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INTORDUCTION

In the past twelve years the educational, research and applicative activities of the Faculty of Agriculture
— Stip, Goce Delcev University — Stip, contributed to the development of agriculture sector in the
country and broader region.

The Faculty of Agriculture organized the 2nd International Meeting Agriscience & Practice (ASP 2019),
giving an opportunity to the participants for presentation and discussion of original scientific and
practical results in different fields of agriculture.

The 2nd International Meeting Agriscience & Practice (ASP 2019), heled on 12 April 2019 at the Faculty
of Agriculture - Stip, was organized with intention to bring together all agricultural stakeholders for
sharing their knowledge, experience and obstacles. One of the main aims was to link research and
field work in agricultural sector in the country and broader, giving it an international dimension. All
oral presentations as well as poster presentations at ASP 2019 were organized in several scientific
sessions:

« Agricultural economics,

«  Plant biotechnology,

«  Plant production,

«  Plant protection,

« Quality control and food safety,

+  Soil science and hydrology,

+ Viticulture, enology and fruit production.

The main goal of the Meeting was linking and promoting scientific achievements and practical
knowledge, presented in different thematic areas, which were achieved in the Republic of Macedonia

and wider in the region.

Journal of Agriculture and Plant Sciences Vol. 17, No. 1 mostly contains the presented papers
from the 2"¢ International Meeting Agriscience & Practice (ASP 2019).

Editorial Board, Editor in chief,

June, 2019 Prof. d-r Liljana Koleva Gudeva, PhD
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Abstract

The present study was carried out at Water Management Research Centre (WMRC), University of
Agriculture Faisalabad, Pakistan to optimize the water usage for wheat crop in water scare regions of the
country. Two main irrigation scheduling approaches i.e soil-moisture-based and climatic based were adopted
and compared. There were overall six treatments; three treatments were for testing of climatic approach of
irrigation scheduling i.e. application of irrigations at 20 mm (TC1), 30 mm (TC2) and 40 mm (TC3) Cumulative
Pan Evaporations (CPE), and three treatments were for soil-moisture-based approach of irrigation scheduling
i.e. 30% (TS1), 45% (TS2) and 60% (TS3) of Management Allowable Depletion (MAD) levels, and one farmer’s
practice (Fp). Another aspect of the study was to check the ability of an in-season Normalized Difference
Vegetation Index (NDVI) measurements to predict wheat yield potential. Results showed that the soil-moisture-
based treatments significantly increased wheat grain yields over climate-based treatments (TC2 and TC3) and
non-significantly over TC1. Results of NDVI measurements showed that it can be used for accurate in-season
wheat grain yield estimation with R2, RMSE, Cv, ME, RE, Bias and NSE estimated 0.768, 17, 4.4,0.07,0.019, 0.073

and 0.84 respectively and can be used as a valuable crop management tool.

Key words: soil moisture, cumulative pan evaporation, management allowable depletion, normalized
difference vegetation index, grain yield

INTRODUCTION

In Pakistan, wheat (Triticum aestivum L.) is
one of the major crops and it is grown on a large
area. It contributes 9.1% of the total value added
of the agricultural sector and 1.7% of the gross
domestic product of Pakistan (GoP, 2018). It has a
dominant status in the formulation of agriculture
sector policies in the country (Mangrio et al.,
2016). Wheat production in the country for the
economic year 2017-18 was 25.492 million tons
from an area of 8734 thousands hectares (GoP,
2018). Punjab is the largest wheat producing
province of Pakistan with a contribution of
around 76% of the wheat production from 75%
wheat area of the country (GoP, 2015). Irrigation
water is one of the important inputs controlling
the productivity of wheat crop.

The water availability in Pakistan has
approached about 1000 m3/capita, categorizing
the country as a water deficit country (Bakhsh
et al., 2015 and Ansari et al., 2017). Moreover,
projections show that the current pace of
increasing population may lower water
availability to 915 m3/capita in 2020 (GoP, 2014).
Under these circumstances, there is a need to
apply irrigation water efficiently to increase
water productivity, which has been reported to
be as low as 0.2 kg/m3 of water (Ceema et al.,
2016). The traditional practice used for increasing
productivity is extensive utilization of resources
like fertilizer and water. Eventually, it increases
the production cost and overuse of the inputs
which in turn not only suppress overall yield
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but cause problems like weed growth, plant
diseases, soil degradation, and ineffectiveness of
pesticide. Hence, an appropriate management
of irrigation water is considered necessary for
sustainable production and high-water use
efficiency.

Crop water requirement varies from crop
to crop and it fluctuates daily with the climate
conditions. Pan evaporation (PE) integrates
all the climatic parameters (Solar radiation,
temperature, wind speed, relative humidity etc.)
for determining crop water demand (Joshi et al.,
2017). In this study the crop water requirement
was assessed from pan evaporation method.
However, PE does not be similar to the actual
use of water by crops but it is driven by similar
atmospheric variables and correlates relatively
well with crop water use or potential ET
(Penman, 1948). The crop evapotranspiration
models and equations, for example Penman or
the later Penman-Monteith equation requires a
large number of climatological datasets (Solar
radiation, maximum and minimum temperature,
wind speed, relative humidity, etc) and it is also
a complex method. Allen et al., (1998) found
that the PE method provide a good estimate
of reference evapotranspiration (ETo) when
suitable pan coefficients of that area are applied.
Lee et al., (2004) compared eight methods of
estimation of evapotranspiration with daily data
of 30 years and found no significant difference
among PE method, Penman-Monteith method
and Blaney-Criddle method at 0.05 probability.

Management Allowable Depletion (MAD)
in soil moisture was used to schedule irrigation
for wheat crop. MAD is the level of moisture
depletion in available soil moisture to which a
crop withstands without any adverse effect on
it (Markewitz et al., 2010). Panda et al., (2003)
observed maximum field water use efficiency
at 45 % MAD even for the non-critical growth
stages of wheat crop. Laghari (2009) found that
maximum vyield and crop water use efficiency
was obtained when irrigation was scheduled at
55% MAD of Available Soil Moisture (ASM) for

wheat crop and at 65% MAD of ASM for cotton
crop.

Crop yield predictions play supporting
role in decision-making and policy formulations
on both regional and global scale. At the field
level, the crop yield prediction information,
particularly related to crop management
decisions as crop performance, growth, and
development are the desegregating factors
that evaluate the efficiency of the adopted
agricultural management practices within the
boundaries of the agro-ecological environment
(Choudhary et al., 2012). Particularly, much of
the grain yield production capacity of wheat
crop is related to growth during a few weeks
before anthesis (Marti et al., 2007). Thus, the
in-season yield prediction is used as a tool
for deciding on management options for the
rest of the crop stages. The use of spectral
reflectance indices, such as the NDVI, has
been proposed as a fast, nondestructive way
to monitor crop condition and estimate crop
growth capacity (Mutiibwa and Irmak 2013;
Wagqas et al. 2019). NDVI is an index which is a
measure of vegetation density and condition.
The NDVI can be calculated from reflectance
measurements in the red and near infrared
(NIR) portion of the spectrum. Its values range
from —1 (usually water deficit) to +1 (strongest
vegetative growth). The optical properties of
the leaf tissues, their cellular structure and the
air-cell wall protoplasm-chloroplast interfaces
determined the reflectance in the NIR range (A
=700-1300 nm) and in the Red range (A = 550-
700 nm) (Kumar and Silva, 1973).

The present study was an attempt to assess
the effect of different irrigation schedules on
the crop yield parameters. The whole study
was carried out with the two main objectives; i)
To study the effects of climate based and soil-
moisture-based irrigation schedules on wheat
yield parameters and ii) To determine the ability
of NDVI to predict an in-season estimation of
wheat yield potential.

MATERIAL AND METHODS

Experimental Site

The study was carried out at the
experimental plots of WMRC, Faisalabad,
Pakistan, on wheat crop for Rabi 2014-15. The
local climate of the area is semi-arid with an

average annual rainfall of 350mm, concentrated
mostly over the months of June to August. A
total of 133 mm rainfall was received in the
whole growing season (from November to
April), especially during March to April. Monthly
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means that maximum temperature observed
was 33.2 °C in the month of April and monthly
mean minimum temperature observed was 5.9
°C in the month of December. The weather data
of the experimental site for the whole growing
season are given in Table 1. Three bulk soil
samples were made from nine sub samples taken
from three depths (0-15 cm, 16-30 cm, and 31-45

cm) at three different locations within the field.
The soil texture in the study area was tested and
found as sandy loam. All physical and chemical
properties show a little variation throughout
the study area and at different depths. The
soi'sl physical and chemical properties at the
experimental crop field are given in Table 2.

