outdoor recreation (hunting, wildlife study, horseback riding).

Educational experiences (cannery tours, cooking classes).

Entertainment (harvest festivals or barn dances).

Hospitality services (farm stays, guided tours or outfitter services).

On-farm direct sales (u-pick operations or roadside stands).

Thus agro tourism constitutes subset of a larger industry called rural tourism that includes
resorts, off-site farmers’ markets, non-profit agricultural tours, and other leisure and
hospitality businesses that attract visitors to the countryside. (Jolly, 2009)

First of all you have to find out whether the settlement or the region has a list about the
unique tourism values, if not, it is advisable to compile a specific appeals register.

If one would like to enter the agro-tourism market, it is important to know how to get
started from the idea, so an inventory must be taken as a first step:

Check local and state laws

Check insurance rates

Set short and long-term goals

Visit an existing farm, dealing with agro tourism

Draw up a business/marketing plan

Ask for advise (other operators and professionals)

Using your business/marketing plan and with the help of appropriate professionals,
Start your tourism/recreation business. (Daniels, Powell, Rottman, 2001)

Besides this useful advice you cannot avoid marketing and community partnerships in your
region because establishing relationships and cooperative alliances with your community is
a key element of long-term success. You can read the short summary of starting your own
business and building partnerships in your neighbourhood. (Jolly,2009)

* Speak about your project early with neighbours, family, and local businesses. Share
your ideas. Listen to their concerns and feedback. Address any problems early in
the development of the project.

¢ Develop a comfortable level of public presentation. Have a clear focus of your
mission and expected outcomes. Do not let yourself become overburdened by the
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administrative aspects, the rules and procedures of your project. Keep your eye on
the outcomes.

e Speak about your project at association meetings, and other gatherings. Get
feedback and modify your presentation.

e See your shortcomings or weaknesses as future partnerships. Inventory your
community and seek out those who have what you need to complete your goals.
Return the favour.

s Define who shares potential customers with you. Align yourself with other
businesses and attractions and openly discuss potential customers. Develop
exchange promotions and track the source of your leads.

* Be innovative. The greatest achievements happen outside the “system.” Don’t
break laws or burn bridges, just be creative.

e Regarding local ordinances: the government listens to commitments, not
complaints, and so do your neighbours. If you cannot turn a negative situation into
a positive passion, let it go. Work through compliance issues as required by law and
in the spirit of cooperation with surrounding properties and interests.

e Engage any adversaries. Most people simply want to be heard or are afraid of the
unknown impacts. Sit down with them one-on-one and listen. Address the concerns
and do not whitewash them.

» Keep your business plan and marketing plan in the daylight. Make them work for
you. If they are not working for you, then change them. Use your plans to support
your actions and efforts.

Work to foster a sense of community and personal responsibility among citizens.
Manage physical growth of your operation to ensure quality of life for all citizens
affected.

e Work with other businesses to encourage small town character and support of
locally owned businesses.

Build on the agricultural, timber and other resource based assets in the area.
Maintain and enhance historic structures.

The above mentioned activities could serve as the beginnings of organising and
implementing an up-to-date form of co-operation, namely a profession-specific tourist
cluster. This form of the common work can help to use a qualifying and benchmarking
system that is the key element of the good tourism supply. In the framework of each type
of co-operation it is much easier to work out an education material with currently missing
information for the members. If tourism organisations, local communities, individual
experts, NGO-s, local entrepreneurs and residents join the cluster it can work effectively,
taking the common interest of the members into consideration. Another form of co-
operation that can be offered is organising a Tourism Destination Management
organisation.

4. FINAL CONCLUSION

In case of Hungary it is advisable to make use of the local natural-, human resources and
traditions for the development of rural (e.g. agro tourism). Rural tourism is increasingly
viewed as a panacea, increasing the economic viability of marginalised areas, stimulating
social regeneration and improving the living conditions of rural settlements. Less
developed areas, afflicted by debilitating rural poverty, have considerable potential in
attracting tourists in search of new, authentic experiences in areas of unexploited natural
and cultural riches. This paper proves — the above mentioned statement - that the clustering
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of activities and attractions, and the development of rural tourism routes, stimulates co-
operation and partnerships between local people, institutions and mostly the neighbouring
areas. Such meaningful community participation, together with public sector support,
presents opportunities for the development of small-scale indigenous tourism projects in
less developed areas.

We are convinced that this form of tourism — enjoying state or EU support - can at the
same time contribute to the agricultural and rural development of the given
settlement/region. From the point of view of all these activities developing transport
infrastructure has a great importance. So as to implement all the above mentioned
recommendations the following tasks are necessary to do:

- organise an attitude-shaping complex communication campaign serving the
conceptual and framework system of sustainable tourism (e.g. to inform farmers or
local people about how to start an agro-tourism business)

- compile a specific appeals register for the settlements/sub-regions

- design a leaflet with the most important information for tourists (Slovak example)

- work out an education material with currently missing information

- employ a qualifying and benchmarking system

- organise and implement a profession-specific tourist cluster or Tourism Destination
Management organisation (to strengthen co-operation).

This paper also reviews how the principles of sustainable tourism have special relevance to
the development of rural tourism, and examines how those principles can be put into
practice. It considers the advantages of this approach and offers guidelines (using leaflets,
giving advice how to improve infrastructure with the help of external - e.g. EU - funds and
how to start an agro tourism business) for future practitioners.
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ABSTRACT

Pastas made of durum flour are becoming more prevalent also in our country, no eggs are needed
for their preparation. The colour of the pasta produced this way is determined essentially by the
colour of the durum semolina. Also in industrial practices instrumental colour analysis is applied
for the colour qualification of durum semolina.

In our work we examined how the grain size influences the colour characteristics and ash content
of durum wheat grindings. The correspondence between the ash content and the colour
characleristics was also analysed.

Durum semolina from 12 different production units were used for our measurements. The semolina
were produced from the yields of 2007 and 2008. The grindings were separated into different grain-
size fractions by screening. The L*, a* , b* colour coordinates defined in the CIELab colour space
were applied for the colour characterization. The measurements were carried out using a Hunter
Miniscan colour analyser. The data was analysed applying variance analysis and regression
analysis.

On the basis of the obtained results we can establish that the grain size significantly influences
(p<0.05) the L* lightness the a* redness and the b* yellowness coordinate as well as the variation
of the YI yellowness index. When the grain size increases, the L* lightness coordinate decreases.
The difference is the biggest between the means of the 0-160 pm and the 160 um -250 pm fractions
though even in the other cases the difference is at least 1 unit. Hence the bigger grains are darker.
The a* redness coordinate, the b* yellowness coordinate and the YI yellowness index increases
when the grain size increases. On the average the a* coordinate increases by 0.4 unit, the
b*coordinate by 3-4 units while the YI yellowness index by 5 units. Thus the colour of bigger
grains is slightly redder and significantly yellower.

The ash content decreases with the increase of the grain size. The mean ash content varied between
0.7-1.1%. The ash content of the whole grinding is equal to that of the 315 um -500 pm fraction.
The difference between the ash content of the subsequent grain size fractions is 0.1% on the
average.

Also the results have shown that there’s a significant linear correlation between the ash content and
each colour characteristic. (p<0.01).

KEYWORDS: durum grist, colour coordinates, grain size

1. INTRODUCTION

Wheat grindings are one of the most important and most frequently used raw materials. As
for every alimentary product, also for the wheat grindings the colour is an important
parameter, which gives a primary image of it. Especially for the durum wheat pasta, since
they do not contain eggs. This explains the fact that instrumental colour measurements are
applied on durum semolina also in industrial practice. In the literature various research
results report on colour measurements of wheat grindings.
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Oliver et al. (1993) already in 1993 showed during the qualification, that the ash-content
influences the colour of the flours. Further research on this topic Horvath et al. (2004)
proved that flours prepared from harder grain have lower L* coordinate and higher a*
coordinate thus they are darker and have browner tone, besides the L* lightness
coordinate shows good correspondence with the whiteness index of the flours.

Halaszné et al.(1995) proposed a qualification system based on the colour measurements
of durum semolina.

D’egido and Pagani (1997) compared the colour characteristics of pasta made of durum
flours obtained by different grinding procedures.

During the product manufacturing the colour characteristics were mainly used to
determine the appropriate roastedness (Hotti et al, 2000)

Humphries et al. (2004) found a correlation between CIE b* and lutein concentration of
wheat. Konopka et al. (2004) established a relation between the colour characteristics of
the flours and their lipid and colorant content. Gkmen and Senyuva (2006) investigated
the effect of heating on the colour parameters of wheat flour. Laszlo et. al. (2008)
examined effects of ozone, UV and combined ozone/UV treatment on the colour of wheat
flour. Lamsal and Faubion (2009) studied effect of an enzyme preparation on wheat flour
and dough colour and depicted, that enzyme preparation did not improve lightness (L*)
and yellowness (b*) of flour system, but benzoyl peroxide sharply reduced b*.

In our work we examined how the grain size affects the durum semolina’s
instrumentally measured colour characteristics. The correspondence between the colour
characteristics and ash content of the durum semolina was also investigated.

2. MATERIALS AND METHODS
2.1. Examined materials

Durum semolina from 12 different production units were used for our measurements. From
these 5 were form yield of 2007 and 7 form the yield of 2008. The grindings were
separated into different grain-size fractions by screening.
The samples which were of 0-700 pm grain size were divided into the following fractions:
o 0-160 pm
o 160 um — 250 pum

o 250 um-315 pm
o 315 um — 500 um
o above 500 um

500 grams of each sample were separated into the above mentioned grain size fractions
using a screening machine. Consequently colour measurements were performed on each
fraction of the semolina and the whole grinding also.

2.2. Analysis Methods

The colour measurement was carried out using a Hunter Miniscan spectrum based colour-
analyzer.
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For the colour characterization we applied the CIELab colour-system that is described in
figure | For the colour description the L* lightness-, the a* redness-, the b* yellowness
coordinates and the Y1 yellowness index were applied (Hunter, 1987).

