








INVESTIGATIONS ON GROUND WATER IN THE SWINE-BREEDING COMPLEX

Stefanija Miseviciené

Materials and Methods

The investigations were carried out in the swine-
breeding enterprise JSC ‘Kontvainiai’ which is estab-
lished on the southeast part of Klaipéda district, to
the west from Agluonénai township in 2001-2005.
Production activities are carried out on a 23.96 ha
production territory (10.0 ha are built with produc-
tion buildings, and liquid manure collectors are
erected on 12.96 ha area). This compact territory can
be divided into 3 parts: the northern, central, and
southeastern. There are an administration building,
barns and other buildings in the southeastern part,
and slurry collectors (liquid manure reservoirs) and
fields for spraying in the northern part (140 ha) in
which a functioning spraying system is installed. Per-
ennial grasses grow in sprayed areas. The structure
of JSC’Kontvainiai’ territory is showen in Figure 1.

Judging by the local hydrographical network,
groundwater horizon takes in quite a large area
located in the valley between the Minija and its
tributaries-the Agluona and the Rokupis. JSC ‘Kont-
vainiai’ and the fields for spraying occupy the cen-
tral and southeastern parts of this area, therefore,
the groundwater in the discussed territory, which
accumulates during the infiltration of rainfall and
polluted water sprayed in the fields, flows to the
southeast, south, and southwest. In the east, the
polluted water comes into the Agluona and its tribu-
taries and moves westwards and northwards to the
Rokupis and its tributaries from the western part of
the sprayed fields (Fig. 1). Therefore, the economic
activities of the company JSC‘Kontvainiai’in the ter-
ritories to the southeast, south, west, and northwest
can just affect groundwater (UAB ‘Kontvainiai’ ...,
2000).

Figure 1. Situation scheme of JSC ‘Kontvainiai’ M 1:50000:
1...4 — groundwater monitoring boreholes;
— _ flowing direction of groundwater.

To establish groundwater quality, 4 boreholes
were installed in moraine sandy loams, loamy sands,
and sands. Observations in borehole 1 (depth h=4
m) allow monitoring of groundwater in the western
part, in borehole 2 (h=4.5 m) - in the central part of
the fields for spraying, and observations in borehole
3 (h=6 m) enable achieving information on the

groundwater in the eastern edge of the spraying for
fields. A similar function is performed by borehole
4 (h=6 m), only regarding the information on
hydrochemical state of the water flowing out of the
fields for spraying and moving below liquid manure
reservoirs (Fig. 2).
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Figure 2. Ground profiles of boreholes: 1 — humus soil layer; 2 — sandy loam; 3 — loam; 4 — sand; 5 — peat.

The complex breeds 1600 units of sows and
7900 units of fattening pigs, which results in 42
187 m3 of slurry per year. Manure fractioning gives
4200 m3 of solid fraction and 37 987 m? of liquid
manure. A totally of 48 000 m* of household waste
are accumulated from Agluonénai settlement,
where the overall amount of accumulated slurry
makes 85 987 m? and 4 200 t of filtered manure of
solid fraction. The amount of nitrogen in the slurry
was established to be 0.87 kg t”, and of phosphorus
-0.05kg t", butinsolid manure-4.35and 2.4 kg t’,
respectively.

The slurry diluted with the household waste from
Agluonénai settlement was sprayed in the area of
140 ha. The annual rate of spraying is 125 m*ha™.

The samples of groundwater were taken from
monitoring wells 2 times per year: in spring before
starting fertilization, and in autumn at the end of
fertilization period after the last spraying of slurry.
The following indicators were established in water
samples: NH,*, NO_, NO,, N__, P_ ., total oxygen
demand (TOD), and chemical oxygen demand
(COD). Additionally, once a year during spring
sampling, groundwater samples were taken to
establish macrocomponent composition.

Chemical analyses of water samples were made
in the Chemical Analysis Laboratory of the Water
ManagementInstitute of the Lithuanian University of
Agriculture by applying unified methods (Unifikuoti
nuoteky..., 1994).

Mathematical and statistical analysis of the test
study was performed with the help of standard
computer program ‘Excel. There were calculated
the means and medians of the chemical elements
group, minimal, maximum values and coefficient of
variation were established.

Results and Discussion

There are mineral and organic materials dissolved
in groundwater. They pass into water with run-off
and precipitation and form in the water due to the
living activities of water organisms and products of
decomposition. Slurry and household waste from
Agluonénai settlement are sprayed in the fields of
JSC’Kontvainiai’ swine-breeding complex. This run-
off is the source or organic materials.

Mathematical statistical analysis was made on
the basis of five-year research data. The indicators
describing pollution of water with organic materials
are presented in Table 1. The group mean defines
the research data in the best way. It is statistically
the closed point to all the variants of the statistical
line. The group mean is calculated as the sum of all
the feature values divided by the number of the
data. Median was used to define the mean values.
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Table 1
Statistics of groundwater hydrochemical parameters
Indices COoD TOD N, .
Maximum 342.00 96.0 44.40 0.90
Minimum 4.56 24 0.25 0.01
Mean 28.70 10.8 7.10 0.14
Median 15.85 6.5 5.81 0.06

Hydrochemical data varied a lot during the
research period (e.g., the minimum and maximum
values of COD differ 75 times, the total oxygen
demand 40 times, N__ -178 times, and P__ -90
times). The highest variation is observed in the
range of maximum values; therefore, the arithmetic
averages are much higher than their median values.
In mathematical statistics, median is a value when
the number of higher and lower values than the
median is equal. Conditionally, it can be stated that
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the values lower than the median reflect a normal
state of pollution, and the higher values - the state
of increased pollution. Thus, on the basis of the
available data, COD values lower than 15.85, TOD
lower than 6.5 mg O, I', N lower than 5.81 mg
I, and P__, lower than 0.06 mg I are counted as
normal. But the higher values are considered to
belong to the category of increased values (Figs. 3,
4).
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Figure 3. Values of COD and TOD in groundwater.

If assessing by COD, which shows the shortage of
oxygen for the oxidation of chemical materials, the
highest pollution was observed in the western part
of the spraying fields where borehole 1 was situated.
As this value most often was higher than a median
- 1.3 times in April 2003, 1.4 times in November, in
April 2004 it was higher 1.8 times, in November - 1.8
times, and in April 2005 it was higher 1,5 times, in
November - even 21.5 times. The cleanest water
was in borehole 3, except in one case when COD of
a sample taken on November 15, 2005 was 4.5 times
higher than the median.

The cleanest water, judging by permanganate
oxidation, during five-year investigations was in
borehole 3 compared with the median (Fig. 3).
However, the index of permanganate in the samples
taken in the autumn of 2005 was much higher than
the median (13.9 times) in boreholes 1 and 3 (6.1

times).

The investigation results show that the trace of
organic matter presence was prime in borehole 1
as the values of COD and permanganate number
were the highest. The irregularity of the relief of
spraying area had the effect on that - there is a
depression in the place of the borehole installation
which accumulates the runoff that failes to sink into
the soil. A larger amount of runoff accumulates in
this place, which has an impact on the quality of
groundwater.

Concentration values of N higher than the
median were observed in boreholes 3 and 4. These
boreholes are located near the slurry reservoirs.
The cleanest is well 2 as the only sample showed
the concentration of N__ higher than the median.
On November 15, 2004, N concentration was 7.6

total

times higher than the median (Fig. 4).
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Figure 4. Contentrations of N

P.... concentrations in groundwater varied least
in boreholes 1 and 2, except on November 17, 2005
whenP  concentrationinwell 1 was43timeshigher
than the median. Whereas P concentrations in
wells 3 and 4 often were higher than the median
value; the highest value (0.9 mg I") on November
17, 2005 was observed in well 4 with one soil layer
of peat during five years of the research period. In

the northern part of Lithuania it was established
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and Sukys, 2002), because peat increases migratory
features of phosphoric compounds (Narbutas et al.,
2001).

The analysis of the chemical composition of
groundwater showed that the highest amount
of dissolved mineral materials was observed in
borehole 4 (Table 2). The total dissolved solids there
made 728 mg I"". Bicarbonates in the borehole water
made from 43 to 58%, and calcium ions — from 12 to

that P concentrations were higher in the wells 18 % of the total dissolved solids.
installed in peat reaching 0.56 mg I' (Rudzianskaité
Table 2
Groundwater chemical composition, mg I
Borehole |NH*  |K* Na* Ca** Mg* [HCO, |SO* |CI NO, [NO, TDS
1 1.4/224 |23/226 |37/187 |109/46 |15/68 (382/89 |47/54 |61/165 |22/213 |0.1/226 |699
2 0.6/100 |12/31 [13/36 |82/17 |12/57 |262/16 |52/54 (17/54 |2/112 |0.1/234 |454
3 0.6/160 |19/28 [27/258 |47/45 |11/67 |196/95 [18/79 |25/179 |26/56 |0.1/203 |369
4 5.4/124 |128/66 [103/93 |86/31 |16/63 |313/63 |66/76 (94/98 |14/79 |3.3/194 |728
Note. The mean/coefficient of variation, %; TDS - total dissolved solids.
As itis stated in the literature (Rudzianskaiteand than  maximum  permissible  concentration

Sukys, 2008), reduction environment of peat has the
highest effect on nitrogen of all biogenic elements
and converts the nitrate form (NO,), which is not
so harmful, into an especially harmful nitrous one
(NO,). The data in Table 2 shows that well 4, which
is bored into a peaty soil layer, has 33 times more
nitrites and 4 to 9 times more ammonium compared
with the boreholes installed in sandy soils.

The concentrations of chlorides and sulphites
in the groundwater of all boreholes were lower

(MPC) (Lietuvos..., 2003). As the literature states
(HukaHopos, 1989), with the increase of water
mineralization, the concentrations of chlorides
and sulphates increase as well. As the highest
mineralization was observed in the water of
borehole 4, the highest concentration of chlorides
and sulphates (241 and 110 mg I"", on April 03, 2001
and November 17,2005, respectively) was observed
there as well (Fig. 5).
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Figure 5. Chlorides and sulphates in groundwater.

The mostimportantelements having the greatest
influence on groundwater quality in the fertilized
areas of swine-breeding enterprises and production
territories are biogenic elements - nitrogen and
phosphorus.

Nitrogen concentration fully depends on the
intensity of biochemical and biological processes
that take place in water. Nitrogen in natural
environment can be found in differentinorganicand
organic compounds. Inorganic compounds include
the ions of ammonium NH,*, nitrite NO,, and nitrate
NO," These compounds show whether the water is
polluted and toxic.
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The concentrations of ammonium nitrogen were
also 2 times higher than MPC in borehole 4 (11.2
and 11,7 mg I, on April 12,2002 and April 27, 2005,
respectively). That was determined by nitrification
and denitrification conditions as the water in peat
has more organic matter which requires quite a
large amount of oxygen to be dissociated. Therefore,
microorganisms use not only free oxygen but also
nitrate and nitrite oxygen for oxidation (HnkaHopos,
1989) (Fig. 6). In other boreholes the concentrations
of this element were lower than MPC; therefore,
it can be stated that in those wells the water was
clean.
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Figure 6. Variation in the concentrations of ammonium nitrogen and nitrates in groundwater.

During the five-year research period, nitrate
concentrations in the boreholes were only 2 times
(wells 1 and 3) higher than MPC (Fig. 6). This chemical
compound varied most in borehole 3; however, the
concentrations were not higher than MPC, except
in two cases, when the concentration was 1.1 times
higher on April 27, 2005, and in borehole 1 where
NO," concentration was 2.9 times higher than MPC
on November 15, 2004.

Figure 7 shows that nitrites varied most in well
4, in which the concentrations were 2 times higher

than MPC during the research period (3.65 and 17,4
mg I, on April 03, 2001 and November 20, 2001,
respectively). Water was clean in other boreholes
where the concentrations were not higher than
MPC.

There is very little phosphorus in natural water.
When the concentration of phosphorus in water
increases, the water is polluted - phosphorus
compounds show that dissolution of complex
organic materials takes place in the water.
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Figure 7. Variation in the concentrations of nitrite and phosphate in groundwater.

During the five year research period, the amount
of phosphates in all boreholes was very small (Fig.
7), therefore even the highest phosphate value
(0.53 mg I") actually was 6.2 times lower than
MPC. According to the amount of phosphates in
groundwater, the water in all observed boreholes
was clean.

V. Zemaitis, who had been investigating
migration of moisture and pollution in the aeration
zone, established that there is danger of polluting
groundwater horizon of larger areas in sandy

Conclusions

1.

The water quality found in the boreholes
under study corresponded to groundwater
requirements, with the exception of some
instances where the ammonium nitrogen, ni-
trite and nitrate concentrations exceeded the
highest permitted levels. These were isolated
instances from different boreholes, mak-
ing it impossible to define a distinct trend in
groundwater pollution.

. . 2. Variations of organic compounds in all bore-
cross-sections, as the lateral runoff prevails there . X
dt ’ llutants in horizontal directi holes were not high, except the case in well 1
anhd transports pofiutants in horizontal direction. where the concentrations of COD, TOD, N___,
In places where non-permeable moraine loams o . tota
e ) . and P__ were significantly higher. COD, N,
prevail, distribution of pollutants in horizontal tota . . , |t
L . , ) and P__ concentrations varied more in bore-
direction is not high. It is concentrated locally in fota .
) . hole 4 compared with other boreholes.
the source of pollution and most often spreads in . .
; o , o i 3. The chemical composition of groundwater
vertical direction. Thus, in such situation, pollution . . :
. ) ) depended mainly on the soil. Total dissolved
is especially dangerous for the water horizons that . . .
" 8 o solids were up to 2 times more in the water
are situated lower (Zemaitis, 1993). . . . .
. o of borehole 4 which was installed in the soil
Also the chemical composition of groundwater havi
. , e, o aving a peat layer.
in JSC ‘Kontvainiai’ depended on the direction of . -
. . 4, The chemical composition of groundwater de-
groundwater movement. As groundwater is moving : L2
pended on its movement direction as well. As
to the southeast, south, and southwest from the area
. . . L . groundwater moves to the southeast, south,
fertilized with slurry, mineralization of the water in .
) and southwest from the fertilized area, the
boreholes 1 and 4 is the greatest - 699 and 728 mg £ | dissolved solids of th
I according amount of total dissolved solids of the water
! Y- in boreholes 1 and 4 is the highest - 699 and
728 mg I, respectively.
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Abstract

Highly polluted wastewater accumulates in milk collection stations. Its biochemical oxygen demand (BOD,)
ranges from 369 to 1388 mg O, I". The average contamination was 600 mg O, I". There was a comparatively small
amount of biogenic materials in it: total nitrogen — 27.3, total phosphorus - 5.0 mg I'. When variations of wastewater
amounts are high, sand filters of vertical filtration are successfully used for the treatment of household wastewater.
Model investigations were carried out to establish the possibilities of using these filters in treating wastewater in
milk collection stations. The efficiency of wastewater treatment with these filters was 99.3% by BOD,, 99.1% - by
suspended solids, 91.2% - by total nitrogen and 98.8% - by total phosphorus.

According to the research results dependency equations were made; they were used to calculate the amount
of main contaminants in milk collection stations that infiltrated through a layer of silt of different thickness. The
calculations showed that wastewater treatment to permissible limits is ensured by filtration through 0.6 m thick
layer of sand. The average treatment level by BOD, in such a filter of vertical filtration would be 20 mg O, I and
the treatment efficiency — 95.9%. Treatment efficiency of total nitrogen would be 88.1%, total phosphorus — 96.9,

suspended solids — 95.5%.

Preliminary research in the model showed that sand filters of vertical filtration can be used to treat wastewater

from milk collection stations.

Keywords: wastewater treatment, vertical filtration, filtration path, treatment efficiency.

Introduction

Lately sand and plant filters of vertical filtration
(VF) have become popular; to install them a smaller
area of land is needed compared with filters of
horizontal filtration (HF). They remove suspended
solids from wastewater more efficiently per surface
area unit of the filter compared with horizontal
filters, biochemical oxygen demand (BOD,) are
reduced. When filter load by BOD, is equal - 4 g m?
d?, the efficiency of removing organic contaminants
VF reaches 97.0, and HF — 77.5%. In order to achieve
standard purification level by BOD, - 25 mg O, I,
probable VF load has to be 19.0, HF - 6 g m2d".
Given the same filter load by suspended solids,
their treatment efficiency in vertical filter is 87.3, in
horizontal one - 67.5% (Gasitnas and Strusevicius,
2006). However, biogenic materials are better
removed in horizontal filters. When filter load is 1.5
g md™ by total nitrogen, the efficiency of removing
this element in horizontal filters reaches 39.6, in

vertical filters — 24.0%, hence it is 1.6 times higher.
Ammonia nitrogen prevails in the wastewater
treated in horizontal filters and nitrate nitrogen - in
wastewater treated in vertical filters (GasiGnas and
Strusevicius, 2005).

Milky wastewater is highly contaminated
with organic contaminants - BOD, reaches up to
6000 mg O, I". Such wastewater needs primary
treatment. 98.6% of organic contaminants are
removed from it in aeration installations. After deep
treatment has been carried out in sand-plant filter
its contamination is reduced by 75.1% and is 21 mg
O,I" (Wood et al., 2007).

A great advantage of vertical filters is that 1.6
times less area is needed to install them compared
with horizontal ones.

The main objective of the work is to analyse
in model the possibilities of using sand filters of
vertical filtration for treating wastewater from milk
collection stations.
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Materials and Methods

Model research was carried out in the Water
Management Institute of LUA in 2007. The trial
scheme is presented in Figure 1. The wastewater
from Padargupiai (Ariogala municipality, Raseiniai
district) milk collection station was used for the
investigations; primary treatment had been carried
out in an experimental wastewater treatment
plant.

3

The area of the vertical filter model is 0.2 m2.
According to the experience of other authors
(Gasiinas and Strusevicius, 2004) the selected
filtration path length was 0.8 m. One more vertical
filter model of the same diameter was installed as
well (filtration path - 0.4 m). The same wastewater
was applied to both filters. On the basis of the
achieved research data equations of dependencies
of the main contaminant treatment on the filtration
path were made.

II

I L

Figure 1. Models of vertical filters: | - filtration path length 0.8 m; Il - filtration path length 0.4 m;
1 - chippings; 2 - fractional sand; 3 - fractional gravel; 4 — outlet pipe.

A required area need for sand and plant filters
in treating household wastewater by BOD, is
calculated using the following formula (Gasitnas
and Strusevicius,2007; Cooper, 1999):

A O(InC,-InC))
K

I

A=,

) (M

A - necessary surface area of the filter, m?

Q - wastewater discharge, m3d™’;

C, - BOD, of wastewater inflow, mg |'";

C, - normative BOD, after the treatment, mg I';
K, - reaction constant, m d-.

In calculations of horizontal filter area K is equal
to 0.056 m d', vertical filter — 0.09 m d™'. During the
analysis the average wastewater contamination by
BOD, indicator was 600 mg O, I". To treat 1 m* of
wastewater of such contamination filters with the
following areas are needed: horizontal filtration
filters - 57 m? vertical filtration filters - 35 m2

The load on the vertical filter will be 0.03 m* of
wastewater on 1 m? per day. According to these
calculations we established the load rate on model
filters. As model areas are 0.2 m? each, we applied
wastewater 2 times per day 3 litres every time.

To install the vertical filter model coarse sand
with filtration coefficient 39.5 m d"' was used. Quarry
sand was used for investigations. It was mixed
well before filling the models. The investigations
continued for 3 months. Wastewater from the milk
collection station was brought 3 times per week.
Production conditions were imitated, so wastewater
was poured into the models 2 times each day. The
samples for laboratory analyses were taken 2 times
per month. Wastewater analyses were made in
the certified Chemical Analysis Laboratory of the
Water Management Institute of LUA by applying
unified methods (Unifikuoti ..., 1994). The following
indicators were established: BOD,, pH, N-NO,, N-
NO, N-NH,, N_... P, and suspended solids.

total’ * total
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Results and Discussion

Wastewater from the milk collection station
of different contamination rate was used for

dissolvable organic contaminants by BOD, indicator
ranged from 332 to 860 depending on the amount of
water used for cleaning containers and the average

investigations. Its contamination with easily contamination was 600 mg O, | (Table 1).
Table 1
Main chemical indicators of investigated wastewater from milk collection station
Index mg BOD, pH N, ol SS cl SO,
|—1
Before 332 62-7.2 14.8 79-20 184 - 492 195 223
treatment - 860 -43.2 =329 - 644
6.7 5.0 270
min — max 600 27.3 246 449
average
Filter load with organic contaminants ranged organic contaminants reaches 1388 and the

from 10 to 26 g m? d' BOD,. 99.3% of organic
contaminants are stopped when wastewater flows
through a vertical 0.8 m thick sand layer. Even in the
cases when wastewater contamination was 3 times
higher than that of household wastewater — 860
mg O, I, the contamination of wastewater coming
out of the filter was 12.4 mg O, I" (Figure 2). As
long-term analyses of Padargupiai milk collection
station suggest the highest contamination with

900 ~
800 -
700 A

860
790

671

-1
BODs mgO21
N W B W D
S & S S 38
oS o o o O
| | | | |

100 7 12,4

7

e

average contamination is — 821 mg O, I". Therefore,
wastewater contamination has to be reduced by
using coagulant ‘ZETAG 8660 Having poured 4 g of
this coagulant into 1 m® wastewater contamination
with organic contaminants is reduced down to
68% within 6 hours and does not exceed the
contamination of household wastewateron average.
In such a case filter load with organic contaminants
would be reduced 1.5 times.

398
332

DI £

2,1 2,12

%1,55 %1,28

4

(V)]

Sample No.

Figure 2. Contamination of wastewater entering and leaving vertical sand filter
model by BOD:s.

# Before treatment

At the moment strict requirements are raised
for all wastewater treatment plants: wastewater
released to open water courses cannot have
concentrations higher than: 30.0 - for total
nitrogen, 5.0 - for ammonium nitrogen, 0.3 mg

@ A fter treatment

[T - for nitrite nitrogen (Nuoteky .., 2006). The
amount of biogenic materials in wastewater from
the milk collection station is doubly smaller than in
household wastewater. The average amount of total
nitrogen is lower than permissible even in untreated
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wastewater. When primary wastewater treatment
is performed applying coagulant ‘ZETAG 8660’ the
amount of total nitrogen is additionally reduced
by 2.2. The investigations showed that only after
wastewater has been treated in two stage septic
system, it can be purified in the vertical filter model
up to 91.2%, from 22.7 to 2.0 mg |' on average.
The highest contamination of treated wastewater
was 4.2 and the least was 0.08 mg I (Figure 3).
Treatment in vertical filters is taking place under
aerobic conditions. Besides, 90% of wastewater is
accumulated within 5 hours in the milk collection
station. Therefore, the wastewater was poured into
filter only 2 times per day, thus the filter was not
functioning for the better part of a day. Under such
conditions the efficiency of filter function increases
even more.

50 ~
45 ~
40 ~
35 1
30
25
20 ~
15
10 ~

43,2

313

-1

Ntotal mg |

22,9

2,1

1,278

1 2 3

1,57

Before treatment wastewater had 0.2% nitrates
and 29.2% ammonia nitrogen. As nitrogen comes
into treatment installations mainly in the form of
ammonia, due to contact with oxygen, it first of all
turns into nitrate nitrogen and due to the effect of
oxygen - gaseous nitrogen, and then it is removed
from wastewater. The investigations were made
whenairtemperature was 18-20°C, therefore, nitrate
nitrogen prevails in treated wastewater — 84.2% and
ammonium nitrogen makes only 2.8%. As other
authors indicate (Gasitnas and Strusevicius, 2004),
during cold season ammonium nitrogen prevails in
the wastewater coming out of the filter and after air
temperature rises up to 8.4 °C the amounts of nitrate
and ammonium nitrogen become equal. There is
not much nitrite nitrogen in the wastewater: before
treatment it accounts for 0.04, after treatment — 0.02
mg I,

33,8

1
73 14,8

.24 B,61 2,7

4 5 6
Sample No.

Figure 3. Contamination of wastewater entering and leaving vertical sand filter
model by total nitrogen.

O Before treatment

Small amount of total phosphorus can be
explained by the fact, that detergents are used to
wash containers and they have little phosphorus.
Thelargestamount of phosphorus in the wastewater
used for research was 7.9 and the smallest - 2 mg
I (Figure 4). The investigations showed that total
phosphorus is removed more efficiently than total
nitrogen in the vertical filter by 98.8% on average.
However, as the majority of authors indicate (Ciupa,
1996; Kadlec, 1985), the efficiency of air removal is
rather high only in the beginning of filter action, but
later, after the ground is saturated with phosphates
it decreases to the minimum. In the majority of

@ After treatment

filters the efficiency of phosphorus removal is not
higher than 50% (Verhoeven and Meuleman 1999).
The efficiency of phosphorus removal in the vertical
filter of the inn ‘Pastogé’ decreased from 60 to 20%
during a year (Gasitunas and Strusevicius, 2004).
The milk collection wastewater is little polluted
with total phosphorus—-5mg|' (Table 1) on average.
After the primary treatment with coagulant ‘ZETAG
8660" wastewater contamination would decrease
2.6 times (down to 1.9 mg I"") on average and 20%
of phosphorus would be needed to remove in the
vertical filter down to permissible 1.5 mg I limit.

224



RESEARCH OF TREATMENT OF WASTEWATER FROM MILK COLLECTION STATIONS |

N SAND FILTER Simanas Askinis

Protal mg/ 1

0,03

42
0,05 \)

2

}),06

0,08

2 3

Figure 4. Contamination of waste
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water entering and leaving vertical sand filter

model by total phosphorus

O Before treatment

When chemically untreated wastewater is used,
there is a risk of filter clogging as the amount of
suspended solids is large, 270 mg I' on average.
Suspended solids from wastewater are treated with
99.1% efficiency in the vertical filter model. The
largest amount in the treated wastewater was 5.8
mg I' - 5.2 times smaller than the permissible rate.

To have wastewater treated appropriately its
active reaction in sand filters is of key importance.
The optimum medium for biological processes to
take placeiswastewater pHequalto7-8.Theaverage
pH of the wastewater used for investigations was
6.7 and ranged from 6.2 to 7.2. After the infiltration
of wastewater both through 0.4 and 0.8 m thick
sand layer in the vertical sand filter model pH was
the same - 8.
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Figure 5. Dependency of treatment of organic
pollutants on filtration route length.

M A fter treatment

Recently, if there is no collector of treated
wastewater nearby and the groundwater horizon
in high, at first, household wastewater is treated in
the vertical filter and later they are released to the
field of undergroundfiltration. The same pattern
could be applied in treating wastewater from milk
collection stations. Economically, it is important to
find such thickness of the sand layer which would
ensure wastewater treatment to permissible limits.
In order to calculate wastewater contamination in
any point of filtration route the dependencies of
main pollutant treatment on the path length was
made (Figure 5, 6, 7 and 8).

y =335
R® =0,99

8

T
0,4
Length of filtration path m

0,8

Figure 6. Dependency of treatment of total nitrogen
on filtration route length.
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Figure 7. Dependency of treatment of total
phosphorus on filtration route length.

By using the achieved dependency equations the
amounts of the main pollutants in the wastewater
from milk collection stations that infiltrated though

500 i
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Figure 8. Dependency of suspended solids decrease
on filtration route length.

sand layers of different thickness were calculated.
Calculation data is given in Table 2.

Table 2.
Purification of wastewater from milk collection stations depending
on filtration path length
Index Length of filtration path m
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
mg I
BOD, | 489 288 171 100 60 35 20 12 7 4
N, 33.5 23.5 16.8 11.6 8.2 5.7 4.0 2.8 2.0 1.4
P . 6.4 3.5 1.9 1.1 0.6 0.3 0.2 0.1 0.05 0.03
SS 286 171 102 61 36 22 13 8 5 3

It can be seen from the table that 0.6 m thick sand
layer is sufficient to purify wastewater to permissible
limits. The average treatment level by BOD, in
such a vertical filtration filter would be 20 mg O, I
' and treatment efficiency — 95.9%. The treatment
efficiency of total nitrogen would be 88.1%, total
phosphorus - 96.9% and suspended solids — 95.5%.

Preliminaryinvestigationscarriedoutinthemodel
showed that the vertical sand filter would be an
optimal alternative for the treatment of wastewater
from milk collection stations. Whereas such stations
are mainly situated in rural areas, where the primary
wastewater treatment with coagulants is not always
carried out as it is provided for in the project, high
efficiency of removing organic contaminants
and suspended solids would prevent pollution of
surface waters. Biogenic materials are treated less
efficiently in the filters of vertical filtration compare
with those of horizontal filtration, however, as the

contamination of wastewater from milk collection
stations with them is less than that in household
wastewater, they will be purified until permissible
limits.

The research was made only of the treatment of
wastewater from milk collection stations by filtrating
them through sand. Filter action is improved by
marshy plants. In wastewater treatment plants have
more of an indirect role: their roots and rhizomes are
needed for the ground and oxygen to maintain the
growth of aerobic organisms; these microorganisms
stimulate decomposition of wastewater, increase
and maintain hydraulic permeability of the ground.
Plants act as catalysts giving away oxygen and other
substances to other living organisms participating
in the removal of biogenic materials. Therefore, it is
necessary to have a vertical filter used for treating
wastewater from milk collection stations overgrown
with reeds.
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Conclusions

1.

2. Treatment to permissible limits is ensured by
Preliminary research in the model showed filtration through 0.6 m thick layer of sand.
that vertical filters can be used to treat waste- The average treatment level by BOD, in such
water from milk collection stations. The ef- a filter of vertical filtration would be 20 mg O,
ficiency of wastewater treatment was 99.3% I" and the treatment efficiency — 95.9%. Puri-
by BOD,, 99.1% - by suspended solids, 91.2% fication efficiency of total nitrogen would be
- by total nitrogen and 98.8% - by total phos- 88.1%, total phosphorus - 96.9, suspended
phorus. solids — 95.5%.
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Abstract

Technologies of keeping livestock and management of manure pig complexes holdings built in the country
under the Soviet regime no longer satisfy modern veterinary and environmental requirements. Conditions for the
modernisation of such complexes were created as from 2000, when agricultural aid programmes (funds) appeared
in Lithuania. Information about old and newly implemented manure management technologies, fertilisation value
of manure, and quality of the drainage runoff from manure-fertilised fields has been collected in six large livestock
companies. Analysis of collected data revealed that new livestock keeping, feeding and manure management
technologies are more cost-effective in using energy and mineral resources and conform to the animal welfare,
environmental protection and hygiene requirements that are becoming more and more stringent. As the traditional
manure management in economic terms is quite expensive and has a significant impact on the environmental
quality, academic community is looking for new manure processing methods. The global development of manure
management technologies focuses on the manure processing in biogas plants. Biogas generated from liquid manure

and animal waste in such plants is an alternative source of energy.

Key words: manure, fertilising value, spreader, pollutants.

Introduction

Currently, the modernization and development
of large pig complexes is a top issue in the livestock
sector. Due to high amounts of animal units in one
place, large livestock holdings are more dangerous
to the environment than the small ones. In spite of
this, currently the development of livestock holdings
is orientated to the increase of capacity all over
the world, because in such enterprises it is much
easier to implement more productive and more
economical equipment, toautomatize technological
processes and in such way to reduce the cost price
of production. Moreover, in large livestock holdings
it is possible to implement advanced systems of
work organization, work control, work security, and
environment protection management. Therefore,
the most urgent projects are those aimed at the
implementation of modern cattle breeding, feeding
and manure handling technologies saving energy,
nature resources, and satisfying all requirements
of animal welfare, environment protection and
hygiene.

Since 2000, agricultural support programs
(funds) have been established, which ensured
perfect conditions for the modernization of livestock
farms. In large pig complexes the systems of cattle
breeding and shed ventilation were changed, new
manure sites were constructed. No water was used
to remove manure from sheds.

In 2006, in Lithuania there were 0.8 million cattle
units, 1.1 million pigs, 9.4 million poultry units, and
0.2 million units of other animals (goats, sheep,
horses) (Statistikos..., 2006). According to the
calculations, about 560 thousand ha are needed in
this country in order to spread the manure produced
by animals and poultry considering all environment
protection requirements. This makes up about 16%
of all agricultural land use of Lithuania (3.487 min
ha) (Statistikos..., 2006). Such area of land with
manure applied is not very large, therefore the
country has resources for the expansion of cattle
breeding in order to develop a well-balanced
agricultural system. Manure is described as a
product maintaining the humification process of
the soil. When developing the plant growing based
on mineral fertilizers it is rather difficult to maintain
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the humus of the soil. When there are no animals,
fields are not fertilized with organic fertilizers, which
results in reduced amounts of humus in the soil.
When the same crops are grown in crop rotations,
more mineral fertilizers and crop protection means
are needed in order to maintain crop productivity.
After some time the soil becomes exhausted, plant
uptake of nutrients worsens, production is getting
more expensive, and the environment pollution
is increasing (Pazangaus..., 2000). As the scientist
Tripolskaja L. refers in her monograph, when no
organic fertilizers are applied, the amount of humus
contained in the soil decreases by 19.5% within the
period of 11 years (Tripolskaja, 2005). Therefore it is
very important to modernize old livestock holdings,
construct new ones, and encourage their vital
capacity. In livestock holdings constructed during
the Soviet period, cattle breeding and manure
handling technologies do not meet the veterinary
and environment protection requirements anymore.
Only the construction of manure sites meeting
the requirements of environment protection will
demand about 785.3 million Lt of investments
(Sileika, 2001).

The objective of the work is to analyze
the tendencies of the new manure handling
technologies in large pig complexes, as well as to
estimate their perspectives.

Materials and methods

To carry out the study, the works of scientists
from foreign countries and from Water Management
Institute of Lithuanian University of Agriculture
dealing with manure handling technologies were
used; also the information about the new realized
projects when modernizing large livestock holdings
(more than 3000 pig units) was considered. The
material about the implemented projects of new
technologies was collected in four pig breeding
companies: ‘Grazioniy bekonas’ (Radviliskis district),
‘Girkalnio kiauliy kompleksas’ (Raseiniai district),

‘Sajas’ and ‘Berka’ (Kelmé district). The information
for the comparison was collected from large pig-
breeding complexes where old pig breeding and
manure handling technologies are used, i.e., when
water is used for manure removal from sheds
‘Krekenavos agrofirma’ (Panevézys district), and
‘Litpirma’ (Radviliskis distric). In those objects
the technological solutions were analyzed, the
comparison of data about manure composition,
data about manure spreading rates during field
fertilization was made, as well as pollution dynamics
of drainage water released from fields with manure
applied. Mathematical and statistical analysis of test
study results was used for mathematical processing
of data.

Results and discussion

Manure handling technologies applied in
large pig complexes. During the Soviet period, in
Lithuania, 33 large pig complexes were built, where
the same manure removal technology - hydraulic
removal of manure - was applied. In 1995, having
evaluated the ecological conditions in those
complexes, the Government of Lithuania prepared a
program for their modernization (LR Zemés..., 1995).
In all complexes, manure from sheds was removed
in a hydraulic way - i.e., using subsurface or surface
water. Fertilization value of manure was low due
to its dilution with water. Moreover, accumulation
of such diluted manure (slurry) requires very large
reservoirs. In agricultural company ‘Girkalnio kiauliy
kompleksas, reservoirs of 160 thousand m? capacity
were arranged. After modernization of the complex,
when no more hydraulic manure was applied, the
sufficient capacity of reservoirs was reduced to 8.6
thousand m?. ‘Sajas’ had slurry reservoirs with the
capacity of 140thousand m?, butaftermodernization
the capacity of 30 thousand m? was enough. Figure
1 presents the dependence of manure quantity
produced from one place of weight of a 20-100-kg
pig on the manure moisture (dilution).

229



MODERNISATION OF MANURE MANAGEMENT TECHNOLOGIES IN LARGE PIG COMPLEXES OF LITHUANIA

Jurgita Kazakeviciené, Sigita Marija Struseviciené

100

W

) /
96

Manure moisture content, %

92 /
90

88

10 15 20

. 3
Manure quantity, m per year

Fig. 2. Dependence of manure quantity produced from one place of weight of a
20-100 kg pig on manure moisture (dilution).

During the reconstruction of old sheds, their old
floor is removed, and manure baths with self-flow
collectors are arranged. The baths are covered with
grating. Liquid manure from the baths is removed
with the help of self-flow pipe collectors. On the
bottom of the bath, a pipe for the release of manure
is arranged, which is closed with a cork. The cork
is taken out only when the bath is fully filled with
manure. Such system is simple and comfortable
to use. It is particularly efficient when manure
contains about 8-12% of dry matter. Self-flow
manure collectors are directed from sheds into the
pumping-house. Liquid manure is accumulated in
manure reservoirs of a new type —i.e., in reservoirs of
cylindrical shape with metal or reinforced walls with
reinforced bottom, or in lagoon-type reservoirs with
two-level geomembranes (1.5 and 2.0 mm thick).
In the reservoir, manure splits up into three layers:
upper layer (manure crust), middle layer (slurry),
and lower layer (sediment). Those layers make up
10-15%, 20-30%, and 55-70% of the capacity of the
reservoir, respectively. The crust partially reduces
nitrogen evaporation losses. Before starting the
fertilization of fields, manure is accurately mixed
in the reservoir with the help of special mixers in
order nutrients (nitrogen, phosphorus, potassium,
and microelements) would distribute evenly
(Strusevicius, 1996).

Liquid manure has many advantages. Due to its
compactness it can be properly rated, evenly spread,
and can ensure better plant uptake of nutrients (~
50% of nitrogen per year). Liquid manure can also be
used during the whole vegetation season of plants,
it can reduce nitrogen losses during the fertilization
period to a maximum, because liquid manure can be
inserted into the soil. The main advantage of liquid
manure is that its handling can be fully mechanized
and automatized.

Liquid manure is spread with the help of a
spreading plate, hoses, or it is inserted into the soil.

Liquid manure spreading with the help of
spreading plates is one of the simplest means.
However, during the irrigation, about 20-30% of
ammonia nitrogen evaporate into the environment,
therefore this way of manure spreading is least
suitable from the environmental point of view. Such
kind of manure spreader should be used in calm,
cool weather, when the soil is not sown up and is
immediately ploughed up.

Surface irrigation with the help of hoses has
more advantages, because nitrogen losses make
up only 10-20%. According to the studies of water
Management Institute of Lithuanian University of
Agriculture, spreading unevenness is only 3-5%.
When using the dragging hoses, liquid manure
does not splash over plants, which means this way
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of manure spreading is hygienic and can be applied
in the sown up soil.

Compared to other liquid manure spreading
ways, manure introduction into the soil significantly
reduces ammonia losses (LR Zemés..., 2000).
Other advantages include less dispersion of odors,
and dependence on the wind. However, the main
disadvantages include small spreading area, strong
tractive force, and low labour productivity.

As liquid manure can be pumped with special
pumps, it can be provided to the spreader
through flexible pipelines. The use of pipelines
for the transportation of manure (especially
when the distance to fertilization fields is rather
long) may reduce work expenses much better
than slurry transportation with tractor spreaders.
Z.Strusevicius, a scientist of Water Management

Institute of Lithuanian University of Agriculture, after
technological measurements has determined that
transporting manure in a tank of 8.0 m* capacity,
the transportation of 100.0 m® of manure at the
distance of 3 km will require 37.3 | of diesel fuel,
whereas pumping of the same amount of manure
with diesel engine will require only 9.6 | of diesel
fuel (Strusevicius, 1996).