Table 1. Weather data of the experimental site throughout the growing season.

Month | Monthly Mean Max. Monthly Monthly Rainfall | Monthly Mean | Monthly
Temperature Mean Min. Mean Relative | (mm) Sunshine Avg. Wind
(°Q) Temperature Humidity (%) Hours (Hrs) Speed
(°Q) (Km/hr)
November 26.3 11.5 61.7 0 7.6 3.1
December 18.5 05.9 75.0 0 4.7 2.0
January 16.6 06.9 75.3 11.12 5.0 3.6
February 22.0 11.1 66.0 20.5 5.6 53
March 24.5 13.6 64.0 67.9 4.9 5.6
April 33.2 20.7 43.9 32.8 9.1 6.2

Table 2. Soil physical and chemical properties of the experimental site.

Physical characteristics Chemical characteristics
Soil Sand | Silt | Clay | Soil - o <| pH oM P K
Depth | (%) | (%) | (%) | Type | _ % | 2 B ©) | (epm) | (ppm)
Layers < o 2L gé o
(cm) 2 gl ¢ 3
< g 2 -
0-15 63 23 14 | Sandy | 1.54 217 842 | 840 | 132 | 045 1.8 100
loam
16-30 67 19 14 | Sandy | 1.56 213 8.00 | 827 | 130 | 043 1.7 87
loam
31-45 66 18 16 | Sandy | 1.55 21.8 845 | 825 | 133 | 046 1.5 73
loam

P: Phosphorus, K: Potassium, OM: Organic Matter

Field Layout and Experimental Details

The experiment was comprised of three
main plots; two plots for testing irrigation
scheduling techniques (Climate based and soil
moisture based) with three levels on each plot
and replicated three times arranged in Complete
Randomized Design (CRD), one plot for farmer

Climate based

TC1= 20 mm CPE
TC,=30 mm CPE
TC3= 40 mm CPE

1)

practice treatment (Fp). Climate-based irrigation
scheduling was accomplished using predefined
cumulative pan evaporation (CPE) and Soil-
moisture-based irrigation scheduling was done
using the temporal soil moisture measurements.
The three levels of each irrigation scheduling
technique is given below:

2) Soil-moisture-based
TS,=30% MAD of ASM
TS,=45% MAD of ASM
TS,=60% MAD of ASM
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Sowing

The wheat crop was sown at mid-
November using bed-furrow wheat planter. The
seeding was done at the rate 125 kg/hectare at
0.0254 meter depth.The selected plot contained
permanently raised beds. The beds were made
two years earlier. Before sowing of wheat
crop, cotton was sown over the same beds.
Traditional soaking irrigation (Rouni irrigation)
was not applied as enough moisture was
present in soil. The total area was 1170 square

Plant protection and fertilizerapplication

Three types of fertilizers were applied; i)
Urea as a source of nitrogen at the rate of 48
Kg-N/ha, ii) Di-Ammonium Phosphate (DAP) as
a source of phosphorus at the rate of 52 Kg-P/
ha and iii) Muriate of Potash (MOP) as a source
of potassium at the rate of 64 Kg-K/ha. Plant

Irrigation Scheduling

Climate-based irrigation scheduling was
accomplished using predefined CPE. Class
A type evaporation pan was used for the
estimation of pan evaporations. The average
value of pan coefficient (K) was considered as
0.7 (Ken University lectures: Accessed online)
and the crop coefficient (K) values for different
growth stages were taken from the working
paper 24 of International Water Management
Institute (IWMI) (Ullah et al., 2001). Amount of
water applied was calculated by using following
formula:

I= Epan * Kpan X Kc‘ (2)

Where, | is irrigation water depth (in mm),
E... IS pan evaporation (in mm), K., is pan
coefficient (0.7), K_is the crop coefficient

Soil-moisture-based irrigation scheduling
was done by wusing the temporal soil
moisture measurements using Time Domain
Reflectometer (TDR). Similarly, irrigation was
applied at 18%, 16% and 14% soil moisture
content for 30% MAD, 45% MAD and 60% MAD
respectively to fill up the root zone up to field
capacity.

Crop Yield Prediction

Active remote sensing based NDVI
measurements were taken using a spectro-
radiometer (handheld Greenseeker optical
sensor) above the canopy at 50 cm height at
different growth stages during the season.

meters. There were total 18 beds. Each bed
was 67 meters long and 0.61 meters in width
with 0.3048-meter space for furrow. Nine beds
were reserved for trials for irrigation schedules
based on climatic indicator (i.e. CPE) and
remaining nine beds were reserved for the trials
of irrigation schedules based on soil moisture
depletions. Farmer practice was conducted on
the adjacent field. The sowing method, plant
protection and fertilizer application were same
as other treatments.

protection measures including herbicides and
all other cultural practices were also carried out
during its growth period whenever required for
all the treatments. Buctril Super (Bromoxynil)
and Topik (clodinafop-propargyl) were used for
broadleaf and grass weeds at the rate of 740
mL/ha and 296 g/ha, respectively.

The percent depletion of ASM in the
effective root zone was estimated using

following Eq. 3 (Martin et al., 1990),
. 1 FCi—8;

Where, n is the number of sub-divisions
of the effective rooting depth, 6, is the soil
moisture in i layer (in %), FC is the soil moisture
at field capacity for it" layer (in %), WP is the soil
moisture at permanent wilting point (in %)

The volume of irrigation was calculated by
the Eq. 4.

MAD(4 ) (FC— WP R
100 (4)

Where, V, is the volume of irrigation water
(inm?3), R is the effective rooting depth (in m), A
is the surface area of plot (in m?)

In Fp treatment, water was applied
according to farmer’s practice (irrigation
water was applied at different growth stages
without considering the soil moisture,
evapotranspiration or crop stress) and
implemented in adjacent field of the research
area.

Vg =

The linear relationship between NDVI and
grain yield was determined using correlation
coefficient (r) for measuring the strength of
association between NDVI and grain yield at all
growth stages. A simple linear regression model
was developed between NDVI and actual grain
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yield at maximum correlated stage. Twelve plots
(67% of the total plots) were randomly selected
for this purpose. The remaining 33% (6 plots)
were used for validation purpose. The mean error

Harvesting

Crop was harvested in the last week of April.
An area (0.6 m?) at head, mid and tail section
from each plot was harvested and sub samples
of 10 plants were selected randomly for the
determination of different yield components.
All samples were threshed manually for the

(ME), the relative error (RE), the root mean square
error (RMSE), coefficient of variation (Cv), R* and
Nash-Sutcliffe model efficiency (NSE) were used
for model evaluation (Saeed et al. 2017).

estimation of grain yield and biological yield.
The grain yield data and other crop parameters
(spike length, no. of grains per spike, plant
height, and biological yield) were statistically
analyzed using analysis of variance (ANOVA)
with comparison of means using Least Square
Difference (LSD) test at P<0.05.

RESULTS AND DISCUSSION

Irrigation Scheduling

The frequency and quantity of irrigation
water are critical in wheat crop production.
The water stress timing can cause significant
variation in grain yield (Akram, 2011; Mirbahar
et al.,, 2009; Patel et al., 2008; Behra and Panda,
2009). The crop water needs were fulfilled by
rainfall and irrigation water. The irrigations
were applied through drip irrigation system
except first watering (seven days after sowing)
which applied through flooding method as
proportionate amount of irrigation water was
applied (30 mm total) for uniform germination
of wheat. The rainfall used by plants was taken
70 percent of total rainfall and termed as
effective rainfall. The whole growing season
(from November 15 to April 21) received 92
mm effective rainfall. In first half of the growing
season as no rainfall event occurred, and the
crop water requirements were fulfilled by

irrigation water only. In the later part of the
growing season, temperature conditions turned
into warmer, and total fourteen rainfall events
were recorded which partially fulfilled the crop
water requirements. The last rainfall of the crop
season was lesser utilized by the crop due to
maturity stage of the crop. In soil-moisture-
based schedules, soil water depletion rates
were used to determine the time of irrigation. In
case of 30% MAD, Irrigation water was applied
when soil moisture contents reached at 18%
to fill up the root zone up to field capacity.
Similarly, irrigation was applied at 16% and 14%
soil moisture content for 45% MAD and 60%
MAD respectively. The number of irrigations
for TSTwas greater than TS2 and TS3, as TS1
was low volume and high frequency treatment
(least stressed) whereas TS3 was high volume
and low frequency treatment (most stressed).