L,a,b Color Solid

L= 100

Figure 1. The CIELab colour-space

The determination of the ash content was carried out following the MSZ 6369/3-87
standard (Flour analysis methods, Ash- and Sand-Content Determination).

The data was evaluated by regression analysis and variance analysis. The calculations were
performed with the help of the STATISTICA 7.0 software.

3. RESULTS AND DISCUSSION

3.1. Influence of the grain size on the colour characteristics

To establish weather the grain size influences the colour-characteristics one-way analysis
of variance (ANOVA) was performed. The result of the Bartlett and Cochran-probe
confirmed the homogeneity of the variances, the Shapiro-Wilk test was applied to control
the normality.

Table | shows the results of the variance analysis.

The significance-level values in the table suggest that the grain size has significant effect
on the value of the L*, a*, b* colour coordinates and that of the YI yellowness index.

Table 1. Results of the variance analysis performed to determine the colour characteristics of the
different grain-size fractions

Cha(a?:c::)el:'li.stic F -value Significance level
&y 88.25 0.0001
a* 264.5 0.0001
b* 160.6 0.0001
Yi 173.2 0.0001
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In figure 2 and 3 mean values of the colour-characteristics measured on the different grain-
size fractions with the confidence interval of 95% reliability are shown.
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Figure 3. Effect of grain size on the b* colour coordinate and the YI colour index (mean values with the
confidence interval of 95% reliability)

In figure 2 it can be observed that the L* lightness coordinate decreases with the increase
of the grain size. The difference is the most significant between the mean of the 0-160um
and that of the 160 um -250 um fractions, although the difference is at least 1 unit also in
the other cases. Thus the bigger grains are darker.
Figures 2 and 3 show that the a* redness and the b* yellowness coordinate and the YI
yellowness index increases with the increasing grain size. On the average the a* coordinate
increases by 0.5 unit, the b* coordinate by 3-4 units and the YI yellowness index by 5
units. That is to say that the colour of the bigger grains is slightly redder and yellower.
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3.2.Variation of the ash content of different grain sized semolinas

The influence of the grain size on the ash content was valued using a one-way variance
analysis. Table 2 contains the results of the evaluation. The significance value of the table
shows that the grain size significantly influences the ash content. For a detailed analysis we
can see the mean ash content values of each fraction of the different samples, with the
confidence interval of 95% reliability.

Table 2. Results of the variance analysis performed to evaluate the ash content of the different grain size
Jfractions

F —value Significance level
Ash content 35.73 0.0001
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Figure 4. Effect of grain size on the ash content (mean values with the confidence interval of 95%
reliability)

Figure 4. shows that the ash content decreases when the grain size increases. The mean ash
content varied from 0.7% to 1.1%. The ash content of the whole grinding is equal to that of
the 315um-500um fraction. The difference between the ash content of the subsequent grain
size fractions is of 0.1%.

3.3. The relationship between the colour characteristics and the ash content

We examined weather there is a connexion between the ash content of the semolinas and
the single colour characteristics.
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Figure 5. The L* lightness coordinate in function of the ash content

In figure 5 we can see the L* lightness coordinate measured in function of the ash content.
In the figure the equation of the regression line and the determination coefficient is
presented.

We can establish that there is a significant linear correlation between the ash content and
the L* lightness coordinate (p<0.01). The L* lightness coordinate increases when the ash
content increases, so the semolina with higher ash content are lighter.

In figure 6. we can observe the a* redness coordinate measured on the different samples in
function of the ash content. In the figure the equation of the regression line and the
determination coefficient is presented.
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Figure 6. The a* redness coordinate in function of the ash-content

We can establish that there is a significant linear correlation between the ash content and
the a* redness coordinate (p<0.01). When the ash content increases the a* redness
coordinate decreases thus the semolina with higher ash content are less red toned. In figure
7. we can observe the b* coordinates measured on the different samples in function of the
ash content. In the figure the equation of the regression line and the determination
coefficient is presented. We can establish that there is a significant linear correlation
between the ash content and the b* yellowness coordinate (p<0.01). The b* yellowness
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coordinate decreases with the increase of the ash content, consequently the semolina with
higher ash content are less yellow.
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Figure 7. The b* yellowness coordinate in function of the ash content

In figure 8 we can observe the YI yellowness index measured on the different samples in
function of the ash content. In the figure the equation of the regression line and the
determination coefficient is presented.
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Figure 8. The YI yellowness index in function of the ash content

We can establish that there is a significant linear correlation between the ash content and
the Y1 yellowness index similar to the one between the ash content and the yellowness
coordinate (p<0.01). With the increase of the ash content the YI yellowness index
decreases accordingly the semolina with higher ash content are less yellow.
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4. CONCLUSIONS

In the pursuance of our investigations we analysed the instrumentally measured colour
coordinates and ash content of the different grain size fractions of 12 durum semolina
samples. On the basis of the statistical analysis we found the following.

e The grain size significantly influences the L* lightness the a* redness and the b*

yellowness coordinate as well as the Y1 yellowness index.

e The ash content is lower when the grain size is smaller. The mean ash content

varied between 0.7% and 1.1%. The ash content of the whole grinding is equal to

that of the 315 pm -500 prm grain size fraction. The average difference between the
ash content of the subsequent grain size fractions is of 0.1%.

e There’s a significant correlation between the ash content and every single colour

coordinate.
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ABSTRACT

A food safety assurance program often used by the food processing industry is the Hazard Analysis
Critical Control Point (HACCP) system with the goal to identify the major risks in the food chain
to identify the critical control points. Most agree that comprehensive risk assessment is increasingly
important for success (or even survival) of an entity, but how to go about it systematically is open
to debate. Through audit, regulators can look at records of what has been happening within the food
business, a day-to-day history of compliance. and not just the “snapshot in time” of current
inspection methods. This method gives regulators and the community increased confidence that
food safety is being maintained by food businesses on a continuing basis.

To help the implementation and improvement of an adequate food safety management system the
paper synthetize the role of the audit process in the risk management, propose some criteria’s
which can be used in the preparation of the audit process and illustrate the application of the
proposed criteria’s and principles with a food safety audit checklist.

1. INTRODUCTION

The most effective food safety management systems are established, operated and updated
within the framework of a structured management system and incorporated into the overall
management activities of the organization.

Part of the problem is the difficulty of identification and measurement of the threats or
risks. For example, quantifying past events is relatively easy compared to quantifying
threats to expected future events. Threats are possibilities, and at any point in time there
are many possibilities (and combinations of possibilities) leading to problems in assessing
and reporting on ranges of possible outcomes.

A second problem is risks can change rapidly and possible changes must be identified
before they can be measured. Third, threats can’t be fully evaluated even after the passage
of time because some don’t materialize and others arise but are prevented or mitigated by
control activities. Finally, there is no natural measurement process and point in time for
risk measurement as there is in measuring a sale, the purchase of an asset, or incurrence of
liability or expense. By its nature, risk involves more than one possible real-wold condition
or event that has occurred or might occur in the future. Thus, numbers, categories, or labels
to represent risk assessments are different from business process measures of a single
condition at a point in time. This means that there is no single answer that can be
determined to be correct in measuring or auditing risk assessments. There is inherently
more uncertainty in auditing risk assessments than auditing the current cash or inventory
balance. The multiple possibilities for joint occurrence of risks greatly complicate
measurement of and auditing risk assessments and processes. Furthermore, the evaluation
of risk management performance is hindered by the difficulty of determining whether
occurrence of an undesired event is due to bad event identification, bad risk assessment,
bad information, bad modeling, bad strategy or bad implementation.
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2. PERFORMANT RISK MANAGEMENT AND THE AUDIT

Determination of business objectives and strategies to achieve them is beyond the scope of
risk management. However, assessments of all potentially serious risks inherent in
strategies and business processes must be part of internal or external control (ensured by
internal or external audits) and are essential for evaluating the relevance and reliability of
information and its context.
In developing a comprehensive evaluation method, business risks can be classified in many
ways. One useful way may be:
a) External Environment Risks: threats from broad factors external to the business
including substitute products, catastrophic hazard loss, and changes in customers’ tastes
and preferences, competitors, political environment, laws/regulations, and capital and labor
availability.
The external environmental category includes longer-term factors external to the firm that
are largely beyond management’s control.
Catastrophic natural events (sometimes called hazard risks) are not controllable by
management, yet management can limit the enterprise’s exposure to their effects.
Similarly, management can influence environmental change to some degree through
research and development of technology, advertising, and lobbying of governments.
b) Business Process and Asset Loss Risks: threats from ineffective or inefficient business
processes for acquiring, financing, transforming, and marketing goods and services, and
threats of loss of firm assets including its reputation.
¢) Information Risks: threats from poor-quality information for decision-making within
the business (the risk of being misinformed about real-world conditions due to using
measurement methods that are not relevant, from careless or biased application of
measurement methods or their display, or from incomplete information).
Information risk also applies to the risk of providing erroneous or misleading information
to outsiders.
Risk management may be defined as a process, implemented by an entity’s board of
directors, management, and other personnel, comprising internal controls applied in
strategy and across the enterprise, designed to provide reasonable assurance regarding the
achievement of objectives in the following categories:

« Effectiveness and efficiency of operations and processes;

* Reliability of financial reporting;

« Compliance with applicable laws and regulations.
The audit process outlines the role and responsibilities of food safety auditors and
describes an audit methodology based on international standards. Models have been
developed for determining appropriate audit frequencies, for reporting nonconformance
and for moving within audit frequency ranges.
The management systems are based on international standards and involves the
development of policies and procedures to ensure the integrity of the audit system. It
covers areas relating to auditing personnel, conflict of interest and commercial
confidentiality.
The author considers auditing basic role with regard to risk management is to provide
objective assurance to the board on the effectiveness of an organization's activities to help
ensure key business risks and the above presented objectives are being managed
appropriately and that the system of internal control is operating effectively.
Audit functions (AF) in the risk management and management decisions are illustrated in
Figure. 1.
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Fig 1. Audit Functions (AF) in the risk management and management decisions

To achieve these audit functions it may be useful to apply some recommendations and
criteria’s in the risk management and auditing process.