Before spreading manure on fields, the farms
investigate the composition of manure produced
in their enterprises in special certified laboratories.
Table 1 presents the average data of long-term
research of Water Management Institute of
LithuanianUniversity of Agriculture:the composition
of manure produced on modern pig complexes and
the composition of slurry produced on farms using
old hydraulic manure removal system.

Table 1
Average data about composition of the liquid manure and slurry (mg )
Manure management technology Organic N Powl K***
manure

Self-driven liquid manure removal Liquid manure | 4025%*** 784 1732
system with covered livestock
manure storage facility 3415-4500 | 450-1000 | 1620-1800
Hydraulic manure removal system, Slurry 635 335 610
fractioning into slurry and thick
fraction, open slurry storage tanks >48-713 277-459 522-686

Notes:

* - total nitrogen;

** - total phosphorus;
***_ kalium;

**¥%_numerator represents the average value, and denominator — min...maximum values.

As Table 1 shows, fertilization value of slurry
is 6.3 times lower than that of liquid manure.
When making up plans about manure usage for
field fertilization, farms are orientated towards
spreading rates that would ensure nitrogen input
amounts with manure no higher than 170 kg per
1 ha (LR Aplinkos..., 2005). Thus, when fertilizing
fields with slurry, annual spreading rate is up to
300 m*ha'and when fertilizing with liquid manure,
annual spreading rate is up to 38 m*ha™. This means
that hydraulic load of fields fertilized with slurry is

much higher than that of fields fertilized with liquid
manure. Table 2 presents the data of environment
monitoring (drainage water outlets) collected at
modern agricultural company ‘Grazioniy bekonas;
and at ‘Krekenavos agrofirma’ using old manure
handling technology.

As it is seen from the data in Table 2, applying
slurry on fields, nutrient leaching is more intensive
a applying liquid manure (according to N _ _-3.1
times, according to P, _-2 times). This is due to more
intensive hydraulic load of the fields.
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Table 2
Quality of the drainage runoff from manure-fertilised fields
(environmental monitoring data, 2006)
Composition of the drainage runoff from organic
Company manure-fertilised areas, mg I

BOD_* N, N-NO, N-NH, -
‘Grazioniy bekonas’ 1.0 10.4 0.01 0.06 0.05
‘Krekenavos agrofirma’ 1.8 31.3 0.1 0.6 0.10
MPC** for drainage outlets 23.0 15.0 0.3 5.0 2.00

Notes:
* - biochemical oxygen demand;
**_ maximum permissible concentration.

Perspectives of the development of manure
handling technologies. Traditional manure handling
activities (accumulation transportation, spreading
on fields) are successfully applied today. However,
from the economical point of view, traditional
manure handling is rather expensive. Besides, it
results in dissatisfaction of inhabitants due to bad
odor produced by manure gas (indol, mercaptan,
sulphurhydrogen,ammonis).Scientists keeplooking
for manure handling ways seeking to deodorize it
as well as reduce its amount by separating water
from manure. German scientist J. Beck and British
scientist C. Burton have analyzed the following
manure processing and handling technologies
used in European Union: mechanical separation,
centrifuging, aeration, thermophylic aeration,
anaerobic mesophylic fermentation, anaerobic
thermophylic fermentation, treatment with acid,
drying-evaporation, and osmosis (Beck and Burton,
1998). All those technologies differ in respect of their
efficiency and cost price. In 2006, scientists of Water
Management Institute of Lithuanian University of
Agriculture started implementing the program
of searching technological studies aimed at the
decomposition of slurry, produced on industrial
pig complexes, into solid matter and wastewater.
According to this program, manure will be processed
with strong acid, alkaline solutions in whirling-
inductive equipment. In such way, all viruses and
microbes will be destroyed, and ammonia will be
bound up. As the obtained dry organic product will
be usedasafertilizer, scientists suggest using sulphur
acid which is rather cheap; besides, its the amount is
usually insufficient in the soils of Lithuania. Heavily
polluted wastewater produced after the processing
of manure will be biologically treated and released
into open water bodies.

Currently, the technology of manure processing
in biogas reactors is being used all over the world.
Biogas can be produced from animal manure in a
fermentation way. Biogas has about 50% of the
energetic value of natural gas (Sileika, 2001). Manure
processing in biogas reactors improves the hygienic
characteristics of manure; besides, a contiguous
product — flammable biogas - is obtained. However,
in such manure nearly all nitrogen is turned into
ammonia nitrogen. In order to reduce ammonia
nitrogen losses (due to evaporation) in the next
stages (accumulation and fertilization), additional
means are to be used. On the other hand, the
arrangement of biogas power station requires
particularly large investments. During the last
decade, in foreign countries, biogas power stations
are constructed in places with stable users of
thermal energy, and with sufficient resources of
grease wastes from food production and animal
slaughterhouses. Such resources should make up
50% of biomass produced in the reactor; the rest
50% goes to manure. With such composition of
biomass, 1 m* of biomass may produce up to 100
m? of biogas. If the biomass is composed only of
manure, 1 m 3 of biomass would produce only about
20-25 m? of biogas.

Biogas obtained in countries of European
Union makes up only 2-5% of all energy demand.
According to the data of scientific researches,
in Lithuania biogas could meet up to 3% of all
energy demand. According to the study data of all
Lithuanian Energy Institute, the estimated expenses
of the construction of biogas power stations with
different capacity (volume of bio-reactor from 10
to 200 m3) would make up from 45 to 627 million
Lt respectively. The expenses of the technologies
would be covered after 10 or more years depending

232



MODERNISATION OF MANURE MANAGEMENT TECHNOLOGIES IN LARGE PIG COMPLEXES OF LITHUANIA Jurgita Kazakeviciené, Sigita Marija Struseviciené

on the purpose for which where biogas will be used 2. In agricultural company ‘Grazioniy beko-
(for greenhouses, for house heating, etc.). Therefore, nas, where are newly implemented manure
state financial support is necessary in this field. On management technologies, the quality of
the basis of legal, organizational and economical drainage water released from fertilized fields
means, the state should support the production of satisfies the environment protection require-
alternative energy by giving preferential credits to ments. In ‘Krekenavos agrofirma;, where fields
the projects ofimplementation of alternative energy are fertilized with the rates up to 300 m*ha”,
sources (i.e., biogas production) (Sileika, 2001). drainage water pollution according to nitro-

genis 2.1 times higher than MPC.

Conclusions 3. The development of manure handling tech-

1.

nologies in the world is orientated to manure
processing in biogas power stations and the
use of biomass for the fertilization of fields.
1 m? of liquid manure mixed up with wastes
from foodstuff production may produce
about 100 m3 of biogas. Having expanded the
network of biogas power stations in Lithu-
ania, we could satisfy up to 3 % of energy de-
mand of the country.

When producing liquid manure, small spread-
ing loads (up to 38 m* ha™) are used due to its
high fertilization value (1 m? of liquid manure
contains up to 4.5 kg of nitrogen). In farms
where water is used for hydraulic removal of
manure, liquid manure is diluted. This results
in lower fertilization value of manure, there-
fore high spreading loads (up to 300 m® ha™)
are used for the fertilization of fields.
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Abstract

The research was made in the Susvé river basin fertilized with organic fertilizer in the vicinity of a pig complex
‘Litpirma’ Ltd (25.0 thousand fattening pigs per year), Siaulénai local administration, Radviligkis district, in 2001-2006.
This article presents total nitrogen concentrations and its amounts leaching from the complex to the basin, in the field
drainage water and the Susveé river (at a distance of 11.6 km from the pig complex).

In the investigated Susvé section, biologically treated wastewater from Siaulénai township and the areas fertilized
with organic fertilizers come into the river. In total, 11.8 t of nitrogen come into the river, of which 4% (0.49 t) come
from the township’s wastewater, and the rest major part (96% or 11.3 t) is the drainage water coming from fertilized
agricultural fields. The dynamics of nitrogen concentrations both in the river and in the drainage outlet is of a seasonal
nature: in winter (January - March) concentrations were higher, and in warm season (April - November) — lower. The
Susveé pollution by total nitrogen, both above and below the pig complex activities range, almost all the research
period was exceeding the limit (2 mg I"). Due to the pig complex activities and intensive agriculture, the runoff of
nitrogen pollutants increases from 14.9 to 29.3% in the Susvé river. This proves that the processes of spontaneous
purification are not intensive enough to neutralize completely the pollution from a such size pig complex in this
particular section of the river.

Key words: manure, fertilization rate, total nitrogen, runoff.

Introduction

InLithuania,about30outof34largepigcomplexes
built during the Soviet period are still functioning.
Since 2002, with the support from structural funds
of EU, those complexes apply advanced animal
breeding technologies, because the previous ones
do not satisfy modern environmental protection
and animal welfare requirements.

The main environment protection related
problems in large pig complexes built during the
Soviet period are as follows:

. hydraulic system of manure removal from
pigsties, as pig excrements are diluted with
water 3-5 times. Large open reservoirs of lig-
uid manure arranged nearby the complexes
are real ammonia evaporators exuding about
30% of nitrogen compounds into the envi-
ronment during the period of 8 months;

. to sprinkle the liquid manure, overhead ir-
rigation systems are used (during the irriga-
tion process about 20% of nitrogen evapo-
rates into the environment). Such spreading
of liquid manure cannot be applied due to

the intensive spread of manure aerosols and
odours;

. fertilization value of diluted liquid manure
used for overhead irrigation is not high - only
0.6-0.7 kg of nitrogen for 1 m 3of liquid ma-
nure. Therefore when fertilizing the soil at the
rate of 170 kg ha " of nitrogen, spreading rates
are to be increased up to 260-300 m 3 ha . This
may increase the danger for the drainage wa-
ter and ground water to be polluted during
rainy periods of the year.

Having estimated environment protection
problems related with keeping animals in old
pig complexes, there were suggestions to
reconstruct them using water-free manure removal
technologies.

Due to large amount of animals, large animal
husbandry enterprises are more dangerous to the
environment than the small enterprises. Despite
of this, recent development of animal husbandry
enterprises is orientated to the increase of capacity
all over the world.
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Having evaluated the market prices of mineral
fertilizers, we have calculated that a farmer who
applies manure containing 170 kg of nitrogen,
25.56 kg of phosphorus and 68 kg of potassium on
the soil, may save about 232.0 €. Those evaluations
do not include the price of microelements.

The effect of the fields with applied manure on
the surface water bodies is usually estimated as non-
point source pollution. The amount of pollutants
leached from a certain area during the calculation
period is the best index of pollution: in spring the
runoff of annual water usually makes 35-95%, in
summer and autumn-4.5-43% (Vuoristo, 1998),
and in winter it is up to 22% (Sileika et al., 1998). In
spring, when the weather is warmer, nitrogen gets
into streams as the product of mineralization of
organic matter, as well as the mineral fertilizer non-
uptaken by plants. In autumn, the amount of this
element contained in water increases due to the
soil fertilization in autumn as well as due to plant
mineralization processes.

Lithuanian scientists Sileika S.A., Buciené A,
Gaigalis K., and Kutra G. have determined that during
plant vegetation, when plant uptake of nutrients is
highest, nitrogen amounts contained in the stream
are lowest (Sileika et al., 2005; Buciené et al., 1998;
Kutra G. et al., 2002).

According to the Finnish scientist Vuorenmaa
(Vuorenmaa et al,, 2002), the state of surface water
bodies gets worse due to the non-point source
pollution, particularly because of the pollution
from agricultural sources. Having investigated the
pollution of small streams, he refers just to the

Purchased norage additives

Storage of grains,
Purchased grains WCUOH of norag

Grains obtained from the arable
land of the enterprise

Crop rotation plots of land
rented for the spreading
of organic fertilizers

N

Marketable pigs

Pig breeding
and feeding

weather conditions as the main reason of pollution
and not to the effect of changes in agriculture.

The objective of the work is to determine the
pollution of a large pig complex (LTD “Litpirma”)
with total nitrogen and purification possibilities of
the river, on the basis of the observations of the
quality of river water and drainage water within the
period of 2001-2006.

Materials and Methods

The studies were carried out in the Suivé river
basin fertilized with organic fertilizers, in the vicinity
of the pig complex ‘Litpirma, in Siaulénai local
administration (Radviliskis district) as well as in
the river Sudvé. The pig complex is operating since
1978. Until the beginning of the reconstruction/
modernization (in 2000), the annual capacity of the
enterprise was 12.0 thousand meaty pigs with the
weight of 105-115 kg per year. In 2001-2006, the
average annual capacity was 25 thousand meaty
pigs per year. Complexes of such capacity may
contain 1200 sows, 3200 little pigs up to 20 kg each,
and 7600 fatling pigs with the weight from 20 to
115 kg. Total pollution of such amount of animals
may correspond to the pollution produced by 1212
animal units.

Technological scheme of the activities of
the enterprise is presented in Figure 1.

Slurry reservoirs

Forage

Reservoir
of solid
manure

sheds

ﬂ@ Slurry and soil manure used for the fertilization of fields

Fig. 1. Principal production scheme of ‘Litpirma’ Ltd pig complex.
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The enterprise lends 572 ha of land where forage
plants fertilized with organic fertilizers are cultivated
(33 thousand m®*m™ of liquid manure, slurry, and
solid manure fraction). Moreover, the enterprise
is using the irrigation system of liquid manure
arranged in the area of 156 ha. The irrigation system
sprinkles out 25 thousand m?of liquid manure every
year. Figure 2 presents the plan of the vicinity with
indicated fertilization areas and water sampling
posts.

Organic fertilizers are applied on fields accord-
ing to the strict requirements of the fertilization
program. Liquid manure is applied on a 156 ha area
twice a year — in spring and before sowing in autumn
—attherates of 100 m*ha™. Slurry is also spread twice
a year, at the rates of 50 m*ha”, and solid manure is
used only for autumn fertilization of fields (spread-
ing rate—upto 18 tha’).

The whole area is drained. Water from this area is
drained through 2 water outlets (D1 and D2, Fig. 2).

Water from the 102 ha land plot is drained through
the water outlet D1, water from the 54 ha field is
drained through the water outlet D2.

During the study period 2001-2006, water
samples were taken from two spots of the river
Sudvé (SA and S7) for the laboratory analysis. Data
of the river Su$veé hydrological regime was collected
from the annual reports of Siaulénai hydrometric
station of Lithuanian hydrometeorological station.
Water samples were taken 4 times a year. Water
sampling places in the Sudvé correspond to the
discharge measurement place, therefore water
discharge in water sampling places were calculated
after evaluating the difference in the area. The size of
rive catchment near SA is 147.8 km?, near Siaulénai
hydrometric station it is 162.4 km 2 and near SZ
255.2 km 2

(Gailiusis et al.,, 2001). The river Suivé above
Siaulénai is polluted only with the runoff of
pollutants from agricultural fields. In Siaulénai,

Fig. 2. Location of land plots with applied organic fertilizers in the territory of ‘Litpirma’ Ltd:

1

Y2 [3 [apal4

leo1 5

1 — production territory of ‘Litpirma’ Ltd; 2 — fertilized area; 3 — forest;
4 — sampling place of surface water in the river; 5 — drainage water outlet.

the river receives biologically treated domestic
wastewater from the town (on the average 130 m3
d"). Discharges in drainage outlet were measured in
volumetric way during the water sampling. Changes
in nitrogen pollutants amount were estimated
according to the average weighted concentration
(Helsinki..., 1996).

Total nitrogen containedin waterwasdetermined
in the Chemical Analysis Laboratory of Water
Management Institute of Lithuanian University of
Agriculture, certified by the Environment Ministry

of the Republic of Lithuania. Also the main forms
of total nitrogen (N-NO,, N-NH,, and N-NO, ) were
determined:

* N_—byatitrometric way, having burnt the
material (Kjeldal method);

*  N-NH,- by a spectrometric method;

* N-NO, - by a spectrometric method;

* N-NO, - by a spectrometric method.

Currently, maximum allowable concentration of
ammonia nitrogen in surface waters of Lithuania is
0.39 mg I'; maximum allowable concentrations of
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total nitrogen, total phosphorus, and phosphate
phosphorus are 2 mg I, 0.2 mg I, and 0.08 mg |
!, respectively. According to the present rates, in
animal wastewater released into surface water
bodies, BOD, concentration should not exceed 20
mg I, and concentrations of total nitrogen, total
phosphorus,ammonia nitrogen, and nitrite nitrogen
should notexceed 15mg1’,2mgl’,5mgl’,and 0.3
mg I, respectively (Aplinkosaugos..., 2007).

The quality of river water and drainage water is
analyzed twice a year: in summer (04-11 months,
during the vegetation period of plants when soil is
fertilized with organic fertilizers) and in winter (12-
03 months).

Results and discussion

The resources of organic fertilizers of the
investigated pig complex accumulate on the
average 80.2 t of nitrogen, 9.0 t of phosphorus,
and 47.2 t of potassium every year. 1 m? of liquid
manure, slurry and solid manure contains on the

average 0.82 kg, 1.6 kg, and 4.4 kg of total nitrogen.
A 156 ha field irrigated with liquid manure receives
on the average 131.4 kg ha™ of total nitrogen every
year; whereas a 572.0 ha field fertilized with slurry
and solid manure receives on the average 105.2
kg ha of total nitrogen every year. The leaching of
nitrogen and other nutrients from the river basin is
related to meteorological conditions.

According to the data collected at Siauliai
Meteorological Station, the most humid study
period was June and July of 2001, when the
territory experienced 132-147 mm of precipitation.
According to the annual sum of precipitation,
the years 2002, 2004, and 2006 were close to the
perennial rate; however, they were also distinct
for wet months of the warm period. The year 2005
was driest, when the territory received only 69% of
perennial precipitation rate. The average annual air
temperature in different years was either equal to
the rate (+6.0 °C) or exceeded the rate up to 1.5 °C
(Table 1).

Table 1

Meteorological conditions of the study period 2001-2006 (data collected at Siauliai
meteorological stations)

Year Annual precipitation Air temperature
amount, % from the average annual, deviation from the
mm rate teC rate, t °C
2001 704 121 6.0 +0.0
2002 581 100 7.5 +1.5
2003 527 91 6.8 +0.8
2004 597 103 6.7 +0.7
2005 401 69 6.8 +0.8
2006 606 104 7.3 +1.3

The upper reaches of the Sudvé (up to
Siaulénai) with the basin area of 162.4 km? is
distinct for marshland and woods. The area of arable
land covers only 26% here. Moreover, there are no
large industrial objects or towns that may influence
the river water quality. This is a place for sampling
water quality (SA), according to which water quality

data obtained at the same place below the pig
complex (5Z) were compared (Fig. 3). Total nitrogen
concentration contained in the river Susvé below
the pig complex (5Z) increased by 0.58 mg I''. During
the whole study period only four times nitrogen
concentration in SZ was either the same as in SA or
lower.
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Fig. 3. Changes in total nitrogen concentrations in the river Susve above (SA)

and below (SZ) the pig complex. 5 -
MPC - maximum permissible concentration ——(SA) ---m---(SZ)

Those periods make up 11.8% of the whole
study period. The most significant changes in total
nitrogen concentrations due to intensive farming in
the basin reached up to 2.6 mg I"". This was because
nitrogen compounds of high concentration are
released from the basin where slurry from the pig

complex are accumulated (Table 2). Dynamics of
nitrogen concentrations in the river as well as in
drainage outlets is of seasonal nature: in winter
(December till March) concentration values were
higher, but in the warm period (04-11)-lower.

Total nitrogen concentrations in drainage water and in the river Susve favle?
Measurement Concentration, mg I

place MAC Average Maximum Lowest

D(1) 15.0 8.18 17.3 1.73

D(2) 15.0 15.54 24.0 9.9
Average 15.0 11.86 18.5 6.75

S(A) 25 3.94 9.4 1.22

5(2) 25 4.42 12.0 1.31
Average 25 3.46 8.2 0.96

“Maximum allowable concentration

The river Sudvé received from 2.73 to 15.8 t
of nitrogen through drainage from the whole
fertilized area of 728 ha. In the section between the
measurement points SA and 5Z, biologically treated
wastewater from Siaulénai town is canalized into
the river Sujvé. Wastewater treatment efficiency
satisfies the environment protection rates. Together
with biologically treated wastewater, the river Sugve
received from 0.25 to 0.99 t of nitrogen pollutants
every year. Besides, this section has two more
tributaries: the Upyté (13.7 km?) and the Berzuté
(14.8 km?). Considering the amounts (t per year), on

the average 11.8 t per year of total nitrogen were
released from the pig complex and the town into the
Suiveé basin during the study period. The main part
of pollution was from the pig complex (96% or 11.3 t
peryear), whereas the amount of total nitrogen from
the town made up only 0.5 t per year. The runoff of
pollutants differed significantly in different study
years (Fig. 4). The smallest amount of total nitrogen
was observed in 2006 (3 t per year) and 2006 (7 t per
year). The largest amounts of nitrogen reached 16 t
per year and even more (in 2004 and 2005).
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Leaching of total nitrogen through drainage
from fields with applied organic fertilizers was
significantly different in separate years: in 2006
(when runoff head was lowest) only 3.75 kg of
nitrogen leached from 1 ha, butin 2004 (when runoff
head was highest) even 21.75 kg of nitrogen from 1
ha (Fig. 5). Annual leached nitrogen amounts made
up accordingly 2.8 and 16.6% of nitrogen amount
introduced with organic fertilizers per year.

S. Misevi¢iené has studied the emission of
pollutants from areas with manure application.
She determined that, every year depending on
precipitation amount, from 4.1 to 32.3 kg ha™ of

25

nitrogen getinto the environmentthrough drainage
(Miseviciené, 2002). Figure 6 presents annual total
nitrogen runoff in the river Susvé above Siaulénai
(SA) and below the pig complex. The least significant
differences (24-33 t) were observed in 2003 and
2006, when the annual precipitation amount was
close to the rate. The most significant differences
(141-158t) in total nitrogen runoff were observed in
2004 and 2005, when the year 2005 was driest of all
the study years. Additionally, on the average 92 t of
total nitrogen per year flows through the river Sudvé
below the pig complex.
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Although annual differences in nitrogen runoff
are rather high, they do not fully reflect the changes
in pollution in the Sujvé in the studied section
between SA and SZ. After calculating nitrogen

pollutants runoff in the river for the area unit of the
basin (kg ha' per year), it is possible to evaluate
the changes in pollution more exactly. Calculation
results are given in Table 3.

Table 3

Comparative indices of nitrogen runoff in the river Susvé in the section between SA and $Z

Total nitrogen runoff, kg ha per year
Year Suiveé above Siaulénai Suiveé below the pig Increase (+) and decrease (-)
(SA) complex of pollution
2001 8.7 8.21 -0.49
2002 8.19 9.25 +1.06
2003 2.61 2.82 +0.21
2004 11.26 12.05 +0.79
2005 8.69 11.24 +2.55
2006 3.56 3.00 -0.56
Average 7.2 7.8 +0.59

Due to the activities of the pig complex, total
nitrogen amount increased in the Suivé on the
average by 0.59 kg ha™ per year during the study
period. As it was observed in 2001 and 2006, the
river was able to remove all the pollutants flowing
from fertilized fields and the town. However, in most
cases the pollution of the river increased from 14.9
to 29.3%. The 11.6 km long section of the Susvé is
too short to ensure a spontaneous purification and
neutralization of the pollution.

Conclusions

1. Every year from 2.73 to 15.8 t of nitrogen
(from 3.75 to 21.75 kg ha™), which accounts
for 2.9-16.6% of the amount imported into
fields, come to the Sudvé by drainage from
the areas fertilized with organic fertilizers. The
main polluter is the pig complex (96% or 11.3
t per year); the rest amount of total nitrogen
(0.5 t per year) gets from wastewater from the
town.

2. According to the data of 2001-2006, in the
Sudvé, total nitrogen concentration below
the pig complex increases on the average by
0.58 mg I". The most significant differences

reached 2.6 mg I'. However, there were years
when nitrogen concentration in the Su$vé be-
low the pig complex was either the same or
lower than that above Siaulénai. Water flow-
ing from the river basin by drainage contains
4 times higher nitrogen concentration than
water in the river.

3. During a year additional 92 t of total nitrogen
flow through the river Susvé below the pig
complex. The smallest amounts of pollutants
(24-33 t) were observed in 2003 and 2006,
when the amount of annual precipitation was
close to the rate. The highest amounts of pol-
lutants (141-158 t) occurred in 2004 and 2005,
when the year 2005 was driest of all the study
years. This shows that the change in river pol-
lution depends on such factors as fertilization
regime of fields and nitrogen amount taken
with the harvest, but it almost does not de-
pend on meteorological conditions.

4, Due to the activities of the pig complex and
intensive farming, total nitrogen runoff in-
creased from 14.9 to 29.3% during the study
period. The 11.6 km long section of the Sudve
is too short to ensure a spontaneous purifica-
tion and neutralization of the pollution.
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Abstract

Use of solar energy increases every year. In Latvia, solar energy is used mainly by solar collectors.

The main part of the solar collector is the absorber, but not less important is the covering material which protects
the absorber from the cooling impact of the wind. This cover must be transparent for solar radiation, but opaque for
thermal radiation of the absorber, which is at greater wavelengths. Therefore it is important to measure absorption
spectra of possible covering materials at visible and infrared wavelength ranges.

Absorption spectra have been measured for several materials: glass, polythene, Plexiglas, and cells Plexiglas.

Absorption spectra for all these materials are measured in three ranges:

ultraviolet — visible (UV - VIS): 250 - 1000 nm;
near infrared (NIR): 700 - 110 nm;
infrared (IR): 1200 — 8000 nm.

UV-VIS spectra with the ‘Ocean Optics’ device HR-4000 have been measured, but NIR and IR — with ‘Bruker’ Furje

spectrometer EQUINOX 55.

Evaluation of absorption spectra showed that the most suitable material (from the considered) for covering of

solar collectors is Plexiglas.

Key words: solar collector, thermal radiation, absorption spectra.

Introduction

Besides other environment-friendly renewable
energy sources, solar energy is widely used in
the world. Also in Latvia solar collectors are used
(Ziemelis et al., 2004; Kancevica et al., 2006).

The energy received of the solar collector can be
calculated (Pelece et al., 2007). However, important
is also energy loss because of re-radiation.

The main partofthesolarcollectoristheabsorber,
but notlessimportantis the covering material which
protects the absorber from the cooling impact of
the wind. This cover must be transparent for solar
radiation, but opaque for thermal radiation of the
absorber, which is at greater wavelengths. Some
authors (Muresan et al., 2006; Maatouk Khoukhi et
al., 2006) speak about absorption of solar radiation
at the cover, but not any was found paying attention
to thermal radiation of the absorber.

Therefore it is important to measure absorption
spectra of possible covering materials at visible and
infrared wavelength ranges. Such spectra have not
been found in the literature.

Materials and methods

Solar energy can be used in two ways: solar cells,
which transform solar energy into electrical energy,
and solar collectors, where solar energy is used
for heating of water. In Latvia, solar collectors are
more popular because of their superior efficiency
compared to solar cells (BSI, 2005).

A traditional flat-plate solar collector (Fig. 1)
consists of absorber (black, well absorbing material),
heat carrier (usually pipes in which water circulates),
heat insulation, and cover (Ziemelis et al., 2004;
Kancevica et al., 2006).

Main function of the cover is to protect the
absorber from the cooling impact of the wind.
This cover must be, of course, transparent for solar
radiation. But the absorber same, as a warm body,
irradiates thermal radiation.

Thermal radiation can be described by such
well-known formulae: radiation power of a black
body per unit of area, unit of solid angle, and unit of
frequency is given by
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3
)2 L (1)

exp(h) -1
where v - frequency, Hz; k,T

T - temperature, K;

h — Plank’s constant, J s;

¢ - speed of light, ms™;

k, — Boltzmann constant, J K.

Fig. 1. Structure of the solar collector:
a - absorber, b — heat carrier, ¢ — insulation, d — cover.

Integrating the above equation over v the power output given by the Stefan-Boltzmann law is
obtained

W =0AT"*, )

where © - Stefan-Boltzmann constant, W m2 K*
A - area of the radiating surface, m?%;
T - temperature, K.
The wavelength A, for which the emission intensity is highest, is given by Wien's Law:

b
D == 3
m = 3)
where b — Wien’s displacement constant, m K;

T - temperature, K.
Solar radiation spectrum is shown in Fig. 2 (Rottman, 2006).
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Fig. 2. Solar radiation spectrum at the top of the atmosphere and at the sea level.
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Maximal irradiance is at 550 nm. Integral power
at the top of the atmosphere is equal to the solar
constant S = 1367 W m~,
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Mean temperature of the absorber of the
solar collector usually is approximately 60 °C. The
spectrum of the thermal radiation of a black body
with such temperature is shown in Fig. 3.
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15 20

Wavelength, pm

25

Fig. 3. Thermal radiation of a black body at the temperature of 60 °C.

Maximal irradiance is at wavelength of 10 um.
Integral irradiance is approximately 670 W m=. Since
real objects, including black-coloured solar collector,
are not absolutely black, the integral irradiance can
be even half of that, but still is comparable with the
incoming solar radiation.

The cover material of the solar collector must be
transparent for the maximum radiation of the sun (at
wavelengths smaller than 1 um), but opaque for the
maximum radiation of the absorber (at wavelengths
greater than approximately 5 um). Therefore it is
important to know the absorption spectra of these
materials.

Absorption spectra have been measured for
several materials: glass, polythene, Plexiglas, and
cells Plexiglas.

Absorption spectra for all these materials are
measured in three ranges:

ultraviolet - visible (UV - VIS): 250 - 1000 nm;

near infrared (NIR): 700 — 110 nm;

infrared (IR): 1200 — 8000 nm.

UV-VIS spectra with the ‘Ocean Optics’ device
HR-4000 have been measured, but NIR and IR - with
‘Bruker’ Furje spectrometer EQUINOX 55.

Results and discussion

At the visible range (400 to 700 nm), the most
transparent is glass (Fig. 4 a), but, if also ultraviolet
range is considered, in which the sun also irradiates,

more transparent is Plexiglas (Fig. 4 b). Cells
Plexiglas (Fig. 4 ) is less transparent at both visible
and ultraviolet ranges. Polythene (Fig. 4 d) is more
transparentthan glass and Plexiglas at the ultraviolet
range, but less transparent at the visible range.

At the near infrared range (700 to 1100 nm),
more transparent is Plexiglas (Fig. 5 b). Values of
absorption of glass and polythene (Fig. 5 a and d
resp.) are similar to each other and greater than that
of Plexiglas. Least transparent is cells Plexiglas (Fig.
50).

At the infrared range (1000 to 10000 nm), where
solar radiation is weak, but thermal radiation of the
absorber is considerable, better for covering is more
opaque material.

Greatest absorption at this range is that of
Plexiglas and cells Plexiglas (Fig. 6 b and c resp). For
glass (Fig. 6 a) and polythene (Fig. 6 d), absorption at
this wavelength range is weaker.

Evaluation of absorption spectra showed that
the most suitable material (from the considered) for
covering of solar collectors is Plexiglas.

Of course, in order to choose the material for
covering of the solar collector, the absorption is
not the only criteria. Important are also costs and,
especially if the solar collector is not flat, possibility
to shape it. Polythene and Plexiglas are more
malleable than glass and cells Plexiglas. Important
is also durability. Plexiglas and cells Plexiglas are
more durable than glass and polythene.
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Fig. 4. Absorption spectrum of glass (a), Plexiglas (b), cells Plexiglas (c), and polythene (d) at visible and
ultraviolet range.
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Fig. 5. Near infrared absorption spectra of glass (a), Plexiglas (b), cells Plexiglas (c), and polythene (d).
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Fig. 6. Infrared absorption spectra of glass (a), Plexiglas (b), cells Plexiglas (c), and polythene (d).

Consequently, from all viewpoints together, Investigations are also required on the stability of
the best material for covering of solar collectors is those optical characteristics in outdoor conditions.
Plexiglas.
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Abstract

Rising oil prices, national security concerns, the desire to increase farm incomes, and a host of new and improved
technologies are propelling the European Union to set the directive for the year 2010 - each member state should
achieve at least 5.75% biofuel usage of all used transport fuel. The report on the progress made in the use of renewable
fuels shows that the average Member State of the EU has achieved only 52% of its target, and biofuels’ share in 2010
will not raise much above 4%. The prices of different biofuels are still not able to compete with oil based fuel prices.
One of the possible ways how to solve this problem is to optimize biofuel supply chains using different methods of
systems engineering. The aims of this investigation were finding out appropriate simulation tools for biofuel supply
chain modelling, development of rapeseed oil supply chains for different production types, and modelling the
developed supply chains. As the result of software survey, two packages were chosen — Anylogic and ExtendSim Suite.
Modelling studies showed that rapeseed oil supply chain is very sensitive, because changing just single parameters
in a short scale, the actual cost price of 1 litre of oil changes considerably. Comparing the fossil diesel fuel prices with
rape oil actual cost from modelling studies, the use of oil as a fuel for farm machinery seems to be profitable. Analysis

of costs distribution shows that the greatest part is composed by rapeseed growing expenses.

Key words: biofuel, rapeseed oil, logistic, supply chain, systems engineering, modelling.

Introduction

The term ‘biofuel’ applies to any solid, liquid,
or gaseous fuel produced from organic matter.
The various biomass feedstock used for producing
biofuels can be grouped into two basic categories:
the currently available ‘first-generation’ feedstock,
which is harvested for its sugar, starch and oil
content that can be converted into liquid fuels
using conventional technology; and the ‘next-
generation’ cellulosic biomass feedstock, which is
harvested for its total biomass and whose fibres can
be converted into liquid biofuels only by advanced
technical processes. The two primary biofuels in
use today are ethanol and biodiesel, which can
both be used in existing vehicles. Ethanol is readily
blended with gasoline, and biodiesel is blended
with petroleum-based diesel for use in conventional
diesel-fuelled vehicles. The use of pure vegetable
oil and pure biodiesel in diesel engines as well
as neat bioethanol in spark-ignition engines are
other available alternatives nowadays, but they
may require modification of engine or fuel system
components.

The European Union in its biofuels directive
has set the goal for the year 2010 - each member
state should achieve at least 5.75% biofuel usage
of all used transport fuel. Unfortunately, the report
on the progress made in the use of biofuels and
other renewable fuels in the Member States of the
European Union shows that the average Member
State achieved only 52% of its target (Biofuels
Progress Report, 2007), and biofuel share in 2010
will not raise much above 4%.

Concerning Latvia, the great number of different
regulations has been developed since 2003, for
example, the programme ‘Production and use of
biofuels in Latvia (2003-2010); the decree of the
Cabinet of Ministers No. 511 on the implementation
strategy of the mentioned programme, and the law
on biofuels accepted by the Saeima on April 2005.
Regardless of that, the real situation in this country
is unsatisfactory — Latvian biofuel share changed
from 0.07% in 2004 to 0.33% in 2005, but in the last
two years it has stayed almost the same.

The main reason of this seems to be economical
by nature — the prices of biofuels are not able
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to be in competition with gasoline and diesel
prices. If governments and others wish to expand
production and use of biofuels significantly at the
domestic and global levels, they will need to have
an effective wide-ranging policy strategy. The most
common policies supporting biofuels today are
blending mandates and exemptions from fuel taxes.
Other policy instruments are loan guarantees; tax
incentives for agriculture and forestry, consumers
and manufactures; preferential government
purchasing policies; and research, development,
and demonstration funding for current and next-
generation biofuels and technologies (Biofuels for
Transport ..., 2007).

Another possible way to enlarge the production
and use of biofuels is to optimize biofuel supply
chains using different methods of systems
engineering. Systems engineering can be defined
as a structured process for arriving at a final design
of a system. The final design is selected from a
number of alternatives that would accomplish the
same objectives and considers the total life-cycle of
the project including not only the technical merits
of potential solutions but also the costs and relative
value of alternatives. The most common structure
of the systems engineering process is shown in
Figure 1 (Bahill and Gissing, 1998).

System inputs
(customer requirements)

v

| Problem statement

]

v

>

| Design of alternatives

>

| System modelling

—

>

| Integration with sub-systems |4—

Re-evaluation

>

| Launching the system

]

>

| Measuring the system

—

>

< System outputs >

Figure 1. The systems engineering process structure.

Considering that system modelling plays a very
important role in engineering process structure, it
is chosen for this investigation. Before starting the
modelling process, identification of the system is
very important.

In this investigation the system is a biofuel
logistic or supply chain. The different possible

conversion routes for the production of different
biofuel types play a central role in the model.
These conversion routes are defined by interlinked
subprocesses, which are defined by input and
output. The simplified general outline of conversion
route definition is shown in Figure 2 (Van Thuijl et
al., 2003).

Crop
production

Crop
pre-processing

Raw material
production

National
market

Fuel grade
production

Figure 2. General outline of conversion route definition for the model.

Crop production denotes the production of bio-
mass and biomass residues from agriculture, forestry,
and industry. The pre-processing of the crop may con-
sist of several pre-treatment steps. After pre-process-

ing of the biomass it is converted into a raw material
(for example, bio-crude or raw ethanol), which serves
as an input for the production of fuel grade biofuels.
Both raw material production and fuel grade produc-
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tion may consist of several conversion processes. Fi-
nally, the produced biofuels are transported to the na-
tional market, where distribution to end-consumers
takes place (in either pure form or blends with con-
ventional automotive fuels).

Analysing the existing solutions in modelling
of biofuel supply chains, the first ones were
found relating biomass fuel supply and collection
correspondingly in the Netherlands and the United
Kingdom (Allen et al., 1998; De Mol et al., 1997). The
most valuable information from these investigations
was used input and output data for modelling, but
researchers didn't specify the used modelling tools.
Another problem to use these models as analogues
for biofuel logistic chain modelling in Latvia is
different modelling input parameters, for example,
raw materials, distances between objects, network
of roads, etc.

The most fundamental and recent investigations
in the modelling of biofuel supply chains were
carried out within the European Commission-

supported project ‘Clear Views on Clean Fuels’

(Wakker et al., 2005). The objective of this research
was to develop a cost efficient biofuel strategy for
Europe in terms of biofuel production, cost and
trade, and to assess its larger impact on bioenergy
markets and trade up to 2030. Based on the biomass
availability and associated costs within EU countries,
scenarios for biofuels production and cost was
constructed using quantitative modelling tools.
Combining this with data on biofuel conversion
technologies and transport of biomass and biofuels,
the lowest cost biofuel supply chain given a certain
demand predetermined by the biofuels directive
was designed. Two complementary models were
developed in this research, the BIOTRANS model
and the ChalmersVIEWLS model.

The BIOTRANS model needs the following inputs:
costs and potentials of biomass resources (including
organic waste fractions and residues) in individual
countries, data on the possible conversion routes
containing different process steps, data on the
national and international transportation and
handling of the different products involved and data
on policy incentives. The model has been formulated
as a multi commodity network flow model
connected by country nodes. The ChalmersVIEWLS
is a regionalised energy system model. It has three
end-use sectors: electricity, transportation fuels,
and heat. Specific energy demand scenarios are
developed for each of the three sectors. In addition
to energy demand and costs, the supply potentials,
energy conversion characteristics and expansion
limitations, the initial capital stock and trade
parameters are exogenously defined.