TS1=30% MAD of ASM

40 I ] r I 0
rrigation 1 I I I

7 30 10 _
= O Rainfa E
E 20 20 %‘:
= i
2 10 30 F
= =4

0 40

0 15 30 45 60 75 90 105 120 135
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Figure 1. Irrigations scheduled and rainfall events recorded for all treatments.

The predefined levels of MAD were
achieved throughout the growing season by
applying total nine, seven and five irrigations
in TS1, TS2 and TS3 treatments, respectively.
In climate-based schedules, evaporation rates
were used to determine the time of irrigation.
For TC1 treatment, irrigation was applied, when
cumulative pan evaporation reached at 20 mm.
In the same way, water applied at 30 mm and
40 mm CPE for TC2 and TC3 treatments. The
TC1 is the low volume high frequency treatment
(least stressed) while TC3 is the high volume
and low frequency treatment (most stressed).

Effect of water stress timing on grain yield

The effects of different irrigation schedules,
based on climate and soil moisture data, on
the development of grain yield of wheat crop
was investigated during the study. The growth
parameters considered in the current study were
plant height at harvest, spike length at harvest,
average number of grains per spike, biological
yield, grain yield are shown in Table 3 with
statistical analysis. Grain Yield, biological yield,
and irrigation water productivity followed the
same trend (i.e. TC1>TC2>TC3 and TS1>TS2>TS3)
within each set of treatments of climate and soil-
moisture-based approach. However, average
plant height, average spike length and average
number of grains per spike showed irregular
trends. Regarding about grain yield, TS1 gave
maximum yield (4.35 t/ha) while minimum yield
was obtained with TC3 treatment (3.32t/ha). In
case of biological yield, maximum (12.50 t/ha)

In the whole growing season, total eight, six
and five irrigations were applied in TC1, TC2
and TC3 treatments, respectively. The water
application in terms of rainfall and irrigation for
all treatments are shown in Figure 1. The total
water application from both sources irrigation
and rainfall varied from 212 mm to 232 mm for
all treatments except farmer practice, in which
water was applied at a rate of 350 mm per
season. Overall, the quantity of water applied
based on soil moisture approach were greater
than that of applied based on climatic approach.

and minimum (11.55 t/ha) yield were recorded
with TST and TC3 treatments respectively.
The significant difference was observed for all
parameters except crop water use, plant height
and spike length at harvest. Results of LSD pair-
wise comparison test for three climate-based
treatments showed that the irrigation schedule
at20mmCPEresultedinsignificantly highergrain
yield over 40 mm CPE and non-significantly over
30 mm CPE. Irrigation schedule at 30 mm and 40
mm CPE generated non-significant results. The
results of three soil based treatments showed
non-significant difference for grain yield. Overall,
soil moisture-based treatments (30%, 45% and
60% MAD) significantly increased wheat grain
yields over climate-based treatments (30 mm
and 40 mm CPE) and non-significantly with 20
mm CPE climatic treatment.
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Table 3. Effect of different irrigation schedules on wheat yield and its component.

Treatments | Crop water | Plant height | spike length |No. of grains| Biological Grain Yield
use at harvest at harvest per spike yield (t/ha)
(mm) (cm) (cm) (t/ha)
TC1 225 99 12.67 65a 12.12cd 4.03bc
TC2 215 98 12.00 57b 11.81e 3.67d
TC3 225 97 12.00 55b 11.55f 3.32e
TS1 232 95 12.00 61ab 12.50a 4.35a
TS2 227 98 12.33 60b 12.28b 4.24ab
TS3 212 99 11.67 57b 12.05d 3.94c
LSD 5% 5.42 0.15 0.27
Significance ns ns ns * * *
*=Significant ns =non-significant

The maximum yield obtained among soil-
moisture-based treatments (i.e. in TS1) was
7.94% higher than that of obtained among
climate-based treatments (i.e. TC1), and gave
31% and 28 % more grin yield than TC3 and
Fp treatment. The yield difference among all
treatments were attributed to the first half of
the season. The yield reduced for high volume
and low frequency treatments as crop is its
initial stage and it's become difficult for root
system to extract sufficient soil water from a
greater depth, thus limiting its water uptake
(Ahmed et al.,, 2012), which consequently effect
the plant growth and yield. Shiva et al., (2017)
reported higher root water uptake for least
stressed schedule (70% of FC) and decreased
with less frequent amounts of irrigation (50%
and 60% of FC). These results are in concord
with the findings of Blonquist Jr et al., (2006)
and Khalilian et al., (2007) while opposite results

2
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1.2

0.8
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0.4
0.2

Irrigation water productivity (kg/m?)

& & &

0 I I I
— (] o
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were found in Taber (2007) study. The irrigation
water productivity was used to check the
efficient utilization of water and presented in
Figure 2. It is the ratio of grain yield produced
per volume of water applied. Regarding the
irrigation water productivity, its indicates the
how efficiently water applied and used. The
highest value was obtained for TS1 treatment
(1.875 kg/m?) and lowest for farmer practice
(0.971 kg/m3). Although lowest grain yield was
recorded for TC3 treatment but it’s still better
schedulethanfarmer practice, asirrigation water
productivity was higher for TC3 (1.475 kg/m3)
than Fp treatment (0.971 kg/m?3). Comparable
results were reported by Shiva et al., (2017) who
found the highest water productivity(2.08 kg/
m?) in drip irrigation method scheduled at 60%
of field capacity and was the lowest in surface
flooding method scheduled at 70% of field
capacity (1.86 kg/md).

— 1 o =
w w w =
= = =

Treatments

Figure 2. Graphical representation of grain yield and crop water use.
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NDVI and yield prediction

NDVI based crop growth dynamics curves
were developed for the same experimental data
and shown in Figure 3. As expected, the NDVI
values were low in early season and gradually
increased with crop growth and reached a
plateau in mid-season at the time when the
ground surface was completely covered by the
crop canopy. The plateau in NDVI curves seems
to correspond to the saturation of the sensor

and eventually loss of its sensitivity to measure
changesinvegetation when leaf areaindex (LAI)
is higher than 3 (Aparicio et al., 2000; Carlson
and Ripley, 1997; Duchemin et al., 2006; Naser,
2012). The decrease in NDVI values at the end
of the season is due to the physiological crop
maturity, change in crop color and senescence
leaf, which increases red band reflectance and
decreases NIR band reflectance.
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Figure 3. NDVI based crop growth dynamics curves.

Time of measurement is an important
factor in determining the feasibility of
integrating predicted yield under different
water management practices. The correlation
coefficient (R?) between grain yield and NDVI
was determined for all treatments at all growth
stages. Atthe time of tillering, shooting, booting,
anthesis, and milk maturity NDVI values were
highly positively correlated with grain yield.
Results of correlation coefficient suggested that
NDVI measurements taken at heading stage
could assist with more accuracy in predicting
grainyield as compared to other developmental
crop growth stages. Teal et al., (2006) studied
that the NDVI readings after heading stage
were unable to discriminate variations, whereas
at early growth stages yield potential had not
yet completely developed. A simple linear
regression model was developed between
actual grain yield and NDVI at heading stage for

randomly selected 12 plots (67% of the total),
shown in Figure 4. It showed a good agreement
(R?=0.873). According to Walsh et al., (2013)
there is a good relationship between NDVI and
actual wheat grain yield. at the Feekes 5 growth
stage (end of tillering stage) and explained
82%, 69% and 88 % of variation in grain yield
at Lahoma in 2008, at Perkins in 2008 and at
Lahoma in 2009, respectively. The regression
model developed between NDVI and grain yield
by Naser (2012) showed a strong relationship
at mid-grain filling stage with coefficient of
variation 0.83. Identical results were found in
the studies of Sultana et al.,, (2014) which were
performed in similar environmental conditions.
At country level, Ren et al., (2008) found good
agreement between NDVI and grain yield with
R?=0.8, whereas Liagat et al., (2017) reported
this relationship with R2=0.50.
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Figure 4. Relationship between Actual grain yield and NDVI at heading stage.

In validation process, a cross check analysis
was performed. The accuracy of the developed
regression model was evaluated. Validation
analysis was done on the remaining 33% of the
total plots (six plots). The comparison between
actual and estimated values of grain yield were
made as a percentage deviation and presented
in Table 4. The validation showed that there

existsagood agreementbetween predicted and
actual wheat grain yield. Different evaluation
parameters for the developed regression model
are also given in Table 4. Ren et al., (2008) found
similar results in Shandong, China with relative
error varied from 4.62% to 5.40% and that
regression coefficient (R?) reached to 0.87.