3. THE PROPOSED RECOMMENDATIONS AND CRITERIA’S. EXAMPLE

All food production procedures involve risk. All operations require decisions that include
risk assessment as well as risk management. Supervisors in food production from the farm
to the fork, along with every individual, are responsible for identifying potential risk and
adjusting or compensating appropriately. Risk should be identified using disciplined,
organized, and logical thought-processes that ensure the best food safety and security
possible.

Good risk management from the farm to retail can provide many benefits to overall food
safety and security, for this it recommended to taking account of the following proposed
risk management recommendations (R):

R1. Accept no unnecessary risk. Unnecessary risk comes without a commensurate return in
terms of real benefits or available opportunities;

R2. Make Risk Decisions at the Appropriate Level. Making risk decisions at the
appropriate level establishes clear accountability. Those accountable for the success or
failure of the product must be included in the risk decision process;

R3. Accept Risk When Benefits Outweigh the costs. All identified benefits should be
compared to all identified costs;

R4. Integrate the risk management into Planning at all Levels; to effectively apply the risk
management, managers must dedicate time and resources to incorporate the risk
management principles into the planning processes. The making of important risk
decisions should be preplanned whenever possible.
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The implementation of an efficient risk management should be made in several steps,
which may be:

1) Identify the hazards;

2) Asses the risk;

3) Analyze risk control measures

4) Make control decisions;

5) Implement risk controls;

6) Supervise and review.

Taking account to the above presented aspects the risk management may be defined as:
Analyze food safety and security risks and implement risk control decisions (steps 3, 4 and
5). It is recommended to conduct a risk assessment after controls are in place to ensure
risks are reduced.

Due of this specific activity’s we can synthesize the role of the audit process in the risk
management as follows:

1) Auditing basic roles in regard to the risk management:
» Giving assurance on risk management processes;
» Giving assurance that risks are correctly evaluated;
» Evaluating risk management processes;
» Evaluating the reporting of key risks;
* Reviewing the management of key risks.

2) Legitimate internal auditing roles with safeguards:
« Facilitating identification and evaluation of risks;
* Coaching management in responding to risks:
» Coordinating risk management activities;
« Consolidating the reporting on risks;
» Maintaining and developing the risk management framework;
* Developing risk management strategy for board approval

3) Roles which auditing should not undertake:
« Setting the risk appetite;
« Imposing risk management processes;
* Management assurance on risks;
« Taking decisions on risk responses;
» Implementing risk responses on management's behalf;
* Accountability for risk management.

The audit process must be prepared in time and the obtained results must be documented.
In the first phase it is recommended to make a check list with questions which must be
answered by the audited part during the audit.

The second phase of the audit is the preparation of the audit report by the audit team taking
account to the used check list and the obtained responses.

The audit check list should be prepared by the auditors, based on specific audit criteria’s.
In opinion of the author in the food safety management system’s auditing these basically
auditing criteria’s may be the following (Table 1):
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Table 1. Food safety management system’s auditing criteria’s

1) Existing of a food safety team; 8) Corrective actions (principle 5)

2) Product description and identification; | 9) Verification procedures (principle 6)
3) Flow diagrams; 10) Record keeping (principle 7)

4) Hazard analysis (principle 1) 11) Measurement equipment status

5) Critical control points (principle 2) 12) God hygiene practice

6) Critical limits (principle 3) 13) Documentation system

7) Monitoring procedures (principle 4) 14) Trainings

Using these proposed criteria’s we can establish questions for each auditing criteria and
realize an audit check list with the structure proposed in Table 2:

Table 2. Food safety audit check list structure

Audited by: Date of Audit:

Criteria * / Requirement: Results:

Food Safety TEAM
Has a Food Safety co-ordinator been appointed?

PRODUCT DESCRIPTION
Has a product description/product specification been
prepared for each product?

FLOW DIAGRAM
Has a flow diagram been prepared for each product (Y/N)

PRINCIPLE 1 - HAZARD ANALYSIS
Have all reasonable biological, chemical or physical
hazards been identified at each step?

PRINCIPLE 2 - CRITICAL CONTROL POINTS
Have the Critical Control Points for each significant hazard
been identified and transferred to the Hazard Audit Table?

PRINCIPLE 3 - CRITICAL LIMITS
Have Critical Limits been established for each Critical
Control Point?

PRINCIPLE 4 - MONITORING PROCEDURES
Do the monitoring procedures specify what, when, how,
where and who?

PRINCIPLE 5 - CORRECTIVE ACTION
Do the corrective actions ensure that the critical control
point is brought under control?

PRINCIPLE 6 - VERIFICATION PROCEDURES
Do the verification activities demonstrate that the Critical
Control Points are under control?

PRINCIPLE 7 - RECORD KEEPING
Have records been maintained for all momitoring
procedures?

MEASUREMENT EQUIPMENT STATUS
Are there documented procedures for calibration?

GOOD HYGIENE PRACTICES (GHP)
Are personal hygiene procedures practiced / monitored?

DOCUMENTATION
Is the Food Safety Program Manual and relevant forms and
procedures up-to-date?

TRAINING
Is there a training plan to provide identified training needs?
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4. CONCLUSIONS

A food safety program is based on the Hazard Analysis and Critical Control Point
(HACCP) principles and is a documented program that systematically identifies critical
points in food handling operations that, if not controlled, may lead to preparation of unsafe
food. Food Safety Programs are based on requirements imposed by standard. The standard
requires documenting and implementing a food safety program based on the seven basic
HACCP principles.

Through audit, regulators can look at records of what has been happening within the food
business. This method gives regulators and the community increased confidence that food
safety is being maintained by food businesses on a continuing basis.

To help the implementation and improvement of an adequate food safety management
system the paper synthesize the role of the audit process in the risk management, propose
some criteria’s which can be used in the preparation of the audit process and illustrate the
application of the proposed criteria’s and principles with a food safety audit checklist.
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ABSTRACT

The present paper shows a few solutions of increasing the efficiency of water supply systems, by
reducing the electrical energy consumption, which should also be correlated with the implications
of the investment and exploitation costs, the extent of used surfaces, the volume and the quality of
the built surfaces, taking into account that both the equipments and the surfaces built need a lot of
energy for their construction.

1. INTRODUCTION

Each m’ of water insured for the consumption includes a huge quantity of electrical energy
necessary for the transportation, treatment, distribution, different internal technological
processes of the water supply system. [1,2].
The practice in water supply systems shows that for 1.000 m’ of treated water and
delivered for human consumption are used 60 up to 600 kW. The very large limits of the
interval mentioned (1 to 10) show the huge availabilities existent in the projection of water
supply systems, regarding the insurance of a minimum of electrical energy consumption.
Finally, the electrical energy expenditure depends on the specific character of the area, the
specific character of the water supply source, the treatment technology used, the means by
which the water is transported to the consumer.
Next we will show some solutions which should be taken into consideration in establishing
the projecting the water supply system stages in order to obtain a minimum of energy
consumption.
The solutions will be displayed in the following stages:

» The elaboration of the water supply system scheme, according to the character of the

area and the source;

» The implementation of some treatment technologies with low energy expenditure;

» Bad water management to the consumer.

2. THE ELABORATION OF WATER SUPPLY SYSTEM SCHEME

It is known the fact that huge quantities of electrical energy, used in water supply systems,
are spent during the pumping phases. g

In this way, when the consumption — per system is around 500 - 600 kW/1.000 m” of
delivered water, approx. 200 - 300 kW/1 000 m’ are used for the treatment station, the rest
are used for the pumping. If we take into consideration that in a treatment station, the
consumption is due to pumping (reagents pumping, water for washing, etc.), we realize
that in a water supply system the energy consumption used for pumping is substantial. On
the other hand, there are certain water supply systems, having as sources storage basins, for
which the energy consumption has reached 50-60 kW/1.000 m’ for the water delivered to
human consumption. Hence the huge energetic advantage the complex water arrangement
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presents, with all the storage basins and their use as water supply source. Besides other
pumping phases, there are also other advantages:
» Increasing the degree of insuring the discharge;
» The possibility of employing a more sophisticated treatment scheme;
» A simpler exploitation.
The storage basins — used as a water supply source — have a well established
character from this point of view.

3. THE IMPLEMENTATION OF SOME TREATMENT TECHNOLOGIES WITH
LOW ENERGY EXPENDITURE

The water treatment problem is directly connected with the quality of surface or
underground waters, from which sampling is taken. The better the quality of water (I class
category, according to STAS 4706-74), the easier the treatment, thus the electrical energy
consumption is lower.

For lower quality waters category, the treatment is more difficult (in many stages) and,
therefore the energy consumption is higher. Maintaining a correspondent water quality is a
desideratum wished by water management authorities, through the measures of
intensifying the rhythm of achieving and operating the waste water treatment plants, water
coming form industrial sources and urban zones.

Without going too much into detail we will try to illustrate a few ways, which introduced
into today’s projecting technology, could lead to direct and indirect methods of saving the
energy.

Such a method would consist in using some materials or treatment reagents, which have
similar proprieties or which allow appreciable reductions of the classical materials and
reagents.

These would be:

» Coarse sand — secondary product from the exploitation of some cyanide deposits,
instead of classic quartz sand;

» The use of some adjuvant polyacrylamides type ( med sol produced by ICPAO -
Medias or "Petru Poni" — lagi), which used in very small quantities — 0,1+ 0,3 mg/l -
allow reductions of coagulation reagents doses (aluminum sulfate) of the order of ten
mg/l;

» The use of some substances with superior treating proprieties as the ozone, powder
or granulated activated charcoal, which allow being used as sources of water supply
and natural waters with a high degree of pollution. Although the substances
mentioned above entail electric energy consumption, sometimes — even substantial,
the total energetic balance can be in their favor, especially in the areas where there is
no other source of water.