Unfortunately, reports on these modelling
studies don’t share with used modelling equations
and used computer software also. Only results in
graphical and numerical form are available. Another
problem is that these models are too global. For
example, if the distance from Gulbene to Ventspils
in European model is inconsiderable, than in
modelling of biofuel supply chain in Latvia scale it
is very significant.

Regardless of this, analysis of these investigations
were very useful, especially studies of background
document for modelling using the BIOTRANS model
(Van Thuijl et al., 2003). As an example conversion
route for pure vegetable oil from this document is
shown in Figure 3.

Solvent Solvent (recycled)
Oil seeds Washing, flaking, Oil P National pure
production cooking, pressing extraction | Distillation _>Vegetable oil market
Oil seeds Seed cakes Pure vegetable oil
at border at border
v 4 v i

Figure 3. Conversion route for pure vegetable oil.
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Since the pure vegetable oil chain is the simplest
from all others and it is also the part of the biodiesel
production, rapeseed oil supply chain was chosen
for the modelling studies.

The choice of the most suitable modelling and
simulation software is very important. Of course,
for the simpliest modelling studies it's possible to
use some of tools (for example, Solver) integrated in
spreadsheet programs.The use of powerful common
use modelling software, for example, Powersim
or Simulink is also available, but probably other
software which is specially designed for modelling
of logistics would be more suitable.

Analysing existing surveys of simulation software
tools as the most fundamental investigations made
by Lionheart Publishing Company were found out.
More than sixty different packages were compared
(Simulation Software Survey, 2007; Swain, 2005;
Samuelson and Macal, 2006). A lot of criteria were
used, for example, typical applications of the
software, primary markets for which the software is
applied, system requirements, supported operating
systems, model building characteristics, etc. Most of
these packages can be used also for supply chain
and logistic modelling, but which of them could
be the most suitable for the modelling of biofuel
logistic systems is not specified in these surveys.

Summarizing literature studies, the following
tasks were set for this investigation:

. selection of criteria for simulation software
comparison to find out the appropriate ones
for biofuel supply chain modelling;

. adaptation of previously shown conversion
route (Figure 3) to specific peculiarities of Lat-
via and development of rapeseed oil supply
chains for decentralized and unitary produc-

. modelling the developed rapeseed oil supply
chains using selected simulation tools.

Materials and Methods

Basing on the typical applications of the
software as well as on computer and operating
systems requirements, eight different simulation
packages were chosen for the final evaluation -
Anylogic, Arena, ExtendSim Suite, Flexsim Simulation
Software, ProModel Optimization Suite, ServiceModel
Optimization Suite, ShowFlow, and Simul8.

The main model building characteristics were set
as the criteria for further comparison. All necessary
information was obtained from vendor home pages
and demo models. All of these programs include
following features: graphical model construction
(icon or drag-and-drop), access to programmed
modaules, run time debug, input distribution fitting,
model optimization tools, animation, import CAD
drawings, different templates, user support and
discussion area, training courses, on-site training,
and consulting. As the first discarded package
was ShowFlow, because it doesn't support both
modelling types (discrete event and continuous
event) and real time viewing of model animation.

Seven programs satisfy other main criteria -
output analysis support, presence of tools to
run experimental design and to support model
packaging (e.g., can completed model be shared
with others who might lack the software to develop
their own model?). Despite these features are
included, they are different in particular programs.
Not all programs are able to export animations
(e.g., MPEG version that can run independent of
simulation for presentation). Description of differing
tools is summarized in Table 1.

tion;
Table 1
Simulation software survey
Software Output Analysis Batch run(;)r gxperimental Tools to support E.xport
esign packaging animation
Anylogic Statistics tools, various | Simulation, optimization Generates Java applets
charts, histograms, etc. | (including Monte Carlo and applications
and Sensitivity Analysis), with full simulation- +
and custom experiments optimization
functionality
Arena Arena Output Analyzer | Arena Process Analyzer Seamless operation, no +
for statistical analysis tools necessary
ExtendSim Confidence intervals Automated execution of Free downloadable
Suite are calculated at the different scenarios player from the web site -
click of a button runs the models

252



USING OF ANYLOGIC AND EXTENDSIM IN MODELLING OF BIOFUEL LOGISTIC SYSTEMS lmars Dukulis
Software Output Analysis Batch runcj)r gxperimental Tools to support Export
esign packaging animation

Flexsim Flexsim Charts. Flexsim Experimenter

Simulation Outputs to Excel and - +

Software Access

ProModel Output analysis Unlimited scenarios Models packaged within

Optimization | reports and charts. can be predefined software; view using

Suite Outputs to Excel and to experiment on free ProModel Player -
Access parameters

ServiceModel | Output analysis Unlimited scenarios Models packaged within

Optimization | reports and charts. can be predefined software; view using

Suite Outputs to Excel and to experiment on free ProModel Player -
Access parameters

SIMULS Included in main Included in main product | Included in main +

Professional product product

Tomakethefinal decision, the pricinginformation
and presence of academic/research versions were
taken into account too because financial resources
to purchase software were limited. As the result,

two different packages were chosen — AnyLogic and

Adapting conversion route for pure vegetable
oil (Figure3) to specific peculiarities of Latvia,
rapeseed oil supply chain was developed including
decentralized and unitary production (Figure 4).

Figure 4. Rapeseed oil supply chain for decentralized and unitary production.

ExtendSim Suite.
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: ) Rapeseed ) :
| |Rapeseed N Rapeseed drying L p| pressing and Oil cakes for farm’s |
: growing and storing purification animals :
I I
I Oil cakes and rapeseed I
| 1 il for oth |
: N oil for other users |
__________________________________________________ |
Ul unitayproducton |
nitary production
\ 4 vy | v yp |
Immediate : Oil manufacturer > Rapeseed 011’35 a fuel for |
rapeseed supplier | | (drying, cleaning, manufacturer’s techniques :
> (dryIng, cleaning, —:—} .stori.ng, pres.sing, |
storlng1 may take : flltratlo?,kdlstllllatlon Rapeseed oil for manufacturer’s :
place) | may take place) biodiesel production plant :
I

4 4 |
Rapeseed from J l :
' — Realization of oil cakes I
other farmers : Rapeseed from oil |
| manufacturer’s :

| d field
Rapeseed from | rapeseed Hie N Realization of rapeseed oil as fuel, :
other countries : food or for biodiesel production | |
I

253



USING OF ANYLOGIC AND EXTENDSIM IN MODELLING OF BIOFUEL LOGISTIC SYSTEMS

llmars Dukulis

Transportation of intermediate products may
take place between the most of two subprocesses.
It can be realized by farmer, intermediate supplier or
oil manufacturer transport. Biofuel or fossil fuel can
be used in transportation and rapeseed growing.

A lot of different input parameters for modelling
were used, for example, seed, fertilizer, herbicide
and fungicide prices and norms; ploughing,
cultivation, sowing, fertilizing, dusting, harvesting,
transportation, cleaning and drying expenses;
rapeseed yield capacities; state-aided payments;
oil extraction expenses; possible oil cake sale
price, average rapeseed transportation distances,
etc. Besides, some of the parameters that initially
seem to be constant, for example, seed price and
sowing norm, are changing in practice. Thus, winter
rapeseed price is 7.00 LVL kg™ and 3 kg of seed is
needed per 1 ha. For summer rape these numbers
are correspondingly 5.00 LVL kg and 4 kg ha™, but
if only biological technologies are used on the farm
(‘biological rape’), 8 kg ha™ of specially treated seed
is needed.

Models were developed using both of previously
chosen packages - AnyLogic and ExtendSim Suite.

Results and Discussion

The main questions to be answered from these
modelling studies were:

. What is the actual cost of rapeseed oil for de-
centralized and unitary production?

. Is the price of rapeseed oil able to compete
with fossil diesel fuel prices?

. What is the distribution of costs in rapeseed

oil supply chain using different production
technologies grouping expenses by catego-
ries — growing, transportation, cleaning/dry-
ing, and pressing/purification?

Performing system simulation different scenarios
of supply chain were executed. For example,
expenses for ploughing, cultivation, sowing,
fertilizing, dusting, harvesting and transportation
at farm (decentralized production) in the model
can be assumed as external services or they can be
performedbyfarmer’s machinery.Thesamesituation
is with cleaning, drying and pressing. Oil cakes can
be fed to farm animals or sold to other farmers. As
an example, the results of simulation studies for
decentralized production are summarized in Table 2.
For technical services, neighbour machinery is used,
seed pre-processing and oil extraction are done by
the farmer himself, but rape cakes are sold.

Table 2

An example of the simulation results for decentralized production

. . Summer rape

Expense item Summer rape Winter rape (‘biological)
Rapeseed growing, LVL ha™ -447.85 -511.52 -497.74
Transportation, LVL ha” -8.80 -8.80 -8.80
Cleaning/drying, LVL ha” -14.50 -21.75 -14.50
Total state-aided re-
payment, LVL ha 86.01 86.01 161.61
Total expenses, LVL ha™ -385.14 -456.06 -359.43

i 0,

Avgrage rapes_e1ed yield (8% 234 397 122
moisture), t ha
Total expenses, LVL t -164.80 -139.39 -295.77
Pressing, LVL ha" -101.64 -142.29 -51.11
Egee cake realization, LVL 334.96 468.95 174.18
Rape oil actual cost, LVL ha™ -151.82 -129.40 -236.36
Rape oil quantity, | ha™ 851.35 1191.89 442.70
Rape oil actual cost, LVL I -0.18 -0.11 -0.53

If only a half of oil cakes is sold, but other is used
for farm’s animals, rape oil actual cost for winter
rape, summer rape and ‘biological’ summer rape
changes correspondingly t0 0.38,0.30and 0.73 LVL |

1. But, in this case, economy in forage purchase for
animals has to be taken into account. If the farmer
uses his own machinery for technical services in this
scenario, values mentioned before decrease to 0.30,
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0.24, and 0.56, respectively. Rapeseed oil supply
chain model is very sensitive, because changing
just single parameters (for example, yield capacity,
rapeseed transportation distance, or rape cake sale
price) in very short scale, the actual cost price of 1
litre of rapeseed oil changes very considerably.
How do these values look in comparison with
fossil diesel fuel prices? Let’s assume that the diesel
fuel price in the fuel tank is 0.87 LVL I'". The farmer
can receive the excise tax compensation (0.19 LVL I
') and value added tax repayment (18%). In this case,
the final diesel fuel price for the farmer is 0.52 LVL I
1. If we compare this value with rape oil actual cost
for winter and summer rape, the use of oil as a fuel
for farm machinery is profitable. If only biological
technologies are used on the farm, economically
the use of oil as a fuel seems not so beneficial but,
as the quality of final products is very high, they can
be used in food (oil) and for animals (cakes), which

3%

llmars Dukulis

is also very important for the farmer.

Concerning unitary production, rape oil actual
cost was approximately the same when rape was
grown on oil manufacturer field. On the one hand,
the actual cost of growing, transportation, cleaning,
drying and pressing was less than at the farm, but,
on the other hand, maintenance expenses of plant
infrastructure raise the prime cost. If the rapeseed is
bought from the immediate supplier, rape oil actual
cost is approximately 20% lower. Unfortunately, if
the farmer desires to buy oil for use as a fuel from
this manufacturer, purchase costs are much higher
(value added tax, profit percentage, etc.).

The distribution of costs in rapeseed oil supply
chain grouping expenses by categories - growing,
transportation, cleaning/drying, and pressing/
purification — are shown in Figures 5 and 6 (for
unitary production infrastructure maintenance and
logistics expenses are assumed too).

O Rape seed growing
B Transportation

O Cleaning/drying

W Pressing/purification

Infrastucture maintenance

O Logistics

Figure 5. Distribution of costs in rapeseed oil supply chain for unitary production.

3%

1%

7%

a)

O Rape seed growing
B Transportation
O Cleaning/drying

B Pressing/purification

3% 9%

2%

T 75%

b)

c)

Figure 6. Distribution of costs in rapeseed oil supply chain for decentralized
production: a — for summer rape; b — for winter rape; ¢ - for ‘biological’ summer rape.

255



USING OF ANYLOGIC AND EXTENDSIM IN MODELLING OF BIOFUEL LOGISTIC SYSTEMS

llmars Dukulis

Distribution of costs shows that the greatest part
is composed of rapeseed growing expenses. As it
was mentioned before, for decentralized production
this part could be reduced using own machinery
with optimal productiveness characteristics as
well as using rapeseed oil as a fuel for technical
services as much as possible. For unitary production
it's possible to buy rapeseed from the immediate
suppliers or farmers.

Comparing models using Anylogic and
ExtendSim Suite,both of them showed similar results,
but AnyLogic will be more useful from the viewpoint
of sharing with others who might lack the software
to develop their own model, because this software
generates Java applets and applications with full
simulation and optimization functionality.

Conclusions

1. Besides legislative initiatives, one of the pos-
sible ways how to enlarge the production and
use of biofuels is to optimize biofuel supply
chains using different methods of systems
engineering.

2. Analysis of existing solutions in modelling of
biofuel supply chains shows that existing so-
lutions in this field are not usable for Latvia
directly because this country’s area, produc-
tion capacities and other parameters are very
different from other European countries.

3. Analysing available tools for the modelling
of biofuel supply chains two different soft-
ware were chosen - Anylogic and ExtendSim.
AnyLogic will be more useful from the view-
point of sharing with others who might lack
the software to develop their own model,
because this software generates Java applets
and applications with full simulation and op-
timization functionality.
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Abstract

By using analytical correlations derived as a result of theoretical research, a computer algorithm has been worked
out for simulating the functions of the plough body and the forces exerted by soil upon the operating parts, as well
as its draft resistance. These correlations allow to determine the draft resistance of the plough depending on the
parameters of its body, as well as to evaluate the impact of the physical and mechanical properties of soil, such as
friction upon it. The greatest influence upon the draft resistance is exerted by soil hardness, density and slip resistance
along the surfaces of the operating parts. The latter is also affected by soil adhesion, which particularly manifests itself
in wet clay soils at lower temperatures. It has been clarified that the friction resistance constitutes 46 — 62% of the total
draft resistance of the plough body. The main ways of lowering the friction resistance and the total draft resistance
of the plough are the introduction of a more rational design of its body having optimum parameters, decreasing the
resistance of the share-mouldboard surface and the values of reactions of the supporting surfaces, as well as the

application of antifriction materials and better modes of joining with tractors.

Key words: plough draft resistance, friction resistance, analytic correlations, optimisation of parameters.

Introduction

It follows from our previous investigations (Vilde
1999, 2003, 2004; Rucins and Vilde 2003, 2004)
that the draft resistance of ploughs depends on
the body parameters, the physical and mechanical
properties of soil, and the working modes. However,
there were not enough investigations for analytic
assessment of the impact of the body parameters
and the variability of soil properties, such as friction,
on the variations in the ploughing resistance. This
encumbers the calculation of the proper solution of
the plough body design and raising the ploughing
efficiency.

The purpose of these investigations was analytical
assessment of the impact of the variability of the
plough body parameters and the soil friction

properties on the variations in the ploughing
resistance in order to determine the optimal body
design under particular soil conditions to improve
the ploughing efficiency.

Materials and Methods

The objects of the research are the forces
acting on the plough body and its draft resistance
depending on the body design parameters, as well
as the physical and mechanical properties of soil
and the working modes. On the basis of previous
investigations, a computer algorithm has been
worked out for the simulation of the forces exerted
by soil upon the operating (lifting and supporting)
surfaces of the plough body, and the draft resistance
caused by these forces (Fig. 1).

Fig. 1. Scheme of the plough body, its parameters and acting forces.
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According to our previous investigations (Vilde, 1999), the draft resistance R_of the plough body is
determined by the share of the cutting resistance R,, the resistance caused by the gravity (weight) R_ of
the soil slice lifted, by the inertia forces R, by soil adhesion R, , and by weight R, of the plough body itself
(including a part of the weight of the plough):

Ry =SR_=Rp +Rg +Ry + Ry +Roy. (1)

The vertical reaction R, and the lateral reaction R, of the operating part are defined by corresponding
partial reactions. The total draft resistance R of the operating part is composed of the resistance of the
working surface R/ and the resistance of the supporting (lower and lateral) surfaces R” :

RZ=ER"Z; RY=ER,'y; Rx =R)’(+R)’(’ =2Ri;(+f0 (ERiz+zRiy+pry5xy+przsxz)’ (2,3,4)

where: f - the coefficient of the soil friction along the working and supporting surfaces of the plough
body;

Py and p, - the specific adhesion force applied, respectively, to the lower and the lateral supporting
surfaces of the body;

Sxyand S - the surface area, respectively, of the lower and the lateral supporting surfaces of the body.

The friction resistance F_is a constituent part of these reactions and their components (Rucins et al.,
2003), and, by analogy, we can write that

: R (5)
FX=EF/'X=FPX+FGX+FJX+FAX+FQX=Rx_Rxo;

Fx”=f0(Rz+Ry+prysxy+prszz)=R>’(,; Fx=Fx’+Fx”' (6'7)
The friction resistance of the share-mouldboard surface is defined as the difference between the total
resistance (general value of the partial resistance) and resistance R in operation without friction (f = 0):

F -Ryp> F, =R, -R,,. (8;,9)

ix = Rix
Ratio A, of the friction resistance in the partial and total resistance (reaction), as well as ratio A, of the
supporting reactions in the partial and total draft resistance is determined from their correlations:
A =R -R,; A =R =Ry A =R -R,L. (10;11;12)

I

F.x Fx R.
i i

The cutting resistance R/, is proportional to soil hardness p and the share edge surface area w:
R'px = kppow = K poib, (13)

where: kp - the coefficient involving the impact of the shape of the frontal surface of the ploughshare
edge;
iand b - the thickness and width of the edge.
It is evident from formula (13) that friction of soil along the edge does not influence the cutting
resistance.
At a sharp ploughshare (the rear bevel is absent)
R, = 0. (14)

At a blunt (threadbare) ploughshare having a rear bevel, the vertical reaction R, on the hard soils can
reach a summary value of vertical reactions, that arise from other forces acting on the share-mouldboard
surface (soil gravity and inertia) and the weight Q of the body.
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At aninclined ploughshare, a lateral reaction R, arises, its value being affected by the friction reaction:
(15)
Rp, = kaoithg(Vo + @),
where: y, - the inclination angle of the edge towards the direction of the movement (the wall of the
furrow);
@, - the angle of friction.
When friction is absent, fo =0, @0 =0, Ry, = k,pyibctgyy. (16)

The friction of soil along the ploughshare edge reduces the lateral pressure of the ploughshare (the
pressure of the plough body against the wall of the furrow).
The resistance of the supporting surface and the total cutting resistance is:

R"px = Kppoibfoctg(vo + o) = Foc", and R, = kppo’.b[1 +ctg(yo + %)] (17;18)

The lateral cutting resistance of the knife is determined by formulae, similar to those for the cutting
resistance of the share. Consequently, similar to the above formulae will also be the formulae defining the
impact of friction on the total resistance of the knife.

Forces caused by the gravity of the lifting soil slice:

Rs = qdgk,r sin™ y{[(siny cos &, + cos?y sin't y)efosnrta-a) _ (19)
-(siny cos e, + cos? y sin? y)]cos g, + (cos g;€""72=) _ cose,)
(cos e, —fysing; siny)'sing, [sin £, siny + fy(sin® y cos ¢, + cos? y)]},
Rg, = qégrsiny (e, -¢)(e; +0.52) ctg v, (20)
o (21)
R. =qgdgrsin™! £, —€1),
?Z qog )/( 2 ) 1) (22)
Réx=fo (R, +Rg, ) = Foyi
forces caused by the soil inertia:
Ry =q dv2k, siny{(siny cose, +cos®ysin™ y)e™*"" =) _(siny cose, + cos? y sin” y) +
+(cos e, —fysin g, sin y) et Sin£1|;°,in g, Siny +f, (sin? y cose, +cos? 3/)]} (23)
Ry, =q 6 vk, sinysin ¢, gfosiny (e2-e1) gg;
Ry ~q 6 vk, siny cosy (1-cos ¢,), (26)
RJ"x = fO(RJz +RJy) = FJ’),(/
forces caused by soil adhesion:
R, =p,brsiny (e™*" _1){ siny cose, +cos 7y siny + (cose, -, sine, siny)™ *
* sin sl|;<,in g, Siny + f(sin> y cos ¢, + cos 2y)]} (27)
Ri=0, R, =0, (28;29)
(30)

R"Ax = fO(prysxy + prszz) = F",

where: g - the cross section area of the soil slice; § — the density of soil; ky — the soil compaction coefficient
in front of the operating part; f, - the soil friction coefficient against the surface of the operating element;
v - the speed of the movement of the plough body; p, - the specific force of soil adhesion; b - the surface
width of the soil slice; €, and €, are correspondingly the initial and the final angles of the lifting (share-
mouldboard) surface;

g - acceleration caused by gravity (g =9.81).
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The draft resistance caused by the ploughs weight Q:

R" ox = Qfy.

The soil friction coefficient and the specific force
of soil adhesion are not constant values. Their values
decrease with the increase in speed (Rucins et al.,
2003). This is considered in calculations.

The resistance of the supporting surfaces of the
plough body depends on the values of the reacting
forces.Yet theirvalueis dependent,in many respects,
on the manner of unification and perfection of the
hydraulically mounted implements of the tractor.
The vertical reaction of the plough with modern
tractors having power regulation is transferred to
the body of the tractor, and it affects the plough
resistance to a considerably lesser degree. There are
alsosolutionsforthereduction of the lateral reaction.
In such a way, the dominating component of the
draft resistance of the plough body is the resistance
of its share—-mouldboard surface, to the research of
which the present work is mainly devoted.

Results and Discussion

The presented work discusses, as an example,
the results of the impact of the body parameters,
the physical and mechanical properties of soil,
such as the soil friction and the working modes, on
the draft resistance of the plough body at various

=40°
2500
| V,ms™*
RN
—&—1 —8-2 &3
1500 = g4 —%—5
500

0 02 0.4 0.6 fa

Fig. 2. Impact of the soil friction coefficient f, upon
the draft resistance of the plough body share—
mouldboard surface caused by the gravity of the soil

31)

initial lifting angles €, and at various angles y of
the horizontal generatrices, and at various working
widths depending on the speed of operation
when ploughing, for example, loamy soils, which
predominate in Latvia (Rucins and Vilde 2004,
2005).

Calculations were carried out with a computer
according to the foregoing formulae.

As an example, the calculation results of the
impact of the soil friction coefficient f, upon the draft
resistance of the plough body share-mouldboard
(lifting) surface, as well as reacting forces on the
supporting surfaces, the draft resistance and the
total draft resistance of the entire plough body at
the inclination angle &, = 30° of the share (initial
soil slice lifting angle), at the inclination angle y =
30°...50° of the horizontal generatrix and at various
speeds v are presented in the Figs 2 - 12.

The draft resistance of the lifting (share-
mouldboard) surface and its components are
presented in Figs 2 — 5, the reacting forces on
the supporting surfaces - in Figs 6 — 10, the draft
resistances of the supporting surfaces - in Fig. 11,
and the total draft resistance of the plough body
—-inFig.12.
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RN ——1 —5-2 /
" —A—3 ——4
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i B___,E,k_——-a»———‘ﬂ

0 02 0.4 0.6 fo
Fig. 3. Impact of the soil friction coefficient f; upon
the draft resistance of the plough body share—

mouldboard surface caused by the soil inertia forces.
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Fig. 4. Impact of the soil friction coefficient f; upon the draft resistance of the plough body share-mouldboard
surface caused by adhesion.
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Fig. 5. Impact of the soil friction coefficient f; upon the total draft resistance of the plough body share-
mouldboard surface caused by the soil gravity, the inertia forces, adhesion and soil cutting resistance at the
inclination angle y of the horizontal generatrix: a —y =30°; b — y =45°.

From Figs 2-5 it follows that at the soil friction coefficient f, = 0.3...0.4 and at the speed v=2...3 m s,

presently predominatingiin ploughing, the draft resistance caused by the soil friction takes 36...42% of the
total draft resistance of the share-mouldboard surface.

T=40° T=40°
1150 | 000 — . g
n Voms® o1 B2 —=—3 ¢4 —%5
Rz N R N * - H# o
1125 ;
1000
1100
——1 82 =3 4 %5 =
= = = g
1075 0 :
1] 02 04 06 fo 1] 02 04 06 Iy
Fig. 6. Impact of the soil friction coefficient f; Fig. 7. Impact of the soil friction coefficient f;
upon the vertical reaction of the plough body upon the vertical reaction of the plough body
caused by the gravity of the soil slice. caused by the inertia forces of the soil slice.
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Fig. 8. Impact of the soil friction coefficient f; Fig. 9. Impact of the soil friction coefficient fj upon
upon the lateral reaction of the plough body caused the lateral reaction of the plough body caused by the
by the gravity of the soil slice. inertia forces of the soil slice.

The calculations and Figs 6-9 show that the value of the soil friction caused at the soil slice gravity,
inertia forces and adhesion has only a little influence on the reactions of the supporting surfaces.
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Fig. 10. Impact of the soil friction coefficient f, upon the lateral reaction caused by the soil cutting with the
plough share at the inclination angle of the cutting edge y, = 40°.

Fig. 10 shows that at the values of the friction coefficient f = 0.3..0.4 the lateral reaction caused by the
soil cutting decreases on 36...55%.
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Fig. 11. Impact of the soil friction coefficient f; upon the draft resistance of the supporting surfaces of the plough
body: a—y=35°b—y=40°.

It follows from Fig. 11 that the increase in speed
increases the draft resistance of the supporting
surfaces caused by soil friction. The value of the
inclination angle of the horizontal genetratrix y at
the interval y = 35°...45° has only a little influence
on the draft resistance of the supporting surfaces.

It follows from Fig. 12 that at the values of the
friction coefficient f = 0.3...0.4 the draft resistance
caused by the soil friction takes 46...62% of the
total draft resistance of the plough body. It follows
that the total draft resistance is approximately
proportional to the friction coefficient. Increasing
the speed decreases the share (ratio A ) of the friction
resistance in the total draft resistance of the plough
body. This phenomenon can be explained by the
decreasing value of the friction coefficient when the
speed is increasing (Vilde et al. 2007).

Fig. 12 also shows that at the values of the friction
coefficient f = 0.3..0.4, increasing the inclination

angle of the horizontal genetratrix y in the interval
y = 35°...45° increases the draft resistance of the
plough body to 6...10 %. This phenomenon is in
agreement with the previous conclusions that
the optimal values for the inclination angle of the
horizontal genetratrix y on the initial part of the
share-mouldboard surface are 34...38° (Rucins et
al., 2007).

It follows from formulae (17) - (30), too, that
increasing the initial lifting angle €, increases the
draft resistance of the share-mouldboard surface,
including the resistance of the soil friction (Rucins
et al, 2007), but increasing the working width of
the body decreases the specific draft resistance of
ploughing (Rucins and Vilde, 2005). It was established
from the formulae that the optimal values of the initial
lifting angle are £, = 28...32° and the optimal working
width of the plough body b =45...50 cm.
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Fig. 12. Impact of the soil friction coefficient f; upon the total draft resistance of the plough body:
a—y=30%b-y=35%c—y=40°%d-y=45°.
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From the presented example it is evident that the
draft resistance of the supporting surfaces is consid-
erable. It can reach 25...30% of the total plough body
draft resistance, or 36...44% of its share-mouldboard
draft resistance (Figs 5, 11, 12).

Therefore it is very important for the reduction of
the energy consumption of ploughing to reduce the
draft resistance of the supporting surfaces. It may be
obtained by using a contemporary hang-up device
with the tractors, for example, power regulation al-
lowing the transfer of the vertical reactions of the
plough to the body of the tractor. It may decrease the
draft resistance of the ploughs to 6...10%.

In the sources provided by other authors there are
no materials about the application of the simulation
methods in order to study the impact of the plough
body parameters, as well as the soil friction properties
on the draft resistance of the plough bodies. In order
to obtain a better design of the plough body, a se-
ries of different bodies were built and tested (Larsen,
1968; bypueHko et al., 1976; bypueHko, 2001, Niki-
forov and Ivanov, 1973). Yet it is bound with a great
loss of resources, labour and time, so the best solu-
tion of the compared variants may not always be the
optimum ones.

The materials of our investigations carried out by
using the correlations indicated above present the
values and regularity of the changes in the forces, the
soil friction, acting on the share-mouldboard and the
supporting surfaces, the draft resistance of the share-
mouldboard and the supporting surfaces, as well as
the total resistance of the plough body and its compo-
nents under the working conditions depending on the
body parameters, the soil friction coefficient and the
working speed. In such a way it is possible to discover
the draft resistance structure of the body, to assess the
ratio of each element in the total resistance, to search
and find possibilities how to reduce the tillage energy
requirement.

Conclusions

1. The deduced analytical correlations and the
developed computer algorithm allow assess
the soil coercion forces upon the operating
surfaces of the plough body, determinate the
draft resistance and the optimal values of pa-
rameters, as well as the impact of the soil fric-
tion properties.

Presentation of the plough body draft resis-
tance as the sum of its components - the cut-
ting resistance of the soil slice, the resistance
caused by its gravity, the soil inertia forces and
adhesion including the soil friction resistance
— allows analysing the forces acting upon the
share-mouldboard and the supporting surfac-
es, finding out the character of their changes
depending on the soil properties, parameters
of the surfaces, of working speed, assessment
of their ratio in the total resistance and de-
termination of the optimal parameters of the
body.

3. Increase in the inclination of the horizon-
tal generatrix leads to a decrease in the draft
resistance caused by the weight, adhesion
and friction of the soil but it increases the re-
sistance caused by the inertia forces, particu-
larly, when the speed increases. The inclina-
tion of the generatrix (the edge of the share)
does not affect the cutting resistance of the
soil slice.

4. The impact of the soil-metal friction upon
the draft resistance of the plough body is sig-
nificant. It may reach 46...62% of the total
draft resistance including the resistances of
the supporting surfaces (25...30%). There-
fore measures will be taken to diminish it,
for example, by improving the body design,
improving the mode of aggregation (joining)
with tractors, using antifriction materials. The
relief of the lower supporting surface may di-
minish the draft resistance of the body caused
from the soil friction to 6...10%.

5.The optimal values of the main parameters
of the body for contemporary ploughs, work-
ing at the speeds of 2...2.5 m s are: the incli-
nation angle of the share towards the furrow
bottom - 28...32°% the inclination angle of
the horizontal generatrix towards the furrow
wall on the initial part of the share-mould-
board surface — 34...38° on the top — not less
than 48° the working width of the bottom
-45...50cm.

The use of bodies having optimal parameters
allows obtaining a good ploughing quality,
reduction of the draft resistance by 12...20%
and a corresponding rise in the efficiency,
saving fuel and financial means.
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Abstract

Nine multiparous cows were biopsied twice — in the first and fifth week after parturition in winter 2004/2005
on the Research and Study farm “Vecauce” of Latvia University of Agriculture. The aim of the research was to reveal
distribution of inflammatory factors and apoptosis in the cow’s endometrium in post parturition period. Haematoxylin
and eosin were used for routine staining of each sample. Tumor necrosis factor a (TNFa, w.d. 1:100, Abcam, England),
andinterleukin 10 (IL10, w.d. 1:400, Abcam, England) were detected immunohistochemically (IMH), and TUNEL method
was used for detection of apoptosis. Distribution of these factors and substances was determined semiquantitatively
by counting positive structures in visual fields. A significant increase in the total amount of inflammatory cells, as well
as in the amount of the TNFa and apoptotic cells in endometrium between the first and fifth week after parturition
(p<0.01) was observed. A significant positive correlation (r=0.41; p<0.01) between infiltration of endometrium
with neutrophils and with macrophages was detected in the first week after parturition. A mild positive correlation
(r=0.52; p<0.01) between neutrophils and lymphocytes, as well as between lymphocytes and macrophages (r=0.35;
p<0.01) was found four weeks after parturition. A mild positive correlation (p<0.05) was observed between amount
of inflammatory cells and TNFa (r=0.52), and number of apoptotic cells and TNFa (r= 0.58). The research suggests that
inflammatory factors and apoptosis intensively act during the process of involution in the cows endometrium from
the first up to the fifth week after parturition. Intensity, amount and activity of these components show individual

variations in each case.

Key words: cow’s endometrium, postparturition, inflammatory factors, apoptosis.

Introduction

Post partum period in dairy cows is very
important from the reproductive perspective,
because postpartum endometritis is one of the most
common problems in cattle (Twardon et al., 2002;
Lewis, 2003; Gustafsson et al., 2004; Fischer et al.,
2006). Often uterus invaded by microorganisms to
variableextentdependingonthecow’ssusceptibility
and the hygienic condition of the environment
at calving (Eduvie et al., 1984; DelVecchio et al.,
1994; Gustafsson et al., 2004; Foldi et al., 2006;
Dulbinskis and Jemeljanovs, 2006). Inflammatory
factors possess an important role in a successful
involution process, because increased infiltration
of the endometrium with inflammatory cells like
macrophages, lymphocytes, etc. is characteristic
in postparturition period (EmenbsHoBa, 1974;

Bondurant, 1999; Dhaliwal et al., 2001; Hammon et
al., 2006).

Tumor necrosis factor a (TNFa) is known as a
multipotent cell mediator. It is implicated in the
control of uterine cell growth, differentiation, and
functionduringoestrus cycleand gestation (Gamoet
al., 2007). Interleukin 10 (IL10) and TNFa. take partin
different processes, like inflammation, in cow uterus
in post parturition period. Also TNFa, expressed by
activated macrophages, is mentioned to be one of
the inducers of apoptosis (Kliem, 2006).

Resumption of ovarian activity after parturition
demonstrates an important role in cow’s uterus
regarding involution process. It is proved that the
number of inflammatory cells in the endometrium is
closely related to the different stages of the oestrus
cycle (Kaoket, 2003). Also IL10 shows relationship
to the ovarian activity, so the amount of IL-10 in
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endometrium increases in the secretory phase of
the reproductive cycle. In endometrium not only
CD4'T cells express IL-10, but also glandular and
epithelial cells express that cytokine (El-Sherif et al.,
2001; Sallinen et al., 2000).

Programmed cell death (PCD) or apoptosis
is a genetically predicted biochemical specific
cells death. PCD begins with specific signals and
nonlisosomal activation of endogen endonucleasis
which results in defragmentation of the nucleus
DNS, thus releasing tissues from old, damaged, or
needless cells. Morphologically PCD is expressed
with death of separately, chaotically located cells.
Inhibitors of apoptosis are growth factors, matrices
of cells, steroids, and some proteins of viruses.
Absence of growth factors, loss of intercellular
connection, glucocorticoids, some free radicals, and
ionized radiation are mentioned to be like activators
of apoptosis (Goyeneche and Telleria, 2005). Cells
loss by apoptosis has been demonstrated during
involution and atrophy of a variety type of glands.
It results in shrinkage of tissue without disruption of
its basic architecture (Walker et al., 1989).

The aim of the research was to reveal distribution
of inflammatory factors and apoptosis in the cow’s
endometrium in postparturition period.

Materials and methods

Biopsy samples from cow uterus were taken in
winter 2004/2005 on the Research and Study farm
“Vecauce” of Latvia University of Agriculture. Nine
multiparous cows were biopsied twice - in the
first and fifth week of the postparturition period.
Histological investigations were performed at
the Institute of Anatomy and Anthropology of
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Riga Stradins University. Routine staining with
haematoxylin and eosin was performed for each
endometrium sample (Aughey and Frye, 2001).
Tumor necrosis factor a (Rabbit Polyclonal to
TNFa / ab6671, w.d. 1:100, Abcam, England), and
interleukin 10 (Rabbit Polyclonal to IL10 / ab
34843, w.d. 1:400, Abcam, England) were detected
immunohistochemically (IMH) (Hsu et al., 1981). The
TUNEL method was used for detection of apoptosis
(Negoescu et al., 1998). Distribution of these factors
and substances was determined semiquantitatively
by counting positive structures in visual fields (0 —
occasional, + - few, ++ - moderate, +++ - numerous
positive structures in visual fields). For the data
statistical processing the following methods were
used: Student’s t-test, Wilkinson's test, and statistical
correlation analyses (Paura and Arhipova, 2002;
Arhipova and Balina, 2003).

Results and discussion

Hyperemia and different level of infiltration
with inflammatory cells were observed in cow’s
endometrium from the first up to fifth week
after parturition, as well as partial detachment
of the lining epithelium and oedema in mucous
membranes. Lymphatic follicules and proliferation
of endometrial glands, periglandular and perivascular
infiltration of endometrium with inflammatory cells
were detected in the fifth week after parturition.
A statistically significant increase (p<0.01) with
neutrophils, macrophages and lymphocytes (Fig.1)
and a significant positive correlation between
infiltration of endometrium with neutrophils and
macrophages was detected in the first week after
parturition (r=0.41; p<0.01).

0
Neutrophils

Limphocytes

Macrophages

Figure 1. Average number of neutrophils, macrophages and lymphocytes in cows endometrium in the first and

fifth week after parturition (olst week; m 5 th week).
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An important role of polymorphonuclear
leukocytes and other inflammatory cells are
mentioned regarding to postparturition period in
different species, because these cells can migrate
into tissues with negative consequences for the
defense against infections at that time in uterus
(Bondurant, 1999; Dhaliwal et al., 2001; Mateus et
al., 2002; Meglia, 2004; Hammon et al., 2006). Also
our finding regarding to the increasing of the total
number of inflammatory cells in cows endometrium
in post parturition period are similar to the above
mentioned data.

A mild positive correlation (r=0.52; p<0.01)
between neutrophils and lymphocytes, as well as
between lymphocytes and macrophages (r=0.35;
p<0.01) was found four weeks after parturition.
IL-10 produced by glandular and epithelial cells
of uterus was found around endometrial glands
and in epithelial cells. No statistically significant
correlation was found between cells expressing
IL-10 and other mentioned parameters in the cow’s
endometrium in postparturition period. Possible it
is connected with absence of cyclic ovarian activity.
There were proved relationship of IL-10 containing
structures in cows endometrium with ovarian
activity, so increased expression of IL-10 observed
in the secretory phase of the reproductive cycle, (El-
Sherif et al., 2001; Sallinen et al., 2000), but we did
not observed ovaries in our investigation.

A mild positive correlation (p<0.05) was
observed between amount of inflammatory cells
and TNFa (r=0.52), and number of apoptotic cells
and TNFa (r= 0.58). TNF-qa, produced by activated
macrophages, is one of the inducers of apoptosis,
and it acts like one of inflammatory factors in cows
uterus (Zhdanov et al., 2003; Fischer et al., 2006;
Kliem, 2006). TNF-a is mentioned to be involved in
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Abstract

The objective of this study was to determine the effects of topical 1% atropine sulfate and systemic atropine
sulfate on intraocular pressure (IOP) and horizontal pupil diameter (HPD) in dog’s eyes.

Ten adult dogs for each treatment were used in this study. Dogs of different age, breed and sex were examined
clinically and ophthalmologicaly. All animals were clinically and ophthalmologically healthy.

One drop of topical 1% atropine sulfate was used in ten dogs unilaterally, with the contralateral eye acting as a
control. IOP and HPD were measured every 5 minutes. In ten dogs systemic atropine sulfate were used intramuscularly
(IM) with 10P and HPD measured every 5 minutes. In both study phases IOP and HPD were measured over a total
duration of 60 minutes.