Table 4. Measured vs. simulated results and statistical assessment.

Actual Yield Estimated yield (t/
(t/ha) ha)
4.1 3.97
3.8 3.77
3.05 3.37
4.44 4.47
4.05 4.07
3.79 4.02
Evaluation Parameters
R2 0.768
RMSE (%) 17
CV (%) 4.4
Bias 0.073
ME 0.07
RE 0.019
NSE 0.84

CONCLUDING REMARKS

In conclusion, the soil moisture information
is more reliable for irrigation scheduling
than climatological information (cumulative
pan evaporation). The soil-moisture-based
treatment TS1 (30% of MAD), yielded 7.94%
more crop yield than irrigation scheduling at

even lower level such as TCT (20 mm CPE) of
climate-based treatments for wheat crop grown
in sandy loam soil.

Results of NDVI measurements showed
that NDVI can be used for accurate (R*=0.768) in-
season wheat grain yield estimation at heading
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stage (105 days after sowing), compared with
other development stages and can be used for
crop management. Additional plant spectral

indices, less prone to saturation at high biomass
situations, may be used to help prediction of
crop yield in higher crop growth stages.
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EBAJTYALUUJA HA TEXHUKUTE HA PACMOPEAYBAKE HA HABOAHYBAHETO:
CTYAUJA HA CJTYHYAJ HA MYEHULA 3ACEAHA BO NOCTOJAHU NEN
BO MOJIYCYLUHW YCJIOBU
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Pesnme

Ogaa cTyauja bele cnpoBefieHa BO VcTpaxXyBaukMoT LieHTap 3a ynpasyBare co Boaa (WMRC)
Ha YHuBep3uTeToT 3a 3emjogenctso Qancnabag, MNakucraH, 3a ga ce onTMMU3MpPa NOTPOLLYBaYKaTa
Ha BOJa 3a KynTypaTa MyeHuua BO PErrMoHM Ha 3emjaTa cMpoMallHW co Bopa. bea ycBoeHu un
CropeAeHu ABa rfaBHU NPUCTany 3a NaHMpare Ha HaBOJHYBakbe, T.e. 6a3npaHO Ha NoyBeHa Bnara
N Ha KNUMaTcKn dakTopu. Vimalle BKYMHO LIeCT TpeTMaHu: Tpy TpeTMaHu 6ea 3a TecTMpare Ha
KNUMaTCKMOT NPUCTan 3a niaHupare Ha HaBOAHYBAHETO T.e. MPUMEHa Ha HaBoAHYBake Ha 20 mm
(TC1), 30 mm (TC2) n 40 mm (TC3) KymynaTBHO UCNapyBake MepeHO BO caf 3a ncnapysarse (CPE), n
TPW TPETMaHU ce oiHeCyBaa Ha npurcTan 6a3mpaH Ha NoYBeHa Bara 3a niaHupake Ha HaBoOAHYBahe
T.€.30% (TS1), (MAD) 45% (TS2) n 60% (TS3) o HMBOATa Ha MaKCMMasiHaTa KoJiMUMHa Ha BoAa JoCTanHa
3a pacteHujata (MAD) n efHa npakTuka Ha dpapmepute (Fp). Opyr acnekT Ha UCTPaKyBareTo
Gelle fa ce NpoOBepu CNOCOBHOCTA Ha Ce30HCKO Mepere Ha cywata (NDVI) 3a ga ce npeasuan
MOTEHUMNjaNHNOT NPUHOC Ha NYeHnLa. Pe3ynTaTuTe Nokakaa fieka TpeTMaHuTe 6a3npaHun Ha NoYBeHa
BJlara 3Ha4YMTEsHO o 3rofiemusie NPUHOCOT Ha MYEHMLA BO 3pHO BO OAHOC Ha TpeTMaHuTe 6asnpaHu
Ha knuma (TC2 n TC3) n He3HaumTenHo Bo ogHoc TC1. Pesyntatute og NDVI meperba nokaxkaa eka
TOa MOXe [la Ce KOPUCTM 3a TOYHA NPOLEHKA Ha Ce30HCKMOT MPUHOC Ha 3pHO n4yeHunua co R2, RMSE,
C, ME, RE, Bias n NSE npouenka 0,768; 17; 4,4; 0,07; 0,019; 0,073 n 0,84, coofiBETHO, 1 MOXe Aa Aa ce
KOPMCTU KaKo BaXkHa anaTka 3a ynpaByBake CO KyNTypu.

KnyuyHn 360poBM: nouseHa 6/1aXXHOCM, KyMyJlAmueHO UCNApysare MepeHO 80 cdd 3a
ucnapysarbe, MakCumasaHama Kou4uHa Ha 800a 00CManHa 3a pacmeHujamd, HOpMaau3upaH UHOeKC
30 pd3/IuKa Ha 8ezemayujamad, NPUHOC HA 3PHO.
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Abstract

Water plays an important role in everyday life. Therefore, the subject of the analysis was the water
along the upstream of the fifth channel MM1, MM2, MM3, which is located in the city of Bitola and the Crna
River - MM4 where the channel inflows into the river. The survey was conducted in May and November. The
following chemical parameters were made: the content of ammonia and nitrites in the water was determined
spectrophotometric, pH value with a pH-meter, determination of nitrates with UV pastel, the consumption of
potassium permanganate was determined by boiling in acidic environment and titration according to Kubel-
Tiemann. From the obtained results, it can be concluded that the largest ammonia load (2.2 mg/L) is in the
measuring point MM3, while the same values where the channel inflows in Crna Reka in MM4 are reduced.
One of the recommendations is the implementation of treatment for the wastewater treatment before being
discharged into the rivers.
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INTRODUCTION

According to Kannel et al., (2007) with
increasing of the human activity increases the
quantity of wastewater. The fifth channel that is
the subject of this research is located in the City
of Bitola and is filled with water from the river
Siva Voda which is relatively pure mountain
water with low water level and it drains the
wastewater from the industrial sector located in
the city of Bitola and its surroundings. It drains
the wastewater from the factory for yeast and
alcohol, the sugar factory, the beer factory, the

factory for production of paper packaging and
cardboard, printing house “ Kiro Dandaro “ as
well as faecal or wastewater from the village
of Kravari and part of the City of Bitola. The
water from the fifth channel not untreated is
discharged into Crna Reka. The main purpose
of this research is to determine the content of
inorganic nitrogen, the quality of the water in
the fifth channel, and provide guidelines for
proper channel management.

MATERIAL AND METHODS

Material for analysis in this research is the
water from the fifth channel and part of Crna
Reka. The Measuring point 1 MM1 is located
at the exit of the city of Bitola. In this part of
the channel, wastewaters are mainly from:
the sugar factory and the yeast and alcohol
factory, from the beer factory, the factory for

production of paper and cardboard packaging,
the printing house “Kiro Dandaro’, as well
as part of the faecal waters from the city of
Bitola. Measurement point 2 MM2 is the fifth
channel in the village of Kravari. In this part of
the channel flow waste and faecal waters from
the village of Krivari. The measure point 3 MM3
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is the fifth channel before it enters the Crna
Reka. 4 MM4 is a measuring point where the
fifth channel flows into Crna Reka. The survey
was conducted in May and November. The
following chemical parameters were made: the
content of ammonia and nitrites in the water

was determined spectrophotometric, pH value
with a pH-meter, determination of nitrates
with UV pastel, the consumption of potassium
permanganate was determined by boiling in
acidic environment and titration according to
Kubel-Tiemann.

RESULTS AND DISCUSSION
One of the physico-chemical indicators of the state of water is the pH value.
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Figure 1. Water pH value in May and November.

From Figure 1 it can be concluded that
the highest pH was measured in November
in MM4 6.58 mg/L. In the same month, in all
measuring points there are no large variations
in pH due to the buffer capacity of the water.
The lowest value is recorded in MM1 5.87 mg/L

as a consequence of the influence of the waste
waters from the industrial capacities.

Potassium permanganate consumption is
an indicator of the content of organic matter
present in the water.
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Figure 2. Consumption of KMNO, in the water from the fifth channel and Crna Reka for May and November.
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The lowest value of KMNO, consumption
was measured in MM4 on Crna Reka 23.07 mg/L
in November (Fig. 2), due to the high water level
of the river that affects the decomposition of
organic matter. The highest value was found
in MM1 and it was 77.16 mg/L due to the
continuous input of industrial wastewater in
this measuring point. Such results coincide with

the research of Vasileska (2002), on Velgoshka
River, where the high values are derived
from the industrial waste water, communal
water from households, and wastewater from
agrarian areas. According to Dalmacija et al.,
(2011), ammonia is an indicator of pollution
that occurred recently.
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Figure 3. Ammonia content in water from the fifth channel and Crna Reka for May and November.