Another method of reducing the electrical energy consumption in treatment plants consists
in adopting some treatment technologies or methods of exploiting appropriate for the final
purpose, for example:

» The use of suspension decanters by the recirculation of the suspension layer with
the help of some hydro-ejectors with reduced load loss (ICPGA or ICB type); this
installation type concentrates the mix, reaction and clearing in a sole installation,
eliminating the rapid or slow propeller stirrer necessary in usual situations;
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» Providing a decanter by-pass pipe and treating the water directly through filters; it
can be applied almost all year round, for many water streams in our country; in this
way the coagulation reagents consumption are reduced, thus indirect energetic
savings are achieved;

» The use of technologies which involve stages of biological treatment, able to

replace the stages of high energetic consumption (ozonization, ultra-violet treatment
etc.)

4. JUDICIOUS MANAGEMENT OF WATER FOR CONSUMPTION

This is considered to be the area in which there’s a need to insist on a change of
mentality regarding the way water is perceived. Water must be considered a raw
resource that includes a large quantity of energy and that must be managed with the
same care the other energy-rich raw materials are managed with: iron, wood, cement
etc. [3,6,7.9]

The following are needed to this end:

» Improvements to the way reinforcements, sanitary installations and water distribution
networks are built, in order to reduce water loss; presently, in some cities or farms,
the loss percentage is as high as 20 + 25%, and even higher in some cases;

» On industrial plants and agricultural and zoo-technical centers a large scale
implementation of not only recirculation, but methods of successive use of water,
starting with the technological processes that are more demanding with regard to
water quality and on to the technological processes that have less rigorous water
quality limits.

Maybe, in a not so distant future, modifying the industrial technological processes in order
to reduce water consumption on one hand and the pollution level in waste water on the
other — in other words, developing “Dry technologies™ for different technological processes
— will also become a subject of discussion.

In this way, the effect will be more complex, resulting in direct energy savings as well as
indirect savings, by protecting the quality of the water sources that will be assumed by the
consumers downriver.

5. MEANS OF REDUCING ELECTRICAL ENERGY CONSUMPTION

In order to use electrical energy more efficiently, there are methods that can be
applied in the design phase of a water supply system as well as in the case of already
operating targets [1,5,7,8,9].

The main means for reducing electrical energy consumption are:

» Choosing the unit power and number in such way as to avoid a close ratio between
the unit powers and the total electrical power absorbed by the water supply system;
otherwise an over-sizing of the electrical energy supply system occurs in order to
provide enough energy for starting the electrical engines, an over-sizing that leads to
additional electrical energy loss; also, the units that function simultaneously musts
me established in a precise manner;
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Choosing the adequate electrical tension (0,4 or 6 kV) for the pumping mechanisms
engines (the 160-315KW range permits options), in relation to the total power
absorbed by the target system, taking into account that higher tensions lead to less
energy losses in the energy transport system, at the same level of power
consumption;

Using the variable rotation speed of the pumping mechanisms, in the water supply
systems that don’t have buffer-accumulations;

Placing electrical energy delivery and distribution facilities (including substations) in
the load centers of the energy consumers; the number and size of the distribution
points is also correlated to these load centers;

Using local reactive energy compensation systems (improving the power factor;
Establishing technological measurements in the water supply system in such way as
to reduce — or even eliminate — electrical energy consumption, at peak load times in
the power system, when the quality parameters of the supplied electrical energy are
low, due to strain;

Partial or total automation of the technological processes involved in water supply;
Adequate training for the staff handling the exploitation of the water supply system;
Eliminating water losses within the water supply system, including consumer
premises.

The means for reducing electrical energy consumption must be correlated to the effects on
investment and exploitation costs, extent of used surfaces, the volume and quality of the
constructions, taking into account that the equipments as well as the constructed buildings
involve consumption of energy.
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ABSTRACT

The production of poultry meat of the world rises dynamically with 3-4 per cent annually. The
reason of this fact is the growth of population and the changing of the customers’ habit. It is
because of the fact that in the relatively affordable price of poultry meat on the other hand in the
changes in the society. Manual cut techniques already are not able to fulfil the requirements at the
higher market demands. In the 1980s the volume of poultry cuts has grown considerably due to the
development of automatic cutting machines.

In our essay we compared the manual tapered cut and the STORK ACM MX NT cut up system.
The aim was to focus on the conformation of main products, parallel products and the wastage of
cut.

1. INTRODUCTION

In recent years the demand for cut meat products of all poultry species has increased
sharply due to the change of consumer needs and attitudes. This significant trend has
occurred both in the export product choice and the domestic demand.

The productivity of the portioning lines - due to the fact that manual slicing was the
exclusively applied method - was very small until the beginning of the 1980s. The
introduction of mechanical slicing allowed us to meet the domestic and export demand for
cut meat products. Today, cut meat products are a significant proportion of the product
structure at the majority of poultry processing plants.

By slicing we generally mean the separation of the poultry into anatomical body parts (leg,
breast, etc.). The exclusive application of manual operations is rather tiring, long and hard
physical work, therefore its mechanization has become necessary in recent years.
Nowadays, up-to-date machines, equipment, even complete lines are used by the industry
for slicing different kinds of meat but mostly poultry.

During our experiments we compared two slicing techniques or technologies with regard to
the economic yield of the principal products mostly, and at the same time we evaluated the
quantitative development of the resulting parallel products, too.

2. MATERIALS AND METHODS

During our experiments we compared the principal and parallel product yield of poultries
sliced with a traditional manual technology plus a cone line feeder and by a STORK
(Dutch) ACM MX NT portioning equipment. We certainly examined the development of
the resulting losses as well.

We made the measurements on Ross 208 type poultry species belonging to the three weight
classes most frequently needed by consumers: poultries of 1200, 1300 and 1400 g. We
used variation analysis statistical method to examine the effect of the slicing method on the
yield. We made the calculations using the ANOVA menu item of the Statistica 8.0
programme suite. On Fig. 1., 2., 3. and 4. we show in grams the mean values of yield for
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the leg, breast, wing and backs body parts of poultries with 1200-1400 g grill weight, and
with significant difference values belonging to the significance level p=0.005. On Fig. 5., 6.
and 7. we show the yield percentage of the same body parts for the two slicing methods in
terms of the grill weight.

3. RESULTS AND DISCUSSION

We used the variation analysis statistical method to examine the effect of the slicing
method on yield. We made the calculations using the ANOVA menu item of the Statistica
8.0 programme suite. On Fig. 1., 3., 5. and 7. - for the detailed examination of the variation
analysis results - we show in grams the mean values of yield for the leg, breast, wing and
backs body parts of poultries with 1200-1400 g grill weight, and with significant difference
values belonging to the significance level p=0.005. On Fig. 2., 4., 6. and 8. we show the
yield percentage of the same body parts for the two slicing methods in terms of the grill

weight.
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Fig. 1. The effect of the slicing method on the leg mass yield

Fig. 1. shows that with mechanical slicing we obtained a leg mass with plus 13 grams on
average, however, according to the results of the variation analysis this difference is not
significant (p=0.13). The same is true for the leg mass yield expressed as a percentage (Fig.
2)).
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Fig. 2. The effect of the slicing method on the leg mass yield percentage
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Fig. 3. The effect of the slicing method on the breast mass yield
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Fig. 4. The effect of the slicing method on the breast mass yield percentage

The results on Fig. 3. and 4. show that the mechanical slicing method produces a breast
yield that is significantly smaller, with 30 grams (2.5%) on average, in comparison to
manual slicing.

MASS OF WINGS (g)
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METHODS OF CUT

Fig. 5. The effect of the slicing method on the wing mass yield
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WINGS %
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Fig. 6. The effect of the slicing method on the wing mass yield percentage

Fig. 5. and 6. show that the wing mass yield is not affected by the slicing method. There is
no significant difference between the average values of wing mass obtained using the two
methods.

On Fig. 7. 8. we can see the comparison of the backs yield obtained by the manual and the
mechanical technology.
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Fig. 7. The effect of the slicing method on the backs mass yield
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Fig. 8. The effect of the slicing method on the backs mass yield percentage
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The result of the variation analysis shows that the backs yield is significantly greater with
the mechanical slicing method than with the manual one. We obtained a backs mass yield
that was greater, with 40 grams or 3% on average, when we applied the mechanical slicing
method.

The backs mass surplus we had with mechanical slicing was parallel to the breast mass
shortage we had with the same method.

We examined in detail the effect of the manual and mechanical slicing on yield establishing
grill weight categories. Fig. 9.-10. show the effect of the slicing method on the mass yield
percentage of the different body parts for chickens of 1200, 1300 and 1400 g grill weight
by weight category.
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Fig. 9. The effect of the slicing method on the leg mass yield by grill weight category
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Fig. 10. The effect of the slicing method on the leg mass yield percentage by grill weight category

Fig. 8. and 9. show that in case of the 1220 g grill weight, mechanical slicing produces a
significantly greater leg mass yield, plus 20 grams or 1,5%, than manual slicing. There is
no significant difference of the leg mass yield in case of the bigger, 1300 and 1400 g grill
weight categories with regard to the slicing method.
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Fig. 11. The effect of the slicing method on the breast mass yield by grill weight category
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Fig. 12. The effect of the slicing method on the wing mass yield percentage by grill weight category

Fig. 11. and 12. indicate that the breast mass yield is significantly smaller with mechanical

slicing than with the manual method in all three grill weight categories.

We can also see

that with the same slicing method (manual or mechanical) the breast mass yield is
significantly greater in the bigger grill weight categories.
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13. The effect of the slicing method on the wing mass yield by grill weight category
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Fig. 14. The effect of the slicing method on the wing mass yield by grill weight category

Iig. 13. and 14. show that the siicing method has no signiticant effect on the wing yield at

any of the grill weight categories.
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Fig. 15. The effect of the slicing method on the backs yield by grill weight category
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Fig. 15. The effect of the slicing method on the backs yield percentage by grill weight category
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The results of the variation analysis show that (Fig. 15., 16.) mechanical slicing produces a
significantly greater backs yield at all grill weight categories.