After unilateral application of topical atropine, IOP increased significantly in the treated eye. A maximum average
IOP of 20.3 mmHg in the treated eye was observed 20 minutes after treatment. Maximal pupil dilatation in the treated
eye was observed 35 min after treatment. Measurements made after systemic atropine showed an IOP increase in
both eyes, showing maximum average IOP increase 25 minutes post-treatment. Maximum average values of HPD
were obtained 25 minutes after treatment. The HPD started to decrease 30 minutes after treatment but it was still

significantly higher than before treatment (P < 0.05).

Because of atropine sulfate’s ability to cause significant increase in IOP, it should not be used for diagnosis and

treatment of glaucomatous eyes.

Key words: atropine sulfate, dog, intraocular pressure, horizontal pupil diameter.

Introduction

It is known that atropine sulfate is a
parasympatholytic agent which interacts with
muscarnic receptors on effector cells and prevents
acetylcholine from binding to the receptor area
(Jones et al.,, 1977). Atropine blocks the cholinergic
fibers of the short ciliary nerve and relaxes the
sphincter muscle of the iris, dilating the pupils
(Thurmon et al., 1996). It isa commonly used topical
agent for a treatment of acute iritis, iridocyclitis and
keratouveitis by relieving ciliary spasm and helping
to prevent synechia formation (Smith and Reynard,
1992; Ward, 1998). Topical atropine or another
parasympatholytic agent such as tropicamide
is essential for the examination of the posterior
segment of the eye (including retina, retinal vessels,
optic nerve, and peripheral areas of the lens) (Ward,
1998).

Itis proven thatin humansincrease of intraocular
pressure (IOP) has been observed after use of topical

mydriatics like atropine (Gartner and Billet, 1957),
tropicamide and phenylephrine (Harris, 1968; Harris
and Galin, 1969) together with sympathomimetics
(Rengstorff and Doughty, 1982). Mydriatic drugs
can cause a significant rise in intraocular pressure in
patients with narrow angle (Harris and Galin, 1969)
and primary open angle glaucoma (Shaw and Lewis,
1986; Marchini et al., 2003).

In a study with 10 adult cats the effects of
local atropine and phenylephrine demonstrate a
significant intraocular pressure (IOP) increase after
atropine, but no effect after the phenylephrine. The
highest IOP was measured in treated eye between 5
and 28 h after treatment and these differences were
statistically significant at 1, 3, 6, 12 and 16 h post-
treatment (Stadtbaumer et al., 2006). In a study with
horses, topical 1% atropine did not show significant
changes of IOP in the first and second day (Herring
et al., 2000), or there was a small but significant
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lowering effect (Mughannam et al., 1999).

Regarding on parameters of pupil diameterin the
literature such research has been done on horsesand
cats. The maximum of pupil dilation was obtained
30-60 min after topical atropine in dogs, cats and
cattle (Gelatt etal., 1973; Gelattetal., 1995 a, b; Gelatt
and MacKey, 1998). In cats, 24 hours after topical
atropine, horizontal pupil diameter (HPD) started
to reduce and after 96 hours the pupil returned
to the initial size (Stadtbaumer et al., 2006). In the
study with horses, a significant increase in vertical
pupil diameter (VPD) was observed 30 min after
treatment, but maximum values appeared between
two and four hours. No significant differences were
obtained in maximum VPD based on age, breed or
sex (Mughannam et al., 1999; Davis et al., 2003). In
another study with horses where VPD was measured
every 24 hours for 14 days, significant increase of
VPD was measured in all time points; and it was
ascertained that duration of mydriasis after topical
1% atropine sulfate application was greater than 14
days (Davis et al., 2003).

Topical ocular use of atropine sulfate can cause sali-
vation in dogs and cats. Apparently, the mydriatic exits
through the nasolacrimal system and, when in contact
with the glosal mucosa, elicits copious salivation (Ge-
latt, 1978). This could cause systemic effects of topical
atropine used unilaterally.

For a long time ophthalmologic atropine has
been known for its mydriatic and cycloplegic
effect. Contradictory findings regarding the effects
of atropine on the dynamics of aqueous humor
outflow have been reported (Bill, 1967; Bill, 1969;
Green and Elijah, 1981; Miichi and Nagataki, 1982).
In a study with monkeys, atropine was shown to
increase uveoscleral outflow through the relaxing
of the ciliary muscle (Bill, 1967; Bill, 1969). There are
authors who have mentioned that atropine could
change aqueous outflow (Harris, 1968; Valle, 1974),
but others have found that mechanical obstruction
of iridocorneal angle could be the possible cause
of IOP increase (Stadbaumer et al., 2006). Author
has observed that maximum dilatation of the pupil
lasts longer than statistically significant increase
on IOP, arguing against mechanical obstruction of
iridocorneal angle (Stadbaumer et al., 2006).

Systemic atropine is frequently used to control
smooth muscle spasms and is routinely used as
adjunct to general anesthesia, particularly with
inhalant anesthesia, to decrease salivary and airway
secretation.

It is mentioned that systemically administrated
atropine has wide systemic effects acting on the
cardiovascular, gastrointestinal, bronchial, urinary,
central nervous system, sweet gland and ocular
systems (Jones et al., 1977; Ward, 1998; Birgele et al.,
2005).

In the literature there are no clear data about
influence of systemical atropine on IOP and HPD
in the dog. Therefore the aim of our study was to
determine the effects of topical and systemical
atropine sulfate on functional state of the eye.

The purpose of this study was:

1) to determine the effects of topical 1% atropine
sulfate on IOP and HPD in dog’s eye;

2) to determine specific intraocular effects after sys-
temic atropine sulfate application in dog.

Materials and Methods

All animals were outpatients examined at
Preclinical Institute of the Faculty of Veterinary
Medicine of the Latvia University of Agriculture
in 2007. This study was accepted by the Animal
Protection and Ethical Commission of Latvian State
Food and Veterinary Service. In all cases an informed
consent was obtained from the pet owners for the

study.
All animals included in this study were
examined clinically and ophthalmologically.

Examination included slit lamp-biomicroscopy,
direct ophthalmoscopy and monocular indirect
ophthalmoscopy with Pan Optic®. Information
about animal breed, age and sex were noted. Prior
to the study, all patients were determined to be free
of ocular lesions which could alter IOP from normal.

This study was organized in two phases. In the
first phase we used 10 healthy dogs of different sex
and breed: mixed breed (n=5), Golden Retriever
(n=2), Boxer (n=1), Staffordshire Bull Terrier (n=1),
and Dachshund (n=1). In these dogs the effect
of local 1% atropine sulfate on IOP and HPD was
ascertained. All animals received one 30u drop of
1% atropine sulfate (Martindale Pharmaceuticals
Ltd. UK) in the right eye; the left eye served as a
control. The first measurement was taken before
treatment, avoiding any tension on the animal’s
neck. After treatment, IOP and HPD were measured
every five minutes (T; T....T; T .) for a complete
period of 60 minutes.

In the second phase 10 dogs (mixed breed (n=9)
and Golden Retriever (n=1)) were used to ascertain
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the effect of systemical atropine sulfate on IOP and
HPD. Atropine sulfate at the dose of 0.06 mg kg
(Jones et al,, 1977) was administered systemically
by intramuscular injection. IOP and HPD were
measured every 5 minutes for a total period of 60
minutes.

All tonometric measurements were performed
by the same person with the rapid and minimally
stress- inducing method of rebound tonometry
with tonometer (TonoVet®, Tiolat Ltd. Finland),
using values that achieve less than 5% standard
deviation. For this tonometer it is not necessary to
use topical anaesthesia. Some authors have noticed
that endothelial and systemic toxicity could occur
with a frequent use of topical anesthesia (Judge et
al, 1997; McGee and Fraunfelder, 2007).

Horizontal pupil diameter was measured with
Jameson callipers under fixed light conditions at the
same time of day.

To determine the effect of topical and systemical
atropine sulfate, arithmetic mean values (X) and
standard deviation (SD) of the IOP and HPD were
calculated for each eye. Changes in IOP and HPD
between eyes and in a time period were evaluated
using a paired two-sample T-test. P values less than
0.05 were considered to be statistically significant.

Results and Discussion

During this study no signs of irritation or pain
were detected.
At first we estimated initial position of the

animals’ eye — IOP before application of atropine
sulfate, and established that normal IOP varies
between 14.2 + 3.58 mmHg till 17.7 + 3.13 mmHg.
Data from the literature shows that normal IOP in
dogs varies between 16.7 + 4 mmHg (Miller et al.,
1993) and 18.7 £ 5.5 mmHg (Gellat and MacKey,
1998). Therefore, our results about normal IOP in
dogs are similar to those in the literature.

It should be mentioned that before treatment
there were no significant differences in IOP between
the left and right eye (P > 0.05). The average I0OP
before application of 1% atropine sulfate in the right
eyewas 17.7 £3.12mmHg and 17.3 £ 2.75 mmHg in
the left eye.

The dynamics of IOP increase after topical
application of 1% atropine sulfate is shown in Fig.
1. The radical increase of IOP began five minutes
after treatment and continued till 20 minutes after
treatment. IOP started to decrease 20 minutes
after treatment and 25 minutes after treatment it
reduced to 19.5 £ 2.55; the lowest level of IOP (18.5
+ 2.32) was measured 30 minutes after treatment.
There was a small increase of IOP 35 minutes after
treatment reaching 19.1 = 2.42, but this was not
statistically significantly different from the value at
30 minutes. Slight decreases of IOP were measured
till 60 minutes after treatment but values did not
decrease lower than pre-treatment values (P <
0.05).

The average IOP in the treated eye compared to
the untreated eye was significantly higher (P < 0.05)
from 10 till 25 minutes after treatment (Fig. 1).
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Figure 1. IOP changes after unilateral application of 1% atropine sulfate (—— right eye, ----left eye).
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In the control eye, where topical atropine sulfate
was not administrated, IOP varied from 17 + 3.23
to 18.1% 3.90. There was no significant increase in
IOP compared to pre-treatment values (P > 0.05).
It can be concluded that during monocular topical
administration of topical atropine sulfate there
do not appear to be any systemic effects on the
contralateral eye, which also indicated in a similar
study with horses (Herring et al., 2000).

Ourresults aboutinfluence of topical 1% atropine
on horizontal pupil diameter (HPD) show that
average HPD before topical atropine in the right eye

was 7.8 £ 3.58 mm and 7.7 + 3.59 mm in the left eye
(Fig. 2). There were no significant differences in HPD
between eyes before treatment. We established
that after application of 1% atropine, pupil diameter
in treated eye started to dilate ten minutes after
treatment, gaining 8.1 + 3.46 mm and continued
to increase in size till 55 minutes after treatment
gaining maximum of average values - 12.13 + 1.55
mm. The pupil remained at maximal dilatation level
till 60 minutes after treatment (Fig. 2). Differences in
HPD between the treated and untreated eye were
statistically significant (P < 0.003).
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Figure 2. Changes in horizontal pupil diameter after unilateral application of 1% atropine sulfate
(——right eye, ---left eye).

In the second phase we investigated the changes
in intraocular pressure (IOP) in dogs after injection
of atropine sulfate at the dose of 0.06 mg kg'. The
average IOP before systemic atropine application
was 14.2 + 3.58 mmHg in the right eye and 14.4 +
3.50 mmHg in the left eye (Fig. 3). The differences
between the right and left eye in average IOP values
were not significant (P > 0.05). Five minutes after
IM application of atropine sulfate, IOP increased
reaching 16.3 + 4.47 in the right eye and 16.2 £ 4.56
in the left eye. Increase of IOP compared to pre-
treatment values was statistically significant in both

eyes (P < 0.02). IOP continued to increase and 25
minutes after application reached the greatest IOP
gaining 17.1 £ 5.23 mmHg in the right eye and 17.3
+ 4.57 mmHg in the left eye (P < 0.05). IOP slightly
decreased 30 minutes after treatment gaining 16.4
+ 4.88 in the right eye and 16.4 = 5.05 in the left
eye, but these values are still significantly higher
than pre-treatment values (Fig. 3). There were no
significantdifferencesin IOP between eyes (P > 0.05).
In conclusion the significant bilateral increase of IOP
confirms a systemic influence of topical atropine.
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Figure 3. I0P changes after systemic administration of atropine sulfate (—— right eye, ----left eye).
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In relation to HPD we observed that average
HPD before systemical administration of atropine
sulfate was 6.75 + 2.13 mm in both eyes. There
were no differences in HPD between eyes before
treatment. HPD increased significantly ten minutes
after systemic atropine sulfate administration in
both eyes (Fig. 4) and linearly continued to increase
until 25 minutes after treatment (P < 0.05). There
were no significant differences between eyes (P >
0.05). Maximum of average values (9.75 + 3.61 mm

and 9.93 + 2.56 mm) in right and left eyes were
obtained by 25 minutes after administration. The
value of HPD started to decrease 30 minutes after
administration but was still significantly higher than
before treatment throughout the study period (P <
0.05). Sixty minutes after treatment, HPD was 8.8 +
2.85 in the right eye and 9.3 £+ 2.96 in the left eye;
these values were significantly higher than pre-
treatment values.
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Figure 4. Changes in horizontal pupil diameter after systemic application of atropine sulfate (—— right eye,
----- left eye).

Our research demonstrates that systemic
administration of atropine sulfate does have a
significant influence on IOP and HPD in dog'’s eyes.

These results are novel, since there has been no
similar or analogical research done on influence
of systemical atropine sulfate on IOP and HPD
in animals, nor research on the effects of topical
atropine on intraocular pressure in the canine eye
as shown here. The research in this field is still in
process.

Conclusion

Results based on this study show that
topical atropine does have a significant influence
on IOP and HPD in the treated eye but not in the
contralateral untreated control eye. Systemic use
of atropine influences IOP and HPD in both eyes.
It is thus important not to give atropine topically
or systemically to dogs predisposed to, or actually
affected by glaucoma. Further research is required
to more completely define the mechanism of
influence of atropine on aqueous humor production
and outflow in the dog.
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Abstract

This study was done to evaluate the prevalence and colonization density of helicobacters in the gastric mucosa of
domestic dogs (Canis familiaris). Mucosal samples were taken from several places of cardiac, fundic and pyloric gland
region of the stomach to detect helicobacters with urease test, brush cytology, and light histological examination.
Fourteen dogs of fifteen sampled animals showed positive urease testand the presence of tightly spiraled helicobacters.
Positive urease test was observed in 80.4% of all examined samples. Helicobacters were detected in 82.7% of all
examined samples by brush cytology and 80.8% of all examined samples by histological examination. Compared to
gastric regions, in all employed detection methods showed significantly higher prevalence of helicobacters in cardiac
and fundic gland region than in the less effected pyloric gland region of the stomach. Histological examination
showed the location and colonization density of the bacteria at the superficial epithelium, gastric pits, and deep
glandular epithelium of the gastric mucosa in different regions of the stomach. Colonization density of bacteria was
evaluated in 4 groups: as absent, mild, moderate, and severe colonization density of helicobacters. Occurrence of
helicobacters in the cardiac and fundic gland region showed mild and moderate colonization density of helicobacters
at the superficial epithelium and at the gastric pits of the gastric mucosa. Colonization density of spiral-shaped bacteria
between the deep glandular epithelium was more pronounced in the pyloric gland region than in the cardiac and

fundic gland regions of the gastric mucosa in the domestic dogs.

Key words: helicobacters, dogs, gastric, superficial epithelium, pits, glands.

Introduction

Many Helicobacter species colonize the stomachs
and intestines of humans and several domestic and
wild species of animals (Neiger et al., 1998). Some
helicobacter species have been formally recognized
and have often been associated with condition of
gastric and/or enterohepatic disease including gas-
troenteritis, gastric ulcers, hepatitis, and cancer (Fox
etal., 1997; Solnick, Schauer, 2001). However, not all
Helicobacter species are considered pathogenic and
instead may form part of the host’s indigenous gas-
trointestinal microflora (Simmons et al., 2000).

Since the first isolation of Helicobacter pylori
from humans with gastritis and gastric ulcer in 1984
(Marshall and Warrens, 1984), helicobacters have
been detected in several animal species, such as
dogs, cats, pigs, cheetahs, ferrets, polar bears, sea
lions, monkeys, and rodents (Bronson et al.,, 1991;
Lee et al,, 1992; Eaton et al., 1993, 1996; Fox and
Lee, 1995; Jalava et al., 1997; Neiger et al., 1998;

Hwang et al., 2002; Oxley et al., 2004). Our previous
study shows that helicobacters are detected also in
the gastric mucosa of feral raccoon dogs (Bérzina,
Birgele, 2006). Several Helicobacter species have
been isolated from the stomach of dogs: H.felis,
H.bizzozeronii, H. salmonis, and H. rappini (Jalava et
al.,, 1997, 1998; Hanninen et al., 1998).

Literature shows that Helicobacter species are
mostly microaerophillic, gram-negative, spiral-
shaped bacteria with multiple terminal flagellae
and high-level urease activity, which allows them to
survive in an acidic environment (Eaton et al., 1996).
The sources and routes of transmission have been
established following numerous studies, which
suggested oral-fecal and oral-oral transmission of
Helicobacter like microorganims (Bussac, 1999).

Up to now many diagnostic methods have been
developed to detect Helicobacter pylori infection:
some invasive, such as rapid urease test, brush
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cytology, histology, electronmicroscopy, culture,
polymerase chain reaction, and others non-invasive,
such as serology, urea breath test (Happonen et al.,
1996)andrecently H.pyloriantigenisalsodetermined
in feces (Happonen et al., 1998). It is reported that
appearance of helicobacters and histopathological
changes in the mucosa of stomach can be detected
with several histological staining methods, such as
hematoxylin and eosin, Giemsa-Wright and Warthin-

Starry stains (Hermanns et al., 1995; Happonen et

al., 1996; Neiger et at., 1998). Previous investigations

show that helicobacters are detected at superficial
epithelium, gastric pits and deeper in the glandular
epithelium of the gastric mucosa (Hermanns et

al., 1995; Happonen et al,, 1996; Otto et al., 1994).

Histological examination also allows evaluation of

the mucosal status and shows high sensitivity and

specificity. This is also pointed out in other studies

(Megraud, 1996); however, it is comparatively

expensive and labor intensive (Chu et al.,, 1997).

The aim of our study was to detect the prevalence
and colonization density of helicobacters in the
gastric mucosa of domestic dogs (Canis familiaris).

The main tasks of this work:

1) to detect helicobacters in the mucosal sam-
ples of the stomach with three different diag-
nostic methods — urease test, brush cytology,
and histological examination;

2) to establish the prevalence of helicobactersin
different parts of the stomach - cardiac, fun-
dic, and pyloric gland region;

3) to evaluate helicobacters at different parts of
gastric mucosa: superficial epithelium, gastric
pits, and deeper glandular epithelium.

Materials and Methods

Mucosal samples of the stomach were taken
from fifteen domestic dogs immediately after the
death of animal (under agreement of the owner)
in the Center of Veterinary Education, Latvia within
one year period.

Mucosal samples were obtained from strictly
determined seventeen sites of the stomach: four
sites of cardiac gland region, eight sites of fundic
gland region, and five sites of pyloric gland region.
In total, during this study there were examined
255 gastric mucosal samples of domestic dogs for
detection of helicobacters. Mucus and mucosal
samples for brush cytology, urease test, and light
histological examination were obtained from each

sample site within two hours after the death of
animals (Happonen et al., 1996).

Small gastric mucosal samples were cut with
scissors and placed in 24 well plates for urease test.
The samples were incubated in 1 ml of reagent
containing 10% unbuffered urea in distilled water
and phenol red indicator (pH 6.3). The results were
recorded in 10min, 30min, and 60min after each
sample was placed in reagents (Bérzina, Birgele,
2006). A color change from pale yellow to bright
pink was considered positive to helicobacters.

Collection of mucus for brush cytology was
performed using sterilized small cotton brushes. The
brushwasrolled overthe gastricmucosaatthe sample
site and subsequently rolled on the clean slide. The
preparations were then air dried and stained with
Diff-Quick staining method (Happonen et al., 1996).
Helicobacters were observed with light microscope
Leica oil immersion lens at 1000 magnification.

Gastric mucosal samples for histological
examination were fixed in 10% neutral buffered
formalin, routinely processed in Tissue Auto
processor Tissue-Tek I, embedded in paraffin,
sectioned in 4 um thick sections with microtome
SLEE Mainz Cut 4055 and stained with Diff-Quick
method (Happonen et al., 1996). Helicobacters
were detected at the gastric mucosa with light
microscope at 1000 magnification.

Histological examination ofeach sampleincluded
evaluation of location and colonization density
of helicobacters at the superficial epithelium,
gastric pits, and deeper glandular epithelium of
the cardiac, fundic and pyloric gland regions of
the stomach. The presence of helicobacters was
evaluated in accordance to 4 grades: as absent with
no bacteria seen in the visual field, as mild with 1-10
bacteria seen in the visual field, as moderate with
10-50 bacteria seen in the visual field, and as severe
with more than 50 bacteria seen in the visual field
(Happonen et al., 1998; Neiger et al., 1998).

Statistical analyses of results were performed
by SPSS 11.5 program. Differences between the
results produced by urease test, brush cytology
and histological examination were treated
by nonparametric K-related Cochrans’s Q test.
Occurrenceandcolonizationdensity of helicobacters
at the different parts of mucosal epithelium in the
investigated gastric gland regions were analyzed
with Chi-Square test of independence (Paura,
Arhipova, 2002; Arhipova, Balina, 2003).
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Results and Discussion

Fourteen of fifteen examined domestic dogs
showed positive results by all used detection
methods for helicobacters. Statistical analyses did
not show significant difference between all of our
used diagnostic methods (p>0.05) in domestic
dogs. Urease activity was observed in 205 (80.4%)
of examined 255 gastric samples after 60 min of
incubation. Spiral-shaped organisms were observed
in 211 (82.7%) of 255 brushes of gastric mucosa by
brush cytology and in 206 (80.8%) of examined
255 samples of gastric mucosa by histological
examination.

Brush cytology is recommended for practical use
asitis relatively simple, cheap, and rapid method for
screening infection with helicobacters. Histological
examination is also sensitive, but it is comparatively
expensive and requires special laboratory skills
and equipment. It is used to evaluate location and
colonization density of helicobacters and to detect
histopathological changes in the mucosa of the
stomach.

The results of urease test in domestic dogs are
demonstrated in Figure 1. It is seen that urease
activity after 10 minutes of incubation was detected
in 43.3% of samples within the cardiac gland region,
in 50.0% samples within the fundic gland region,
and in 28.0% of samples within the pyloric gland
region. Whereas urease activity after 30 minutes of
incubation was detected in 83.3% of samples within
the cardiac gland region, in 91.7% of samples within

140

the fundic gland region, and in 50.7% of samples
within the pyloric gland region. So, detection
rate after 30 minutes of incubation increased
approximately twice (p<0.05) in all examined gland
regions. Eventually, urease activity after 60 minutes
of incubation was detected in 86.6% of samples
within the cardiac gland region, in 94.2% of samples
within the fundic gland region, and in 53.3% of
samples within the pyloric gland region. This
suggests that a longer incubation period increased
the detection rate of helicobacters. These results
are quite close to our studies of Helicobacter spp. in
the gastric mucosa of feral raccoon dogs (Bérzina,
Birgele, 2006).

Comparised to Helicobacter spp. positive results
in different parts of the stomach, positive rate of
cardiac and fundic gland region in domestic dogs
wassignificantly higher (p<0.05)thaninpyloricgland
region of the stomach. These results are quite close
to other studies of Helicobacter like microorganisms
in domestic dogs where the highest detection rate
of Helicobacter spp. has been found in fundic gland
region of the stomach (Happonen et al, 1996).
Whereas, our study shows that detection rates of
helicobacters in domestic dogs are different in
comparison with the prevalence of helicobacters in
the gastric mucosa of feral raccoon dogs. There were
no significant differences (p>0.05) in occurrence of
Helicobacter spp. in the samples of different gastric
parts in the feral raccoon dogs (Bérzina, Birgele,
2006).
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The detection rates of helicobacters in domestic
dogs by brush cytology are presented in Figure 2.
We established that there is no significant difference
(p>0.05) in occurrence of helicobacters in the
cardiac and the fundic gland region of the stomach:
the spiral-shaped bacteria were observed in 91.7%
of samples from cardiac gland region and in 94.2%
of samples in the fundic gland region. It should be
emphasized that brush cytology, equally to urease
test, also showed that detection rate of helicobacters
in the pyloric gland region is approximately twice
less (p<0.05) than in the cardiac and fundic gland
region. The brush cytology detected only 57.3% of
positive samples in the pyloric gland region (Figure
2). These results are quite similar to other studies

100

were gastric Helicobacter like microorganisms were
mainly found in the fundic gland region of domestic
dogs (Happonen et al., 1996).

Detection of helicobacters by histological
examination showed similar detection rates as
urease test and brush cytology (Figure 2). Spiral-
shaped bacteria were observed at the gastric
mucosa of domestic dogs in 88.3% of samples from
the cardiac, and in 93.3% of samples from the fundic
and in 54.7% of samples from the pyloric gland
region.

Histological examination also showed that
detection rate of helicobacters in the cardiac and
fundicgland region was significantly higher (p<0.05)
than in the pyloric gland region of the stomach.
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Figure 2. Percentage of Helicobacter positive mucosal samples from different sites by brush cytology and
histological examination
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Concerning the study of colonization density of
helicobacters atthe different parts of gastric mucosa,
firstly we will discuss the results of the cardiac
gland region (Figure 3). It was established that the
amount of samples with mild colonization density
of helicobacters was significantly higher (p<0.05) at
the superficial epithelium and the gastric pits of the
mucosa. Mild colonization density of spiral-shaped
microorganisms was observed at the superficial
epithelium in 67.9% of samples, and at the gastric
pits in 69.8% of samples in the cardiac gland region.
Moderate colonization density was observed at the
superficial epithelium and the gastric pits in 11.3%
of samples. Severe colonization density was only in

OHistological examination ),

9.4% of samples at the superficial epithelium and
in 9.4% of samples at the gastric pits of the gastric
mucosa. There were no bacteria at the superficial
epithelium in 11.3% of samples, and at the gastric
pits in 9.4% of samples. Between the deep glandular
epithelium there were no helicobacters in most
(86.6%) of samples. Whereas mild, moderate
and severe colonization density of helicobacters
between the deep glandular epithelium was only in
9.4% of samples in each part of mucosa in the fundic
gland region, wich means that helicobacters are less
distributed between the deep glandular epithelium
in both cardiac (Figure 3) and fundic (Figure 4) gland
regions.
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Colonization density of helicobacters at different
sites of gastric mucosa in the fundic gland region
is presented in Figure 4. Occurrence of spiral-
shaped bacteria was evidently higher (p<0.05)
at the superficial epithelium and the gastric pits
of the mucosan. Moderate colonization density
of helicobacters was observed at the superficial
epithelium in 74.1% of samples and at the
gastric pits in 83.9% of samples. At the superficial
epithelium there were 14.3% of samples with mild,
and 4.5% samples with severe colonization density

100

of helicobacters, but 7.1% of samples with no
bacteria in the fundic gland region. At the glandular
epithelium of mucosa there was a significantly
higher (p<0.05) amount (86.6%) of samples with
no bacteria. Whereas mild, moderate and severe
colonization density of helicobacters between
the deep glandular epithelium was only in 4.5%
of samples in the fundic gland region. Thus, the
amount of samples with no bacteria between the
deep glandular epithelium was significantly higher
(p<0.05) in both cardiac and fundic gland regions.
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Colonization density of helicobacters at
different sites of gastric mucosa in the pyloric
gland region is presented in Figure 5. There was
no significant difference (p>0.05) in colonization
density of helicobacters between different parts of
gastric mucosa in the pyloric gland region. At the
superficial epithelium there were 41.5% of samples
with mild, 34.1% of samples with moderate, and
12.2% of samples with severe colonization density
of helicobacters, as well as 12.2% of samples with
no bacteria in the mucosa. At the gastric pits there
were 48.8% of samples with moderate, 26.8% of
samples with mild, and 12.2% of samples with
severe colonization density of helicobacters, as well

60

as 12.2% of samples with no bacteria in the mucosa.
Between the deep glandular epithelium there were
41.5% of samples with moderate, 21.9% of samples
with mild, and 17.1% of samples with severe
colonization density of helicobacters, but 19.5% of
samples with no bacteria in the mucosa. Thus, the
amount of samples with moderate colonization
density of helicobacters between the deep
glandular epithelium in the pyloric gland region
was significantly higher (p<0.05) than in the cardiac
and fundic gland region. This study is going to be
continued to investigate the association between
location, colonization density of helicobacters in
the different parts of stomach.
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Conclusions

1. All used detection methods showed that in
comparison to gastric parts, the cardiac and
fundic gland region is the most affected site
by helicobacters in domestic dogs.

The location of helicobacters in the cardiac
and fundic gland region showed mild and
moderate colonization density of helicobac-
ters at the superficial epithelium and at the

gastric pits of the gastric mucosa.

The colonization density of spiral-shaped bac-
teria between the deep glandular epithelium
is more pronounced in the pyloric gland re-
gion than in the cardiac and the fundic gland
regions of the gastric mucosa in domestic
dogs.
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Abstract

Researchers have found that morphology of muscle structure (original or after processing) is closely related to
meat tenderness, which is very important attribute for consumer. The aim of the study was to evaluate changes in
microstructure of poultry meat during the chilled storage.

Inthestudy, thecross-cut microstructure of parentsstockhenandbroilermuscleswereanalyzed during the storageat
+ 1 + 0.5 °C temperature. The changes were determined for the following muscles: musculus pectoralis and pars
praeacetabularis musculus iliotibialis lateralis in seven hours after slaughter and on the 7th day of storage. Parents
stock (PS) hens were slaughtered on 61st week, but broilers at the age of 42 days (on the 6™ week).

The decrease in area of muscle fibres of hens and broilers' musculus pectoralis was found in both types of meat when
comparing the sample on 7th hour and 7th day, but the smaller decrease was observed in broilers meat. Comparing
muscle fibre area of broiler and hen pars praeacetabularis musculus iliotibialis lateralis [musculus biceps femoris] in hen
meat it was reduced in higher proportion, but the distance between the fibres was increased reaching similar values

for both sample types.

Key words: broiler, parents stock hen, cross-cut microstructure, muscle fibre area.

Introduction

Researchers have found that muscle texture
(original or after processing) is closely related
to meat tenderness, which is very important
attribute for consumer. The most important factors
determining meat texture are myofibrillar proteins,
muscle cytoskeleton, and intramuscular connective
tissue (Wattanachant et al., 2005).

Muscle tissues consist mainly of proteins,
which are the most valuable component of meat.
It is formed from single fibres ( 10 - 100 um in
diameter, and up to 12 cm in length), which contain
longitudinal protein filaments — myofibrils, which
caising the contraction of muscles. Each muscle
fibre is covered by thin, flexible connective tissue
membrane - sarcolem. The space among fibrils is
filled with sarcoplasm, which is formed by semi-
liquid proteins. Inclusions of glycogen, lipids and
other water insoluble substances are found in
sarcoplasm. Myofibrils contain proteins with various
light refraction coefficients (Varnam and Sutherland,
1995).

The active part of muscles is the longitudinal
muscle fibers, but the passive part - connective

tissues. Each muscle fiber is surrounded by the
connective tissue — endomysium. Muscle fibers are
bound together by perimysium into bundles called
fasciciles; the bundles are then grouped together
to form muscle, which is enclosed in a sheath of
epimysium, which is connected to perimysium.
The thickest connective tissues are visible in the
muscle cross-cut. Epimysium encloses each muscle
separating it from other muscles and providing the
independent contractions (Braveris, 2007).

Bird muscles can generally be divided in two
types: white and red muscles. White or pale muscles
typically are little loaded (for example, hen’s breast).
These muscles contain bigger amount of myofibrils
and smaller amount of sarcoplasm (Braveris, 2007).

A muscle consists of approximately 750 g kg™ of
water, 200 g kg™ of protein, 30 g kg™ of fatand 20 g
kg of non-protein nitrogen. Water is found between
muscle fibers, within sarcoplasmic reticulum and
in the sarcopasm itself. Mainly it is found as free
water within the space between actin and myosin
filaments (Lawrie, 1991).

The aim of the study was to evaluate changes
in the microstructure of poultry meat during the
chilled storage.

286



CHANGES IN POULTRY MEAT MICROSTRUCTURE DURING CHILLED STORAGE

Kristine Ramane, Dace Klava, Ruta Galoburda

Materials and methods

Broilers and parents stock hens of the cross Ross
308 were used for the study. The age of broilers
before slaughter was 42 days (on the 6™ week).
Among slaughtered birds, about 60% were hens
and 40% - cocks. An average carcass weight of a bird
was 1.67 kg. The slaughter and primary treatment
was performed at a meat processing plant (line
Stork PMT). Broilers were stunned, then killed with
a knife, bleeded for 2.25 minutes, scalded in a steam
bath at 56 + 0.2 °C for 2.35 minutes, defeathered,
eviscerated and chilled for 100 minutes at +1 £+ 0.5
°C.

The age of PS hens of the cross Ross 308 used for
study were 61 week, an average hen'’s carcass weight
was 2.9 kg. The slaughter and primary treatment was
performed at a meat processing plant (line Stork
PMT). PS hens were stunned, then killed with a knife,
bleeded for 4.26 minutes, scalded in a steam bath at
60.2 + 0.2 °C for 4.44 minutes, defeathered,
eviscerated and chilled for 100 minutes at +1 £+ 0.5
°C.

Two carcasses of each sample group were
selected randomly and divided obtaining fillet
musculus pectoralis and legs pars praeacetabularis
musculusiliotibialis lateralis [musculus biceps femoris].
The divided poultry meat was stored in a cold room
at +1 + 0.5 °C for 7 hours after slaughtering and
seven days before sample preparation.

In the process of muscle anatomic section
preparation, the following main operations were
completed:

. cutting of the sample piece (1x1x0.5 cm) from
raw poultry meat of broiler and hen musculus
pectoralis un pars praeacetabularis musculus
iliotibialis lateralis [musculus biceps femoris]
and placing of those in special moulds;

. fixing of the material in 10 % formaline solu-
tionat 20 = 1 °C for 24 h;

. dehydrating of the material and defattening
in 70° ethanol for 1 h in 80° - 90° ethanol for 1
h in 95° - 96° ethanol for 2h and in absolute
ethanol for 24 hat 37+ 1 °C;

. inclusion in paraffin:

- at 37+ 1 °C: in chloroform for 30 min,;
another time in clean chloroform for 30
min.; for 30 min. in a mixture of chloro-
form and paraffin at ratio 1:1;

- at 60 £ 1 °C and keeping in paraffin for
1 hour, one more time in clean paraffin

for2 h;
. placement of samples in single - use moulds
and filling with paraffin;
. chilling and hardening of the samples.

For cutting of the prepared samples in 5
pm layers, a device Microm HM315 was used.
Preparations were placed on a glass slide and air
dried. For paraffin dissolving, the slide glass with
the sample was subsequently placed in chloroform
and ethanol, with holding time - 5 minutes in each
(Kondratovics, 1976).

The observation of muscle fiber transversal
section was completed under the triocular
microscope Axioskop 40 (‘Zeiss’). The pictures of
the microstructure were taken with digital camera
using the 10 x 40 magnification of the microscope.
Triplicate analyses were completed per each sample
type. Fiber area and distance between fibres was
measured using software Axiovision Le Rel 4.5. Ten
measurements were done for muscle fiber area, and
20 measurements - for distances. The average values
are presented in figures and in the paper.

Results and discussion

The muscle structure varies depending on
muscle types, species, and breed of animal, all of
which contribute to differences in the texture of the
muscles. Peremysium thickness varied depending
on the muscle types of chicken, and had a high
correlation with the shear value (Wattanachant et
al., 2005; Liu et al., 1996).

The photos of transversal muscle section of each
sample were obtained in a microscope (Figure 1).
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A

B

Figure 1. Transversal section microstructure of broiler musculus pectoralis in 7 hours after slaughter (A) and on
7" day of storage (B).

The results obtained after measuring the areas of
muscle fibers of broiler and hen musculus pectoralis
after 7 hours and 7 days of storage are presented in
Figure 2.

Various researchers have stated that the changes
are observed during the raw meat storage, as well
as after meat processing. Endomysial shrinkage
and subsequent changes in muscle cell diameter
with heating have been noted (McCormick, 1999).
Comparing broiler muscle m. pectoralis fiber area
in seven hours and seven days, the fiber shrinkage
by 32.43% was observed. The change in area size of
hen muscle m. pectoralis fiber in seven hours and
seven days of storage was 56.59%.

The researchers shows that the hen m. pectoralis
muscle fiber area, compared to broiler muscle area
seven hours after slaughter, was by 33.61% bigger.
Differences in muscle fiber diameter may have been
due to the differences in age, rate of rigor onset,
and degree of sarcomere shortening (Smith and
12000

Fletcher, 1988). But the area size of muscle fiber of
this muscle group after seven day storage was similar
for both samples. During rigor, the cross-sectional
area of the muscle declines due to lateral shrinkage
causing the myofibril space of decrease. This results
in loss of fluid from the myofibrillar space (Offer and
Trinick, 1983).

The changes in broiler and hen muscle fiber
pars praeacetabularis musculus iliotibialis lateralis
[musculus biceps femoris] area observed during the
chilled storage after seven hours and seven days
are presented in Figure 2. Comparing the muscle m.
biceps femoris fiber area after seven days it can be
concluded that the area is reduced by 9.21 % and
36.86 % for broiler and hen muscles respectively.

Comparing muscle fiber area of broiler m. biceps
femoris in 7 hours after slaughter and on the 7t
day of storage it was found that the area shrank by
9.21%, but the area of hens’ muscle fibers reduced
by 36.86%.
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The changes in a distance between broiler and
hen muscle m. pectoralis fiber during the storage are

presented in Figure 3.

(%3]
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ol I

=

7 hours

o Hen m.pectoralis & Broiler m.pectoralis

8 Hen m.biceps femoris

7 days Storage time

O Broiler m.biceps femoris

Figure 3. The distance between muscle fibers in transversal section of broiler and hen musculus pectoralis
and musculus biceps femoris measured in a picture of microscopic structure.

Comparing the distance between broiler muscle
m. pectoralis fibres taken in um in 7 hours after
slaughter and on the 7 day of storage, the increase
of 2.25 times can be observed; whereas the distance
in hens' muscle fibers increased 2.33 times.

The changes in a distance between broiler
and hen muscle m. biceps femoris fiber during the
storage are also presented in Figure 3. The distance
between fibers of hen m. biceps femoris seven hours
after slaughter was 1.28 times bigger, but on the
seventh day of storage the average distances were
very similar.

Comparing the distance between broiler muscle
pars praeacetabularis musculus iliotibialis lateralis
fibers in the samples taken seven hours or seven
days after slaughter, a difference was observed:
the distance was 1.44 times smaller; whereas the
distance between hen muscle pars praeacetabularis
musculus iliotibialis lateralis fibers decreased 1.78
times from 7" hour to 7" day of storage during the
storage.