From Figure 3 it can be concluded that the
highest values were found at the measuring
point MM3 2.2 mg/L in May. The high content
of ammonia in this measuring point is due
to the continuous discharge of industrial
wastewater, part of the faecal waters from the
city of Bitola, faecal waters from the villages
of Kravari and Egri. According to the Decree
on Classification of Waters, the maximum
permissible concentrations are exceeded. With
the distances of the measuring points from the
populated area and the value of the ammoniain

the water it decreases to 0.34 mg/L in the MM4
of the River Crna. According to Blazevska (2016),
the values of ammonia in the fifth channel are
continuously high during the entire research
period. With the distance from the settlements,
the anthropogenic pressure decreases and
consequently the ammonia content decreases.

The origin of nitrites in the water may be
different: from degradable organic matter, from
oxidation of ammonia to nitrites or as a result of
reduction of nitrates (John, 2016).
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Figure 4. Content of nitrites in the water from the fifth channeland Crna Reka for May and November.
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The high content of nitrites, which is most
pronounced on MM4 (0.15 mg/L) in November
(Fig. 4), is due to the intense decomposition of
organic matter, as well as from the additional
nitrites from the manure that comes to this
measuring site with the rains. In MM1 and MM2

in the two months a value of 0.0 mg/L of nitrites
was registered. And Milanovic (2007), examining
the Vardar River at the Vardarobasi measuring
point, explains the high values of 4.3 mg/L from
the alochtonic input of nitrites originating from
manure.

The following Figure gives the content of nitrates in the water from the fifth channel (Fig.5).
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Figure 5. Content of nitrates in the water from the fifth channel and Crna Reka for May and November.

The high content of nitrates was found in
MM4 3.7 mg L in November (Fig. 5), indicating
that in this measuring point the degradation of
organic matter is in the “final phase”. According
to Blazevska (2016), at this measuring point, the
flow of waste industrial and communal water
from the settlements and fertilizers used for

fertilizing the agricultural crops, in the whole
area of village of Kravari affect the increase in
the nitrate concentration. In MM1 and MM2
where it was established value 0.0 mg/L for
nitrites (Fig. 4), at the same measuring points
the nitrate value (Fig.5) is the same (0.0 mg/L).

CONCLUDING REMARKS

From the conducted research of the water
from the fifth channel and the Crna Reka, the
following conclusions can be drawn: fifth canal,
although it has low water capacity, yet the load
that it makes with the waste organic matter on
Crna Reka is large, close to the village of Kravari
and Egri. The highest content of ammonia
is recorded on MM3 whose value decreases
with distances from settlements where the
anthropogenic pressure is smallest. At the

measuring point where the fifth channel flows
into Crna Reka (MM4) the value of nitrates is the
highest which indicates high degradation of
organic matter.

Therefore, the results obtained from this
research indicate that continuous cleaning
of the channels and purification of industrial
wastewater should be carried out before they
are discharged into the rivers.
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COAPMWHATA HA HEOPTAHCKU A30T BO BOAATA o1 METTUOT KAHAJ
BO BJINBUHA HATPAJOT BUTONA

TaTjana bnaxeBcka', Mapuja MeHkuHocKka', BaneHTuHa MNaBnogBa’,
3opa Y3yHocka', HuHa lumoBcka?
"TexHo/MOWKO-MexHUYKU ¢hakynmem - Benec,YHusepzumem ,Ce. Knumenm Oxpudcku” - bumona,
Peny6nuka CesepHa MakedoHuja
2A2eHyuja 3a xpaHa u semepuHapcmeo - bumona, Peny6nuka CesepHa MakedoHuja
*Konmakm asmop: tatjana.blazevska@uklo.edu.mk

Pesume

BogaTta uma BakHa yriora BO CEKOjAHEBHMOT »UBOT.TOKMY 3a Toa MaTepujan 3a aHanusa bele
BOAaTa AOJK TeYeHNeTO Ha NeTTnoT KaHan MM1, MM2, MM3 un pekaTta LipHa - MM4 no BneBaHeTO
Ha KaHanot. icTpaxyBareTo belle cnpoBefeHO BO Maj 1 BO HoemBpu. bea HanpaBeHn cnegHuBe
XeMUCKM MapamMeTpu: pH BpeHOCT CO nexaMeTap, COAPXKMHATa Ha aMOHMjaK N HUTPUTK BO BOAATa
ce oapepnyBa crieKTpodoToMeTpucku co Spectrogvant UV / VIS Pharo 300. OnpepenyBame Ha
HUTpaTK co YB nacTen - anatka 3a ANPEKTHO YMTarbe Ha BPeQHOCTUTE, MOTPOLLYBayKaTa Ha Kannym
nepmaHraHaT ce ofpeAyBallie CO Bapehe BO Kucena cpefvHa n tutpauumja cnopep Kubel-Tiemann.
Of pobueHuTe pes3yntaTi MOXe [a Ce KOHCTaTMpa feKa HajrofieMo OMToBapyBake CO aMOHMjaK
(2,2 mg/L) 1 HATPUTN UMa BO MepHOTO MecTo MM3, fofeka UCTUTe OBUE BPEHOCTM MO BIEBaHETO
Ha KaHanot Bo LpHa Peka ce HamanyBaat. EiHa of npenopakute e cnpoBedyBarbe Ha TPETMaH Ha
NPOYNCTYBarbE Ha OTNAZHWTE BOAM.

KnyuHun 360poBu: omnadHa 800d, KOMYHAJIHA 8004, 3a2a0y8arbe, XUBOMHA CpeduHa.

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 17, No. 1, pp. 23 -27
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Abstract

Grey mould (Botrytis cinerea) provokes severe damages and yield loses in grapevine (Vitis vinifera). This
research determined ampelotechnical mesaures can be used to influence the development of the disease by
reducing the number of chemical treatments. The black grapevine variety Vranec was continuously observed
in the experimental field located at Kraiste, Kavadarci, Republic of Macedonia. The working hypothesis was
to follow the development of the disease 14 days after the last treatment, when the impact of the fungicide
decreases and by applying agrotechnical measures and green operations to control the development of the
disease.Those variants where there was a reduction of irrigation and which they were applied ampelotechnical
measures was significantly lower intensity of infection in relation of control.

Key words: ampelotechnical measures, chemical treatments, agrotechnical measures, green operations,

intensity of infection, control

INTRODUCTION

Grey mould (Botrytis cinerea) is one of
the most significant disease in grapevine (Vitis
vinifera) causing notonly serious economiclosses
but the development of the plant pathogen.
Consequently, additional chemical treatments
must be applied immediately before harvesting
the grapes raising concerns regarding human
health and environmental pollution. Globally,
about 15 to 25 million dollars a year is spent
on fungicides, to suppress B.cinerea (Elad et al.,
2004). For these reasons research is directed
towards applying certain mesaures during the
cultivation of the grapevine that will lead to less
use of fungicides.

The disease occurs in all wine regions
except that it is more expensive the production
of grapes on a unit area, with its enzyme effect
worsens the quality of the wine. Considering
that  external  microclimatic  influences
dictate biological development, appropriate
agrotechnical and ampelotechnical measures

could influence the health of the grapes.
Previous analysis shows that when cultivating
the grapevine, micro-location is also important,
which could be a significant factor when it
comes to profitable grape production, which
means lower costs per unit area, (i.e. less of
use of fungicides). Field observations found
that the use of fungicides and the combined
implementation of the ampelotechnical
measures, such as the defoliation of the leaves
around the bunches, increases the action of the
fungicide and reduces the aggressiveness of the
disease.

It is important to minimize irrigation at
certain stages of disease development that
will not create conditions around the bunches
favourable to the development of spores of the
disease. The current research was undertaken
to determine whether from the time of the
last fungicide treatment until the time of
harvesting (i.e., the period of the fungicide
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breakdown), is it possible to keep the disease
under control without the use of chemicals.
Instead of chemicals, simple agrotechnical and
ampelotechnical measures were applied, to
obtain an environmentally-justified product

Infectious features

Grey mould or Botryotinia fuckeliana (de
Bary) Whetzel (syn. Sclerotinia fuckeliana (de
Bary) Fuckel) (anamorph B. cinerea Pers.),
according to taxonomic characteristics, belongs
to the genus Botryotinia (family Sclerotiniaceae).
Asapleomorphicspecies,itishighlyvariableand
produces conidiophores, conidia, phialoconidia,
microconidia, sclerotia, apothecia, accuses and
ascospores. Differences between isolates in
terms of the speed of growth, the formation of
conidia and sclerotia, production of enzymes
and pathogenicity, have been noted by several

that would be less harmful to human health.
The level of significance was set at 5%. This level
in field conditions is acceptable to see the real
effect of the treatments.

authors (Di Lenna et al., 1981; Grindle, 1979;
Leone, 1990; Movahedi &Heale, 1990), who have
explored grey mould. In order to simplify the
biological cycle of development to explain the
infectious features of grey mould, the following
phases are emphasised: attachment of conidia
to the surface of the grape berry, germination of
conidia, differentiation of infection structureson
the host surface, penetration of the host surface
and excretion of a spectrum of phytotoxic
compounds (necrotrophic activity).