4. CONCLUSION

In conclusion, we can say that the variation analysis showed us that - with respect to the
method of slicing - we can obtain a greater leg yield percentage if we apply mechanical
slicing. Unfortunately, however, in case of the breast part we have to make an opposite
finding: according to this, mechanical slicing produced a significantly smaller breast yield
percentage. It is probable that in this case the quantity missing from the breast was cut to
the backs part by the slicing machine, which can mean a significant loss to the processing
plant due to its lower price.

In this case it is probable that the machine has adjusting problems, which has to be
corrected by the technicians by all means. Anyway, this slicing problem occurred in all
three weight categories.
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ABSTRACT

After our joining to EU the sustainable agricultural development, increasing the rate of renewable
energy sources have become an actual economical problem. In the present economical
environments the private sector from own sources can not solve in its complexity the environment
protection and energetic problems.

We made different tests on renewable energy in frame of some project at Szolnok University
College. In this paper we deal with the biomass, but also the biogas and biodiesel also because
producing and utilization of biogas and biodiesel as energy source helps realization of strategic
purpose and objects in the energy policy and the environment policy, too. Actually, our
environmental obligations and supported tasks of renewable energy production came into view
after our joining to the EU. In the European Union the share of renewable energy must reach 20 %
till 2020. So we have to take advantage of prospects more and more in the renewable energy.

This paper introduces the realization and application of an energetically-based producing and
utilizing model of renewable energy systems. The solution is realized in experimental conditions in
scientific researches of bio-energy engineering processes. The European Union focuses on the
promotion of renewable energy sources through its energy policy. In Hungary the total quantity of
biomass is ~350-360 Mt which ~105-110 Mt reproduce annually. The biggest biomass producer is
the agriculture that produces ~50-60 Mt a year. The quantity of biomass used for energetic
purposes in form of biogas and biodiesel in internal combustion engines. Actually. the idea of the
bio-fuels is as old as the engine itself.

1. INTRODUCTION

Application of renewable energy resources is both a need and a possibility in Hungary. It is
necessary to find the most suitable solution in terms of environment protection, energy
policy, agricultural, EU integration and national economic perspectives in order to
decrease the overuse of fossil energies and Hungary's import dependence. Such a solution
could be — together with increasing the energy’s economy and efficiency — to increase the
use of renewable energies. Our country has excellent agro-ecologic capabilities for
producing biomass for energetic purposes.

2. EFFECTS OF BIOGAS OPERATION

In the surroundings of the biogas-works — that will be established — the available biomass
potential can be more or less various and differing composition in the works. This fact also
justifies that it is necessary to make increased scales experiments represented work
conditions for to determination the optimal work technological parameters and recipes in
every case. So there is a real demand of market to develop an instrument which is closer to
work conditions, mobile, suitable to make representative, comparative experiments. In the
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frame of an R&D project (EA_KFI_07-bioreakt) we worked the technical requirements of
mobile bioreactor and measuring system development for technological experiments of
biogas production on the spot.

We made emission tests on 24.6 kW power, 4 cylinder Wiscon Total TM27 type gas
engine at Budapest University of Technology and Economics Department of Energy
Engineering with biogases. Biogas was produced at Szolnok University College by a such
instrument which is closer to work conditions, can be installed on the spot of the biogas
plants, is suitable to make representative, comparative experiments with available sort of
biomass.

In Figure I it can be seen that in case of A >1.1 air access coefficients the cooling effect of
the surplus air results lower NO, emission, however, NO, formation depends on the
temperature. The engine operation with increasing carbon-dioxide content of gas mixture —
by reason of drawing-off of combustion and cooling effect of carbon-dioxide — results
further decreasing.
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Figure 1. NO, emission [Meggyes — Nagy, 2009/

With increasing of carbon-dioxide rate of the applied energy-carrier, the circumstances of
the combustion are getting worse which result increasing CO emission and higher quantity
of unburnt hydro-carbons. Figure 2 illustrates the CO emission plotted against the air
access coefficient. In case of A <1.0 air access coefficients CO emission increases by leaps
and bounds, which can be explained by the increase of adiabatic flame temperature and
production of getting rich mixture. However, in range of A=1.1-1.4 air access coefficients
CO emissions — independently of carbon-dioxide content of gas mixture-stabilized on
lower values. In the case of A >1.4 air access factors the dragging-on of combustion results
increasing CO emission. In terms of CO emission, unambiguously, it can be determined
that the traditional gas engine is operated with gas mixture with low methane content, there
is no effect on CO emission if the gas engine operates permanently in range of A=1.1-14 air
access factors.
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Figure 2. CO emission [Meggyes — Nagy, 2009]

Measuring of the methane content in the exhaust gas can give points of reference on the
goodness of combustion process. Increasing the air absence and dragging-on of the
combustion result similar tendencies considering the unburned hydrocarbons emission, too.
In Figure 3 it can be discovered that considering the incombustible hydrocarbon content of
the exhausted gases there is no significant deviation present between the operation of
natural gas and gas mixtures with a higher carbon-monoxide content in the range of 2=1.2-
1.4 air access coefficient. The operation with low methane content of gas mixtures does not
influence CO emission in the range of 2=1.1-1.4 air access coefficient.
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Figure 3. THC emission {Meggyes — Nagy, 2009/

3. EFFECTS OF BIODIESEL OPERATION

We had another project (NKFP4-063/2004) so we could test 10 types of vegetable oils
which are suitable for use as diesel engine fuels. Application of mixtures of vegetable oils
as fuels in the internal combustion engine resulted different power and torque values than
diesel oil, it can be explained with different heat values and viscosity, cetane number of
vegetable oils.
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Nowadays we investigated emission components used with as well 5 kinds of sunflower
oils mixed with diesel oil, and 4 kinds of rape oils mixed with diesel oil and RME. Our
tests were performed by taking into account the requirements of EU 49 standards with
PERKINS 1104C engine type at Szolnok College. In the course of our we established the
amount of CO, HC, NO,, CO; and O, components of exhaust gases and determined the
rate of smoking too.

Our measuring system realized the certification cycle which contain operating conditions
like speed (idle speed, maximum torque speed, maximum power speed), load (10, 25, 50,
75, 100 %) and load factors. R49 regulation requires a thirteen-step engine brake bench test
in steady operation. The emissions are measured step by step, and they are registered as a
specific mass emission (g/kWh) per performance. The issue is an average number that is
calculated per polluting components and also per operation modes. Among the thirteen
measuring points (operation modes) the sixth and the eights measuring points are high load
working points. This means high average exhaust temperature.

After the emission tests it was stated that among the 5 kinds of sunflower oil mixed with
diesel oil the effect of 4kinds of fuel fell back by 6.93 %-24.94 % compared to the CO
value of diesel oil (Figure 4).
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Figure 4. CO emission values [Farkas, 2009/

Among 4 kinds of rape oil mixed with diesel oil we noticed substantial falling (65 % and
39.61 %) in two cases and rising (9.52 % and 4.56 % twice). The pure RME showed 26.42
% less CO emission the mixed fuel containing 10 % RME decreased by 73.57 %.

CH emissions of all the vegetable oil-diesel oil mixed fuel remained under CH values of
diesel oil (Figure 5).
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Figure 5. CH emission values [Farkas, 2009]

To compare the values of mixed fuel with sunflower oil that of there was a diesel oil, drop
of 18.6 % - 34.88 % and also a fall of 26.16 % - 66.28 % mixed fuel was used with rape
oil. The pure RME resulted 5.23 % less CH values, while the mixed fuel containing 10 %
RME dropped by 55.81 %.

During the application of the 10 kinds of vegetable oil-diesel oil mixed fuel we measured
higher NO, values only on two cases than that of near diesel oil. (Figure 6).
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Figure 6 NO, emission values [Farkas, 2009]

The samples with sunflower oil were slightly more favourable, than rape oil samples. Nine
samples remained below the diesel fuel by 6.94 % - 13.61 %. Our further remark is that the
values of pure RME exceeded the NO, limit of diesel oil with 6.54 % and the mixed fuel
containing 10 % RME also exceeded by 10.72 %.
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4. CONCLUSION

The preservation of the state of our environment and the effective, economical
expectations of the energy needs can be solved with the harmonized application of the
traditional and renewable energy sources. That is why in nowadays the best perspectives
are hidden in the energetic utilization of biogas as a universal renewable source of energy,
which is among the mostly pressed tasks. Carbon-dioxide content (~25-60 %) of the biogas
can be variable, depending on the organic material and the production technology. The
combustion takes longer time on the effect of the carbon-dioxide, which brings forth
changes in performance, efficiency and emission.

Today, all over the world, impacts of energy resources on the environment are global
problem. Spread of energy carriers of biological origin can be promoted by continuous
innovative activity.

Reinforcing the findings in the literature, it can be stated unambiguously that the 10 types
of vegetable oil derivates tested by us are suitable for use as diesel engine fuel.
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ABSTRACT

Essential oils (EOs) of spices and herbs have substantial anti-microbial effects. Most of them have
the GRAS (Generally Regarded as Safe) and FA (food additive) status by the FDA (Food and Drug
Administration, USA) and can be used in foodstuffs as natural preservatives. However, the
complex system of foods can protect spoilage microorganisms from the anti-microbial effect of
essential oils. Our aim was to observe the germ count reducing effect of certain essential oils
(cinnamon, lemon, marjoram and thyme oil) on selected bacteria and yeasts (Bacillus cereus,
Escherichia coli, Geotrichum candidum and Saccharomyces cerevisiae) in growth medium, as well
as in different foods and beverages (apple juice, milk, milk rice and minced pork meat). Our
results showed that bacteria and yeasts are less sensitive to the EOs in foods than in growth
medium. The minimal inhibitory concentrations (MICs) in liquid media varied from 0.125 pl/ml to
>2 pl/ml. The MIC for lemon oil on S. cerevisiae in apple juice was 1 ul/ml and on G. candidum in
skimmed milk was >4 pl/ml. One percent cinnamon or marjoram oil was required to achicve a |
log cell count reduction of B. cerews in milk rice or E. coli in minced pork. These EO
concentrations resulted in a strong odor of the foods making them hardly consumable. In the future,
the combination of EOs with other preservatives or with hurdle techniques can eliminate the
problems arising from these unfavorable strong aromas.