Stiffening (rigor mortis) follows slaughtering,

therefore muscles become more dense and stiff. If
theanimalisfatigued then stiffening takes place very
fast, sometimes even during slaughter. In 24 hours
meat becomes tender, juicy; it obtains flavour and
little sour aroma. After pressing on the muscle, juice
is exuded. This process is called “meat maturation”,
Muscle enzymes and proteins participate in the
mentioned process (Jlebenesa, et al., 1985).

Conclusions

The decrease in area of muscle fibres of PS hen
and broiler musculus pectoralis was found in both
types of meat when comparing the sample on 7t
hour and 7™ day of storage: 32.43% for broilers and
56.59% for hens respectively. The distance between
bird muscle fibers was increased.

Comparing muscle fibre area of broiler and hen
musculus biceps femori in hen meat it was reduced
in higher proportion: 9.21% for broilers and 36.86
% for hens respectively. The distance between the
fibres was increased reaching similar values for both
sample types.
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Abstract

The influence of solvent, storage time and temperature on the stability of the mycotoxin sterigmatocystin (STC)
was investigated. STC calibrants (1.0 ug ml”) in acetonitrile, methanol and mixture of acetonitrile and methanol (50:50,
volume/volume) were stored in dark glass bottles at (- 25), 4 and 25 °C for up to 8 weeks. Samples were analysed by
high performance liquid chromatography (HPLC) with ultraviolet (UV) detection. Obtained results indicate that more
suitable solvents for storage of STC standard solutions at (-25 °C) are acetonitrile and mixture of acetonitrile and
methanol (50:50, v/v), but not longer than for one week; for storage at 4 °C more suitable is mix of acetonitrile and

methanol, but not longer than for one week.

Keywords: sterigmatocystin, mycotoxin, stability, solvents, standard solutions

Introduction

STCis a mycotoxin produced by fungi of many As-
pergillus spp. (Atalla et al., 2003). Its molecular struc-
ture is similar to aflatoxin B, (AFB). It is a precursor of
AFB in the biological transformation (Betina, 1989).

STC is a carcinogenic compound that has been
shown to affect various species of experimental ani-
mals (Purchase et al., 1970), and it is classified as a 2B
carcinogen by the International Agency for Research
on Cancer (IARC) (IARC, 1976). There are many re-
ports about toxicity, carcinogenity, mutagenity and
teratogenity of STC (Shroeder et al.,, 1975; Sweeney
et al,, 1999; Tong-xi et al., 2000).

Chromatographic analysis is carried out by a va-
riety of techniques, all of which require calibration
with defined calibrants in order to make precise and
accurate determinations (Van Egmond et al., 1986).

STC is often purchased as crystalline material and
calibrants are often prepared in organic solvent and
stored in a freezer. Different organic solvents have
been used for the extraction and storage of standard
solutions of STC (Van Egmont, 1990; Lepom, 1986;
Robb et al., 1990; Stoloff et al., 1971; Takahashi et al.,
1984). Most suitable organic solvent for cold and fro-

zen storage of STC stock standard solutions is chloro-
form (Septien et al., 1993). Acetonitrile and methanol
are generally used for the extraction of different my-
cotoxins from different food commodities, especially
for multidetection methods (Stoloff et al., 1971). Ace-
tonitrile and methanol are suitable solvents due to
those water miscibility and UV transparency at wave-
lengths < 245 and 325 nm where STC adsorbs and
there is a good suitability for HPLC.

The aim of this study is to establish conditions un-
der which the STC calibrants in acetonitrile, metha-
nol and mixture of acetonitrile and methanol (50:50,
v/v) could be held for extended periods without
decomposition and to test stability of STC in above
mentioned solvents during 8 weeks.

Materials and Methods

STC standard solutions were prepared
in different solvents (acetonitrile, methanol
and mixture of both mentioned) and stored
in dark glass bottles under different tem-
perature conditions for a short-term stability
(2 weeks) and up to 8 weeks for a long-term stability
(Table 1).
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Table 1

Storage Conditions and Sampling Scheme for STC Calibrants in Acetonitrile,
Methanol and in Mixture of Acetonitrile and Methanol

Storage Stability tested (weeks)
temperature
(°Q) 1 2 4 8
_J5 X X X X
14 X X X X
+25 X X X X

To provide storage at (-25 °C) temperature,
dark glass bottles with standard solutions were
stored in the laboratory freezer Kryolab 350V from
Angelantoni (Massa Martana (PG), Italy), to provide
storage at 4 °C they were stored in laboratory
refrigerator FRL 360V from Angelantoni (Massa
Martana (PG), Italy) and to provide storage at 25 °C
they were stored in the laboratory microbiological
incubator with forced convection BF53 from Binder
(Tuttlingen, Germany).

Chemicals and Reagents

Methanol (HPLC-grade) and acetonitrile (HPLC-
grade) were purchased from Merck (Darmstadt,
Germany). Deionized water was purified with
Millipore Milli-Q Plus system (Millipore, Mosheim,
France). STC standards were purchased from Sigma
(St Louis, MO, USA).

Preparation of Standard Solutions

A stock solution of a concentration of 500 ug
ml”" was prepared by dissolving 5 mg of crystalline
STC standard material in 10 ml of chloroform. Three
aliquots 500 ul of the stock solution were evaporated
to dryness under oxygen-free nitrogen at ambient
temperature and immediately re-dissolved in
different solvents — the first aliquot was dissolved in
acetonitrile (5 ml), the second - in methanol (5 ml)
and the third — in mixture of acetonitrile: methanol
(50:50, v/v) (5 ml).

The calibrated stock solutions (50 ug ml') were
used to prepare standard stock solutions of 1.0 ug
ml* of STC.

These solutions were used for HPLC — UV analysis
after storage under different conditions and time
periods mentioned above.

HPLC-UV Analysis

A Waters Alliance 2695 liquid chromatograph
(Waters) was connected to a 2998 scanning
Photodiode Assay Detector (PAD) (Waters Co,,
Milford, MA, USA). Empower software was used to
control the system and process signals. Separation

was performed on a Phenomenex Luna (2) C, (5
pm), 150 x 3.0 mm (Phenomenex, Torrance, CA,
USA). The mobile phase consisted of 40 % of water
in acetonitrile used in isocratic regime. The flow rate
was 0.4 ml min’, column temperature was 30°C and
the injection volume was 50 pl. Quantification of
STC was performed by measuring its peak area. STC
was monitored A = 325 nm.

Statistics and Calculations

The control value of the calibrants in each solvent
is derived from the peak area of three replicate
measurements of calibrants prepared on the first
day. The stability of the toxin for different time
periods and at different temperatures in different
solvents is expressed as the ratio of each result to
the corresponding control value. Each ratio is the
mean peak area of three replicates.

The most widely used test for comparison of
analytical results is t-test (Meier et al., 2000). To
compare obtained results, a Microsoft Office Excel
2003 integrated statistical function - t-test (Paired
two sample for means) was applied (p = 0.05).

Confirmation of Stability

A tolerance of £+ 5.0% from initial STC content
(100%) accepted for confirmation of stability of STC
in standard solutions.

Results and Discussion

Comparing results of storage in acetonitrile at
(=25 °C) and 4 °C, the conclusion is that the storage
at (- 25°C) is better, because of significant statistical
differences between the results (t__ (7.2) > t_ (2.9)).

Comparing results of storage in methanol at (-
25 °C) and 4 °C, the conclusion is that the storage
at (- 25°C) is better, because of significant statistical
differences between results (t__ (3.3) > t_, (2.9)).

Comparing results of storage in mixture at (- 25
°C) and 4 °C, we can conclude that statistically there
are no significant differences (t__ (0.8) <t__ (2.9)).

stat crit
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Our results are comparable with other studies
published on stability and solubility of STC in
different solvents (Septien et al., 1993). After one
week of STC storage in acetonitrile and methanol at
4 °C temperature, results are the same. After one
week of STC storage in acetonitrile and methanol
at (- 25 °C) temperature, our results are better for
about 6.5% for storage in acetonitrile and for about
7% for storage in methanol; however, in Septien’s
studies storage temperature was (- 20 °C). Therefore,
in this case we can conclude that the storage at
(=25°Q) is better.
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20 A 41
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60 4
30 1
40 4
30 4
20 4
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26.6

Content of 8TC %, from mitial

Acetonitrile

1 week

913

Acetonitrile
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After four weeks of STC storage at 4 °C, our
results are better for about 7% for the storage in
acetonitrile and for about 3.4% for the storage in
methanol, but they are the same as Septien’s for the
storage at (- 25 °C) temperature.

The results from the stability of STC in acetonitrile
at different temperatures are shown in Figure 1.

740'80

Acetonitrile Acetonitrile

4 week & week

Figure 1. Stability of STC at different temperatures in acetonitrile.
@l °C=(-25;0r°C=4; BT°C=25

The results from the stability of STC in methanol at different temperatures are shown in Figure 2.
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Figure 2. Stability of STC at different temperatures in methanol
[T °C=(-25);Or°C=4; BT°C=25
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For the comparing, there were used results
obtained only after one week of storage at (- 25 °C)
and 4 °C temperatures.

Comparing results obtained for STC storage in
different solvents at (- 25 °C): we can conclude that
the storageinacetonitrileis betterthanthestoragein
methanol,becauseofsignificantstatisticaldifferences
(t (22.4) >t_ (2.9)); the storage in mixture is better
than the storage in methanol (t__ (19.8) >t (2.9));
and there is no significant differences between the
storage in acetonitrile or in mixture (t__ (1.3) <t
(2.9)).
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Comparing results obtained for the storage of
STC in different solvents at 4 °C: we can conclude
that the storage in acetonitrile is better than
the storage in methanol (t_ (20.6) > t_ (2.9);
the storage in mix is better than the storage in
methanol (t__ (18.2) > t_ (2.9)); and the storage in
mixture is better than the storage in acetonitrile
(t., (34)>t_ (2.9)).

The results from the stability of STC in mixture at
different temperatures are shown in Figure 3.

Ml Ifix

4 week & week

Figure 3. Stability of STC at different temperatures in mixture

W °C = (- 25): 001 °C =

Comparing results obtained for storage of STC
in different solvents at (- 25 °C) and 4 °C: we can
conclude that the storage in acetonitrile at (- 25
°C) is better than the storage in methanol at 4 °C
(t, (16.9) > t_ (2.9)); the storage in acetonitrile at
(- 25°Q) is the same as the storage in mixat 4 °C(t__,
(0.75) < t_, (2.9)); the storage in acetonitrile at 4 °Cis
better than the storage in methanol at (- 25 °C) (t__,
(19.1) > t_, (2.9)); the storage in acetonitrile at 4°Cis
worse than the storage in mixture at (- 25 °C) (t_
(5.2) > t_, (2.9)); the storage in mixture at (- 25 °C)
is better than the storage in methanol at 4 °C (t__
(50.9) > t_, (2.9) and the storage in mixture at 4°C is
better than the storage in methanol at (- 25 °C) (t
(37.6) > t_, (2.9)).

STC is an intracellular mycotoxin (Filtenborg
et al,, 1983), which could interfere with the action
of the solvents during extraction and obtained
results show that one of the possible reasons why

stat

4; @T°C =25

it was reducing during the storage in investigated
solventsis an action with the solvents and, of course,
increasing temperature can accelerate this process;
this is why at 25 °C temperature decomposition
process was faster. The second possible reason is
the presence of small amounts of interferences
(impurities) in solvents; however, they are HPLC
- grade (it is not possible to provide 100% clearance
of solvents) or in standard of STC (not possible to
get 100% clear standard).

Conclusions

Our research indicates that STC standard
solutions are stable at the set tolerable stability level
(initial content of STC + 5.0%) only at (- 25 °C) and 4
°C temperatures not longer than for a one week.

Best solvents (from researched in our study) for
the storage of STC solutions at (- 25 °C) temperature
are acetonitrile and mixture; however, methanol is
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also suitable for the storage of STC at a set tolerance
level.

The best solvent (from researched in our study)
for the storage of STC solutions at 4 °C temperature
is a mixture of acetonitrile and methanol (50:50, v/v);
however, other solvents are also suitable for storage
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Abstract

lodine is a mineral that is added to the table salt and found in a variety of foods. It is important for good health
and, fortunately, our bodies require it in minute quantities. lodine is part of a hormone, thyroxin, which is responsible
for maintaining a person’s metabolic rate. lodine is the basic constituent part of the hormone of the thyreoid gland.
On the whole, the amount of T3 un T4 correlates with the number of the iodine atoms. Therefore, without iodine
the thyreoid gland cannot synthesize hormones and, therefore, cannot function. The role of iodine intake in both of
these conditions was recognized in the 20th century, and since they are fully preventable through diet, public health
advocates hope to entirely eliminate them at some point. Many things are natural sources of iodine. Saltwater fish
and sea vegetables, for example, both contain abundant amounts of iodine. The material can also be found in plants
grown on soil which is rich in sea materials, and in animals grazed on such soils. In some regions of Latvia, however,
access to iodine is limited, and conditions like goiter is realistic of iodine deficiency situations. In Latvia, some fear
exists for manufacturers of food who use iodized salt. They are afraid that it will collide with changes of color or taste
of their products and will infringe on interests of the consumer. The main question for such problems is: is it a myth
or the truth? In Latvia, starting using iodine salt in manufacturing, the most important question is: ‘What quantity of

iodine remains after the technological processing?”

Key words: iodized salt, iodine salt, quantity, stability, food processing.

Introduction

Salt iodization has been adopted as the main
strategy to eliminate IDD (lodine Deficiency
Disorders) as a public health problem, and
universal salt iodization by the year 2005 has been
set as a global target (Agency for International
Development, 1992). While other foodstuffs can
be iodized, salt has the advantage of being widely
consumed and inexpensive. It has routinely been
iodized in some industrialized countries since the
20th century. World experts in iodine deficiency
today urged a renewed international commitment
to help prevent loss of IQ due to fetal brain damage
by facilitating access to iodized salt for the final 30
percent of world households that don't yet have
it most of them found in just 20 countries (Burgi,
1993). Chemically, iodine is the least reactive of the
halogens, and the most electropositive halogen
after astatine (WHO, 1989; WHO, 2006). lodine is
used in pharmaceuticals, antiseptics, medicine, food
supplements, dyes, catalysts, and photography. It is
required in trace amounts by most living organisms.
lodine deficiency gives rise to goiter. Endemic

goiter is a disease characterized by a swelling of
the thyroid gland, usually resulting in a bulbous
protrusion on the neck (Mannar et al, 1995).
lodine salt is table mixed with a minute amount
of potassium iodide or iodate, of sodium iodide or
iodate is used to help reduce the chance of iodine
deficiency in humans (Aquaron, 2000). If people are
eating plenty of seafoods, saltwater fish and/or sea
vegetables they don’t need more iodine. If people
are eating a varied diet, they are probably taking
in sufficient iodine. However, if they avoid most
of the foods mentioned here, people may want to
reconsider getting iodized salt, just to be on the
safe side (Reed, 1970). The Recommended Dietary
Allowance (RDA) for iodine is 150 micrograms (ug)
a day for adults. The daily need of the person for
iodine depends on its age and physical activities.
The highest need - for the teenagers experiencing
hormonal reorganization, for pregnant and nursing
women. The newborn should receive per day
about 50 micrograms of iodine. From 1 year up to
6 years 90 micrograms, from 7 up to 12 years 120
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micrograms are required for children, from 12 years
and older 150 micrograms. To pregnant women and
feeding ones, a higher dose 200 - 220 micrograms is
necessary.

If daily average consumption of iodine is less
than 20 micrograms, the risk is high (Jooste, 2000;
WHOQO, 1996). The products from salted water are rich
in iodine.

Table 1

Content of iodine in foods (micrograms per 100 grams of food) (Gorelikova et al., 2001)

Food source lodine content
Salt, iodized, 1 tsp. 400

Fat of a liver of a cod 350-700
Sea seaweed from 500 ug - 59
Cod 263
Haddock, 3 oz. 104 - 145
Cottage cheese, V2 cup 26-71
Shrimps Of 110
Cheddar cheese, 1 oz. 5-23

Bread 3-8.4(1009)
Groats 1.5-45
Milk, kefir 14-30

Sour cream, sweet cream 8-9.5

Eggs 20

Potato 5-7

Peas 10

Bean 12.8

Fruit 2-4

Berries 1

Beef, pork 7

Freshwater fish 4-5

If we have too little or no salt in our body and
food? Why do we need salt? The minerals sodium
and chloride make up table salt. Inside human
bodies, salt dissociates into these two minerals,
which carry electrical charges, hence, their name
is electrolytes. Electrolytes play a vital role in
fluid balance, nerve transmission, and muscle
contractions (Gerasimov et al., 2000). Our need for
them is small, especially compared to the amount
most people take in. People may be surprised to
discover that some of the following items are high
in sodium: cheese, ham, canned tomato products
(e.g., ketchup, sauces, juice), soups, salad dressing,
mayonnaise, cereals, cakes, cookies, quick breads,
and donuts. Sodium also occurs naturally in some
vegetables, such as celery, although not in as large
amounts (Gorelikova et al., 2001).

Healthy bodies are quite efficient at conserving
sodium. The first mechanisms for sodium regulation
are thirst and other fluid shifts. Hormones act more
slowly to regulate sodium levels. Food containing
iodine is available everywhere. It is much less likely

for people, even those living far from the sea or
ocean, to have goiter nowadays (Hetzel, 1998).
However, salt is still iodized because iodine levels
can vary greatly in foods, as levels of iodine in the
soil are quite variable, and fortification offers a
margin of safety. Today, goiter is more prevalent in
developing countries than in the EU, because they
don’t have access to as many foods, such as plant
foods that are grown in iodine-rich soil, they dont
eat seafood, and the populations of some regions of
countries are malnourished in general. lodine and
dietary salt is the consensus means of increasing
iodine intakes in populations to combat lodine
Deficiency Disorders (UNICEF, 2004). There is little
iodine in natural sea salt. For 75 years of a life, an
incomplete teaspoon of iodine is necessary to an
organism of the person. lodine is found in food
stuffs which we consume, but 80% of it is lost with
urine already the next day. In other words, iodine is
enough if the person consumes products rich in this
element (Kunn, 1995).

The recommended dietary allowance in Latvia
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for sodium is 5-6 g per day (SVA). This amount may
be found in a ¥4 teaspoon of salt or 2 cup of canned
chicken broth. Processed foods are the greatest
source of sodium in human diet. Our physiological
need is 1.25 g of salt per day. We actually eat it
from 5 up to 11 g. Usually the day-time portion
of salt we scoop from the following sources: 10%
of salt from vegetables, fruit and other natural
products containing it in small amounts, 15% are
made with salt which meaningly we add in dishes,
and 75% of salt is absorbed in the structure of the
products made in the industrial way (Reed et al.,
1970; Diosady et al., 1997). And it is not only found
in various canned foods and concentrates, salt is
much enough in the structure of practically any
products made outside of the house kitchen. As to
iodine, it is found to be enough in vegetables and
fruit if they have been grown on soils rich in iodine.
In Latvia, little shrimps, mussels, sea kale, fish, crabs
and so forth are rich in iodine. These products are
not regardened as the most popular among our
fellow citizens. To the majority of our compatriots,
salt with iodine is useful. However, it is necessary
to remember that iodized salt is counter-indicative
to those persons whom functioning of the thyroid
gland is raised (Kunn, 1995).

The state can get rid of iodine deficiency among
the population using the law or legislation in
relation to universal salts iodization (USI). However,
the first argument of the population against
general iodization is possible adverse influence of
iodized salts on the tinned vegetables (cabbages,
cucumbers), and food stuffs. Questions of the
influence of iodine additives on flavouring qualities
of food products also come forth.

Therefore, such research is necessary and answers
to the all questions asked on the influences of
additives of iodine on flavouring qualities of food
products are still lingering in the air. Any large-scale
program of preventive maintenance is both a policy
and commerce. The outcomes of the initial research
on adding iodine to vegetables under tinning were
published long ago. In the first publication, such
tinned vegetables were viewed as green peas,
corn, cayenne, olives and tomatoe juice which were
flavored with iodized salt in their manufacturing
(Kojima, 1955). All the publications were focused
on organoleptics, and sensory estimation was
carried out. However, in literature reviews, data are
not available which could be of any interest for the
manufacturers of tinned vegetables in Latvia-how

much iodine is expected to be found in the final
outcome if instead of the ordinary salt there will be
used the iodized salt? Which is the simplest way to
enrich food with iodine so necessary for the person?

For this purpose we also suggest to continue joint
research not to cause proof aversion of using iodized
salt in pickle manufacturing. There are some data
published in the press that using iodate potassium
(namely, this substance is used now as the additive
to salt) does not leave influence on organoleptics
properties of the tinned, pickled, baked products.
Being a rather stable product, KIO, practically is not
subject to further oxidation. Besides, it is necessary
to remember that in Latvia salt is not produced
but imported and delivered from well-known salt
countries. Therefore, it is necessary to know how
salt influences tinned and pickled products flavored
with iodized salts as other salts in the majority of
countries do not make such products. Actually,
for the enterprise any technological complexity-
in pickling, manufacturing of tinned products
(cucumbers, cabbages), baking bread with iodine
salt, with tinned juice, jelly, does not represent
any problem, but it is a question of replacement
of one salt with another. Many producer in Latvia
to be afraid and ask about possibility of overdose
of iodine in manufacture of such products. A total
of 40 countries use only iodized salt, and in one
country there has not been fixed a case of overdose
of iodine with salt, and its lack has been on the
contrary marked (Aquaron, 2000; Kunn, 1995).
The world organization of public health services
at the United Nations (CART) has published the
application for safety of iodized salts. For 80 years
of its use, in ten countries of the world, no message
has been published on its collateral actions (WHO
et al,, 1996). Overdoses from daily acceptance of
products which are rich with iodine, it is impossible,
because the person use such products on one or to
two. Overdoses by iodine probably if expect food
whichis rich with iodine, the person uses also tablets
with iodine. In the companies in Latvia which make
pickled and tinned vegetables are opinion that salt
with iodine gives to these ready products easy a
smell of iodine and a yellowish shade.

Different comments are made on the existing
proof of the unwillingness of Latvias food
manufactures to use iodine salt in pickling, baking
and cooking. This is a rather emotional opinion, as a
rule, not based on our practical experience (Unicef,
1995).Intheinitial research, before 11 new vegetable
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preserves were prepared for manufacturing with a
set amount of iodine, we only verified the storage
stability, color changes, organoleptic and sensory
properties of tinned vegetables at ‘Balttur-R’ LTD.,
which was done by the employees themselves when
the ordinary salt was replaced with the iodized salt.
The tinned vegetables were stored for 1.5 months,
then the organoleptic and sensory evaluation
was carried out. After evaluation and making
conclusions that the organoleptic properties of all
the samples comply with the requirements, when
the ordinary salt is replaced with the iodized salt,
and having obtained satisfactory results, a further
assignment was set forth which is the primal task
and assignment of the given research, namely, to
make a repeated vegetable tinning using iodized
saltand to determine how much iodine is in the final
outcome if the amount of salt is stable according
to the company’s technological maps for tinned
vegetables.

We tested pickled vegetables - cucumbers,
cabbages, tomatos, and champignons — using base
of compounding of a cannery ‘Balttur-R’ LTD. In
testing, we considered the storage period, relative
humidity, and temperature at which the canned food
was stored. As a result, all the received parameters
completely corresponded to the requirements of
the standards of the given production.

Then we led expanded tastings in which experts
food technologists, representatives of ‘Bang &
Bonsomer’ LTD, Ministry of Health - have took
part. Nobody from the participants in the tasting
could find distinction between the samples, which
were samples with iodized salt and wheals - with
ordinary salt (string beans, corns, champignons,
tomatos, and cucumbers). The most significant
aim of the research was to get an answer to the
question moved forward by the manufacturers of
tinned vegetables in Latvia:; How much iodine can
be found in the final outcome of manufacturing
tinned vegetables with ordinary salt and with
iodized salt? Perhaps, vegetables themselves
contain iodine. Where with, in the final outcome, in
the amount of iodine significant diferences cannot
be found when manufacturing tinned vegetables
with iodized salt and ordinary salt. Where with, the
spent money cannot be justified purchasing a more
expensive salt with iodine. The manufacturer of
tinned vegetables wants to make sure and to elicit
not only the organoleptic stability of the products
themselves as in Latvia an opinion exists (that it is

proxhibited to preserve and pickle with iodized salt
due to the above reason, but also to be aware of the
exact amount of iodine in the tinned vegetables
manufactured by ‘Balttur-R’ LTD. Paralelly, at the
Latvian Certification Center (LATSERT), salt samples
taken from the manufacturers of Denmark and
Belarus were analysed to state the quantitative
amount of NaCl and iodine there. These two initial
types of salt were used in the experiment carried out
with tinned vegetables. Also, food sea salt ‘Marsel’
was analysed which was not used in manufacturing
of tinned vegetables. However, the aim of this salt
research was to state how much iodine the food sea
salt contains.

Materials and Methods

1. In the research, the tinned vegetables and
pickled vegetables can be divided in two groups
which are

prepared using ordinary salt and iodized salt.
For the research, 11 samples of tinned and pickled
vegetables with addition of the ordinary food
industry salt ‘Extra’ manufactured at ‘Mozyr salt’ JSC,
Belarus, and the ordinary food industry salt'Suprasel’
with iodine manufactured at ‘Akzo Nobel Salt’ JSC,
Denmark, were prepared. The product samples are
shown in figure.

2.Salt was added to every sample according to
the recipe developed by ‘Balttur-R’LTD adding 1.5-3
tablespoons of salt to 1 liter of marinade.

In preserving and pickling of the vegetables,
such vegetables as cucumbers, cucumbers with
tomatoes in jelly, champignons, grated cabbage
with tomatoes and cucumbers, pickled cucumbers,
pickled cabbage were used. Every sample was
prepared both with ordinary salt and with iodized
salt.

3. Paralelly, three salt samples were analyzed
together with ‘The chemical laboratory of national
public health investigation center’ in Vilnius,
Lithuania: 1) 'Suprasel’salt with iodine manufactured
by ‘Akzo Nobel Salt’ AS. During the experiment at
‘Balttur-R’ LTD, the iodized salt ‘Suprasel’ was used
with the chemical composition: NaCl-99.8% with
iodine (I) added as KIO,-43 mg kg. 2) ‘Extra’ type
salt manufactured at ‘Mozyr salt’ JSC, Belarus, with
chemical composition: NaCl-99.5%, and 3) ‘Marsel’
sea salt manufactured at ‘G.C. RIEBER’ JSC, Norway,
which was not added to any of the products during
the experiment.
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3. Bottled pickled preserves such as pickled
cucumber, champignones, cabbages and tomatos
were stored at simulated market conditions for 3-5
months. The color, moisture content, water activity,
pH, salt content, salinity of brine solutions, iodine
content of salts and test foods products, and iodine
quantity were analyzed using standard methods of
determination.

Were analyzed 11 kinds of different samples of
pickled products, from each kind was analyzed 5
bottles samples, in the sum completely analyzed 55
definable samples.

All samples of products has been prepared in
Latvian company ‘Balttur-R’ LTD, and all samples of
the pickled vegetables, were analyzed using the
normative document methods of the Lithuanian
Standard Board.

The samples were forwarded to ‘The chemical
laboratory of national public health investigation
center’in Vilnius, Lithuania, as the amount of iodine
in food products is not determined by any of the
accredited laboratories in Latvia. Besides, methods
are not developed to carry out such research. In all
the samples, the amount of iodine was determined.
The samples were taken to the laboratory in Vilnius
10 days after their preparation at the company’s
laboratory. From each type of tinned vegetables of
2 pieces of the sample have been left for the control
in company ’'Balttur-R" LTD and 1 piece pickled
cabbages and a cucumbers for ‘LSTK'LTD.

The samples were analyzed using the
‘Determination of iodine standard operating
procedure according to Analyst, 1980, vol.105’ with
testmethod (CH)-SVP-5.4-64.lodine was determined
by SVP standard operating procedure according to
Analyst, 1980, vol.105. The analysis of samples was
made in ‘The chemical laboratory of national public
health investigation center’in Vilnius. Each kind of a
product type was analysedin thelaboratory fromthe
company of 5 samples. The task of the experiment
was to determine how much iodine contain pickled
vegetable products with salt and with iodized salt.

4. lodine determination at ‘The chemical
laboratory of national public health investigation
center'in Vilnius, Lithuania, in salt by a very sensitive
colorimetric and automatic method was realized
in natural sea, iodized and pure vacuumsalt from
Denmark, Belarus and Norway. For this 1g of a salt
sample was dissolved in 10 ml of water. For natural
salts, poor in iodine, this solution was directly
analysed by flow analysis in an entirely automatic
auto analyzer ‘Technicon Type 2’ lodine present as
iodate or iodide in the sample was transformed first
by acidic digestion into iodate. Then, after reduction
to iodide, iodide was monitored by the colorimetric
method of Sandell and Kolthoff. For iodized salts,
rich in iodine, appropriate dilutions (1/10 to 1/100)
in water were done before analysis, according to the
expected iodine level in the salt indicated by the
manufacturer.

Table 2
lodine analysis in pickled vegetable samples
Sample | Product sample Piece/ | Salt Salt type, salt Manufacturer
No. litre g/ per | manufacturer
litre,
tbsp

1 Pickled cucumbers with 5x3 44 lodine salt, ‘Akzo Balttur-R Ltd
‘Suprasel’iodized salt Nobel Salt’ JSC

2 Pickled cucumbers with ‘Extra’ 5x3 44 ‘Extra’ salt, 'Mozyr Balttur-R Ltd
salt salt’JSC

3 Pickled cucumbers with 5x0.750 | 36 lodine salt, ‘Akzo Balttur-R Ltd
‘Suprasel’iodized salt Nobel Salt’ JSC

4 Pickled cucumbers+tomatosin | 5x 36 lodine salt, ‘Akzo Balttur-R Ltd
jelly with‘Suprasel’iodized salt 0.350 Nobel Salt’ JSC

5 Pickled champignons with 5x0.350 | 27 lodine salt, ‘Akzo Balttur-R Ltd
‘Suprasel’iodized salt Nobel Salt’ JSC

6 Pickled 5x1 36 lodine salt, ‘Akzo Balttur-R Ltd
cabbage+tomato+cucumbers Nobel Salt’ JSC
with ‘Suprasel’iodized salt

7 Pickled 5x1 36 ‘Extra’ salt,'Mozyr Balttur-R Ltd
cabbage+tomato+cucumbers salt’JSC
with ‘Extra’ salt
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Sample | Product sample Piece/ | Salt Salt type, salt Manufacturer
No. litre g/ per | manufacturer
litre,
tbsp
8 Pickled cabbage with ‘Extra’salt | 5x2 44 ‘Extra’salt, 'Mozyr Balttur-R Ltd
salt’JSC
9 Pickled cabbage with ‘Suprasel’ | 5x2 44 lodine salt, ‘Akzo Balttur-R Ltd
iodized salt Nobel Salt’' JCS
10 Pickled cucumbers with ‘Extra’ 5x0.750 | 36 ‘Extra’ salt,'Mozyr Balttur-R Ltd
salt salt’JSC
11 Pickled champignons with ‘Extra’ | 5x0.350 | 27 ‘Extra’ salt, 'Mozyr Balttur-R Ltd
salt salt’ JSC

Results and Discussion

In the tinned vegetable under the research (11
types x 5 pieces=55 samples), salt delivered from
the‘Latvian Salt Trading Company’ LTD was used.

The company ‘Balttur-R’ LTD uses salt from
different manufacturers of Denmark and Belarus.

All the experimental salt and pickled vegetables
mentioned above were collected and used from
the products of Latvia. All the vegetables and salt
used in the experiment are purchased from Latvian
companies.

Table 3
lodine content in pickled product samples
Sample No. | Parameter Test method | Result + U** Measures
(ND)*
1 lodine amount (Ch) -SVP-5.4-64 | 97.4 Mg 100g
2 lodine amount (Ch) -SVP-5.4-64 | <1.0 pg 100g
3 lodine amount (Ch) -SVP-5.4-64 | 74.8 pg 100g
4 lodine amount (Ch) -SVP-5.4-64 | 62.1 pg 100g
5 lodine amount (Ch) -SVP-5.4-64 | 114.2 pg 100g
6 lodine amount Ch) -SVP-5.4-64 | 32.9 pg 100g
7 lodine amount Ch) -SVP-5.4-64 | 5.6 pg 100g
8 lodine amount Ch) -SVP-5.4-64 | 3.0 pg 100g
9 lodine amount Ch) -SVP-5.4-64 | 70.3 pg 100g
10 lodine amount Ch) -SVP-5.4-64 | 50.8 pg 100g
11 lodine amount Ch) -SVP-5.4-64 | 15.6 pg 100g

*ND - normative document ‘Determination of iodine standard operating procedure according to Analyst,

1980, vol.105’

**|J - extended uncertainty estimated with references to ‘Estimation and expression of measurement

uncertainty in chemical analysis’ (1997).

1. During the experiment we tested salt ‘Extra,
iodine salt‘Suprasel, and ‘Marsel’ sea salt. We found
52.9 - 84.6 micrograms of iodine/gram of ‘Suprasel’
iodine salt, 0.4 - 0.9 micrograms of iodine/gram in
‘Extra’ salt, and 1.2 - 1.4 micrograms of iodine/gram
in sea salt. The result can be noticed in two salt
sample data of iodine substances in food that list
the maintenance of iodine in foodstuffs.

2. So, for iodine, it is unrealistic to rely on
individual food analyses except for natural seafoods,
instead one must use averages over food groups.
And foods that have salt added during processing
must be separated into those that use iodized salt,
sea sea, and those that use purified salt.

For example:

- prepared pickled cucumbers with iodized
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salt have iodine concentrations that aver-
age 97.4 ug of iodine per 100 g of cucumber,
where in such sample only with ‘Extra’ salt of
iodine was <1 ug.

- pickled champignons with iodized salt have
iodine concentrations that average 114.2 ug
of iodine per 100 g of champignons, where
in such sample only with ‘Extra’ salt of iodine
was 15.6 ug per 100g.

- pickled cabbages with iodized salt have io-
dine concentrations that average 70.3 ug of
iodine per 100 g of cabbage, where in such
sample only with ‘Extra’ salt of iodine was
3.0 pg per 100g.

- pickled cucumbers with iodized salt have io-
dine concentrations that average 74.8 ug of
iodine per 100 g of cabbage, where in such
sample only with ‘Extra’ salt of iodine was
50.8 pg per 100g.

3. No significant difference in the physico-
chemical properties of test food products with
iodine salt and extra salt during processing was
noted, except for color and iodine content. In
general, the color of test food products with iodine
salt was enhanced. Food products with iodine salt
have significantly higher iodine content per serving
size. Products samples with iodine salt was highly
acceptable and rated close to ‘like very much’.

4. During storage, test food products were stable
in terms of color and iodine content. The percent of
iodine retention during storage ranged from 42% to
86%. The final food products were microbiologically
safe.

5. The iodized salt can be used in production
of pickled vegetables, processing of cucumbers,
tomatos, champignons to increase the iodine
content.

6. The iodized salt can not be used pickled
cabbage processing to increase the iodine content
because organoleptics quality of products changes
in 3 weeks. The crunchy quality of cabbage
decreases.
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increase iodine availability and intake among risk
citizens and this may help reduce iodine deficiency
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4. To provide a database on the maintenance
of iodine in the crude and processed foodstuffs of
Latvia, the maintenance of iodine in foodstuffs is
recommended to be still analysed.
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Abstract

Annual judging of dairy products including sensory evaluation of local cheesemakers’ cheeses proved that the
quality of Latvian classical cheeses is various. In fact, in last three competitions three different manufacturers gained
the first place in category of Krievijas and Holandes types’cheeses. It indicates instability of Latvian cheese quality. Two
types of semi-hard cheeses (Krievijas and Holandes) were selected for testing the quality of Latvian semi-hard cheeses
in the beginning of 2008. Krievijas type cheese was selected from three different manufacturers, but Holandes type
cheese - from five different manufacturers. Sensory properties such as flavour, structure and colour were measured
using line scale method. Statistical analysis of obtained data showed differences between such assessed properties
as colour (yellowness), texture (firmness), holes, flavour (acidity and bitterness) in Krievijas type cheese, and colour

(yellowness), texture (firmness), flavour (saltiness) in Holandes type cheese.

Key words: cheese, texture, flavour.

Introduction

The main sensory properties of cheese such
as flavour and texture depend on the number of
processes which occur in cheese during its ripening.
Degradation of protein, fat and carbohydrate
affect the sensory quality of cheese. Through many
reactions different precursors of flavour compounds
(such as short chain fatty acids, peptides, amino
acids, diacetyl, etc.) and gases that satiate cheese
flavour and are liable to cheese texture are rendered
(Singh et al., 2003).

As emphasized before, the formation of sensory
properties is a complex of complicated biochemical
processes occurring during cheese maturation,
where enzymes of starter and milk indigenous flora
play significant role. Nowadays identification of new
volatilecompoundsandstudying sensory properties
of cheeses is still central aim of many debates.

Transformation of initial constituents into final
compounds depends mainly on cheese milk quality,
sanitary and cheese milk treatment conditions
(Buchin et al., 1998). Due to failure of noted
factors, advanced flora may get into the milk after
pasteurization or survive during it, which leads to
out-of-balance of compounds derived from protein,
fat and carbohydrate, and influence different
defects of sensory properties especially off-flavour
and texture defects (Fox and McSweeney, 2004;

Wendorff and Smukowski, 2007). As it is mentioned
before, also ripening conditions play a significant
role in formation of cheese sensory properties and
their no observance can cause different deviations
in sensory assessment of cheese (Singh et al., 2003;
Kujawski et al., 2003).

Annual judging of dairy products in Latvia,
including sensory evaluation of local cheeses, has
proved that the quality of Latvian classical cheeses
is various. In fact, in last three competitions three
different manufacturers have gained the first place
in category of Krievijas and Holandes types’cheeses
(Diezina, 2006; Tamane, 2004).

The objective of this paper is to estimate sensory
properties of such popular semi-hard cheeses as
Krievijas and Holandes produced in Latvia and to
clear up possible distinctions between samples of
one type cheese from different cheesemakers.

Materials and Methods

The sensory properties of two types of Latvian
semi-hard cheeses (Krievijas and Holandes) were
evaluated by scaling methods using line scale.

Before sensory evaluation, cheeses were stored
at room temperature for one hour, then cut into
2 cm? pieces and put into plates randomly labeled
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with three number codes. Krievijas type cheese
from three different manufacturers and Holandes
type cheese from five different manufacturers were
selected for sensory assessment. Krievijas cheese
was selected from following cheesemakers: JSC
‘Smiltenes piens, JSC ‘Trikatas piens’ and JSC ‘Rigas
piena kombinats. Holandes cheese was selected
from following cheesmakers: JSC ‘Smiltenes piens)
JSC'Rigas piena kombinats, JSC ‘Trikatas piens; JSC
‘Cesvaines piens, and LTD ‘Malpils piensaimnieks’,
Cheese with different fat content in a dry matter
was tested. For evaluation were used Holandes
cheese with 450 g kg™ and 500 g kg fat contentin a
dry matter, and Krievijas cheese — with 500 g kg fat
content in a dry matter.

Sensory evaluation was carried out in the
Laboratory of Sensory Evaluation at the Department of
Food Technology of the Latvia University of Agriculture
in the beginning of 2008. All cheese samples were
simultaneously evaluated by twenty seven panelists.
During one session, panelists were offered to assess
one type of cheese (e.g., Krievijas) from various
manufacturers. The panelists were provided with
water to rinse their mouth between samples.