Attachment of conidia for the surface of the grape berry

Spores are dispersed in the wind. Once
deposited on the surface of the plant, the
spores adhere to the surface tissue of the grape
berries. This phase represents the interaction
of the spore with the cuticle surface. Initially,
hydration of conidia occurs, which typically
involves weak adhesive forces, resulting from
hydrophobic interactions between the host
and conidial surfaces (Doss et al., 1995). A few
hours after inoculation, the conidia germination

Germination of conidia

Several factors influence the germination
of a conidium. Free surface water or high relative
humidity (>93%) is essential to germinate and
penetrate the host epidermis (Williamson et
al.,, 1995). When dry conidia are inoculated on
plant surfaces and incubated in the absence
of free surface water, the emerging germ tube
usually remains short before it penetrates the
surface (Cole et al., 1996; Salinas & Verhoeff.
1995; Williamson et al., 1995). Inoculation with
conidia in an aqueous suspension requires the
addition of nutrients (Harper et al., 1981; Van
Den Heuvel, 1981). These food nutrients can
mimic the damaged epidermis of the plant,
thereby allowing a realistic impression of the
infectious characteristics of spores and their
behaviour in such a situation. An example of
this is the high germination efficiency of spores
in an aqueous suspension rich in phosphates
and sugars, to which prior primordial incubation

germ tubes are covered with a fibrillar-like
extracellular matrix material (Doss et al., 1995).
These adhesive structures are excreted by
the spore and consist of carbohydrates and
proteins (Doss, 1999). The spores are attached
to the surface of the cuticle by the fibrillar
extracellular matrix material, which also
protects it from dehydration and the various
defence mechanisms of the plant cells.

was performed at a certain temperature and
applied to the leaf tissue on a tomato plant test
where it showed a high degree of infectivity. It
means that any injury to the surface tissue of
grape berry under certain conditions favourable
for development produces a specified intensity
of infection. Certain gaseous compounds, such
as ethylene, can stimulate the germination of
conidia. Previously, the germination of conidia
on a hydrophobic surface was stimulated
exogenously by ethylene, but the length of the
germ tube under these conditions remained
unchanged (Kepczynski & Kepczynska, 1977). In
a hydrophilic environment, ethylene stimulated
germ tube elongation without impacting on
the percentage of germination of conidia . The
production of ethylene in plants increases with
the ageing of the tissue and ripening of the
fruits, which is a signal for conidial germination
and initiation of infection.



Differentiation of infection structures

After germination of the spore in a drop
of water, the germ tube grows and extends.
The energy necessary for the growth and
elongation of the germ tube is supplied in part
from the spore contents and partially by the
environmental nutrients. When the tip of the
germ tube touches the surface of the plant
tissue, the wax of the cuticle degrades forming
arecess or hole for appressorium formation. The
appressoria are thick-walled swellings at the
end of a germ tube, of non-standard form and
heterogeneous appearance. Several authors
(Akutsu et al., 1981; Cole et al., 1996) observed

Penetration of the host surface

The invasion of the plant tissue by B.
cinerea can involve active penetration or
penetration over natural openings and plant
wounds of the tissue. The wounds of the
tissue can be caused by an abiotic or biotic
agent. Exclusively physical damage or brutal
mechanical penetration through the cuticle
by B. cinerea has not been seen (Cole et al.,
1996; Williamson et al, 1995). Most often,
penetration is followed by enzyme activity by
the pathogen. Hence, the cutinolytic enzyme
(18 kDa cutinase) activity was investigated by
creating mutants that lacked genes encoding
for cutinase activity. Studies carried out on the
fruits of tomato and in gerbera flowers have
shown that the wild isolates of B. cinerea and its
mutants are capable of penetrating through the

the swelling of hyphal tips of germ tubes
and interpreted these as appressorium-like
structures. Recent microscopic, histological-
chemical researches and gene function analysis
indicate that these structures act as functional
appressoria, useful for attaching the pathogen
to the host surface before penetration of the
tissue, due to a fibrillar-like extracellular matrix
material covering, which retains water while
the polysaccharide component is extremely
hygroscopic, allowing the pathogen to adapt to
external factors.

layer of cuticle, which leads to the conclusion
that the enzyme 18 kDa cutinase is not essential
for penetration. Another enzyme assumed to
be meaningful for penetration is 60 kDa lipase
(Comménil et al., 1995). There is an opinion
(Comménil et al., 1999) that this enzyme is
induced by grape berry cuticle components.
The lipase possesses cutinolytic activity with
clearly expressed kinetic properties, which
differ from the typical cutinase, which was
previously mentioned (Comménil et al., 1998).
While the use of polyclonal antibodies against
the conidia of B. cinerea prevent the germ tube
from penetrating the cuticle, the antibodies
did not affect the germination of the conidia
(Comménil et al., 1998).

Excretion of a spectrum of phytotoxic compounds (necrotrophic activity)

Botrytis cinerea kills host cells before they
are invaded by hyphae. The invasion of the plant
tissue by B. cinereatriggers nuclear condensation
and plant membrane damage, indicators for
programmed cell death, in a ring of cells around
the hyphae (Govrin & Levine, 2000). Culture
filtrates of B. cinerea,grown on a nutritional basis,
may induce toxic effects when applied to plant
tissue. Phytotoxic compounds were identified
as botcinolide, a highly substituted lactone
(Cutler et al., 1993), and botrydial, a tricyclic
sesquiterpene (Colmenares et al., 2002). The
observation that both secondary metabolites
were only secreted by B. cinerea in medium with

high glucose levels, initially raised doubts about
their physiological relevance in plants. Recent
analytical chemistry studies have, however,
demonstrated that botrydial accumulates
in infected tissue under physiologically-
relevant concentrations (Deighton et al., 2001;
Muckenschnabel et al., 2003). The production
of botrydial may be an important factor in the
infection of (some) host plants but cannot be
confirmed because the genes that participate
in its synthesis have not yet been identified
and, for this reason, appropriate mutants have
not yet been created, which will experimentally
confirm their role in the pathogenesis.



Resistance and susceptibility of the grape bunch and grape berries towards Botrytis cinerea

In grapevine, B. cinerea predominantly
infects the inflorescences and grape berries.
The development of the pathogen in grape
clusters begins with the fruit ripening. Before
the ripening of the bunches, the green grape
berries possess a high amount of fungitoxic or
fungistatic compounds known as phytoalexins,
which prevent the development of grey mould.
The level of resveratrol, a phytoalexin stilbenoid,
is correlated with the resistance of grape berries
towards grey mould.Besides phytoalexins, green
grape berries also contain proteinase inhibitors
that prevent cell wall-degrading enzymes. The
concentration of polygalacturonase inhibitor
proteins decreases during ripening (De Lorenzo
et al., 2001). The skin of grape berry, especially
the epicuticle and cuticle, play a major role in
resistance towards grey mould. Particularly,
epicuticle and cuticle waxes were described as
very important features of skin grape berry in
relation to susceptibility towards grey mould.
In this context, warm temperatures, high air
humidity and water on the berry surface are
known as major reasons for the incidence of