1. INTRODUCTION

Essential oils (EOs) in aromatic plants are among the most important active constituents of
herbs and spices. They efficiency against a wide range of microorganisms is well
documented. There is a growing interest in using EOs as natural preservatives against food
spoilage- and food-borne pathogen microbes, in order to meet consumer demands for
avoiding synthetic components in food (Bagamboula et al., 2003). It has been often
observed that the preservative effect in food can be achieved by higher doses of EOs than
in vitro (Burt, 2004). It is supposed that foodstuffs with high protein and fat content can
protect bacteria from the antibacterial effect of EOs (Gill et al., 2002; Smith-Palmer et al.,
2001). An essential oil dissolved in the fat of the food will be less available to act on
bacteria present in the aqueous phase.

In our experiments the antibacterial and antifungal activities of cinnamon, lemon, marjoram
and thyme essential oils was investigated against the bacteria Bacillus cereus, and Escherichia
coli, and the yeasts Saccharomyces cerevisiae and Geotrichum candidum.

B. cereus is a Gram positive, facultative anaerobe, endospore forming bacterium. The
endospores can survive in improperly cooked foods, especially in rice, causing food
poisoning through the production of enterotoxins.
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E. coli is a Gram negative bacterium living in the gut of mammals. Most strains are
harmless but some serotypes can cause serious food poisoning in humans. E. coli is an
indicator bacterium for fecal contamination of foods through poor personal or slaughter
hygiene.

Spoilage yeasts cause the deterioration of plant-derived products, especially fruit and
vegetable juices. Saccharomyces cerevisiae causes ethanol fermentation in “open”
beverages. Yeast can also be found in dairy products such as yoghurt, kefir, and soft and
fresh cheeses (Deak, 2007). The presence of Geotrichum candidum is a common problem
in raw milk used for the production of soft cheeses and other dairy products.

Our aim was to evaluate the antibacterial and anti-yeast action of the essential oils in real
food systems, such as apple juice, milk rice and ground meat.

2. MATERIALS AND METHODS
2.1. Essential oils (EOs)

The essential oils (EOs) investigated in this study were thyme, marjoram, lemon and
cinnamon oil. The EOs were provided from Aromax Natural Products (Budapest, Hungary.

2.2. Bacteria and culture conditions

B. cereus var. mycoides ATCC 9634 was cultured on meat extract medium (MEE; 0.4%
meat extract, 0.4% peptone, 1% glucose, 0.1% yeast extract), Escherichia coli SZMC 0582
was grown on Luria-Bertani medium (LB; 1% tryptone, 0.5% yeast extract, 1% NaCl,). B.
cereus was incubated at 30 °C, and E. coli, at 37 °C.

2.3. Yeasts and culture conditions

The yeasts were isolated from spoiled food sources. Geotrichum candidum MB-102 was
isolated from spoiled cottage cheese, and S. cerevisiae MB-21 from wild-growing black
currants. Yeasts were grown on malt extract medium (ME; 0.4% malt extract, 1% glucose,
0.1% yeast extract) at 30 °C. Isolates were maintained on ME agar slants at 4 °C.

2.4. Determination of Minimal Inhibitory Concentration (MIC) values in growth
media and in food systems

The MICs of the EOs were determined by macro dilution assay. 100 pul from the stock
solutions of the EOs made in 50 % DMSO were added to 5 ml growth medium or apple
juice resulting in final concentrations of from 0.0625 pl/ml to 2 pl/ml in twofold
increments. The tubes were inoculated with approximately 10° CFU/mI bacterium or yeast
and then incubated at 30 °C or 37 °C for 24 h. MICs were taken as the lowest concentration
at which no visible growth occurred.

MIC values in milk were evaluated by plate count after 24 h incubation at 30 °C. The EO
concentration where no colony formation was observed was taken as the MIC.

2.5. Antibacterial activity in minced pork and in milk rice:

Essential oils of thyme and marjoram were added to the minced pork, previously
inoculated with 2 x 10° E. coli, in a concentration range from 0.125 to 1% (w/w). After 24
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h storage at 4 °C, E. coli CFU (Colony Forming Unit) of the meat was determined on
VRBG agar (Merck).

Cinnamon oil was added to fresh cooked and to room temperature cooled milk rice in the
concentration range from 0.125% to 1 % (w/w). The rice was inoculated with 10° CFU/mI
B. cereus. After 24 h storage at 4 °C bacterial CFU was determined on TGE agar.

3. RESULTS AND DISCUSSION
3.1. Minimal Inhibitory Concentration (MIC) values

The minimal inhibitory concentrations can be seen in Table 1. In growth medium
marjoram had the lowest MIC value on E. coli with 0.125 ul/ml. In beverages the MIC
was higher than in the medium. In minced pork and in milk rice we were not able to
determine the MIC in the used concentration range.

Table 1: MIC values (ul/ml) of the investigated oils in growth medium (M) and in food systems (F). F,,, -
minced meat; F,;— apple juice; F,,— semi skimmed milk, F,, — milk rice

EO Microorganisms

E. coli S. cerevisiae G. candidum B. cereus

M P M Fa M Fn M Foor
Cinnamon - - - - - - 1 n.d.
Lemon - - 0.5 | 1 >4 - -
Marjoram 0.125 n.d. - - - - - -
Thyme >2 n.d. - - - - - -

n.d. not determined
3.2. Growth inhibition effect of essential oils in real foods

In minced meat and in milk rice the CFU count of the inoculated bacteria do not reach zero
under the given experimental conditions. We have monitored a cell number reduction on
higher concentrations of the EOs. The maximal CFU reduction (1.8 log) was reached in
the presence of 1 % cinnamon oil in milk rice. In minced pork marjoram EO showed better
germ reduction capacity with 0.74 log than thyme oil with 0.5 log. Results are presented in
Table 2.

Table 2: CFU count of the infection bacteria in minced pork (E. coli) and in milk rice (B. cereus) after 24

h storage at 4°C.

Essential oil Microorganism

concentration E. coli B. cereus
(%) Marjoram Thyme Cinnamon
0 4.1x10° 4.1x10° 7.6x10°
0.25 6.5x10° 7.5x10° 48x 10
0.5 3x10° 22x10° 1.3x 10
1 7.5x10° 1.3x 10° 1.2x 10’

There are some examples in the literature on the application of essential oils in meat or
fruit based foods. In the study by Busatta et al (2008), MIC of marjoram essential oil in
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growth medium against E. coli was 0.92 mg/ml. They applied marjoram oil in fresh
sausage inoculated with E. coli, and after 25 days of incubation the MPN (most probably
number) was reduced by approximately 1 log. The main component in marjoram EO
having antibacterial activity is terpinene-4-ol, causing changes in membrane permeability.
The main component of thyme essential oil, thymol, a phenolic constituent, was effective
on coliforms and Enterobacteriaceae in minced beef patties (Del Nobile et al. 2009). In
our experiments, thyme EO had only a slight CFU reduction effect which might be due to
differences in its composition.

Cinnamon or citrus-based EOs were used to improve the shelf-life of fruit- or milk-based
acidic foods or beverages (Smith-Palmer et al., 2001; Belletti et al., 2007). Citrus EOs has
been successfully used against food spoilage yeasts (Viuda-Martos et al., 2003; Belletti et
al., 2007). Aroma compounds and citron EO combined with mild heat treatment inhibited
the growth of S. cerevisiae in non-carbonated soft drinks (Belletti et al., 2007).

The increased amount of essential oils in foods necessary to achieve good antimicrobial
effect has a negative impact on the organoleptic properties of foods. The 1% concentration
of marjoram and thyme EO in minced pork caused a very strong smell making the meat
hardly consumable.

The combination of EOs with other preservatives or with different hurdle technologies can
reduce the amount of EOs required and can eliminate the problems relating to their strong
aroma (Pol et al., 2001; Gill et al., 2002; Atrea et al., 2009; de Souza et al., 2009).

4. CONCLUSION

Essential oils had better efficacy against spoilage microbes in beverages with high
carbohydrate content than in foods with high protein and/or fat content. Further work is
needed to determine the smallest effective concentration of EOs in foods, especially in
beverages, to achieve good antimicrobial effect but avoid serious changes in taste and
odour.
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ABSTRACT

The model for numerical comparison of the influence of essential oils and herbal extracts on the
moulds growth, as exponential function with three parameters (S, 4, 4), was proposed in this work.
The model's basis is the functional relationship of the colony diameter dependent of the time and
concentration of essential oils or herbal extracts. Three basical types of inhibition have been
defined: inhibition to the Abscissa (IAb), inhibition of the Intensity (IIn), and inhibition to the
Asymptote (IAs). The practical aplication of proposed model was done according to the results
obtained after examination of the influence of different concentrations of Allium ampeloprasum
(elephant garlic) essential oil on the growth of food spoilage causing moulds Aspergillus tamarii,
Penicillium griseofulvum and Eurotium amstelodami. Function parameters of antifungal activity
were calculated in view of 16-days time series of colony diameters, with 0, 1, 4, 7, 10 and 15% v/v
essential oil of 4. ampeloprasum. All obtained functions have high coefficient of correlation.