Inordertorepresentthe perceivedintensity of the
properties, the panelists were asked to note intensity
of such cheese properties as colour (yellowness,
evenness), texture (firmness, crumbliness, elasticity),

holes, and flavour (acid, bitter, salty, sharp, rancid)
on a line scale by placing a mark (Meilgaard et al.,
2007; Strautniece, 2004).

The marks from line scale were measured with
ruler and converted into numbers. Obtained data
was averaged across panelists, then analysed
using statistical analysis of variance (ANOVA), and
differences among cheese samples were evaluated
in the experiment. When significant (p<0.05)
differences were found among treatments, mean
was compared using Tukey’s test. The StatistiXL
(Version 1.8) program was used.

Results and Discussion

The obtained datagiveninTable 1,showed highly
significant difference between holes and bitterness
of Krievijas type cheese samples. Other distinctions
were found between yellowness, firmness and
acidity of samples.

The sample from JSC‘Smiltenes piens’was noted
as the best with less acidity and bitterness and
good quality holes. The same opinion was declared
by experts at annual judging of dairy products one
and half year ago (Diezina, 2006; Tamane, 2004).
That confirms the invariable sensory quality of this
cheesemaker’s product. The sample from JSC ‘Rigas
piena kombinats’'was bitter with high acidity.

Table 1
Evaluation of sensory properties of Krievijas type cheese (mean+SD)
Properties ’Srniltfenes IE;gnisbiF;:g:s? Trikatas siers’ p value
piens’ JSC 1SC JSC
Colour Evenness 8.99+1.82 8.22+2.55 7.74x2.79 0.18
Yellowness 7.49%+1.87 7.06°+2.42 5.13%+2.37 0.001
Firmness 5,04°+2.26 5.65°+3.10 7.542+2.60 0.003
Texture Crumbliness 4.73+2.36 5.15+2.86 442+2.48 0.56
Elasticity 2.96+2.43 4.69+2.98 4.21+2.81 0.07
Holes 8.672+£2.35 6.27°+£2.42 3.20°+2.42 3.02*10™
Acid 4.95+2 31 7.332+£1.85 5.57°+2.36 0.001
Bitter 2.78°+2.07 5.46°+2.18 5.02°+3.09 4.13*10*
Flavour Salty 5.45+2.24 6.37+2.44 5.67+2.40 0.33
Sharp 3.27+2.46 4.12+2.43 3.76+2.80 0.49
Rancid 2.71x£2.31 3.67+2.22 4.02+2.58 0.13

abc — samples within property with a similar letter superscripts do not differ significantly (P>0.05). Letters
are subordinated from the highest value to the least.As emphasized in some papers investigating origin
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of cheese off-flavours, the bitterness is nearly the
one of the main problems in the manufacture

of many cheese varieties, especially those made
with mesophylic starter cultures (Singh et al.,
2003). Bitter flavour explains as deficiency, in the
used strain, of proteolytic enzymes capable of
hydrolyzing bitter primary breakdown products
of the cheese protein (Lemieux and Simard, 1991;
Mullan, 2002). In addition to noted, bitterness is
caused not only by peptides but also a number
of other compounds such as amino acids,
amines, amides, long-chain ketones and some
monoglycerides that can contribute to bitter off-
flavour (McSweeney et al., 2000).

Cheese manufacturing and ripening conditions
are also two of the main factors contributing to
bitterness formation and excess acidity of cheeses
(Buchinetal., 1998; Hill, 1995b). Higher temperatures
of ripening intensify the enzymatic processes, but
allow growing of secondary flora that is responsible
for contribution to off-flavours; whereas low
temperatures of ripening are liable to absence or
rare holes in cheeses (Hill, 1995a; Kujawski et al.,
2003) and allow the formation of bitter flavour due

to slow reactions of protein breakdown in cheese.

Significant differences between yellowness,
firmness and saltiness were observed among the
samples of Holandes type cheese. These results are
indicated in Table 2. The vast majority of samples
were evaluated similarly. JSC'Trikatas siers’"Holandes
cheese was acknowledged as the best cheese with
typical cheese taste and good appearance.

This evaluation differs from experts’ conclusion
for Holandes type cheese at annual judging of dairy
products. In the period of last three competitions,
JSC ‘Trikatas siers’ did not gain any awards in
comparison with ‘Malpils piensaimnieks’ LTD and
JSC’Smiltenes piens’ (Diezina, 2006; Tamane, 2004)

Cheese from JSC‘Cesvaines piens’ was evaluated
as hard and salt, but the saltiest was sample from
JSC'Rigas piena kombinats.

Both of these properties depend on cheese
manufacturing process; firmness also depends on
composition of cheese milk. The role of fat in the
development of sensory qualities of cheese appears
to be decisive. Fat affects texture of cheese, too.
Reduction of fat content leads to increase in the
moisture and protein content of cheese.

Table 2
Evaluation of sensory properties of Holandes type cheese (mean+SD)
Properties ’Srniltfenes IFk{:)grgi)iaigg? ’Trik?tas ’Cg sveaines pierll,\s{‘aailrrr)\irlmsieks’ p value
piens’ JSC e siers’ JSC piens’ JSC LTD

Evenness 8.45+2.28 8.22+3.04 8.42+2.50 7.76x3.12 8.20+2.60 0.90
Colour Yellowness | 7.01°+2.25 | 4.30°£2.21 | 7.55P+2.23 | 9.79°+2.41 4.29+2.01 | 1.23*¥107"

Firmness 4.02°+2.31 | 6.91°+2.52 | 6.87°+2.59 | 8.20°+2.88 | 6.63°+2.62 | 1.03*10°
Texture [Crumbliness | 2.81+£2.14 | 2.72+1.91 3.74+2.83 4.16+3.20 4.13+2.46 0.14

Elasticity 2444277 | 2.36+£1.93 | 2.84+2.83 3.73x2.00 3.62+2.84 0.14

Holes 2.52+2.19 3.84+3.27 3.44+3.15 4.39+2.62 4.28+3.09 0.12

Acid 5.03+£2.34 6.22+2.71 497+2.30 5.38+£2.67 5.78+2.34 0.30

Bitter 490247 | 4.62+2.06 | 3.72£1.93 | 4.13+£2.24 4.16x2.05 0.30
Flavour |Salty 3.77°+1.69 | 5.84°+2.08 | 4.92°+2.50 | 5.54°+2.94 | 5.70°x1.97 0.006

Sharp 3.05£2.06 | 3.91+2.71 | 3.42+2.58 | 3.74x2.40 4,02+2.33 0.59

Rancid 3.09+£1.99 | 3.46x1.86 | 3.36+2.25 | 4.18+2.69 4.15+2.46 0.31

abe — samples within properties with a similar letter superscripts do not differ significantly (p>0.05). Letters

are subordinated from the highest value to the least.

The influence of ripening conditions on product
firmness plays a significant role. Cheese maturation
at low temperatures leads to a chain of chemical
reactionsthatcontribute notonlytoholesandflavour
quality, as mentioned before, but also to changes in

cheese texture. Low ripening temperatures or deficit
of proteolytic enzymes contribute to significant
increase in primary proteolysis when changes in the
a-, B- and y-caseins occurs and peptides with high
content of hydrophobic amino acids are derived. It
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relates to firmness of the texture of cheese (Early,
1998).

The results of sensory study show that the quality
ofHolandesandKrievijas cheesesisvariable.The next
stage is evaluated the protein, fat and carbohydrate
degradation products and their concentration,
the role of cheese microflora and enzymes that
are responsible for biochemical processes during
the maturation of cheese. Obtained results should
allow promoting and developing of Holandes and
Krievijas cheese quality in Latvia.
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Abstract

In Latvia the spontaneous sourdough is used in traditional rye bread baking whose microflora is determined in
flour and in microorganism cultures presented in external environment. Almost all spontaneous sourdough cultures,
especially those that have been maintained for a long time, contain both lactic acid bacteria (LAB) and yeasts. The main
purpose of the current research was to analyze growth dynamics of LAB in spontaneous rye flour sourdough and to
isolate some of its representatives. Experiments were carried out in Department of Food Technology, Faculty of Food
Technology, Latvia University of Agriculture in January and February 2008. Considering differences in constituents,
two types of flour were used in the research — peeled and crude rye flour. There were three stages of spontaneous
sourdough preparation in 72 hours totally; the renewal of sourdough was realized each 24 hours. The dynamics of LAB
plate count in every stage of fermentation was investigated as well as changes of pH was observed using standard
methods. The results of experiments show substantial increase in amount of LAB in both sourdoughs, particularly in
sourdough from peeled flour, reaching 6.06 log10 cfu ml. A significant decrease of pH value from pH 6.7 to pH 3.8
during fermentation process was observed. As a result, the sourdough from peeled flour had desirable properties
for preparation of sourdough starter. LAB cultures isolated and identified from current sourdoughs using API tests:
Lactobacillus brevis and Lactobacillus fermentum are also typical members of sourdoughs found in other countries.

Key words: lactic acid bacteria, sourdough, rye flour.

Introduction

Sourdough is essential in rye bread making
and the tradition of rye sourdough fermentation
correspondtotherye-growingareasinnorth, central
and eastern European countries including the Baltic
states, where rye bread constitutes a considerable
amount of the bread consumption (Rocken, 1996).
Traditional sourdough bread technology is based
on a spontaneous fermentation process from Lactic
acid bacteria (LAB) and yeast occurring naturally in
flour. Classic sourdough preparation is a multiple
stage process that starts with a mixture of flour and
water left for a specific period of time. Every next
stageis prepared with fresh flour and water added to
the previous stage (Linko et al., 1997; Kariluoto et al.,
2004). In the first stage of sourdough fermentation
the temperature vary from 25 °C to 26 °C, which is
optimal for yeast development. In the second and
third stage of sourdough fermentation an average
temperature of 32 °C is applied - optimal for lactic
acid bacteria (Kramer, 2002).

The character of the process results from the
growthofmicroorganismsindifferentenvironmental
conditions. Temperature, dough consistence
and dough resting time at each stage determine

development of active microflora (Javanainen and
Linko, 1993; Muller et al., 2001).

In addition to environmental influence, flour
is largely responsible for the properties and
quality of spontaneously fermented sourdough.
Crude rye flour contains more cereal outer layers
resulting in greater diversity of microorganisms
inhibiting growth of LAB comparing with peeled
rye flour. Rye flour naturally contain a wide variety
of yeasts and bacteria — Candida crusei, Erwinia
herbicala, Bacillus spp., moulds, Saccharomyces spp.,
heterofermentative LAB and acid - tolerant yeasts
(Kramer, 2002).

Sourdough fermentation begins with aerobic
growth immediately upon mixing flour and water.
Once oxygen is depleted, anaerobic fermentation
begins with the growth of LAB, which produces acids
that enhance their rapid growth when the pH value
has dropped too low for other microorganisms to
develop. Thereby LAB becomes the most abundant
microorganisms in the sourdough and they are
therefore responsible for the final stages of the
sourdough processing (Savic et al., 2006).

Genera of LAB identified from sourdoughs
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are Lactobacillus, Leuconostoc, Pediococcus and
Streptococcus,and the majority of the sourdough LAB
belongs to the genus Lactobacillus. The taxonomy
of LAB is still under revision. Lactobacillus present
in sourdough has been divided in three groups
according to their carbohydrate fermentation
patterns:
. Obligately homofermentative LAB: L. aci-
dophilus, L. delbrueckii ssp. bulgaricus, L. far-
ciminis etc. Hexoses are almost completely
fermented to lactic acid (>85%) by the Emb-
den-Meyerhof-Parnas (EMP) pathway. Fruc-
tose is also fermented, but neither gluconate
nor pentoses are fermented.

Facultatively heterofermentative LAB: L. casei,

L. curvatus, L. plantarum etc.

Hexoses are almost completely fermented to lactic
acid by the EMP pathway. Pentoses are fer-
mented to lactic acid and acetic acid by an
inducable phosphoketolase.

Obligately heterofermentative LAB: L. brevis,

L. fermentum, L. fructivorans etc.

Hexoses are fermented to lactic acid, acetic acid,

ethanol, and CO,. Pentoses are fermented to lactic

acid and acetic acid. In general, both pathways
involve phosphoketolase (Kandler and Weiss,

1986).

Scientific publications show that application of
spontaneous sourdough in rye bread production
may cause unstable quality of rye bread (Reed and
Nagodawithana, 1995). Selected LAB starter cultures
should be used in Latvian bakeries to provide
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controlled sourdough fermentation. Though LAB
starters selected in Europe frequently does not
satisfy Latvian bakers. Therefore, the aim of the
research was to analyze growth dynamics of LAB
in spontaneous sourdough from peeled and crude
rye flour at every fermentation stage and to isolate
some of its representatives.

When the above mentionedis clarified, it is
possible to promote viability and development of
LAB providing the highest acidity and preferable
sensory properties accommodating technological
processes of sourdough fermentation - length of
every stage, temperature of fermentation and flour
- water proportion in favour of it.

The aim of the current research was to
analyze growth dynamics of LAB in spontaneous
rye flour sourdough and to isolate some of its
representatives.

Material and Methods

Current research was carried out in Latvia
University of Agriculture in the Department of Food
Technology in Scientific Laboratory of Microbiology
in 2008.

The rye flour from stock company ‘Jelgavas
dzirnavas”: peeled rye flour (ash content 1.45%,
moisture content 14.5%), crude rye flour (ash
content 1.85%, moisture content 14.5%) and water
were used in all samples. There were three stages of
sourdough preparation totally 72 hours; the renewal
of sourdough was realized each 24 hours (Figure 1).
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24h 24h Figure 1. Three-stage
technological process of
Total: 350 g; Total: 350 g;
24 °C 28°C spontaneous rye flour
sourdough preparation.
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Ten grams of sourdough in 90 ml 0.5% sterile
physiological liquid were mixed in BagMixer® at
speed 7 for 60 seconds after each stage of sourdough
preparation.

Plate counting method was used for microbial
detection. The samples for investigation were taken
in: 0, 4™, 8™, 24t 28t 32nd 48t 52nd 56t 72 hour
of fermentation.

Lactic acid bacteria plate count was investigated
on MRS agar (dilutions 1:100; 1:1000) in two
replications. Incubation was performed at 35 °C for
24 hours to develop the colonies.

Counting of colonies formed and calculating
the number of CFUs was accomplished by Acolyte
colony counter.

Changes of pH (Jenway 3250 pH meter) in sour-
dough were observed using standard methods with
reference to‘Standard - Methoden fur Getreide, Mehl
und Brot’ (Spicher and Stephen, 1993).

Dilution and Lindner methods were applied
to obtain pure cultures. After isolating pure LAB
cultures APl CH 50 identification method was
applied to identify microorganism species.

A standard method of arithmetic mean was used
in data processing.

Results and Discussion

Three-stage method was used in spontaneous rye sour-
dough preparation (Figure 1). At the end of each stage, dy-
namics of LAB development was investigated.

6.5

Results shown in Figure 2 characterize growth
dynamics of LAB in spontaneous sourdough
fermentation process using two types of flour -
peeled and crude rye flour. Initial rate of plate count
was 3.48 log10 cfu ml' for crude flour sourdough
and 4.27 log10 cfu ml for peeled flour sourdough. It
could be explicable with variety of microorganisms
inhibiting growth of LAB in crude rye flour
(Kramer, 2002). In the first stage of fermentation
the development of LAB was significant in crude
flour sample — an amount of LAB increased by 54%
reaching 5.37 log10 cfu ml" exceeding plate count
of LAB in peeled flour sourdough by 13%. After the
first renewal of sourdough LAB count in crude flour
sourdough decreased by 8% and remained stable
at the level of 5 log10 cfu ml" until the middle of
the third stage of fermentation. LAB plate count
in peeled flour sourdough increased gradually
reaching 6.02 log10 cfu ml" at the end of second
stage of fermentation and remained stable until the
end of fermentation process. The second renewal
at the beginning of the third stage of fermentation
had insignificant influence on development of LAB
in both sourdoughes. Itis possible that LAB cells were
ageing and metabolites present in dough were
inhibiting its regeneration. Finally, the amount of
LAB in peeled flour sample exceeded the amount of
LAB in crude flour sample by 13%, evidencing the
advantage of using peeled rye flour instead of crude
rye flour as a starter.
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Figure 2. Development of LAB in spontaneously prepared sourdough from peeled and crude rye flour
during 72 hours (¢ - sourdough from peeled rye flour; O - sourdough from crude rye flour)

Figure 3 represent development of LAB and
changes of pH value in peeled flour sample during
three- stage fermentation process. At the first four
hoursoffermentation changesintotalamountofLAB

and pH value were not relevant - microorganisms
remained in lag — phase and adapted to the new
nutrients available. After four hours LAB started
an intensive exponential phase although at the
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end of the first stage of sourdough fermentation
LAB plate count started to decrease caused by
limitation of nutrients. Generally, in the first stage of
fermentation pH value decreased substantially as a
result of intensive development of microorganisms
- from initial rate of pH 6.7 to pH 4.26.

Immediately after the first renewal of sourdough
pH value increased rapidly to pH 5.37 but after four
hours it returned close to a previous level to pH
4.36. At the same time LAB started a new lag-phase.

7.0

At the end of the second stage of spontaneous
sourdough preparation, LAB were developed rapidly
in exponential growth phase by 26% and reached
6.021og10 cfu ml. In the third stage of fermentation
an amount of LAB cells remained relatively high
and stable. Furthermore, the pH value continued to
decrease until the end of the third stage reaching
pH 3.83 representing that current sourdough has
desirable properties for preparation of rye flour
sourdough starter.
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Figure 3. Development of LAB and changes of pH value in spontaneously prepared sourdough from
peeled rye flour during 72 hours (O - pH; Bl - CFU)

Figure 4 represents development of LAB and
changes of pH value in crude flour sourdough.
Analogical to peeled flour sourdough, pH changes
in the first hours of fermentation were not relevant,
but the amount of LAB cells even decreased by 19%.
After eight hours of fermentation, LAB developed
rapidly in exponential growth phase by 90% and
reached 5.37 log10 cfu ml" at the end of fist stage
of fermentation. Considering vast changes in
growing media, the first renewal of sourdough

inhibited growth of LAB by 8% although at the
end of the second stage of fermentation, LAB cell
count continued to increase gradually. During the
second stage of fermentation value of pH decreased
substantially by 38% reaching pH 3.81 as a result of
metabolites produced by LAB in stationary phase.
Despite the final pH value 3.80, during the third
stage of fermentation LAB continued to develop
reaching 5.36 log10 cfu ml" which is not sufficient
for preparation of rye flour sourdough starter.
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Figure 4. Development of LAB and changes of pH value in spontaneously prepared sourdough from
crude rye flour during 72 hours (O - pH; ll - CFU)
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Results of API tests reveal LAB that are typical Conclusions
members of rye flour sourdough microflora -
Lactobacillus brevis and Lactobacillus fermentum.
With reference to ‘Bergey’s Manual of Systematic
Bacteriology’(Kandler and Weiss, 1986): L. brevis and
L. fermentum belong to heterofermentative LAB,
producing about 50% of end products from glucose
as lactic acid, with considerable amounts of CO,,
acetic acid and ethanol; mannitol from fructose; L.
fermentum are able to grow at 45 °C, but not at 15
°C; L. brevis are able to grow at 15 °C, but not at 45 °C.
The latter properties ensure activity of LAB in every
stage of spontaneous sourdough preparation. With
reference to ‘Handbook of food science, technology
and engineering’ (Hui, 2006): heterofermentative
LAB Lactobacillus brevis are found in rye bread
sourdough from Russia, Germany and Sweden;
Lactobacillus fermentum are found in German,
Austrian and Swedish rye bread sourdoughs.

1. During 72 hours of rye sourdough preparation
process, the amount of LAB increased by 42%
in sourdough from peeled flour and by 54% in
sourdough from crude flour, though activity of
LAB increased significantly considering pH value
changes from pH 6.7 to pH 3.83 (peeled rye flour)
and from pH 6.69 to pH 3.80 (crude rye flour).

2.High amount of LAB reaching 6.06 log10 cfu ml-
'and a final pH value 3.83 represent that sourdough
from peeled rye flour has desirable properties for
preparation of sourdough starter.

3. After 72 hours of fermentation, spontaneous
sourdough from peeled rye flour contains 13%
more LAB than sourdough from crude rye flour.
This interconnection is stable during fermentation
process.

4. LAB cultures isolated and identified from
current sourdoughs: Lactobacillus brevis and
Lactobacillus fermentum are also typical members of
German, Russian, Swedish etc. traditional rye flour
sourdough.
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Abstract

Processing and cooking methods can greatly affect the nutritional value of fruits and vegetables including
potatoes. In human nutrition potatoes before consumption are always prepared by several cooking methods and
are one of the central components of warm meals. During treatment processes considerable changes in nutritional
composition and nutritional quality of the product are induced. Hence the aim of the study was to determine the
amount of basic nutrients (carbohydrate, fat and protein) as well as essential amino acids in five Latvian potato
varieties prepared by the following heat treatment methods: baking in oven, shallow frying and deep fat frying and
to compare the obtained results with recommended daily intake (RDI). Achieved results show significant differences
in total carbohydrate amount within potato varieties (p=0.007) while within the type of heat treatments were no
significance (p=0.065). Changes in fat content between heat treatment processes were considerable (p=0.000)
whereas significance were discovered between control — pan fried, control — deep fat fried, baked in oven - pan
fried, baked in oven — deep fat fried as well as pan fried - deep fat fried samples while no significance found among
potato varieties (p=0.391). In protein amount neither within potato varieties nor between heat treatment processes
significance was discovered, but the amount of essential amino acids significantly differs per each potato variety
and type of heat treatment processes. Results on RDI per each nutrient group (fat, carbohydrates and protein) show
significance on % RDI per each basic nutrient.

Key words: Potato varieties, heat treatment, RDI, nutrients.

Introduction consumption frequency of fruits, vegetables
and potatoes should be increased to meet the
recommended five servings of vegetables and fruits
a day (Seppa, 2002).

The potato tuber contains carbohydrates,
protein, vitamin C and other essential substances,
and it varies with the potato cultivar, growing area,
storage and cooking method (Liu etal., 2007). Hence
the aim of the study was to determine the amount
of basic nutrients (carbohydrate, fat and protein) as
well as essential amino acids in five Latvian potato
varieties prepared by the following heat treatment
methods: baking in oven, shallow frying and deep
fat frying and to compare the obtained results with
RDI.

Traditionally, potato is a staple component of
warm meals in many European countries (Wandel
et al.,, 2001). In the research by Nordic and Baltic
countries’ authorities within the type of potato
cooking methods, it was discovered that in Latvia
fried potatoes consumption level comparing
with neighbour countries was one of the highest
(Norbagreen, 2003).

Over the past 40 years, changes in lifestyle and
requirements for convenience, accompanied by an
increased consumption of pasta and rice, have led
to a considerable decrease in potato consumption
in most Northern and Central European countries
(decrease by 30-45% from 1961 to 2002; FAO,
2004). However, high annual intakes above 80 kg

per capita are maintained even today in the Baltic Materials and Methods

countries, Poland, The Netherlands, Ireland and the
UK (FAQ, 2004).

In one of the studies about vegetable and
fruit consumption it is mentioned that overall

In the cooperation with State Priekuli Plant
Breeding Institute (Latvia) five table potato varieties
which can be used for production of French fries
and other processed potato products were chosen:
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‘Lenora; ‘Brasla; ‘Imanta; ‘Zile’ and ‘Madara’ which
are selected and cultivated under the control of the
institute. Selected potato varieties were analyzed
afterashort period (2 weeks during sizing) of storage
at temperature 5+1 °C and relative air humidity (RH)
80+5%.

Washed and hand-peeled potato tubers were
cut/sliced in three ways: for shallow frying, potatoes
were sliced into 0.7 x 1.0 and 3 - 4 cm long strips
while for deep fat frying — into 0.6 x 0.6 and 4-5 cm
long strips, but potatoes prepared for oven baking
were cut horizontally into halves. Henceforward, a
raw potato is indicated as a control sample.

Sunflower-seed oil was used for frying. Potatoes
were baked in oven (210 + 5 °C), shallow fried on the
pan (150 £ 5 °C), and deep fat fried in the deep fat
fryer (180 £ 5 °C). Throughout the oven and deep fat
frying procedure time/temperature was recorded
by USB TC-08 Thermocouple Data Logger PICO-
Technologist equipment.

Total protein content was determined by LVS ISO
5983:1997, Amino acids by AOAC official method
994.12, fat content by ISO 6492 and dry matter
(DM) content by LVS ISO 6496:1999. All the analyses
mentioned above were performed on the same day.
The results are presented on the wet weight (w/
w) and DM basis g 100 g . Analyses were done in
triplicates.

Obtained values were evaluated and estimated
based on the report of a joint WHO/FAO/UNU
Expert consultation on Protein and Amino Acid
Requirements in Human Nutrition (WHO, 2007) and
direction about “Recommended amount of energy
and nutrients for Latvian inhabitants” Nr. 233 issued
by Ministry of Welfare of Republic of Latvia, 23 of
January, 2001.
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For statistical analysis, statistical software S-
PLUS 6.1 Professional Edition was used. By means
of specifying the differences between independent
groups Two-Way Analysis of Variance and for the
multiple comparisons of the means Tukey test was
applied. Conclusions were done at 95% significance
level.

Results and Discussion

In the research attention was focussed on total
fat, total carbohydrate, total protein and essential
amino acid changes during several heat treatment
processes within five Latvian potato varieties and
analysed from nutritional point of view. Moisture
contentwas determined as well,and its changesvary
pertype of heat treatment and potato variety. Above
mentioned fact on water loss can be influenced by
several factors: potato structure, type of cutting/
slicing and as well as the type of heat treatment
method. During frying when potatoe strips are
placed in hot oil, the surface temperature rises up
rapidly and water is vaporised as steam and moisture
loos occurs (Fellows, 2000). According to the total
carbohydrate amount significant differences were
found (p=0.007) within‘Brasla’-‘Imanta’and’Lenora’
—‘Imanta’while within the type of heat treatment no
significant differences were discovered (p=0.065).
The highest carbohydrate amount was determined
in potato variety ‘Brasla’ (Figure 1) while the lowest
in different potato varieties depending on the type
of the heat treatment. In the control samples lower
carbohydrate amount was determined in the potato
variety ‘Zile’ and ‘Imanta’ prepared in oven as well
as like in fried on the pan, but regarding to deep
fat fried potato variety, the lowest carbohydrate
amount was determined in‘Madara.
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Changes in fat content between heat treatment
processes were considerable (p=0.000). Extensive
differences were discovered between control - pan
fried, control — deep fat fried, baked in oven - pan
fried, baked in oven — deep fat fried as well as pan
fried — deep fat fried samples while no significance
were found within potato varieties (p=0.391). The
highest fat amount was set up in deep fat fried
potatoes (Figure 2), which can be explained by a
larger potato sample surface through which more
rapid mass transfer occurs. As a result, water is
expelled more rapidly and fatis absorbed.Regarding
the potato consumption per type of heat treatment,
Norbagreen survey (2003) data shows that deep fat
fried potato consumption in comparison within
Nordic and Balticcountries was the highest in Latvia
(Norbagreen, 2003). By consuming baked and
deep fat fried potatoes in comparison with potato
varieties selected in the research, the lower fat
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content would be ingested by ‘Madara’ while as a
pan fried would be ‘Lenora’ On the contrary, higher
fat uptake by consuming baked potatoes would
be with ‘Zile, as a pan fried with ‘Brasla’ and deep
fat fried - ‘Lenora’ Various fat amount in one and
the same variety per each type of heat treatment
method can be pointed out by the type of cutting,
time and temperature used in each cooking method
as well as chemical composition and microstructure
changes during all mentioned processing factors
are applied (Aguilera, 1999). As the result, it can be
concluded that persons who are suffering from a
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be suggested to use in daily menu potato variety
‘Madara’and‘Lenora’ depending on the type of heat
treatment applied and between varieties baked
in oven ‘Imanta; shallow fried ‘Brasla’ and deep fat
fried ‘Lenora’ wouldn't be suggested due to higher
amount of fat absorption during frying process.
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Figure 2. Fat amount in five potato varieties prepared by several heat treatment methods.

In protein amount neither within potato varieties
nor between heat treatment processes significance
was found. With the highest total protein content
between control samples was ‘Lenora’ while among
baked potato samples ‘Brasla; shallow fried - ‘Zile'
and deep fat fried - ‘Imanta’ (Figure 3). During heat
treatment process protein denaturation and amino
acids decomposition occur (John, 1999). From
the control samples low protein content was in

potato variety ‘Brasla’ but as baked in ‘Zile; shallow
fried - ‘Lenora, furthermore, within deep fat fried
—’Lenora’

In potatoes protein consists of significantamount
of essential amino acids, but during heat treatment
processes several reactions occur from which the
most important is Maillard reaction. Based on this
reaction, cooked product obtains appetizing taste,
odour and colour (Fellows, 2000).
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Figure 3. Protein content in potato varieties prepared by several cooking methods, g 100g .

By Norbagreen (2003) survey, the fact that
potato covers significant part from total vegetable
amount consumed daily is well approved. Therefore,
it is important to know how much nutrients are
ingested with potatoes, and its coverage from RDI.
Several calculations have been done based on
direction about “Recommended amount of energy
and nutrients for Latvian inhabitants” Nr. 233 issued
by Ministry of Welfare of Republic of Latvia, 23 of
January 2003. RDI of energy for female is 2000 kcal
but for male - 2400 kcal where in average 12.5%
should cover from protein, 27.5% - fat and as the
highest energy part comes from carbohydrates
- 60%.

Results of RDI per each nutrient group (fat,
carbohydrates and protein) show significance on
% RDI in fat amount between all heat treatments

(p=0.000) and gender (p=0.007) while no
significance was noticed among potato varieties
(p=0.773). According to the % RDI on carbohydrates
significance in nutrient coverage was discovered
between each factor: potato varieties (0.0002)
heat treatment (p=0.000) and gender (p=0.0014)
whereas the % of RDI of protein significantly differs
between type of heat treatment (p=0.000) and
gender (p=0.020), but within the variety (p=0.682)
there was no significance in protein coverage of
RDI.

In a view of the fact that potato protein consists
in significant amount of essential amino acids,
but notable loss occurs during frying and baking
processes, it is important to compare the amount
of essential amino acids between each type of heat
treatment within each potato variety, too (Table 1).

Table 1

Essential Amino Acid Amount in Potato Varieties per Treatment

Amount, mg 100 g ' per treatment
Variety | Amino acid | Control Baked in Shallow Deep fat
oven fried fried
Thr 66.0 120.0 100.0 120.0
Val 73.0 80.0 70.0 80.0
Met 220 26.0 29.0 38.0
Brasla lle 39.5 50.0 40.0 60.0
Leu 90.0 130.0 110.0 150.0
Phe 72.0 90.0 70.0 90.0
Lys 84.0 110.0 90.0 120.0
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Amount, mg 100 g ! per treatment
Variety | Amino acid | Control Baked in Shallow Deep fat
oven fried fried
Total 446.5 606.0 509.0 658.0
Thr 75.5 90.0 100.0 120.0
Val 54.0 60.0 90.0 100.0
Met 16.5 28.0 36.0 37.0
Imanta lle 36.5 40.0 60.0 70.0
Leu 104.5 110.0 150.0 160.0
Phe 77.0 70.0 90.0 100.0
Lys 70.5 90.0 110.0 140.0
Total 4345 488.0 636.0 727.0
Thr 63.5 70.0 70.0 100.0
Val 60.5 70.0 90.0 130.0
Met 22.5 31.0 39.0 43.0
Lenora lle 41.0 40.0 50.0 70.0
Leu 89.0 80.0 80.0 130.0
Phe 62.0 60.0 60.0 110.0
Lys 89.0 70.0 80.0 110.0
Total 427.5 421.0 469.0 693.0
Thr 65.0 90.0 110.0 120.0
Val 72.0 90.0 100.0 120.0
Met 22.5 36.0 35.0 37.0
Madara lle 39.5 60.0 60.0 80.0
Leu 65.0 120.0 130.0 150.0
Phe 47.0 70.0 70.0 90.0
Lys 61.5 90.0 100.0 120.0
Total 372.5 556.0 605.0 717.0
Thr 58.5 80.0 130.0 100.0
Val 45.0 80.0 90.0 110.0
Met 18.5 27.0 34.0 42.0
Zile lle 36.5 60.0 50.0 80.0
Leu 83.0 140.0 110.0 180.0
Phe 46.5 80.0 80.0 120.0
Lys 73.0 100.0 100.0 150.0
Total 361.0 567.0 594.0 782.0

The amount of essential amino acids significantly
differs per each potato variety and type of heat
treatment. If potato varieties are compared with the
control samples, the highest total essential amino
acid content was determined in the potato variety
‘Brasla’ while the lowest was in the potato variety
‘Zile’ For deep fat fried potatoes it was opposite:

the highest essential amino acid content was in
‘Zile’ whereas the lowest - in ‘Brasla’ It could be
substantiated by the chemical composition of each
potato variety e.g. reducing sugar amount, starch
content etc. which are involved in the Maillard
reaction with amino acids. Concerning the baked
potato varieties, the highest essential amino acid
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content was in ‘Brasla’ but the lowest one in ‘Lenora’
while for shallow fried potato varieties, higher
amount of amino acids was in‘Imanta’ but lower - in
‘Lenora.

The most significant differences within the
potato varieties on the type of essential amino acids
were found on Val, Met and lle (Table 2) while within
the heat treatment — on Val, lle, Phe, His and Lys
(Table 3).

Table 2
Differences within the Potato Varieties in the Type of Essential Amino Acids
Amino acid Brasla Imanta Lenora Madara Zile
Val** A A AB B A
Met* A A B AB AB
lle** A A B B AB

The same letter within each component is not significantly different at the 5% level by the Tukey multiple-

comparison test. * p<0.01; ** p<0.001

Table 3
Differences within the Heat Treatment on the Type of Amino Acids
Amino acid Backed in Shallow Deep fat
Control oven fried fried

Val* A AB AB B

lle* A AB B B
Phe** A AB B B
His*** A B B AB

Lys** A AB B B

The same letter within each component is not significantly different at the 5% level by the Tukey multiple-

comparison test. * p<0.05; ** p<0.01; *** p<0.001

Changes could be explained by Maillard reaction
where pleasant odour, favour, colour and taste
are formed. Some amino acids have a specific role
in colour formation while some in taste, odour
and flavour; therefore, almost all amino acids
are involved in the Millard reaction. Previously
mentioned properties of the Maillard reaction in

food acceptance from consumer point of view could
be indicated as a positive factor, but at the same
time from nutritional point of view loss of essential
amino acids occurs; therefore, it is relevant to be
informed about their requirements as well.
Essential amino acids and their requirements for
female and male are presented in Table 4.
Table 4

Essential Amino Acid Requirement for Female and Male

RDI, g kg " per | Female (65 kg), | Male (75 kg),
day* mg mg
Thr 15 975 1125
Val 26 1690 1950
Met 10 650 750
lle 20 1300 1500
Leu 39 2535 2925
Phe 25 1625 1875
Lys 30 1950 2250

* Recommended amount of energy and nutrients for Latvian inhabitants, 2001

To meetthe RDl of essential amino acids per day, it
is important to pay attention to how much essential
amino acids can be ingested by the food prepared
by several heat treatment methods. Especially well

known fact that common potato frying methods in
Latvia are pan frying, deep fat frying and baking in
oven where research results present that significant
changes in essential amino acid profile occur.
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Conclusions

1.

Significant changes of total carbohydrate
amount were within potato varieties ‘Brasla’
- ‘Imanta’ and ‘Lenora’ — ‘Imanta’ (p=0.007)
while within the treatment types there was
no significance (p=0.065).

structure, heat and mass transfer during frying
process as well as time and temperature per
each cooking method. All those factors affect
each type of potato variety differently.

Results on RDI per each nutrient group (fat,
carbohydrates and protein) show significance

2. Distinction in fat content between several on % RDI on fat amount between all types of
heat treatment processes was considerable treatments (p=0.000) and gender (p=0.007)
(p=0.000). Differences were discovered be- while no significance was among potato va-
tween control - pan fried, control — deep fat rieties (p=0.773).
fried, baked in oven - pan fried, baked in oven According to the % RDI, carbohydrates signifi-
- deep fat fried as well as pan fried — deep fat cance in nutrient coverage was found between
fried samples. each factor: potato varieties (p=0.0002), heat

3. In protein amount neither within the potato treatment (p=0.000), and gender (p=0.0014)
varieties nor between heat treatment pro- whereas the % of RDI on protein significant-
cesses significance was mentioned. With the ly differs between type of heat treatment
highest total protein content between con- (p=0.000), but within the variety (p=0.682) and
trol samples was ‘Lenora’ whereas among gender (p=0.020), whereas within the variety
baked potato samples - ‘Brasla; shallow fried (p=0.682) there was no significance in protein
- 'Zile' and deep fat fried - ‘Imanta’. The low- coverage of RDI.
est protein content in control sample was for The amount of essential amino acids signifi-
‘Brasla; baked in oven - for ‘Zile, shallow fried cantly differs per each potato variety and type
- ‘Lenora; furthermore, within deep fat fried of heat treatment; therefore, in order to meet
-‘Lenora. the RDI of essential amino acids per day, it is

4, Protein and carbohydrate changes can be ex- relevant to pay attention how much essential
plained by the reaction during heat treatment amino acids can be ingested by the food pre-
processes while fat amount increase - by potato pared by several heat treatment methods.

References

1. Aguilera J. M., Cadoche L., Lopez C., Gutierrez G. (2001) Microstructural Changes of Potato Cells and
Starch Granules Heated in Qil. Food Research International, 34, pp.939-947.

2. FAO (2004) Food and Agriculture Organization Statistical Database: Food Supply. http://faostat.fao.
org/faostat/collections?version “ext&hasbulk40&subsetVanutrition.

3. Fellows P. J. (2000) Food Processing Technology, Principles and Practise 2" Edition, Woodhead Pub-
lishing Limited, pp 562.

4. “leteicamas energijas un uzturvielas devas Latvijas iedzivotajiem” (Recommended Amount of Energy
and Nutrients for Latvian Inhabitants) Labklajibas ministrija 2001. gada 23. augusts, rikojums Nr. 233,
(In Latvian).

5. John M. deMan (1999) Principles of Food Chemistry, 3™ Edition, Springer, pp. 493.

6. Liu Q, Tarn R, Lynch D., Skjodt N.M. (2007) Physicochemical Properties of Dry Matter and Starch from
Potatoes Grown in Canada. Food Chemistry, 105, pp.897-907.

7. Protein and Amino Acids Requirement in Human Nutrition (2007), Report of a joint WHO/FAO/UNU
Expert Consultation, WHO Technical Report Series no 935, pp 265.

8. Seppa H., Abrahamssona L., Lennerna @. S. M., Junbergerb E. R. (2002) The Contribution of Food
Groups to the Nutrient Intake and Food Pattern Among Pre-school Children. Food Quality and Prefer-
ence, 13, pp.107-116.

9. The Norbagreen 2002 study (2003) Consumption of Vegetables, Potatoes, Fruit, Bread and Fish in the
Nordic and Baltic Countries, Nordic Council of Ministers, TemaNord, pp. 907;

10. Wandel M., Fagerli R., Kjaernes U. (2001) Changes in Potato Consumption in Different Stages of Life in

Norway. Appetite, 36, pp.211-223.