Protection measures against grey mould

Reliable methods for prognosis of the
occurrence of disease in the vineyard do not
currently exist (Leroux et al., 2002). Only with
a good knowledge of all factors that directly
or indirectly influence the development of
the disease, is it possible to apply measures
for preventing damage from the disease.
By applying adequate agrotechnical and
ampelotechnical measures, conditions can
be created that endow a disabling attack,yvia
creatingunfavourable  conditions for the
development of the pathogen or inability
to establish the plant-pathogen interaction.
Preventive protection and disease control rely
mostly on preventing the establishment of
contact between the pathogen and the host. In
this context, ampelotechnical measures, such as
defoliation around the grape bunches, preclude
the establishment of micro-conditions that

microscopic cracks in the cuticle membrane of
berries (Becker & Knoche, 2012). The formation
of these microscopic cracks largely determines
the susceptibility or resistant of the grape
berries to disease, because the entry of small
quantities of water contribute to the additional
cracking of the protective layers of grape
berry. Cuticular forms on the surface of grape
berry have an additional role as a regulator of
molecular diffusion of food nutrients, which can
stimulate the development of the conidia. Pores
on the surface of grape berry contribute to the
diffusion of nutrients, especially in conditions of
hot weather and high relative air humidity when
the exchange of matter has increased. The intra-
and epicuticular waxes form a hydrophobic
layer that repels water from the surface of the
grape berry, contributing to the rapid drying
of isolated water drops. The hydrophobic layer
of the grape berry and the fast drying of excess
water on the surface of grapes are the main
factors in reducing susceptibility towards B.
cinerea.

favour pathogen development. Defoliation is of
great importance because of the physiology of
guttation in grapevine. Since partial exposure
of grape bunches and berries to solar insolation
leads to rapid drying of the surface of fruits,
the surface diffusion of nutrients between the
berries and external environment is reduced.
Shallow plowing of the soil in summer during
the veraison phase (onset of ripening) of the
fruit, as an agrotechnical measure,influences
the development of the disease because of the
rise in the relative humidity in the zone of the
grape bunches. Irrigation and its reduction in
the vineyard have also shown to have a key role
in creating the conditions for the development
of B. cinerea. From fungicides was used active
substance boscalid with which the last treatment
was carried out, and we started field monitoring
of the disease.

MATERIAL AND METHODS

The research was completed in a vineyard
located at Kraiste, near Kavadarci, Macedonia
(41°27°14.3676" N, 22°0'38.5236" E) on black
grape variety Vranec. A double Guyot pruning
system was applied in the vineyard. The area

of the vineyard was 0.6 ha, the plantation was
13 years old, and soil was degraded clay. The
variants set in the experiment considered almost
all possible situations encountered in practice
during cultivation of grapevine. The goal was
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to note how the individual variants, during
cultivation of grapevine with the application
of some agrotechnical and ampelotechnical
measures, affect thedevelopment of the disease.
Each variant was placed in an area of two rows,
and the samples were taken from the middle of
the variant, to prevent any external influence.
Except for the control (no treatments against grey
mould), which was represented by only one row,
treatments against downy mildew and powdery
mildew were regularly performed, but no active

Variants and calculations

Six variants plus control were installed. In
each of the variants, the bunches were placed
under different microclimatic conditions
encountered during the production of
grapes, bearing in mind the agrotechnical
and ampelotechnical measures undertaken.
From each variant, a random sample of 30
bunches was taken. For each of the variants,

substances were used which could have a side
effect against grey mould. The development
of the grey mould was followed during the
working hypothesis. From each variant, five
plants were marked, and from each plant, six
bunches were selected, which were marked
on the rachis (handle) of the bunches with red
tape. In the control, the disease was monitored
in three plants. Monitoring for development of
the disease was carried out every 4 days starting
from 10 August 2018.

the following were calculated: average number
of grape berries in the bunch, average number
of healthy grape berries in the bunch, average
number of diseased grape berries in the bunch,
infection index according to Mc-Kinney’s
formula (Pejchinovski & Mitrev, 2007), and
efficiency of fungicide according to Abott’s
formula (Pejchinovski & Mitrev, 2007).

Table 1. Overview of variants and the calculated results.

Average Average Average Infection Efficiency of
number number number index fungicide
VARIANTS of grape | % of healthy | % of disased % | accordingto | according
berry in grape berry grape berry formulaof | toformula
the bunch in the bunch in the bunch Mc-Kinney(%) | of Abott (%)
Without Treatment against B.cinera | 5| 449 9 818 20 18,2 28 65,4
defoliaton under irrigation condition
around the Treatment against B.cinera
bunches in dry condition 95 100 920 94,7 5 53 22,2 72,5
. | Treatment against B.cinera
I. Pyrimethanil | i, 4ry condition with
summer plowin
L. Boscalid plowing 90  [100 78 86,6 12 134 27,7 65,8
I1l. Boscalid
with Treatment against B.cinera | 4,5 | 449 95  [863 15 137|308 61,9
defoliation under irrigation condition
around the Treatment against B.cinera
bunches in dry condition 95 100 93 97,8 2 2,2 16,6 79,5
. | Treatment against B.cinera
I Pyrimethanil | i, gry condition with
summer plowin
Il Boscalid P 9 90 100 81 90 9 10 16,6 79,5
I1l. Boscalid
CONTROL 100 100 30 30 70 70 80,8
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Table 2. Formulas for determining the disease parameters.

Category of infection of the
bunch

Calculating the index of
infection according to
Mc-Kynney's formula

Calculating the efficiency of
fungicide according to
Abott's formula

0 — without of infection

1 — rare infection

2 — significant infection

3 — strong infection

4 — whole infection

2 —sum

| —index of infection

n — no. of bunches by category

N — simple size (30 bunches)

K — no. of categories

It
E= ———x 100
Ik

E — efficiency of fungicide

It — index of infection in treated
plants

lk- index of infection in untreated
plants

(control)

To increase the accuracy of the assessment
of the infection of the bunches, BRAT (Bunch
Rot Assessment Trainer) software was used
(http://bunchrot.co.nz/), which measures the
percentage of the total area of the bunch that
is affected by the disease. The results obtained

Table 3. Categorisation of the diseased bunches.

using this software were compared with
statistical analysis of diseased and healthy grape
berries. The statistical difference was minimal
and amounted to +1%. The diseased and
healthy bunches were categorised as described
in Tab. 3.

Numer.lcal c;?tegory Termlnolgglcal. category Expressed in %
of infection of infection
0 without of infection /
1 rare infection 1-5
2 significant infection 6-30
3 strong infection 31-70
4 whole infection 71-100
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The categorisation of the diseased bunches
was based on the virulence of B. cinerea and the
susceptibility of the grapevine variety. At the
beginning of infection in the control (untreated
plants) when infection was rare, the spread
of the disease was checked using arithmetic
progression while, in the further stages of

Working hypothesis

Three treatments were carried out against
grey mould. The first treatment was performed
with the active substance pyrimethanil while,
in the other two treatments, boscalid was used
as the active substance. The first treatment was
executed on 17 June, the second treatment on
4 July, and the third treatment on 27 July (Tab.
4), respectively. On 7 September, when the
technological maturity of the grapes was also
established, the samples were taken, and their
calculations were determined.The working
hypothesis was to monitor the development of
the disease from14 days after the last treatment
against B. cinerea and with ampelotechnical
measures to control the development of the
disease in the period when the activity of the
fungicide decreases. The level of significance
was set at 5%. Under field conditions, this
level is acceptable to see the real effect of the
treatments.

Monitoring of the disease began on 10
August after the initial fungicidal effect of boscalid
had passed and when the decomposition period
occurs. Decomposition of boscalid requires

Table 4. Dates of the chemical treatments.

the disease, the spread was monitored using
geometric progression. This categorisation
cannot be used as a general model in
determining the diseased bunches,because
of heterogeneous structural and mechanical
differences in the bunches of different varieties
and the natural resistance towards grey mould.

28 days (product Cantus WG ). The analysis
of the samples for each of the variants was
consistently performed on the 28th day of the
decomposition period, i.e, on 7 September.
Boscalid is a mitochondrion respiration inhibitor
with a broad spectrum of action that stops
spore germination, germ tube extension and
attachment of conidia to the surface of the grape
berry. It also impacts on the stages of mycelial
growth andis water-resistant. The characteristics
of boscalid to act against Erysiphe necator
was of essential importance to the working
hypothesis,because its use on the last treatment
on 27 July, allowed protecting the grapevine
from powdery mildew besides the persistent
effect of the decomposing active substance
against grey mould. The veraison phase (onset
of ripening or colour change of grape berries
from green to black) in variety Vranec started
on 17 August when the conditions for the
development of B. cinerea occur. Defoliation,
summer plowing and irrigation were carried out
on 15 August.

Number of chemical . Date
Active substance
treatments of treatments
I Pyrimethanil 17 june
I Boscalid 4 July
I Boscalid 27 July
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Table 5. Schematic presentation of treatments and working hypothesis.