By comparison of parameters of obtained exponential functions, the activity of 4. ampeloprasum
essential oil to the Aspergillus tamarii, Penicillium griseofulvum and Eurotium amstelodami is
numerically comparable. The defined functions could be used in matrix of inhibition and
optimization of activity time and minimum inhibitory concentracione (MIC time) of antifungal

agens.

1. INTRODUCTION

Moulds have been the most often contaminants and cause of food spoilage. They influence
the health, nutritive and sensory quality of food, and cause the economical losses. Besides,
some species from genus Aspergillus, Penicillium, Fusarium, Alternaria, Eurotium have
the capability of synthesizing the toxic and cancerogenic metabolits (aflatoxins,
ochratoxins, zearalenone, deoxinivaleol, fumonizine, sterigmatocystine, aleternariol,
pianozonic acid, etc.), potentially harmful to human and animal health (IACR,1999; van
Egmond, 2005).

The pogress of moulds have being tried to control by the addition of synthetic
preservatives. However, due to their possible harmful effects, there have been rising the
increasing interes in natural antimicrobial agents, extracted from spices and herbs, as
alternative preservatives for lengthening the shelf life of food. This is especially the case in
short shelf life products, as well as those packed in modified atmosphere. A number of
works report about the influence of essential oils or extracts and their constituents to the
moulds growth and micotoxin biosynthesis. There are few methods, describing the
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examination of their influence on the moulds growth: agar plate method, disc-diffusion
method (Rasooli and Abyaneh, 2004; Rasooli er al., 2006), agar-diffusion, macro-, and
microdilution method (Lopez-Malo er al., 2007; Omidbeygi er al., 2007), poisoned food
(PF) technique (Chuita et al., 2009). The most often applied is the agar plate method, based
on the measurement of the colony diameter, in the presence of essential oil or herbal
extract, during the time [Lopez-Malo er al., 2007; Benkeblia, 2004; Vagi er al., 2005; Fung
and Zheng, 2007; Dimic et al., 2007; Viuda-Martos et al., 2008).

In this literature rewiev, a number of variables exists (different mould species, different
types and concentration of essential oils and extracts, different activity time). Besides
inhibition, stimulation of the moulds growth was stated in some cases. Sinergy and
individual effects of essential oils and extracts to the moulds growth can be significantly
different. Also, there is no standardized analytical method to compare the inhibitory
activity of the most important variables, activity time and concentration of essential oils
and extracts to different types of moulds.

The aim of this work was to determine the mathematical model which could enable the
numerical comparison of influence of the activity time and concentration of essential oils
and herbal extracts to the growth of the moulds, with the possibility of determination of
MIC and MFC.

2. EXPERIMENTAL

Allium ampeloprasum essential oil was obtained by water vapour distillation of the green
plant (grown at the Institute of Field and Vegetable Crops, Novi Sad, Serbia). The plant
was chopped in small pieces and mashed with domestic blender (Braun Minipimer MR
400). Sample was transfered into a 2L flask and mixed with distilled water (1:1 ratio), and
the Clevenger apparatus was installed. The system was heated during 3h and the essential
oil was collected in the petroleum ether layer, in the oil separator tube. When the
extraction time run out, petroleum ether layer was collected in a centrifuge tube and left at
room temperature to evaporate the solvent. The tube, containing essential oil, was sealed
with rubber stopper and stored in refrigerator.

Three moulds: Aspergillus tamarii, Penicillium griseofulvum and Ewrotium amstelodami
(isolated from spices) were used for antifungal investigations.

Microorganisms were stored in Potato dextrose agar (PDA), at temperature of 4°C. For this
experiment, 7 days old cultures of moulds were used.

For each isolate, a conidial spore suspension (10° spores/ml) was prepared in medium
which contained 0.5% v/v Tween 80 and 0.5% agar w/v in distillated water (Nielsen and
Rios, 2000). Inoculation was performed with 1ul of spore suspension (10 spores/ml) in
centred PDA medium in standard Petri dishes. Steril disc (5 mm) was placed in the centre
of every dish cover, and 10p] of essential oil in concentracions of 0, 1, 4, 7, 10 and 15%
v/v were added. Then, the plates were closed with parafilm and left to incubate at 25 °C for
up to 16 days. Every day colony diameters were measured. All tests were performed in
duplicate. Colony diameter was measured using orthogonal scales, and the mean value was
calculated.

3. MODEL SELECTION FOR THE DESCRIPTION OF MOULDS GROWTH IN
THE PRESENCE OF ESSENTIAL OILS AND HERBAL EXTRACTS

The moulds growth can be described using the exponential (Scheuring and Szathmary,
2001) and Gompertz-type function (Gutiérrez-Jaimez et al., 2007). The exponential nature
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of moulds development was described by models with constant and variable coefficients
(Boswell, 2008). Description of the moulds growth, by everyday measurement of colony
diameter, without inhibitors, can be expressed by exponential function f(r)=1—-e ™"/
where is: A(1) - growht intensity in the function of time. When the growth intensity is

constant, i.e. A=const, functional expression becomes

The maximal colony diameter is described by multiplying the expression (1) by the
maximal value of diameter, 4. The expression which considers maximal, asymptotical
value of colony diameter, when A=const and parameter A, is:

f(t)=A-(1-e™) . g a ; . : : ; (1

Under hypothesis that moulds growth in the presence of inhibitors can be described by
mentioned exponential distribution, three basic types of inhibition had been noticed. Those
are: inhibition of moulds growth to the Abscissa — IAb (Figure 1a). inhibition of moulds
growth intensity — IIn (Figure 1b), and inhibition of moulds growth to the Asymptote -
IAs (Fig. 1c). The first type, inhibition of moulds growth to the Abscissa — IAb (Fig. 1a),
occurs in the early phase moulds growth. Depending on the inhibition intensity, the
beginning of growth is being shifted along Abscissa, at which the independent variable -
time, is presented.

The second type of inhibition is presented by the change in intensity of moulds growth,
which is noticeable the most in the mid phase mould growth Iin (Fig. 1b).

The third type of inhibition is noticeable the best in the late phase mould growth. In the
case of inhibition of mould growth to the Asymptote - 1As, colony diameter converge to
the value lower than the value in control conditions (Fig. Ic).

. a) )
3 A = A
£ fix)=A(l-¢*™) £ | fix)=A(l-¢*)
S— — &
2 3 T fr=Agl-e™)
E 7~ S = d
= ) 5 - M), 3 -
) {f.l) (A+S)l-¢™)-§ a
) | A>A,
...,..A... Py -
fy tidays) 5 tidavs)
. C
1,4 = ) A
- = feim Y]
I ;_' s g | flo=A(l-¢*)
i- A>A, |
S 3
S Ep———— A
=} = frd=Ay(1-e)
without inhibition
with inhibition oo

t(days)
Figure 1. Types moulds growth inhibition a) Inhibition to the Abscissa — IAb, b) Inhibition of the moulds
growth Intensity — lin, c) Inhibition of the moulds growth to the Asymptota - las

The proposed exponential function (2) has two parameters, which can be used to describe
the moulds growth inhibition Asymptote (parameter 4) and inhibition of the moulds
growth intensity (parameter A). To describe the Inhibition moulds growth to the Abscissa -
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IAb, it is necessary to introduce the third parameter into the exponential function (1).
Theoretically, the beginning of the growth can be shifted to negative part of the ordinate
(diameter axis). This is achievable by adding the S value to the value of Asymptote
parameter, A. When the S value is subtracted from the function (1), the final function with
three parameters, which can be used to describe the IAb, is derived is:

f(t)=(A+S)(1-e™)-S=A-e™M(A+S) )

Now, it is necessary to calculate the period of IAb, i.e. to calculate the 1, value, in which
the function f{ty)={). The t, value presents the period of the IAh:

=y =Y / A
A-e ""(A+5)=0 (A+S)=A: th=—=Tnf
g ‘ ; v l” A+ S

J (3)
The exponential function with three parameters and time as independent variable, which
describes all three types of inhibition, is equal to:

0, t<t, 0, t<tyc20

Sflte)= = (4)
A-eM(A+S), t>15] |Alc)-e™(A(c)+S(c), t>15.c20

Intensities of inhibition, in dependence on the inhibitors concentration, can be followed by
the change of parameters S, A and 4. Introduction of the second independent variable into
the function (4) is ensured by forming the functional connection of parameters S, A and 4,
and inhibitors concentration ¢, S(c), Afc) and A(c).

4. APPLICATION OF THE PROPOSED MODEL TO RESULTS OF THE
EXPERIMENT

Time series of empirical values of the moulds colony diameters in the presence of different
concentrations of A. ampeloprasum essential oils for A. tamarii, P. griseofulvum and E.
amstelodami are presented in Figures 2-4. Parameters S, A and A are obtained by heuristic
searching in EXCEL. Inhibition time #, is calculated using the formula (4). The ratio of the
diameter values of time series of control (0% v/v of A. ampeloprasum essential oil) and
other concentrations (1, 4, 7 and 10% v/v of A. ampeloprasum essential oil) with
theoretical values of the function and calculated parameters S, A and 4, is described by the
coefficient of correlation R° and parameters of linear regression line (a, b).
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Figure 2. Time series of empirical values of the moulds colony diameters for A. tamarii in the presence of
different concentrations of A. ampeloprasum essential oil.
Fat contents: (L)) 0%, (@) 1%, (®) 4%, (A) 7%, () 10% and (O) 15%

Diameter (mm)
g
(=1
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Figure 3. Time series of empirical values of the moulds colony diameters for P. griseofulvum in the
presence of different concentrations of A. ampeloprasum essential oil.
Fat contents: (L)) 0%, (@) 1%, (®) 4%, (A) 7%, (B 10% and (O) 15%
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v

0 ) 2 3 4 5§ 8§ 7T % 9 10 112 13 14 15 16
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Figure 4. Time series of empirical values of the moulds colony diameters for E. amstelodami in the
presence of different concentrations of A. ampeloprasum essential oil.
Fat contents: (L) 0%, (@) 1%, (®) 4%, (4) 7%, (M) 10% and (O) 15%
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5. MOULDS COLONY DIAMETERS IN FUNCTION OF TIME AND
CONCENTRATION OF A. AMPELOPRASUM ESSENTIAL OIL