319



FOOD SCIENCES

EVALUATION OF TEXTURE PARAMETERS OF VACUUM AND
MODIFIED ATMOSPHERE PACKED FRESH CARP
(CYPRINUS CARPIOL.)

Elva Kamolina, Lija Dukalska
Latvia University of Agriculture
E-mail: Elva.Kamolina@llu.lv

Abstract

Investigations of textural parameters of vacuum, protective gas atmosphere (MAP), and at air ambiance packed
fresh carp (Cyprinus carpio L.) farmed in Latvia were carried out. The samples of carp were stored at two different
temperatures (0 = 0.5 and +4 = 0.5 °C) applying three different types of packaging — vacuum, MAP, and wrapping at
air ambiance. Gas mixture used for MAP consisted of 40% CO, and 60% N.. Samples were analyzed before packaging
(day 0) and after 2, 4, 6, 8, 11 and 14 storage days. Textural parameters — hardness and shear force were evaluated
by texture analyzer TA.XT.plus (Stable Micro System Ltd.). Two instrumental methods were applied for evaluation of
textural properties. One method was based on compression test, using spherical probe, 25.4 mm in diameter (type
P/1S), and measuring the hardness of the fillet and other method was based on cutting the fillet with a blade (type
HDP/BSK) and measuring the shear force. The instrumental hardness and shear force of fresh carp fillets decreased
during storage time. Texture variables significantly correlate with storage time, respectively, r =-0.723 and r =-0.748,
the hardness and shear force. The storage time, temperature and packaging type with probability of 95 % substantially
influence the textural parameters of carp fillets (P < 0.05).

Key words: carp, packaging, storage, texture, quality.

Introduction

Common carp is the main aquaculture in Latvia.
Change in consumer’s attitude to carp may be achieved
by application of new carp processing technologies.
The perspective method of shelf life extension for fish
is packaging in vacuum and modified gas atmosphere
(MAP). Modified atmosphere packaging (MAP) extends
shelf-life of most fresh fishery products by inhibiting
the bacterial growth and oxidative reactions (Sivertsvik
etal., 2002).

Texture analysis for fish and fish products are
important parameters in the research of quality
control and product development in the seafood
industry (Jain etal., 2007). Texture is a general quality
trait related to fish freshness quality (Olafsdottir
et al.,, 1997). Live fish muscle is relaxed and elastic
(Venugopal, 2005). Fish stored for various times
post-mortem show a rapid loss of muscle hardness
and a slower resolution of rigor stiffness (Taylor et
al., 2002) indicating that these are separate events.

Texture of raw fishfilletsiscommonly testedin the
industry by the ‘finger method' A finger is pressed
on the skin or the fillet and firmness is evaluated
as a combination of the hardness when pressed
on the fillet and mark or hole left in the fillet after
pressing. This method depends to a large extend
upon subjective evaluation of the person who is
performing the measurements (Sigurgisladottir et
al., 1997).

In raw fish, the texture softens during chilled storage
because proteolytic enzymes break down the muscle
structure (Sveinsdottir et al., 2002). The fat content of
fish flesh appears to influence the texture. When the
fat content is high, the flesh is softer and juiciness is
increased. The total lipid content of common carp’s
fillet was reported by Lengyel et al. (2001) and Hancz
et al. (2003) in natural waters (3.1 + 3.3%) and farmed
(10.0 + 4.5%) in Hungary. Schrenkenbach et al. (2001)
determined the total body composition of a large
number of fish originating from lakes and ponds in
Germany and found that common carp (Cyprinus Carpio
L.) had very high variance of fat (8.5 + 4.4%).
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Reproducibility of texture measurements
is affected by sampling technique because of
the heterogeneity of the fillets (Sigurgisladottir
etal., 1999). Therefore, it is difficult to find a
representative average sample, and measurement
of textural properties may depend on the location
within the fillet. However, raw fish should be tested
in the form of a fillet or a part of a fillet. Texture of
fish filletis also related to the diameter of the muscle
fibres. The strength is higher with smaller diameter
and, therefore, higher numbers of fibres, than with
larger diameter and lower numbers of fibres (Hatae
et al., 1990). Thus, sampling is an important factor
in the evaluation of fish fillet texture, because
hardness and shear force increased from fish head
to tail (Sigurgisladottir et al., 1999).

The goal of this study was to evaluate the texture
of fresh carp filets at the storage time applying
different packaging technologies.

Materials and methods

Sample preparation and packaging

The experimental work was performed at the
Faculty of Food Technology, Latvia University of
Agriculture. The common carp (Cyprinus Carpio L.),
weight 1.5 to 2.5 kg, farmed in one of the large-scale
carp breeding companies in Latvia, “Skrunda” Ltd,
were used in the studies during February-March
2008.

The carp after slaughtering and preconditioning
(scale removal, cleaning, washing, filleting, and
portioning with weight of 150 to 180 g) were placed
on the thermoformed ready-made polypropylene
(PP) trays (size 210 x 148 x 35 mm), sealed on a
chamber type machine TECNOVAC Pratica with
laminated film BIALON PP (thickness 65 um). Gas
mixture used for MAP packaging consisted of 40%
CO, and 60% N..

The vacuum packed samples of carp were
placed on the expanded polystyrene (EPS) trays
(size 185 x 140 x 25 mm), inserted in PA/PE polymer
pouches (size 300 x 200 mm, thickness 20/45 um)
and sealed by chamber type machine MULTIVAC C
300. Vacuum level was 99 %.

Control samples in air ambiance were also
placed on the expanded polystyrene (EPS) trays
(size 185 x 140 x 25 mm), just wrapped in
polypropylene (PP) film (thickness 15 pm).

All samples, vacuum and MAP packed as well as
control were stored in a commercial freezer/Cooler
ELCOLD at two different temperatures, 0 = 0.5
and +4 = 0.5 °C (controlled by MINILog, Gresinger
electronic), for 14 days under fluorescent lighting
(OSRAM Lumilux De Luxe) with radiant fixat 100-800
lux (measured by Light meter LX-107). Throughout
the storage period the samples were randomly
interchanged to minimize unequal temperature
fluctuations and light conditions.

Instrumental texture measurements

The textural properties of samples were
determined before packaging (on 0 day) and after
2, 4, 6, 8, 11 and 14 storage days. Each textural
measurement of threeidentical packages was carried
out by Texture Analyzer TAXT.plus (Stable Micro
System Ltd., Surrey, England) using a compression
and cutting test. Two different attachments were
applied: a) spherical probe (Figure 1-a) and b) blade
attachment (Figure 1-b). The results were reported as
means of five determinations, based on application
of the TA.XT.plus texture analyzer with a load cell of
50 kg. This instrument provides a rigid framework
for tension compression cycling and texture test
to generate true 3-dimensional product analysis of
force, distance, and time. The results were expressed
as maximum force in newtons (N). During analysis,
the core temperature was +4 + 1 °C,

Figure 1. Attachments
applied for textural
measurements of carp fillets: (a)
a sphere in diameter of
25.4mm, and (b) blade set with
a knife — thickness 3.0 mm,
width 70 mm.
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Spherical probe. A sphere was selected as the
second probe to simulate further the human finger
method. The sphere affected the fillet without
breaking the muscle fibres and a 5 mm distance
was chosen. The spherical probe was 25.4 mm in
diameter (type P/1S). Pre-test speed, test speed and
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post-test speed were 1 mm sec’, and trigger force
was 0.2 N. The typical compression curve, using the
sphere, is shownin Figure 3-a.Thelocation below the
dorsal fin is the reliable for textural measurements
(Figure 2).

\\

Figure 2. Locations of textural measurements on the carp fillet with a spherical probe.

Blade set with a knife. The blade (knife edge, 60°)
had a thickness of 3.0 mm and width of 70 mm (type
HDP/BSK) which cut through the sample at a speed
of 1.0 mm sec’ to 30 mm distance. The post-test
speed was 10 mm sec and trigger force was 0.2 N.
The typical cutting curve, using the blade, is shown
in Figure 3-b. The blade approach was applied by
pressing the blade through the muscle vertical to
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the muscle fibres. Thickness of carp fillets varies
from head to tail but is approximately 20 mm thick
above the lateral line. The samples were prepared
from fillet dorsal part, cut into pieces (size 70 x 65
mm, thickness 20 mm) without skin.

Texture parameters recorded from the force-
time graphs included: force of compression and
area (Figure 3).
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Figure 3. Typical force-time curves of the instrumental texture measurements of a carp sample:
(a) for the spherical probe, and (b) for the blade set with a knife.
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The F__ represents the force recorded at
maximum compression and the force at complete
cutting. Hardness = H1, resilience = A2/A1 equals
the area under the curve from beginning of
measurement until maximum force is reached, and
A2 equals the area under the curve from maximum
force until the force has reached zero again.

Statistical evaluation

The results were processed by mathematical and
statistical methods. Data were subjected using
one-way analysis of variance (ANOVA) using the
statistical analysis software SPSS 13.0 for Windows,
significance was defined at P < 0.05. Fitting of curves
and charts was done by using spread-sheets MS
Excel.

Results and discussion

Accordingly to the explanation of Stroud (2001),
rigor or, to give it its full name, rigor mortis means
the stiffening of the muscles of an animal shortly
after death. The word “rigor”is used throughout this
paper because it is shorter and easier to use than
either death stiffening or rigor mortis.

Post mortem can to distribute three stages: 1)
pre-rigor condition immediately after death the
muscles of an animal are soft and limp, and can
easily be flexed; 2) in rigor the muscles begin to
stiffen and harden; 3) post-rigor condition after
some hours or days the muscles gradually begin to
soften and become limp again.

The fish remains rigid for a period which can vary
from an hour or so to three days, then the muscles
soften again. The time a fish takes to go into, and
pass through, rigor depends on such factors:
the species, its physical condition, the degree of
exhaustion before death, its size, the amount of
handling during rigor, and the temperature at which
itis kept. Some species take longer than others to go
into rigor, because of differences in their chemical
composition. Whiting, for example, go into rigor
very quickly and may be completely stiff one hour
after death, whereas redfish stored under the same
conditions may take as long as 22 hours to develop
full rigor. Trawled codling, 18-22 inches long, gutted
and stored in ice, usually take 2-8 hours to go into
rigor. Small fish usually go into rigor faster than
large fish of the same species (Stroud, 2001).

The temperature is perhaps the most important
factor governing the time a fish takes to go into,
and pass through, rigor because the temperature at
which the fish is kept can be controlled.

The instrumental hardness of fresh carp fillets
decreased with storage time, indicating softening
of the carp flesh.

The variation in textural parameters in vacuum,
MAP and at air ambiance packaged fresh carp fillets
during a 14 days storage period at temperature (0 +
0.5 and +4 + 0.5 °C) is shown in Figures 4 to 7.

The optimum defined shelf life of fresh carp fillets
is as follows: at 0 = 0.5 °C — 6 days at air ambiance,
8 days in vacuum, 14 days in MAP; at +4 = 0.5 °C-3
days at air ambiance, 6 days in vacuum, 14 days in
MAP packaging (Kamolina and Dukalska, 2007).

Statistical analysis (ANOVA) of the data showed
that all texture parameters — hardness and shear
force - were found to be significantly decreased
during the storage period (P < 0.05). The storage
time and storage temperature has significant
influence on the share force, which was measured
by cutting test with a blade, whereas storage
condition (vacuum, MAP and air ambiance) and
storage time was significant for hardness, detected
by compression test with a sphere (P < 0.05).

All texture variables determined with the 25.4
mm diameter spherical probe correlate significantly
with storage time (days). The correlation was on a
0.01% significance level (r = -0.723). The texture
parameters recorded the blade showed highest
correlation with storage time (r = -0.748). Between
the methods of instrumental texture measurements
and texture values (force in newtons) a hard
correlation exists (r = 0.872).

The experimental data expressed in Figure
4 clearly indicate that the values of hardness
decreased at the storage time. The hardness value
of the fresh carp samples was 26.84 N. The hardness
of carp fillet’s flesh decreased drastically 2-3 times
already at the storage time from day 0 till day 2. The
decrease in values at the first days of storage can be
explained by ‘post mortem’ changes.
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Figure 4. Hardness of vacuum, MAP and at air ambiance packaged fresh carp fillets stored
at the temperature of 0 + 0.5 °C, measured by compression with a spherical probe.

After6storagedays(0+0.5°C)inairambience, the
hardness value of wrapped carp samples decreased
from 26.84 N to 10.88 N, of vacuum packed - only
to 12.5 N, while in MAP packed - even to 8.39 N;
however, following 8 storage days — to 7.32 N. After
14 storage days in the MAP, the hardness diminished
nearly 5 times — to 5.25 N. Whereas the hardness of
fresh vacuum packed carp samples after 2 storage
days (11.75 N) even slightly increased up to 14.2 N
at day 8.

An important decrease in the hardness of carp
samples was observed to those stored at +4 + 0.5 °C
(Figure 5): after 6 storage days in MAP, the hardness

was 6.24 N. Similarly it was observed in samples
stored at airambiance - 6.65 N, whereas hardness of
the vacuum packed carp sample at the same storage
time was 12.32 N. Subsequently, at the next storage
days the hardness values were invariable. During 14
storage days, the hardness of samples packed in MAP
and stored at 0 +0.5 °C decreased from 26.84 N (day
0) to 5.25 N (day 14); when stored at +4.0 = 0.5 °C,
respectively, to 6.75 N. During storage time in MAP
at low temperature the solubility of carbon dioxide
(CO,) on the filet surface of the product increased;
therefore the flesh texture properties in hardness as
well as in the cutting forces considerably changed.
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Figure 5. Hardness of vacuum, MAP and at air ambiance packaged fresh carp fillets stored
at the temperature of +4 + 0.5 °C, measured by compression with a spherical probe.
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In all investigated samples stored at 0 £ 0.5 °C, a
sharp shear force decrease was observed during first
2-4 storage days. The decrease in shear force value
of fillets packed in air ambiance was slower (Figure
6) — from 193.44 N to 108.65 N (day 6); whereas

in MAP packed, the shear force values decreased
more notably - to 96.73 N (day 6) and 84.24 N (day
14), respectively. Similar changes in hardness were
observed in vacuum packed carp filets stored for 8
days.
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Figure 6. Shear force of vacuum, MAP and at air ambiance packaged fresh carp fillets stored at
the temperature of 0 £0.5 °C, measured by cutting with a blade.

The shearforce value of wrapped carpfilets stored
at temperature of +4 °Cin air ambiance diminished
very sharply — from 193.44 N (day 0) to 65.40 N (day
6); compared to the same time in vacuum - to 98.56

N, and in MAP - to 87.29 N (Figure 7). The shear force
value of MAP packed carp filets within the storage
time of 14 days decreased more than 2 times.
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Figure 7. Shear force of vacuum, MAP and at air ambiance packaged fresh carp fillets stored
at the temperature of +4 +0.5 °C, measured by cutting with a blade.

The texture variation can be explained due to
rigor mortis, describing the stiffness in muscle tissue
after fish death. For all textural parameters, there
was decrease in their values after first five storage
days.

Rigor mortis of fish has technological significance
since the process influences the quality of fillets.

Ideally, fish should be filleted post-rigor (Venugopal,
2005).

Rigor results from a series of complicated
chemical changes in the muscle of a fish after
death; the process is not yet fully understood, and
research is still going on, but it is known that factors
like the physical condition of the fish at death, and
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the temperature at which it is kept after death, can
markedly affect the time a fish takes to go into, and
pass through, rigor (Stroud, 2001).

In the literature (Jain et al., 2007) it is reported
that the course of completion of rigor mortis for fish
requires 5-24 h. The fish is considered as fresh and
good for human consumption during rigor mortis.
After rigor mortis stage, the decomposition of fish
tissue occurs rapidly.

Carbon dioxide (CO,) can be seen as most
effective gas in reducing the growth of aerobic
and gram-negative psychotropic bacteria, whereas
negative affect of CO, has been observed on the
color changes of fish tissues as well as on the texture
and drip loss of fresh fish (Sivertsvik et al., 2002).

Significant differences (P < 0.05) were found
between the data of textural measurements of
different packed samples during 14 days of storage.
Primarily, the storage time (days) has a significant
influence (P < 0.05) on the textural parameters of
vacuum and modified atmosphere packed fresh
carp tissues. Also the packaging type and storage
temperature had a significant effect (P < 0.05) on
the textural parameters of carp.
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Abstract

Understanding the efficacy of organic trace minerals has been increasingly important over the past few years as
a result of increased customer awareness of their benefits and the increase in the number of commercial products
available to the customer. Organically bound trace minerals of interest in animal nutrition specifically include iron,
zinc, manganese, copper, cobalt, and selenium. These elements have been shown to improve reproductive efficiency
as measured by conception rate, alleviated calving, and reduced placenta expulsion rate. Additional benefits include
improved growth performance of calves.

The field trials in the period of 2005 - 2007 with Charolais breed beef cattle cows and calves verified efficacy of the
premix PROTRACE G containing Fe, Zn, Cu, Mn, and Co helates, Se-amino acid (selenomethionine), potassium iodide,
and vitamins A, D3 and E. Average calving rate of experimental group cows fed diet with added premix was 20 — 30
min, placenta expulsion time - 28 — 31 min, but in control group fed only basal diet-2h 21 minand 1 h30min-2h 09
min (p < 0.05) respectively. Live weight gain of calves and heifers of the experimental group was on 35 - 39% higher

(p < 0.05) than that in the control group.

Key words: organic trace minerals, chelates, reproductive efficiency, growth performance.

Introduction

Trace minerals play a vital and important role
in nutrition, being part of structural materials,
constituents of the soft tissues and cells, and
regulate many of the vital biological processes.
They occur naturally in most feed ingredients but
the amount and bioavailability varies considerably.
Although trace minerals are traditionally included in
the diet at a very small amount in the form of premix
of inorganic salts such as sulphates, chlorides,
carbonates and oxides, there are several factors that
may reduce their availability when ingested by the
animal. The poor retention and high excretion rates
of inorganic minerals led to environmental concerns
duringthe 1980sand 1990s, especially in Europe.The
EU is concerned about possible detrimental effects
of excess supplementation with trace minerals
on the environment or human and animal health,
and so in 2003 legislated a reduction in permitted
feed concentration of several trace metals — Co, Cu,
Fe, Mn, and Zn (Commission Regulation (EC) No,
1334/2003 of 25 July 2003).

Fortunately, research in trace element nutrition

has led to the development of more bioavailable
organic minerals by binding them to organicligands,
usually a mixture of amino acids or small peptides
and thus, the so-called organic trace minerals.

A ligand is a molecule containing an atom,
which has an ion pair of electrons. In the process
of chelation, the ligand acts as a chelating agent
and encircles the metal atom to form a heterocyclic
ring structure. That is, the metal atom is bonded
to the ligand through donor atoms such as the
oxygen of the carboxyl group, nitrogen or sulphur
of the amino acid or peptide (Hynes et al., 1995).
When such ligands bond to a metal ion via two or
more donor atoms, the complex formed contains
one or more heterocyclic rings and such species
are called ‘chelates’ There are various categories of
organic trace minerals as defined by the Association
of American Feed Control Officials (AAFCO, 1998),
such as: a) metal amino acid helate - is a product
resulting from the reaction of a soluble metal salt
with amino acids with the mole of metal to one to
three (preferably two) moles of amino acids to form
coordinate covalent bonds; b) metal amino acid
complex - is a product resulting from complexing
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of a soluble metal salt with amino acid(s); c) metal
polysaccharide complex - is a product resulting
from complexing of a soluble metal salt with a
polysaccharide solution, and d) metal proteinate
- is a product resulting from the chelation of a
soluble metal salt with amino acids and/or partially
hydrolyzed protein.

Absorption of inorganic trace minerals is often
a major limitation of their utilization. During
digestion, the mineral ions from inorganic sources
are released and may re-combine with other
digesta components in the intestine forming
insoluble complexes and thereby excreted, whereas
the organic minerals utilize peptide and/or amino
acid uptake mechanisms in the intestine (Ashmead,
1993). The mineral within the complex or chelate
is protected from physiochemical factors or from
negative interaction with dietary components
such as phytate, which binds cations making them
unavailable for absorption (Fairweather-Tait, 1996).
In addition, the organic trace minerals remain to be
electrically neutral at certain pH conditions. Thus, the
mineral chelate complex is absorbed intact through
intestinal mucosa, traversing the mucosal cell
membrane into the plasma. Organic trace minerals
have stability constants at such magnitude as to
allow the metal ions to be released and transferred
to the host’s biological systems (Ashmed, 1993).
Chelates allow a lower supplementation rate of trace
minerals with an equivalent or improved effect on
animal health, growth and productivity.

The purpose of the trial was to prove efficacy
of organic trace minerals on beef cattle cows and
calves performance indices - calving and placenta
expulsion rate, suckling stimulus of newborn calf,
female calves live weight changes before and after
weaning and in period of breeding.

Materials and methods

The field trials took place at the farm‘Jaunrubeni’
of Riga district in the period of 2005 - 2007. Twelve
Charolais breed beef cattle cows with calves were
split into two groups and randomly assigned to
one of the experimental diets. In each group there
were three cows with suckler male calves and three
suckler female calves. Cows of both groups were
being fed basal diet ad libidum consisting of grass

silage and meadow hay; only in the diet of the
experimental group premix PROTRACE G proposed
by experts of the Proventus Farms Pluss Ltd. was
added. The premix contained Fe, Zn, Cu, Mn, and
Co helates, Se-amino acid (selenomethionine),
potassium iodide, and vitamins A, D, and E. Daily
dose per cow - 100 g of premix — was mixed in 1
kg of barley meal. Cows of control group got 1 kg
meal without premix. All animals — cows and calves
- were weighed at the beginning of the trial period,
on 02.09.05, and subsequently on 02.10.05,02.11.05,
and 25.11.05. After the first weighing experimental
group cows and calves were fed diet with added
premix. After the weighing on 02.11.05 calves were
weaned from cows and separated in 4 pens: a) 3
female calves which were fed and continued to be
fed added premix; b) 3 male calves which were fed
and continued to be fed added premix; c) 3 female-
calves and d) 3 male calves from the control group
were fed only basal diet and continued to be fed
basal diet. In a separate pen, 6 cows (mothers of the
male and female calves) were kept; they were fed
and continued to be fed the added premix. And the
cows of the control group were placed in the second
pen - they were fed and continued to be fed only
basal diet. Each of these groups of cows increased
to 10 animals.

During spring of 2006, all processes of
parturition were recorded: length of parturition,
placenta separation rate, the time when the calves
started to suckle, weight of the newborn calves was
registered and afterwards the weight of the calves
continued to be registered each month. Cows and
weaned calves in both groups were fed basal diet,
adding premix PROTRACE G only to the diet of the
experimental group of cows and calves. The same
field trial activities were continued in 2007.

Results and Discussion

During the first three months of the trial period
and in the subsequent period no remarkable
changes in the live weight of cows in both groups
was observed. For female-calves changes were
significant and the mentioned difference increased
(Table 1). The male calves were sold after weaning
and are not included in the study.
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Table 1

Live weight changes in female calves and heifers born in the spring of 2005
during the period of 02.09.05 - 02.11.07

Groups

Weighing dates before and after

Weighing dates of

weaning breeding period

02.09.05

02.11.05 | 25.11.05 | 01.10.06 | 02.11.07

Control group

Female calves/heifers, kg

199

242 270 469 631

Daily weight gain, kg (02.09. - 25.11, 84
days)

0.845 - -

Daily weight gain, kg (02.11. - 25.11, 23
days)

1.217 - -

Daily weight gain, kg (25.11.05 - 01.10.06
and

01.10.06 - 02.11.07)

- 0.603 0.444

Experimental group

Female calves/heifers, kg

252

334 373 581 851

Daily weight gain, kg (02.09. - 25.11, 84
days)

1.440 - -

Daily weight gain, kg (02.11. - 25.11, 23
days)

1.696 - -

Daily weight gain, kg (25.11.05 - 01.10.06
and

01.10.06 - 02.11.07)

- 0.630 0.740

Female calves of the control group in the
autumn period of 84 days in 2005 provided a daily
weight gain of 0.845 kg, whereas the experimental
group provided 1.440 kg or more than 70%. The
weaning period is very important and at least one
month after weaning a decrease of growth rate is
possible. During 23 days after weaning the calves
of the experimental group had a 1.696 kg daily
weight gain, whereas the control group calves had
a 1.217 kg daily weight gain. Weight gain in the
experimental group was by 39% higher than that of
the control group.

The mentioned tendency was expressed within

all the subsequent period until the end of the trial
period in November 2007 when the average live
weight of the heifers in the control group was 631
kg, whereas from the experimental group 851 kg
- by 220 kg or 35% heavier in the experimental
group. Although it is not possible to support these
indices by statistical analysis, the tendency of a
favourable effect of the premix PROTRACE G on the
performance of calves and heifers is very notable.

Essentially different was the process of calving
between the trial groups (Table 2). As to each of the
trial groups 12 cows were assigned by calving data
it was numerically enough for statistical analysis.
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Table 2
Average indices of calving rate between trial groups in the spring 2006
Average calf Calving rate in hours and minutes
. ) Calving Placenta Calf starts
Groups live weight

at birth expulsion sucking
Experimental group cows with
basal

45.6 30 min? 31 min? 57 min®
diet plus premix PROTRACE G
Control group, basal diet 44.9 2h21min® | 2h09min® | 1h32min®
+ longer time period in Control - + 1Th51T| +1h38min | +35min
group min

a, b - significantly different (p < 0.05)

It is important to mention that cows from the
experimental group after calving were undisturbed
and peaceful and subsequent postpartum
reproduction activities were expressed - heat
determination and insemination. Cows from the
control group after calving looked exhausted,
aggressive, and nervous, the udders seemed not to
be full, postpartum reproduction activities were less
expressed.

The potential significant role of minerals in herd
fertility is indisputable. The minerals that affect
reproduction in cattle are generally found within
the trace element group, although deficiencies of
calcium and phosphorus can also affect fertility
(Butler, 2000).

It is extremely necessary to feed a balanced level
of organic selenium to activate the expulsion of the
placenta.The positive effect of selenium involves the
release of the prostaglandins. Prostaglandins may
induce the release of the placenta by stimulating the
production of the enzyme collagenase. The organic
selenium can activate the enzyme collagenase to
help break down the collagen, which is the material
that cements the cell of the uterus and the placenta
together. Reproductive problems are frequently
reported in association with trace mineral deficiency,
particularly copper and manganese. All these
elements were in adequate level in the experimental
group diet.

Table 3

Live weight changes in female calves and heifers born in spring of 2006
during the period of 01.06.06 - 01.11.07

Groups Weighing dates
at birth |01.06.06 |01.10.06 |04.01.07 |02.06.07 |01.11.07
Control group
Female-calves/heifers, kg 43 120° 2542 278° 378° 517°
Experimental group
Female-calves/heifers, kg 44 158° 303° 373 518° 702°

a, - b significantly different (p < 0.05)

From the calves born in the spring of 2006 it was
possible to group 6 female calves in the control
group and 5 in the experimental group. It provided
an opportunity to apply statistical analysis to the
weighing data. Within the period from 01.06.06 to
the end of the trial on 01.11.07, live weight of the

calves and heifers of the experimental group was
significantly higher than that of the control group
(Table 3). The same tendency, which was found with
female calves and heifers born in the spring of 2005
(Table 1), was observed.
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Table 4
Average indices of calving rate between trial groups in the spring of 2007
Average calf Calving rate in hours and minutes
. . Calving Placenta Calf starts
Groups live weight

at birth expulsion sucking
Experimental group cows with
basal

45.0 20 min? 28 min? 51 min?
diet plus premix PROTRACE G
Control group, basal diet 449 2 h 22min® 1h30min® | 1h29min®
+ longer time period in Control - + 1 hO02| +1h02min | +38min
group min

a, - b significantly different (p < 0.05)

According to Close (1998), iron linked to amino
acid increased the transfer of Fe across the placenta
and into the embryos. Thus, when organic Fe was
provided in the gestation diet, significant quantities
crossed the placenta and were incorporated into
the foetus. This resulted in significantly more vital
newborns with a very high suckling stimulus. This
indicates that more iron crossed the placenta and
transferred into foetuses, which then had higher
blood haemoglobin and immunoglobulin levels
at birth. This higher immune status and viability
resulted in stronger calves consuming more milk
and hence displaying a better performance.

The calving process in the spring of 2007 was
similar to the one during the spring of 2006 (Table
4).

Data from table 4 confirm the same findings
during the calving process as the data of the spring
of 2006 (Table 2). The calving process for cows of
the experimental group was very short and after
calving the cows were undisturbed and peaceful.
Cows from the control group after calving looked
exhausted, aggressive and nervous.

References

Conclusions

1. Premix PROTRACE G added to the diet of the
experimental group cows substantially improved
the calving process — in experimental group the
calving was easy and rapid (20 — 30 min versus 2 h
22 min), placenta expulsion was quick (28 — 31 min
versus 1 h 30 min), and the calves started suckling
the cows sooner (51 = 57 min versus 1 h 29 min) in
comparison to the same processes in the control
group.

2. Newborn calves from the experimental group
were more vital with very high suckling stimulus. It
reflects on the further performance - during all the
trial period the live weight growth was significantly
higher. The live weight of heifer in experimental
group at the end of experiment was 702 kg versus
517 kg in comparison to control group.

3. The performance indices of all the mentioned
cows and calves in the experimental group were
certainly better and higher than those in the control

group.
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Abstract

The objective of the study was to examine the range of variation in chemical composition of different barley types.
Field experiments were carried out at the State Stende Cereal Breeding Institute from 2004 to 2006. Grain samples
of 52 spring barley (Hordeum vulgare L.) genotypes, including two-row, six-row, covered and hulless genotypes were
analysed for starch, crude protein, crude fat, crude fibre, crude ash and phosphorus. On the average, the six-row
barley genotypes had a significantly larger content of crude protein (152.0 g kg™), crude fibre (53.5 g kg™), crude
ash (24.4 g kg") and phosphorus (4.7 g kg™) but less starch (590.4 g kg™) than the two-row barley genotypes (626
g kg"). The hulless barley grain contained significantly more crude protein (149.4 g kg™), crude fat (25.4 g kg) and
phosphorus (4.7 g kg') than covered ones. The largest coefficient of variation was found for crude protein of covered
barley (15.0 %), for crude fibre of hulless barley (13.8 %) and for phosphorus of six-row barley (18.0 %) genotypes.
Consequently, energetic value was slightly higher in the hulless barley with waxy type of endosperm, because of the
higher fat (27.1-28.3 g kg') and starch content (622.3-680.7 g kg') and less crude fiber (17.3-17.4 g kg™) and crude ash

(18.9-21.2 g kg™) content.

Key words: spring barley, chemical composition, genotypes, variation.

Introduction

Whole and minimally processed spring barley
(Hordeum vulgare L.) grain is fed to farm animals
primarily as an energy source and also to supply
protein, vitamins and minerals. Because of the high
digestibility of barley, it can be used most effectively
inthe pig feeding, butitisalso avaluable component
in concentrates for ruminants and poultry (Hickling,
1999).

Historically, the quality requirements for feed
barley have been somewhat subjective and
inconsistent. Greater attention has been paid to
physical than to nutritional characteristics. The
nutrient composition of barley is the subject for
a degree of variation that makes accurate diet
formulation difficult. This variation in nutrient
content is generally attributed to differences among
cultivars as well as to variation in growing conditions.
The inherent genetic variability of the components
in barley provides the opportunity for breeders to
alter the kernel composition in many ways. Several
studies have described the range in the chemical
composition of barley. In recent years, research has
beenincreasingly directed attheimprovementofthe

feeding value of spring barley and this has resulted
in the discovery of genotypes with improved grain
chemical composition (Aman et al., 1985; Barneveld,
1999; Bowman et al., 1997; Kong et al., 1995). The
value ranges reported by Aman et al., (1985) are
starch, 48-67 %, crude protein, 9-16 %, crude fiber,
2.5-6.0 %, crude fat 2.7-3.7 % and crude ash 1.8-2.9
%. Such differences in chemical constituents among
different barley varieties most likely explain why the
digestible energy (DE) content of barley has been
found to vary up to 20 %, or approximately 2510 kJ
of DE kg™ of DM (Fairbairn et al., 1999). The variation
in the energy content of barley reduces the precision
of diet formulation, resulting in less predictable
animal performance, and possibly increased feed
costs and lower carcass quality.

Barley can be classified as two-row and six-
row types depending on spike morphology. The
difference in spike type is controlled primarily by
a single gene vrs1 with the two-row type being
dominant. This vrs7 gene has remarkable effect also
on many other characteristics. Two-row genotypes
contained more protein, starch and crude fat (Kong
et al., 1995; Welch, 1978), and less crude fibre than
six-row genotypes (Fregeau-Reid et al, 2001). In
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several studies non significant difference between
two-row and six-row genotypes was stated if grain
chemical composition was compared (Aman et al,,
1985; Aman and Newman, 1986).

In covered barley, the flowering glumes
are fused and adhere strongly to seed with a
cementing substance. In hulless barley, fusion of
the flowering glumes does not occur and the hull
falls off during threshing (Newman and Newman,
1991). The comparison of covered and hulless barley
has supposed that hulless barley generally contains
more protein, starch, and p-glucan (Bhatty, 1999).
Aman and Newman (1986) found that the grains of
hulless barley contained significantly higher starch
and lower crude fibre content than grains of covered
barley. In this investigation there were no differences
in crude protein, crude fat and crude ash content
between these two types of barley. Whereas Foley et
al. (2006) found that crude ash content for the hulless
barley was considerably lower than for covered
barley, but Welch (1978) reported that hulless barley
varieties contained significantly higher crude fat and
crude protein content compared to covered barley.
Ash content for covered genotypes was significantly
higher than for hulless. Coefficient of variation of
crude ash content for hulless genotypes was high -
20.4 %, but for hulled it was 8.0 % (Oscarssons et al.,
1996).

Spring barley varieties with waxy endosperm
(contain starch with 97-100 % of amylopectin) are
caused by a single recessive gene (wx). Waxy barley

has been tested for use as animal feed (Washington
et al., 2000). Comparative studies on grain chemical
components between waxy and normal starch
genotypes are limited. Waxy barley had a higher
B-glucan content than varieties with normal starch
(Oscarsson et al., 1997; Bleidere, 2006). High (-
glucan associated with waxy types tends to reduce
nutrient digestion in pigs and increase sticky feaces
in poultry. Nevertheless, energy was slightly higher
in the waxy genotypes because of the higher fat
and starch values with less fibre and ash (Miller et
al., 1994).

The objective of this study was to examine the
range of variation in chemical composition of
different barley types, selected on the basis of their
different characteristics — two-row and six-row,
covered and hulless types.

Materials and methods

There were chosen 52 barley genotypes that
represented a broad range of germplasm (two-row,
six-row, covered, and hulless) of different origin
(Table 1). Thirty-eight genotypes of covered spring
barley, from which 28 with two-row and 10 with
six-row ear types, and 14 hulless genotypes were
used in this study. Only two-row hulless genotypes
were included in this investigation. Hulless barley
genotypes ‘Merlin; ‘Candle) ‘Sumire Mochi;, and
‘Wanubet’ have waxy endosperm.

Table 1

Spring barley genotypes used in the study

Barley type n Genotype, origin country
Two-row, |28 Ansis, Abava, Sencis, Kristaps, Rasa, Linga, ldumeja, Balga, Ruja, Gate,
covered Malva, Klinta (Latvia); Hanka, Annabell, Danuta, Justina, Polygena

(Germany); Austrian early, Landsorte AusTirol (Austria); Primus I, Pongo,
(Sweden); Lysimax (Denmark); Hatvani 45/25 (Hungary); Cork, Century
(Great Britain); Lechtaler (Portugal); Grimmet (Australia); 379 (Chile)

Six-row, covered

Druvis (Latvia); Colsess IV, July (Denmark); B90A, RNB-367 (Nepal);

10 Zoapila, Puebla (Mexico); IV/192 (Macedonia); Valluno (Bolivia); Chosen

(North Korea)
Two-row, hulless L 302 (Latvia); KM 2084 (the Czech Republic); SW 1291 (Sweden);
14 McGwire, Gainer, Candle (Canada); X-4 (Lithuania); Orzo Nudo di

Altamura (Italy); 2474, Clho 7799 (Guatemala); C.PI. 22817 (Russia);
Sumire Mochi (Japan), Merlin, Wanubet (USA)

The genotypes were grown at the State Stende
Cereals Breeding Institute from 2004 to 2006. The
soil at the site was sod-podzolic sandy loam, humus

content - 12-15 mg kg™, soil pH - 6.0-6.7, precrop -
potatoes, available for plants P — 88-94 mg kg™, and
K-103-122 mg kg™. Plot size was 2 m?, 2 replicates,
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seed rate - 400 seeds per m2. The plots were fertilized
with N60 P15 K40 kg ha™.

Prior to analysis, a representative grain sample
from both replications was ground in a Perten
cyclone mill to pass a 0.8 mm screen. Dry matter
content of the ground grains was determined by
oven-drying at 130C° for 2 h (LVS ISO 712-2003).
Crude protein content (N x 6.25) was determined
by Kjeldahl method (LVS 277). Starch content (ISO
10520), crude fiber content (ISO 5498), crude fat
content (ISO6492), crude ash content (LVS 276:2000),
and P (ISO 6492) content were determined. In this
paper, all chemical analyses are reported on a dry
matter basis.

ANOVA procedures were used for data analysis.
Significance level was determined at p<0.05
between two-row and six-row, covered and hulless
genotypes. The value of genotypic variability for
traits was determined and expressed by coefficient
of variation of traits as mean values for genotypes
included in the research.

Variation in grain chemical composition of different types of spring barley, g kg™ (2004-2006)

Results and Discussions

Thevariationin chemical composition of different
types of spring barley is presented in Table 2. The
differences in chemical composition of different
barley types may be explained by genetic make-
up since all varieties were grown under the same
environmental conditions. The main components of
the barley samples were starch and crude protein.
Starch content ranged from 581.6 to 650.6 g kg™
for two-row barley, and from 563.0 to 621.0 g kg™
for six-row ones. The mean value of starch content
for two-row barley (620.6 g kg™) was significantly
higher than for six-row barley (590.4 g kg'). The
starch is the most abundant energy source for most
domestic animals. To maximize starch utilization,
high small intestinal digestibility of barley starch is
desirable for mono-gastric animals. In ruminants,
starchin cereals also serves as animportant source of
energy for microbial growth and has therefore great
impact on the feed protein value (Svihus, 2005).
Aman and Newman (1986) found that hulless barley
was characterized with significantly higher starch
content. Also in this study, mean value of starch for
hulless barley genotypes was a significantly higher
than for covered ones.