IAb with A. ampeloprasum essential oil is found for all three examined moulds. Changes
of parameter S in function of concentrations of 0, 1, 4, 7 and 10% v/v A. ampeloprasum
essential oils (Table 1.) are presented by regression lines with calculated coefficient of
correlation. If ¢ is the concentration of A. ampeloprasum essential oil concentration, then
the functional connections of parameter S (dependent variable) for examined moulds and
concentrations ¢ (independent variable) are:

Table 1. Parameters and coefficient values for A. tamarii, P. griseofulvum and E. amstelodami in
conditions of inhibition with different concentrations of A. ampeloprasum essential oils

Concentration (%) S A A to R a b
0 0.00 0.1526 8674 0000 09975 0973 3310
= 1 1230 01526 8674 0869 09982 1019 -0.712
3 4 2607  0.1526 8674 1721 09992  1.010  -0.790
s 7 39.32 0.1526 86.74 2.449 0.9991 0.964 0.069
= 10 5086  0.1526  86.74 3023 09988 0994  -0.822
15 for validation
' 0 0.00 0.1109 4398 0.000 0.9997 1.014  -0.181
z 1 2.66 0.1075 4398 0.546  0.9991 0974 0272
=S 4 479 00972 4398 1.064 09988 0955  1.127
§ 7 10.88 00850 4398 2586  0.9981 0980 0901
% 10 21.10 00777 4398 5044 09716 0886  2.543
& 15 for validation
w 0 0.00 0.0403  91.86 0.000 09992 0998  0.757
5 1 415 00403 9186 1094 09989 1004 0323
< 4 9.59 0.0403 9186 2460 09989 0982 0225
2 7 1796  0.0403 9186 4424 0.999] 0995  0.023
3 10 1994  0.0403 9186 4868  0.9985 0969 0422
- 15 for validation
St tamaru =4.8382 ¢ +4.4421, R°=0.9765 (5)
S gruscofiavum = 1.9578 ¢ —0.7288, R*=0.9385 (6)
Sk astelodam = 2.0291 ¢ + 1.3999, R =0.9625 (7)

The only change of growth intensity was observed for P. griseofulvum. The intensity of
growth of P. griseofulvum is indirect proportional to applied concentration of A.
ampeloprasum essential oil. The intensity of growth did not change in dependence of
applied essential oil concentration for A. tamarii (A=0.1526=const) and E. amstelodami
(A=0.0403=const). It means that essential oil inhibited P. griseofulvum also by inhibition of
the growth intensity. That is the reason to find out the functional connection of parameter A
and the A. ampeloprasum essential oil concentration. Functional dependence of parameter
A and concentration ¢ now becomes: Ap grseofitum = =0.0034 ¢ +0.1107.

For none of examined moulds the IAs with essential oil was not detected. Two-
dimensional function for description of the A. tamari colony diameter growth in conditions
of inhibition with different concentrations of A. ampeloprasum essential oil (independent
variable ¢) and time (independent variable r) is:
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(t.c) =84.76 -2 (84.76 +(4.8382c +4.4421)), t>1y,c20
Atamarii

where: rC;I.mmm'u' T 1 In( 84.76
0.526  84.76 +(4.8382c +4.4421)

®)

Two-dimensional function for description of P. griseofulvum colony diameter growth in
conditions of inhibition with different concentrations of A. ampeloprasum essential oil
(independent variable ¢) and time (independent variable ¢) is:

(t,c) o = 43.98 — gf0.1107-00034c)t ¢ 43 9g 1 (1.9578 ¢ -0.7288) ).t > ty,c 20
P.griseofulvum 0

where: lP.gnseofu!vum =i Il ln( 43.98 ) (9)
¢ 0.1107 —0.0034c  43.98+(1.9578¢c-0.7288)

Two-dimensional function for description of E. amstelodami colony diameter growth in
conditions of inhibition with different concentrations of 4. ampeloprasum essential oil
(independent variable ¢) and time (independent variable 7) is:

S04, )5 amstetodam: = 91.86 — > (91.86 +(2.0291 ¢ +1.3999) ),t > 15,20

where: léf.muxre[odam E 1 In( 91.86 ) (10)
0.0403  91.86 +(2.0291 ¢+ 1.3999)

6. APPLICATION OF MODEL AND MATRIX OF INHIBITION

From the formula (5), the parameter S, which is in functional connection with A.
ampeloprasum essential oil concentration, can be expressed. The obtained formula gives
the possibility of calculation of essential oil concentration necessary for requested period
of IAb. In the following calculations, the period of IAb of 1,=10 days is adapted. Function
of time and A. ampeloprasum essential oil concentration for A. tamarii is (8):

I_e—0_1526f,, N 86.74(]—84)'”26'!0) - 4.4421

&= =63.62
o 015261, 4.8382¢01526:10 4.8382

4.8382c +4.4421=86.74

IAb of the growth of A. tamarii for 1;=10 days is being achieved with ¢=63.62% v/v of
essential oil, which is the MIC. For calculation of IAb of P. griseofulvum in period of
=10 days, it is necessary to introduce the function of parameter A in ascertained form:
Ap griseofiisum = 1.9578-¢—0.7288=0. It is obvious from equation that total inhibition of P.
griseofulvum growth begins at concentration of ¢=32.55% v/v of essential oil. The
concentration of essential oil of 32.55% v/v is the MFC for P. griseofulvum. 1Ab of the
growth of P. griseofulvum for t,=10 (3, 9) days is being obtained by numerical
interpolation for the essential oil concentration value of ¢=16.59% v/v . IAb of the growth
of E. amstelodami of 1;=10 (10) days is being achieved with ¢=21.77% v/v of essential oil
(MIC). On the basis of derived analyses matrix of inhibition is formed (Table 2):
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Table 2. Matrix of inhibition of A. ampeloprasum essential oil for A. tamarii, P. griseofulvum and E.

Amstelodami, t,=10 days
Inhibition parameters
Moulds
= S (IAb) % (I1n) A(IAs)  MIC(%) _ MFC(%)
A tamari 4.8382c+4. 4421 - - 63.62 -
P griseofulvum 1.9578¢0.7288 0.1107-0.0034¢ - 16.59 3255
E.amstelodami 2.0291c+1.3999 - ~ 21.77

A. ampeloprasum essential oil has the singular system of inhibition for A. tamarii i E.
amstelodami, and double system of inhibition for P. griseofulvum. For 10 days growth
inhibition the highest concentration is necessary for A. tfamarii (63.62% v/v), and the
lowest for P. griseofulvum (16.59% v/v). A. ampeloprasum essential oil is capable to
completely inhibit onlu P. griseofulvum, with MFC=32.55% v/v.

7. MODEL VALIDATION

Theoretical functions for ¢=15% v/v of A. ampeloprasum essential oil were carried out for
validation on the basis of obtained functional dependence of essenatial oil concentration
and parameter S, from formulae (5, 6, 7) and A for P. griseofulvum.. The results of
calculation of parameters, coefficients of correlation of empirical and theoretical moulds
colony diameter values and coefficients of linear regression line are given in Table 3.

Table 3. Values of parameters and coefficients for examined moulds in conditions inhibition with 15% v/v
of A. ampeloprasum essential oil

Moulds S 3 A R a b

A. tamarii 769951  0.1526 86.74 0.9971 1.0033 0.7241
P. griseofulvum 286382  0.0597 43.98 09975  0.8680 0.1140
E. amstelodami 345364  0.0403 91.86 09946 11129 0.1346

The results of empirical values of time series of A. ramarii colony diameters, P.
griseofulvum and E. amstelodami with 15% v/v of A. ampeloprasum essential oil and
theoretical values of time series of colony diameters calculated for ¢=15% v/v on the basis
of function (8) for A. tamarii, function (9) for P. griseofulvum, and function (10) for E.
amstelodami, are given in Figures 2, 3 and 4, respectively.

Inhibition of A. tamarii with A. ampeloprasum essential oil has been excellently described
by the proposed model. For P. griseofulvum, the time of IAb of empirical and theoretical
values altered solution is needed. Due to high coefficient of correlation value, the alteration
is being performed by multiplying the theoretical function with coefficient of linear
regression line a=0.8680. For E. amstelodami, application of altered solution is needed.
High coefficient of correlation enables the simple alteration by multiplying the total
theoretical function by coefficient a=1.1129.

8. CONCLUSION

The proposed model has been synchronized with system of defined types of inhibition, by
three parameters, S, A and A: 1Ab , Iln and IAs, respectively. In spite of this, in case of
stimulative activity of essential oil or herbal extracts to moulds growth, the model acts by
positive logics.
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The practical application of model for description of the growth of examined moulds in the
presence of A. ampeloprasum essential oil showed successful interpolation and partially
successful, but easy adoptable, extrapolation with experimental results. The applied model
transparently compares the influence of essential oil to examined moulds.

The most possible intervals of MIC and MFC could be predicted by extrapolation of model
values. The ratios of activity time and essential oil or extract concentrations to moulds
growth can be optimized by interpolation of model values.

For application of proposed model, it is needed to examine the concentrations of essential
oil from 0% to MIC or MFC, according to type of inhibition. With this, the calculations of
essential oil inhibitory activity are being adjusted to interpolation. The defined functions
could be used in matrix of inhibition and optimization of activity time and concentration of
antifungal agens.
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ABSTRACT

Our environment is significantly impaired due to pollution and overexploitation of natural
resources. All natural ecosystems have been greatly damaged. Restoring the natural functions of
ecosystems is a priority for now. Wetland macrophytes, such as higher plants, play an important
role in the recovery process, particularly in terms of biological treatment of water run-off from
agricultural land. The phytoremediation is the main method of recovery in this context.
Phytoremediation is ability of plants to receive and accumulate chemicals from environmental
pollutio