Table 2

Constituent Mean Standard min max Coefficient
deviation of variation,
value value value %
Two-row
Starch 620.6* 19.0 581.6 650.0 3.1
Crude protein 128.6 16.8 109.9 170.7 13.1
Crude fibre 459 3.8 34.9 53.1 8.2
Crude ash 22.9 1.1 21.0 254 4.7
Crude fat 23.3 2.2 19.7 29.4 9.5
P 3.9 0.3 3.2 4.7 8.9
Six-row
Starch 590.4 17.4 563.0 621.0 3.0
Crude protein 152.0* 19.6 118.8 196.2 12.9
Crude fibre 53.5% 33 49.3 59.2 6.1
Crude ash 24 4% 1.1 22.6 26.1 4.6
Crude fat 22.8 1.3 20.1 24.3 5.9
P 4.7* 0.9 3.7 54 18.0
Covered
Starch 612.7 22.8 563.0 650.0 3.7
Crude protein 134.7 20.2 109.9 196.2 15.0
Crude fibre 48.3* 4.5 40.6 59.2 9.3
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Constituent Mean Standard min max Coefficient
deviation of variation,

value value value %

Crude ash 23.3* 1.3 21.0 26.1 55

Crude fat 23.2 2.0 19.7 294 8.7

P 4.1 0.5 3.2 54 12.8

Hulless

Starch 630.1* 30.9 585.5 680.7 49

Crude protein 149.4* 18.7 118.4 177.0 12.5

Crude fibre 23.8 33 17.3 28.6 13.8

Crude ash 21.2 1.8 18.8 23.9 8.3

Crude fat 25.4* 2.4 21.2 30.7 94

P 4.7* 04 4.1 5.2 84

* difference significant at p < 0.05

Barley protein usually varies inversely with the
starch content exhibiting the greatest fluctuation of
the major nutrients (Welch, 1987). Wide variation is
often observed between genotypes in crude protein
content (Newman and McGuire, 1985). The results of
investigation of different types of barley genotypes
showed that crude protein content was significantly
higher for six-row barley genotypes than for two-row
barley genotypes (Table 2). The mean value for six
row barley was 152.0 g kg™ (min value - 118.8 g kg™,
max value - 196.2 g kg™), but for two-row genotypes
- 128.6 g kg (min value - 109.9 g kg'; max value
- 170.7 g kg). The significant difference was found
also between hulled and hulless barley in crude
protein content (mean values - 134.7 and 149.4 g kg
! respectively). Crude protein content ranged from
109.9 to 196.2 g kg’ for covered genotypes, and
from 118.4 to 177.0 g kg™ for hulless ones.

Barley contains varying quantities of structural
carbohydrates defined as fiber. The total quantity is
principally affected by the presence or absence of
hulls. Barley fiber has little or no energy value for
nonruminant animals thus it may create digestive
problems, especially in poultry (Newman and
McGuire, 1985).Themeanvalueofcrudefibercontent
for six-row barley (53.5 g kg') was significantly
higher than for two-row barley (45.9 g kg™) (Table
2). This is in agreement with results of Kong et al.
(1995). In his study, the difference between two-row
barley genotypes in fiber content was rather high -
from 34.9 to 53.1 g kg™'. The fiber content of hulless
barley was two times smaller than that for covered
barley: 23.8 and 48.3 g kg™ respectively. Thus, our
study reflects the same advantages of hulless barley
as described earlier by Hickling (1999). Therefore

hulless barley has better feed quality for animals
compared to hulled cultivars (Newman, 1991).

Barley lipid content is rather low compared to
that of oats (Barneveld, 1999), ranging from 20 to
30 g kg' in most commercial cultivars (Newman and
McGuire, 1985). The greatest portion of the lipid in
the barley kernel is in the endosperm (Shewry
and Morell, 2001). Welch (1978) also studied crude
fat content in different types of barley. The crude
fat content varied from 19 to 41 g kg’ among 86
varieties. In Oscarsson et al. (1996) study, crude fat
content ranged from 21 to 37 g kg™'. There was a
significantly higher crude fat content for two-row
as compared with six-row barley varieties tested by
Welch (1978). In our study, mean values of crude fat
content for six-row and two-row covered genotypes
were 22.8 and 23.3 g kg’ respectively and the
difference was not significant (Table 2). Crude fat
content for hulless barley ranged from 21.2 to 30.7
g kg with the mean value of 25.4 g kg™. This value
was significantly higher than for covered barley
(23.2gkg™).

Ash consists mainly of inorganic compounds.
The major mineral compounds in barley flour are
phosphorus and potassium, while iron and zinc are
major trace minerals (Bhatty and Christison, 1975).
Phosphorus is the mineral element that contributes
the most to diet cost (Newman and Newman, 1991).
According to results of Oscarsson et al. (1996), the
ash content for barley ranged from 13 to 21 g kg
and was the lowest in the hulless type. In this study
there were significant differences between all types
of barley in crude ash content (Table 2). Higher
crude ash content was for six-row (24.4 g kg') and
covered barley (23.3 g kg™') types than for two-row
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(22.9 g kg) and hulless (21.2 g kg™') ones. There
was a significant difference also in phosphorus
content between two-row and six-row barley types
(mean values - 3.9 and 4.7 g kg™ respectively) and
between covered and hulless barley (4.1 and 4.7 g
kg respectively).

The coefficient of variation was the lowest for
starch (3.0 t0 4.9%) and the highest for crude protein

(12.5to 15.0%) (Table 2). Between genotypes, rather
high genotypic variability was stated also for crude
fiber of covered and hulless barley types (9.3 and
13.8% respectively) as well as in phosphorus content
for six-row barley (18%). Genotypic variability was
generally higher for hulless type of barley for most

of the parameters measured.
Table 3

Content of chemical components of some barley genotypes, g kg™
(2004-2006)

Variety Characteristics Starch | Crude | Crude | Crude | Crude |P
protein | fat fibre ash

Ansis 2-row, covered 634.7 115.7 24.6 45.0 21.6 3.83

Idumeja 2-row-covered 612.9 132.7 22.5 46.9 23.3 3.90

Druvis 6-row, covered 621.0 118.8 20.1 55.8 22.6 3.73

Gainer 2-row, hulless 660.4 133.0 24.0 22.2 19.1 4.27

L 302 2-row, hulless 627.6 159.8 21.2 224 22.8 5.17

Merlin 2-row, 658.4 130.9 27.1 24.8 20.9 463
hulless,waxy

Wanubet | 2-row, hulless, 622.3 136.8 27.4 174 18.9 4,53
waxy

Candle 2-row, hulless, 680.7 1184 28.3 17.3 21.2 4.60
waxy

Hulless barley with normal and waxy starch was
also analyzed for chemical composition (Table 3). A
high total 3-glucan content in waxy barley has been
reported previously (Oscarsson, 1996; Oscarsson et
al., 1997; Bleidere, 2006). The results of this study
showed that barley varieties with waxy endosperm
are characterized with noticeable differences in the
content of chemical components.The starch content
for waxy barley variety ‘CD Candle’ corresponded to
max value (680.7 g kg™') of this component between
all genotypes included in this study. Crude fat for
waxy barley varieties ‘Merlin;‘Wanubet’ and ‘Candle’
was considerably higher (27.1-28.3 g kg') than
for hulless barley and covered barley with normal
endosperm (20.1-24.6 g kg). Crude fiber for waxy
varieties ‘Wanubet’ and ‘CD-Candle’ was less (17.4
and 17.3 g kg™ respectively) as compared with other
hulless varieties ‘Gainer’and ‘L 302" (22.4 and 24.8 g
kg’ respectively).

The data presented in this paper demonstrate
clearly a notable variation of important components
in barley grain. Variations in proximate composition,
mainly in starch, crude protein, and fiber could
affect the actual digestibility and metabolic energy
values of feed, and this point is worthy of further
investigation. Equations to predict the metabolic

energy in poultry and pig feed have been proposed
based on chemical composition of the feed, mainly
content of crude protein, crude fat, crude fibre, ash
content, starch, and sugar (Sibbald, 1987; Fairbairn
et al., 1999). Consequently, the energy was slightly
higher in the hulless barley, especially with waxy
type of endosperm, because of the higher fat and
starch content and less fiber and ash.

Conclusions

The data presented in this paper demonstrated
considerable variation in chemical composition of
different types of barley. Six-row barley contained
significantly larger amount of crude protein (152.0
g kg™, crude fibre (53.5 g kg™), crude ash (24.4 g kg
') and phosphorus (4.7 g kg™) but less starch (590.4
g kg™) than the two-row barley (620.6 g kg™). The
grain of hulless barley had significantly higher crude
protein (149.4 g kg'), crude fat (25.4 g kg') and
phosphorus content (4.7 g kg™) than covered ones.
Mean values of crude fiber (48.3 g kg™') and crude
ash (23.3 g kg™) were significantly higher for covered
barley genotypes than for hulless barley types. The
highest value of genotypic variability was stated for
crude protein of covered barley (15.0%), for crude
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fibre of hulless barley (13.8%) and for phosphorus
of six-row barley (18.0%). The lowest coefficient of
variation was found in starch content (3.0 to 4.9%)
for all types of barley. Consequently, energetic value
was slightly higher in the hulless barley with waxy
type of endosperm, because of the higher fat (27.1-
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Abstract

Emmer wheat, Triticum dicoccum SCHRANK (SCHUEBL), is an old species of cereal which has been traditionally
grown in aride areas. The renewed interest in this variety has its origin in favourable quality parametres of emmer
wheat grain and a beneficial effect on human organism. This article deals with a study of quality parametres and
storage protein composition of 6 varieties of emmer wheat (which have been chosen from the collection of gene
bank at the Research institute of Crop Production in Prague-Ruzyné and in Ceské Budé&jovice). High crude protein
content in grain was proved during the trials. Nevertheless, such a characteristic is not suitable for the classical bakery
processing (production of leavened products). The analysed genotypes contain more than 10% of high molecular
weight glutenins (HMW glutenins), approximately 70% of low molecular weight glutenins + gliadins (LMW glutenins
+ gliadins), and almost 20% of residual albumins and globulins. Thanks to high share of albumins and globulins,
emmer wheat grain is very valuable raw material for the production of healthy diet. The level of stability of storage
proteins composition destine the suitability of emmer wheat for organic and low input farming in Less Favoured

Areas.

Key words: emmer wheat, quality, storage protein composition.

Introduction

Emmer wheat (Triticum dicoccum SCHRANK
(SCHUEBL), tetraploid species 2n=28, AABB genom),
which is divided into 99 botanic varieties (Michalova
et al, 2002), belongs to glumeous varieties of
wheat that have a long tradition of growing and
use as human diet (Marconi and Cubadda, 2005).
Considering increasing requirements for richness,
diversity and good-quality of foodstuff products,
the interest in this species of wheat has been still
increasing (Hammer and Perinno, 1995; Olsen, 1998;
Nielsen and Mortensen, 1998). Such a renewed
interest in emmer wheat varieties has its origin in
countries with well-developed intensive agriculture.
On the other hand, the surface of areas of emmer
wheat has been decreasing in countries with less
developped farming sector (Marconi and Cubadda,
2005).

Wheat storage (gluten) proteins create up to
80% from a total amount of wheat grain (Shewry
et al., 2000). Technologically, glutenins and gliadins
are the most important wheat storage proteins.
Their proportion and amount in wheat grain is
variable and changes with the total protein content,

growing conditions, genetic disposition of variety,
and process of grain maturing (Branlard et al., 2000;
Shewry et al, 2000). The gluten quality for the
specific final utilization is determined especially
by the optimal storage proteins combination. Each
of them affects rheology in a unique way dough
viscosity and tensibility are affected by gliadins,
elasticity — by glutenins (Bushuk and Bekes, 2002).
Gliadins create heterogeneous mixture of
onechain polypeptides; they are proteins with
the lowest nutritional value in the way of amino-
acid composition. Glutenins are divided into
two groups: the HMW and LMW (High and Low
Molecular Weight) (Thompson et al., 1994; Shewry
et al., 2000). Most studies of bread-making wheat
focus on HMW glutenins, performing as key factors
in the bread-making process, and they are easily
identifiable by the electrophoresis (Krejcifova et al.,
2007). Albumins and globulins are usually ranged
to the so-called protoplasmatic proteins. As to the
amino-acid composition, these proteins have the
highest nutritional quality. Generally, albumins and
globulins are not considered as proteins critical for
the flour quality, even though a small significance
was noticed (Schofield and Booth, 1983). According
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to some autors, they decrease the quality of gluten
(Paine et al., 1987; Bushuk, 1989).

Several authors state the favourable quality
indicators for the human diet. They mention the high
crude protein contentin the first place; nevertheless,
it is not suitable for the bakery processing. The
literature may contain the results of the quality
analysis contrary to each other. Therefore, this study
is focused on the quality parametres of the varieties
of emmer wheat which are part of the collection
of the gene bank at Research institute in Prague-
Ruzyné (RI). The second part evaluates protein
composition and determines the nutrition value of
emmer wheat grain.

Materials and methods

On the basis of the previous screening, 6
genotypes of emmer (Table 1), 4 landraces (Kundan,
Jara, Praga, Rosamova ceska presivka), and 2
modern (M6 - Vanek, M10 - SW Kadrij) controlling
cultivars of bread wheat were choosen. In the
experimental year 2007, small plot trials with two
replications were performed in two locations
(Research institute in Prague-Ruzyné RI, and
University of South Bohemia in Ceské Budé&jovice
= USB). The characteristics of the trial stations: RI
- altitude of 364 m; mean air temperature of 7.9 °C;
total precipitation of 525.9 mm; sunshine duration
of 1668.3 hours, pH (CaCl,) of 7.3; P 78 mg.kg™"; K210
mg.kg”; Mg 148 mg.kg™; and Ca 4360 mg.kg'. USB

- altitude of 388 m; mean air temperature of 8.2 °C;
total precipitation of 620 mm; sunshine duration
of 1564.3 hours; pH (CaCl.) of 6.3; P 138 mg.kg™'; K
155 mg.kg™'; Mg 163 mg.kg™; and Ca - 1557 mg.kg™.
The climatic and soil conditions were favorable for
emmer growing et both locations. The experiments
were carried out in low input growing system
(practically not certificied organic farming system),
without mineral fertilizers and pesticides at both
locations. For seeding we used trial seed machine
and for harvesting the Wintersteiger machine. The
trials were weeded after tillering.

The quality analyse were carried out in the
laboratories of the Czech Agricultural University in
Prague. The following methods were used to carry
out the laboratory analysis: crude protein content
- (Kjeldahl - ICC No. 105); wet gluten content and
gluten index CSN ISO 5531, Glutomatic 2200, Zeleny
sedimentation - value - ICC No. 116/1, enzyme (a-
amylase ) activity — Falling number ICC No. 107; and
starch content (according Ewers, CSN ISO 56 0512-
16, Polamat A).

For the classification of wheat grain storage
protein composition, the polyacrylamide gel
electrophoresis in sodium dodecyl sulphate (SDS-
PAGE) was used, according to the method of Wrigley
(1992). Percentage of individual protein subunits
HMW, LMW glutenins a gliadins, and residual
albumins and globulins was calculated on the basis
of denzitometric evaluation of electreograms using
the Bio 1D software from Vilber-Lourmat firm.

Table 1
List of varieties
fl‘gﬂgt‘;f ECN' BCHAR? Name SP3 | Triticum dicoccum (SCHRANK) SCHUEBL:

D1 01C0200117 | 412064 | HornyTisovnik | CZ var. rufum SCHUEBL

D2 01C0200947 | 412048 Ruzyne - var. rufum SCHUEBL

D3 01C0201262 | 412051 Tapioszele 1 - var. serbicum A. SCHULZ

D4 01C0201282 | 412017 Tapioszele 2 - var. rufum SCHUEBL.

D7 01C0203989 | 412013 | KahlerEmmer | D var. dicoccum

D10 01C0204501 | 412013 No. 8909 - var. dicoccum

Note: ' ECN = identificator ; 2 BCHAR = taxonomical code ; 3 SP = origin
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Results and discussion

The obtained results document crude protein
content, wet gluten content, gluten index,
sedimentation value, starch content, starch content
and grain storage proteins composition of emmer
landraces in comparison with landraces and modern
cultivars of bread wheat.

Evaluated varieties provide higher crude protein
content than controlling ones. At location RI is
difference 3.5% and CB 2.6% on behalf emmer
(Table 2). The higher protein content provide D4
(Tapioszele 2) — 20.1%. According to standartd CSN
46 1100-2 is possible to include all emmer varieties
in quality group elite. Coeficient of variation (CV)
is 8.9% (RI) and 12.4% (USB). The higher protein
content of emmer with comparison of soft wheat
grown in the same conditions acknowledges e.g.
(Marconi et al., 2005; Michalova et al., 2002).

At the location Rl emmer provide the higher wet
gluten content than controlling varieties about 9%,
at USB was the same. CV attained 20%, relativelly
stable at both location. Crude protein content,
quality and content of gluten provide negative
relation. Varieties with high gluten content but

its low quality aren’t usefull for making proofing
dought from backery point of view (Zimolka et al.,
2006).

Gluten index have possitive corelation with
quality of gluten. High value of gluten index showed
strong gluten which is very difficult working. Low
value is characterised by weak gluten which isn’t
suitable for backery processing. In case of Rl location
provide 30 (CV 85.1%) at CB it is 36 (CV 37.9) (Table
2). This trait is very unstable. Gluten index provide
double value in case of controlling varieties. Gluten
of emmer is weak and isn't good for backery
processing.

Sedimentation value determine viscosoelastic
character of gluten albumines and theire quality
which provide fermentative processes in dought
(proofing) for. With crude protein content and bread
volume corelate in positivelly way. The value are low
at both locations. Varieties aren’t able to surmount
value (CSN 46 1100-2) as minimum for submission
into quality category B (bread). Controlling varieties
provide high value (Rl - 63 ml, USB - 54 ml) (Table
3). According to (Stehno, 2001) are sedimentation
value at half with comparison of modern varieties.

Table 2
Quality parametres |
Crude pro(f)zl)n content Wet gluten content (%) Gluten index
Variety location location location
RI B mean RI B mean Rl B mean
D1 18.0 | 15.6 16.8 445 | 30.0 37.3 4 43 24
D2 204 | 186 19.5 55.8 | 429 49.4 51 43 47
D3 159 | 144 15.2 349 | 330 34.0 5 15 10
D4 20.2 20.0 20.1 534 45.2 49.3 11 17 14
D7 19.6 | 19.2 19.4 40.2 | 49.7 45.0 55 24 40
D10 19.0 | 183 18.7 572 | 445 50.9 53 43 48
mean 18.9 | 17.7 - 47.7 | 40.9 - 30 36 -
SD 1.7 2.2 - 9.2 7.7 - 25,5 | 137 -
Ccv 89 | 124 - 19.2 | 18.8 - 85.1 | 37.9 -
Mé 1.8 14.8 15.3 38.2 | 41.1 39.7 83 90 87
M10 15.0 | 153 15.2 39.2 | 41.8 40.5 79 55 67

Starch content is the same in case of all varieties
and is very fixed. The lower starch content provide
varieties D2 (Ruzyné) a D4 (Tapioszele2) at both
location. The higher content provide variety D3
(Tapioszele 1) (65.9% Rl and 64.8% CB) at both
locations. (Galterio et al., 1994) features the lower
value of starch content (52.7-56.8%).

Falling number detect damage of storage
matter of grain wheat endosperm by hydrolytic
enzymes, which are syntetised in consequence
of start germination before harvest in grain. For
insertion into quality group elita is minimum value
240 s according to CSN 46 1100-2. This value didn't
get only one variety D3 (Tapioszele 1) at Rl location
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(Table 3). At the same location is higher level of CV
20%. This fact could be explained by later harvest
some of varieties (came after rainy time), it is
conformed by (Zimolka et al., 2006). This author note

that falling number is very sensitive to rainy time
during harvest. At CB location there was harvested
in time and varieties provide the high value with
low variability.

Table 3
Quality parametres Il
Zeleny test (ml) Starch content (%) Falling number (s)
Variety location mean location mean location mean
RI CB RI CB RI CB
D1 10 15 13 62.7 | 64.6 63.7 399 | 380 390
D2 12 17 15 59.1 | 61.8 60.5 367 369 368
D3 12 14 13 659 | 64.8 65.4 221 387 304
D4 14 17 16 58.6 | 60.3 59.5 363 352 358
D7 10 16 13 60.5 | 614 61.0 426 | 359 393
D10 14 15 15 604 | 624 61.4 355 403 379
mean 12 16 - 61.2 | 62.6 - 355 | 375 -
SD 1.8 1.2 - 2.7 1.8 - 709 | 188 -
cv 149 | 7.6 - 4.4 2.9 - 200 | 5.0 -
M6 59 50 55 62.7 | 61.7 62.2 339 | 269 304
M10 66 57 62 62.7 | 604 61.6 329 | 289 309
mean 63 54 - 62.7 | 61.1 - 334 | 279 -

In accordance with the results stated in Table
4, storage proteins composition of emmer wheat
does not differ too much from storage proteins
composition of bread wheat in low input farming
system. Therefore, the statement of Marconi and
Cubadda (2005) may not be confirmed. They state
that emmer wheat grain is not so toxic for people
suffering from digestive allergies as bread wheat
grain (because of storage proteins composition).
On the other hand, a comparison of the proportion
of valuable albumine and globuline fractions could
be very interesting aspect. The fractions of emmer
wheat genotypes, grown on more fertile station
(RI), achieve lower level (16.9%) than the fractions of
bread wheat ones (17.5%). The proportion of these
fractions in emmer wheat grain is higher (17.2%) in
case of less fertile station (USB).

When comparing the stability of storage proteins
composition from the point of view of the coefficient
variability, we may generalize the results of the
studies for the analysed groups of the varieties.
HMW glutenins are the most fluctuating group
CV = 7.3 - 36.2, the percentage of LMW albumins
and glubulins is more stable feature CV = 0.2 - 4.6.
The percentage of HMW glutenins is very versatile
factor in case of emmer wheat and bread wheat
too; it is supposed to be influenced by land and
climatic conditions of the station (Krejcifova et al.,
2006, 2007). The diversity of albumins and glubulins
in emmer wheat genotypes is also very interesting
characteristics CV = 15.6% - Rl and 21% - USB; the
proportion of these two types of elements is fixed
in bread wheat genotypes CV = 3.1% - Rl and 2.8%
- USB.

Table 4
Storage proteins composition
Location
Genotype Parametre RI USB
HVMW' | LMW? | A+G® | HMW' | LMW? | A+G3

Emmer Mean (%) |10.2 72.9 16.9 13.6 69.2 17.2

SD 2.2 1.5 2.6 2.0 2.6 3.6

CV (%) 215 2.0 15.6 14.5 3.7 21.0
Bread wheat Mean (%) 9.6 72.4 18.0 14.3 70.6 15.1

SD 3.45 3.3 1.3 1.0 1.4 1.6
(landraces) CV (%) 362 4.6 7.0 7.3 2.0 10.3
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Location
Genotype Parametre RI USB
HVMW' | LMW? | A+G® | HMW' | LMW? | A+G3
Bread wheat Mean (%) 10.1 72.5 17.5 11.6 71.6 16.8
. SD 1.4 0.9 0.5 0.6 0.2 0.5
(modern varieties) CV(%) 14 1.2 3.1 184 [0.2 2.8
Notes: 'HMW glutenins; 2LMW glutenins + gliadins; *albumins + globulins

According to Table 5, the effect of the species
(emmer wheat, bread wheat) on the composition
of storage proteins has not been confirmed by
statistics. On the contrary, the effect of the station
(intensity of the farming) has been registered in
both cases (HMW glutenins and LMW glutenins
and gliadins). Krej¢ifova et al. (2006, 2007) confirms

these statements in her paper works; she points out
the fact that the availability of nitrogen during the
growing season is a limiting factor of the dislocation
of the assimilated nutrients into each protein
fraction. The proportion of albumins and globulins
was not influenced by the station.

Table 5
ANOVA, values of the test criterion F for storage proteins composition
Factor Quality parameter
HMW glutenins LMW glutenins + gliadins Albumins + globulins
Genotype 0.16" 0.60" 0.10"
Location 15.80° 9.85 0.82"
Notes: “statistically significant a = 0.01; n — statistically insignificant

Conclusions

High proportion of crude protein in grain was
affirmed by the quality analysis (in several cases,
it exceeded 20% in small-parcel trials). Its quality
(from the point of view of its use in bakery sector)
seems to be quite problematic factor. It proves
negative values of gluten index and Zeleny test. In
case of emmer wheat, it is better not to use it in the
bakery sector, but in the other sectors and branches.
Bread made of emmer wheat is flat but it has perfect
sensoric qualities and features.

Emmer wheat, grown in low-input farming
system, does contain similar storage proteins to
bread wheat; the fact that emmer wheat grain is
suitable for people suffering from celicalia cannot be
approved. The evaluated genotypes contain more
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Abstract

Some of best varieties of plants, especially ornamentals and fruits, were polyploid. Polyploids have larger flowers
and stems than diploids. In the production of polyploid forms, different types of crosses were made. In present study
a cross of diploid (2n = 2x = 24) and tetraploid (4n = 4x = 48) varieties resulted in the production of highly viable seeds
89.3% on average, but a cross of tetraploids and diploids — of 39.5% on average, with fluctuating results between
cross combinations. Treating seeds and bulb scales with colchicine solutions can change chromosome number of 9
varieties. These results demonstrated that optimal concentration of colchicine was 1 g kg™ for chromosome doubling
of seeds. A high concentration (2 g kg”) showed phytotoxicity that is detrimental for plant regeneration. The scales
of bulbs treated with 1 g kg™ colchicine have resulted in the production of lily polyploid forms. The polyploid plants
regenerated after pre-treatment by colchicine may be selected in early stage by phenotype of young bulblets. Broad,
fleshy bulb scales setting right angle to growth axis were characteristic for regenerated tetraploids. The produced
polyploid plants, in comparison with diploids, had a larger diameter of the flower (+2 up to 2.5 cm), more extended
plant height (+10 up to 20 cm), increased flower count (+2) and was coming into bloom 4-10 days later than diploids

of the same variety.
Key words: Breeding, chromosome doubling, colchicine

Introduction

The genus Lilium spp. includes about 100 species
distributed throughoutthe cold and temperate parts
of the Northern Hemisphere (McRae, 1998). The
wild species are divided in seven different sections
(Comber, 1949). Among them, three sections are
the most commonly used for breeding cultivars, e.g.
Asiatic hybrids of the Sinomartagon section (Okazaki
and Hane, 2005), Trumpet hybrids and Easter lily (L.
longiflorum Thunb.) of the Leucolirion section and
Oriental hybrids of the Archelirion section (Van Tuyl
etal.,, 1990). The species and cultivars are mainly
diploid (2n = 2x = 24) but polyploid forms exist
including triploids and tetraploids, which are either
induced for breeding purposes or spontaneously
found during interspecific breeding programs.
Therefore, cultivars include both diploids as well
as polyploids of which the latter became more
important in recent years.

Polyploidization plays an important role in the
interspecific breeding of lilies. Among ornamental
plants, a large number of polyploidy cultivars have
been developed because they display horticultural

desirable characteristics such as extension of
flowering longevity, deep flower colour, and larger
flowers (Okazaki and Hane, 2005). In the Easter lily
successful induction of polyploids by colchicine
was reported (Emsweller, 1949; Emsweller, 1988).
Polyploid lilies have thicker leaves, stronger stems
(especially important for forcing under low light
conditions during winter period) and in interspecific
hybridization the restoration of F1-sterility at the
tetraploid level (Van Holsteijn, 1994; Van Tuyl et.al.,
1990).

Polyploidization is useful for improving genetic
constitution and broadening genetic variation and
commercial tetraploid Asiatic hybrid lilies recently
have been distributed to markets (McRae, 1987).
Production of polyploid plants is one of the current
issues in lily breeding (Van Tuyl et.al., 1990).

Polyploids are obtained through artificial
chromosome doubling by treatment of vegetative
tissue with spindle inhibitors such as colchicine
(Blakeslee and Avery, 1937; Emsweller, 1988).
Colchicine has been used for doubling the number
of chromosomes of many crop plants over a period
of more than 50 years. Colchicine is a natural
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alkaloid with an antimitotic activity, obtained from
the plant Colchicum autumnale L. (Emsweller, 1988).
To be effective colchicine must be present in the
cell when the chromosomes divide. Colchicine is
very harmful to humans and in some cases shows
undesirable mutagenetic activity on plants (Van
Tuyl et al., 1990).

The objective of this study was to determine
which crossing of different ploidity of lilies have
highest viability of seeds and what concentration of
colchicine is more effective for producing polyploid
forms.

Materials and Methods

The pollination of various ploidity crosses
of Asiatic hybrids were made in 2002 at the
experimental place in the Riga region, Saulkrasti in
the greenhouse. Greenhouse temperatures varied
from 15-18 °C at night to 25-28 °C during the day.
Obtained seeds were germinated in the Petri dishes
in the sterile sand at 20 °C for 15 days. The seed
germination was determined in percentage (Kalnina
and Serzane, 1959).

Colchicine treatment was carried out in 2004
year in the Department of Horticulture of the Latvia
University of Agriculture. The polyploid forms
were produced utilizing the seeds and bulb scales
of diploid lilies (2n = 2x = 24). The seed material
obtained from crossings of different lily groups are:
Asiatic hybrids (‘My Joann’ x ‘New Age’), Oriental
hybrids (‘Liesma’x‘Casa Blanca’), Trumpet hybrids (L.
regale Wils. x ‘Zemgale’) and L. monadelphum Bieb.
from the section Liriotypus. The seeds were soaked
in water at 20 °C for 4 days. In a control variant,
untreated seed material was put in Petri dishes on
filter paper and kept in the refrigerator at 5 °C for
4 weeks. Cool-treated seeds were soaked in 1 g
kg’ and 2 g kg™ colchicine solution at 26 °C for 10
hours and then washed three times with distilled
water. Both the treated and the untreated seeds
were planted in boxes in a mixture of peat and
washed river sand at the ratio 5:1. Until bulblets had
developed, the seeds were kept at 20 - 25°C. The
chemicals colchicine has been used in chromosome
doubling. Bulb scales were treated with 0.1, 0.5 and
1 g kg™ colchicine solution.

For chromosome number determination, the
bulbs were kept in washed river sand medium
at 25 °C for 3 weeks — until clean, white root tips
had developed. Prior to chromosome counting,
these bulbs were kept for 24 hours at 4 °C. After
this treatment, undamaged healthy root tips were
cut off — about 5 to 7 mm long, and washed under
running water. Because the process of cell division
can be stopped by colchicine before chromosomes
multiply, all dividing cells are allowed to proceed up
to this stage. The cut root tips were put into 50 ml
beakers filled with 0.7 g kg™ colchicine solution and
kept for 2 h; then washed three times in running
water and transferred to a modified Clarke’s Fluid
(750 g kg™ ethyl alcohol, 250 g kg ethanol glacial
acetic acid) for 30 min at 20°C. The acetic acid effect
was neutralized by keeping the tips of the rootlets
for 45 minutes in distilled water and 24 hours in
700 g kg ethyl alcohol. For chromosome counting,
the root tips were left for 48 hours in colouring
solution of 5 g kg™ carmine in 450 g kg™ propionic
acid. The root tips were cut to about 1-2 mm and,
in a drop of stain, mashed with a steel needle. The
preparation was then covered. Under microscope,
the chromosomes were counted and cells of five
rootlets inspected for each genotype. Selection of
polyploid plants was done visually, by measuring
the size of plant height and the size of the flowers
and by counting the chromosomes in root tips.

Data were analyzed using ANOVA and Microsoft
Excel 97.

Results and Discussion

The meiotic polyploidization, in contrast to the
mitotic, produces polyploids through the fusion
of two gametes (pollen or egg cells), one or both
was having the double number of chromosomes.
Meiotic polyploidization has a great potential and it
is a natural method to obtain polyploids (Van Tuyl et
al., 1990). In the production of lily polyploid forms,
crosses of diverse ploidity resulted in the production
total of 3082 seeds 1037 of which were viable (Table
1).
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Table 1
The germination of seeds of various ploidity crosses of Asiatic hybrids
Cross quber of Number of Germination of
obtained seeds viable seeds seeds, %
Diploid x tetraploid
‘Baltais Lacis'x ‘LA Tetra’ 27 24 88.9
‘Mona’x ‘Avignon’ 109 95 87.2
‘Venta'x ‘Gran Paradiso’ 129 123 95.4
‘New Age’x Jumprava’ 27 20 74.1
‘Baltais Lacis’ x ‘Avignon’ 125 115 92.0
‘New Age’x ‘Skriveri’ 95 80 84.2
Total: 512 457 Average 89.3
Tetraploid x diploid
‘Apricot Supreme’x‘My Joann’ 178 63 354
‘Aristo’ x 'Honey Pink’ 119 55 46.2
‘Gran Paradiso’ x ‘Ca-Ca-Ca’ 127 71 55.9
‘Gran Paradiso’ x ‘Nakts Tango’ 104 22 21.2
Jumprava'x 'Venta’' 98 29 29.6
Jumprava'x ‘New Age’ 76 37 48.7
Total: 702 277 Average 39.5
Tetraploid x tetraploid
‘Apricot Supreme’x Jumprava’ 198 20 10.1
‘Avignon’ x Jumprava’ 126 13 10.3
‘Gran Paradiso’ x ‘Apricot Supreme’ 138 76 55.1
Jumprava’x ‘Apricot Supreme’ 146 68 46.6
‘Jumprava'x ‘Gran Paradiso’ 189 47 24.9
Jumprava’'x ‘LA Tetra’ 97 10 10.3
Total: 894 234 Average 26.2
Triploid x tetraploid
‘Saule’x Jumprava’ 187 12 6.3
‘Saule’x ‘Gran Paradiso’ 112 13 11.6
‘Saule’x‘Chanson’ 159 10 6.3
‘Compass’ x‘Gran Paradiso’ 164 14 8.5
‘Compass’ x ‘Aristo’ 161 9 5.6
‘Alkestios’ x ‘Avignon’ 191 11 5.7
Total: 974 69 Average 7.1
Whole: | 3082 1037

A cross of diploid (2n = 2x = 24) and tetraploid
(4n = 4x = 48) varieties resulted in the production
of highly viable seeds, 89.3% on average. A cross
of tetraploid and diploid varieties resulted in the
production of viable seeds, 39.5% on average with
fluctuating results between combinations. Higher
seed viability (48.7 - 55.9%) was obtained in cross
combinations by using high in pollen viability male
parents: ‘Ca-Ca-Ca’ (82.9%), ‘My Joann’ (76.3%),
‘New Age’ (70.2%). Because of its low pollen
viability (14.8%), if ‘Nakts Tango’ was used as a male

parent, the seed viability was proportionally lower.
Reciprocal crossing of tetraploid varieties resulted
in the production of moderately viable seed - 26.2%.
‘Apricot Supreme’ used as male parent contributed
to the count of more viable seeds (46.6 - 55.1%).
Non-significant amount of viable seeds (10.3%) was
obtained in cross combinations with Jumprava’and
‘LA Tetra' used as male parents. A cross combination
of triploid (3n = 3x = 36) and tetraploid cultivars
produced low viability seeds (7.1% on average).
Polyploids were obtained by colchicine
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treatment of mitotic cells (mitotic polyploidization).
Chromosome count of the varieties can be changed
when treating seeds, bulb scales or bulblets with
colchicine solutions. Selections of polyploid plants
in biennial seedlings were made according to their
morphological traits, and the degree of ploidity
was being determined cytologically. The reasons
for using polyploidy in lily breeding are the larger
flowers and the stronger stems of polyploidy
plants (Van Tuyl et al, 1990). As pointed out by
Emsweller (1988) polyploids usually bloom later
and thus extend the flowering season. In our study
the produced polyploid plants, in comparison with

diploids, had a larger diameter of the flower (+2 up
to 2.5 cm), more extended plant height (+10 up to
20 cm), increased flower count (+2) and was coming
into bloom 4-10 days later than diploids of the same
variety.

When compared to diploids, roots of polyploids
were shorter, rather stout, stumpy, smaller in
numbers, and bulb scales were wider, more swollen
with the outer scales curved in a 90 degree angle.

A total of 534 seeds produced in crosses with
cultivars of Asiatic, Oriental and Trumpet hybrid
lilies as well as seeds of the species L. monadelphum
were treated with colchicine solution (Table 2).

Table 2
Influence of colchicine solution to production of polyploids by treated lily seeds
Concentration Number of treated seeds and obtained bublets
Group of crosses of colchicine Treated int.al.
solution, g kg™ seeds diploids % polyploids %
Asiatic hybrids 1 67 62 92.5 5 7.5
‘My Joann'x 2 63 13 20.6 1 1.6
‘New Age’

Oriental hybrids 1 37 10 20.0 2 54

‘Liesma’x 2 40 0 0 0 0
‘Casa Blanca’

Trumpet hybrids 1 78 54 69.2 3 3.8
L. regale x 2 64 0 0 0 0
‘Zemgale’

Liriotypus 1 98 77 78.6 2 2.0

L. monadelphum 2 87 0 0 0 0

Total: 534 216 40.5 13 24

To determine the most effective treatment,
plants should be exposed to several concentrations.
Treatment of 280 seeds with 1 g kg-1 colchicine
solution resulted in the production of 215 (81.7%)
plants among which there were 12 polyploid plants.
Germination of seeds treated with 1 g kg™ colchicine
solution was similar to that of untreated seeds.

Treatment of 254 seeds with 2 g kg™ colchicine
solution resulted in the production of 14 (15.5%)
plants among, which there was one polyploid plant.
Allthese plants were theresult ofacross combination
of the Asiatic hybrid lilies‘My Joann’x‘'New Age’ The
concentration of this solution was toxic to seeds.

Before the seedlings developed, part of the seeds
perished, or the cotyledon of the seedlings failed
to develop properly and the primary rootlet and
seedlings perished. The concentration of colchicine
solution and timing of seed exposure to treatment
should be adjusted according to each classification
group.

The bulb scales were treated with 0.1, 0.5 and 1
g kg colchicine solutions. The treatment with 0.1 g
kg' colchicine solution resulted in the production
of 1.1 bulblets per scale on average (min - 0.1; max
- 2.8) (Fig 1).
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Figure 1. The results of the production of bulblets by treated bulb scales with 0.1 g kg™ colchicine.

The treatment with 0.5 g kg™ colchicine solution resulted in 0.97 bulblet on average (min - 0.1; max - 1.9)
(Fig 2).
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Figure 2. The results of the production of bulblets by treated bulb scales with 0.5 g kg™ colchicine.

Bulb scales treated with 1 g kg' colchicine (1988) obtained from treatments of lily bulb scales
solution produced 0.2 bulblets per scale on average with concentration of 1 g kg’ were optimum in
(Fig 3). This concentration turned out to be toxic. The comparison with concentrations of 0.2 and 1.6 g kg
use of this concentration resulted in the production .
of 10 polyploid plants. The results by Emsweller
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Figure 3. The results of the production of bulblets by treated bulb scales with 1 g kg-1 colchicine.
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The cultivars that excelled with a greater
amount of min and max bulblets were: ‘Evrika’ (1.9
and 2.8), ‘Miss Alice’ (1.3 and 1.8), ‘Nakts Tango’ (1.5
and 1.6), ‘Lolly’ (1.2 and 1.5). On average, less than
one bulblet was obtained with ‘Visenka' (0.2 and
0.3) and ‘Saules Meita’ (0.4 and 0.8). The species L.
monadelphum produced 0.2 and 0.2 bulblets on
average, and L. kesselringianum P. Miscz. - 0.1 and
0.1 bulblets on average. These results may be traced
to the sensitivity of the species to concentrations
of colchicine solution. Polyploid plants were not
produced.
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