July

4 and 27

Monitoring of the disease

In order to understand a phenomenon,
the tendency of its development should be
followed. Observation of the development of
the disease was carried out during the working
hypothesis. Five vines of each variant were
selected, which were marked by six clusters
(bunches), to obtain a sample size of 30 clusters
while three vines were chosen for the control
because it was represented by one row. In
the control vines, on average, there were 10
clusters, which again obtained a sample size
of 30 clusters. Samples were collected every 4
days to note the change in the development
of the disease. Since disease monitoring is a
visual method, to avoid the subjectivity of the
individual assessment in the categorization
of diseased bunches, the BRAT software was
used. Following the results of the BRAT software
assessment, statistical processing of bunches at
the sample level was performed, especially for
each observation date. Then, a sample for each

September

Working hypothesis

of the variants was categorized according to
Tab. 3. Observation of the disease began on 10
August and ended on 3 September.

For the 28-day duration, the disease was
observed seven times in each of the variants
and control and every change in the marked
vines (plants) and bunches was recorded.
Ampelotechnical measures (defoliation of
the leaves around the bunch), irrigation and
summer plowing, depending on the variant, was
performed on 15 August. The veraison phase
(onset of ripening) began on 17 August. On 22
August, it rained up to 20 mm. In addition to
the monitoring of the disease, grape sugar was
regularly measured. Technological maturity in
the variety Vranec was noticed on 1 September.
On 7 September, a sample of 30 bunches was
taken from each variant, and together with the
control, a statistical calculation of the results
was carried out.

RESULT AND DISCUSSION

This analysis aimed to create a model
where the infectious characteristics of the grey
mould would be elaborated. In developing
this model, the infectious properties of grey
rot depended on external factors. Base on the
way in which the B. cinerea infection occurs, the
working hypothesis can be roughly divided into
two parts: (i) infections arising from conidia that
first adhere to the surface of the grape berries,
build a germ tube, form an appressorium and,
finally, hyphae are produced that penetrate the
tissue; (ii) formation of mycelium structures by

which the infection spreads among the grape
berries. The way of infection who make the
conidia differ from the infection they make
mycelium structures from grape berry to
grape berry (Elmer & Michailides, 2007). The
infection of grape berry by conidia that arrive
by air and stick to the surface of the epicuticle
is characterized by a lower speed relative to
the infection that occurs with already formed
mycelium structures on the bunches. The
first mode of contamination that arises from
conidia adhered to the surface of the grape
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berry depends on the micro-conditions of the
grapevine, and so certain ampelotechnical
measures can be undertaken that influence the
speed of development of the disease, i.e., slow
down the infectious process. In contrast, in the

second mode of contamination when mycelium
structures have already formed, the infectious
process is very difficult to control only with
ampelotechnical measures and can reduce the
production of grapes.

Table 6. Development of Botrytis cinerea disease during the working hypothesis.

Period of disease observation and assessment of Statistical
diseased bunches with calculation
VARIANTS software BRAT ( Bunch Rot Assessment Trainer) in % of
10 results in %
Aug. 14 [ 18| 22 | 26 | 30 | 03 | o7
Aug. | Aug. | Aug. | Aug.| Aug. | Sept. | Sept.
Treatment against
Without B.cinera under irrigation 0 0 1 2,1 4,9 8,7 13,5 18,2
defoliaton condition
around the Treatment against
bunches B.cinera in dry condition | O 0 05 | 07 | 1,3 | 27 | 35 53
I Pyrimethanil Treatment against
i B.cinera in dry condition
Il.Boscali ; ;
with summer plowing 0 0 13 2.2 57 63 9.1 13,4
Il. Boscalid
Treatment against
With B.cinera under irrigation 0 0 1 23 4 7,8 10,3 13,7
defoliation condition
around the Treatment against
bunches B.cinera in dry condition | O 0 0 0,5 1 1,2 1.7 2,2
|.Pyrimethanil Treatment against
B.cinera in dry condition
Il.Boscalid with summer plowing 0 0 1 15 3 7 6.3 10
Ill.Boscalid
CONTROL 0 0 1,7 5,6 12,8 23,7 48,7 70

Control of B. cinerea is difficult because the
pathogen creates a huge number of conidia,
the grey mould attacks the grapevine at various
stages of its development, and there is still no
reliable method for prognosis of the disease.
Consequently, often fungicidal treatments
are applied, quite unjustifiably,which pollutes
the environmentand places the health of
the consumers at risk. It is very difficult for an
organism to be placed in a certain frame, such
as statistical formulas, and to obtain relevant
indicatorssince many unknown factors are

likely to act. At the beginning of the infectious
process, the rate of infection varied with one
arithmetic progression, as can be noted in Tab. 6
variant” Treatment against Botrytis cinerea in dry
conditions” (0.0, 0.5, 1.0, 1.2, 1.7, 2.2). However,
when mycelium structures of the pathogen had
formed on the surface of the bunch, the rate of
the infection moved according to a geometric
progression, and this was most visible in the
control (1.7, 5.6, 12.8, 23.7, 48.7, 70.0, Tab. 6). If
the control is presented in the form of a graph,
the curve displays exponential features (Fig. 1).
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Figure 1. Graphic for disease observation and disease development in %.

When the variants with and without
defoliation were compared (Tab. 6) where
identical agrotechnical measures were assumed
(i.e., treatment against B. cinerea in dry conditions,
summer plowing in the veraison phase (onset of
ripening) and irrigation), although there were no
drastic differences in the percentage of numerical
values of diseased bunches, the infectious
process was somewhat faster in the variants
without defoliation, possibly due to the higher

epercentage of relative air humidity around
the bunches. The assumption determined by
the working hypothesis that it is possible in
field conditions to control the disease using
ampelotechnical measures proved accurate in
variants with defoliation: treatment against B.
cinerea in dry conditions (96.1%), and treating
in dry conditions with summer plowing in the
veraison phase (onset of ripening) (96.1%), at the
5% level of significance (Tab. 7).

Table 7. Sum of data between variables for determining the working hypothesis.

Infection index Efficiency of fungicide | Allowed a level
according to formula of | according to formula | of significance of
VARIANTS Mc-Kinney(%) of Abott (%) 5%
Without Treatment against
defoliaton B.cinerea under
around the | irrigation condition 28 654 934
bunches Treatment against
B.cinereain dry
I. Pyrimethanil condition 22,2 72,5 94,7
l.Boscalid Trea'Fment ggalnst
B.cinerea in dry 5 653 93
i, . 7.7 5, =
1. Boscalid condition W't.h
summer plowing
With Treatment against
defoliation B.cinerea under
around the | irrigation condition 30,8 61,9 92,7
bunches Treatment against
) ) B.cinerea in dry
I.Pyrimethanil condition 16,6 79,5 96,1
l.Boscalid Trea'Fment fagalnst
B.cinerea in dry
it ; 16,6 79,5 96,1
lll Boscalid condition with
summer plowing
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CONCLUDING REMARKS

The most spreaded and scientific observed
plant disease, grey mould (Botrytis cinerea)
provokes severe damages and yield loses in
grapevine (Vitis vinifera). This is first research
determined that ampelotechnical measures
that can be used to influence the development
of the disease by reducing the number of
chemical treatments. The black grapevine
variety Vranec was continuously observed in the
experimental field located at Kraiste, Kavadarci,

Republic of Macedonia. The working hypothesis
follow the development of the disease 14
days after the last treatment, when the impact
of the fungicide decreases and by applying
agrotechnical measures and green operations
to control the development of the disease.
Those variants where there was a reduction
of irrigation and which they were applied
ampelotechnical measures was significantly
lower intensity of infection in relation of control.
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FROM OCCURRENCE OF GREY MOULD (Botrytis cinerea)

BJIMJAHUE HA AMNENOTEXHUYKWUTE MEPKW BO 3ALUTUTA HA BUHOBATA JIO3A O
APUMUHUTENOT HA CUBO THUESE (Botrytis cinerea)

Murop bojko', Cawa Mutpes?, Emunuja Apcos?
'CmydeHm Ha emop yuksyc cmyouu, 3emjodencku pakynmem, YHugepzumem ,loye [lenues” - LLimun,
Peny6nuka CesepHa MakedoHuja
2Kamedpa 3a 3awmuma Ha pacmeHujama u xugomHama cpeouHd, 3emjooesicKu hakyamem,
YHnusep3umem ,loye [Jenues” - LLimun, Penybnuka CesepHa MakedoHuja
*Konmakm asmop: gligorbojkov@yahoo.com

Pesume

CrBOTO rHUEHe Kaj BUHOBAaTa fl03a (Botrytis cinerea) npean3BnKyBa CEPUO3HM OLITETYBaHa U
ronemMm eKOHOMCKM 3arybm Bo Npor3BOACTBOTO Ha BUHOBa no3a (Vitis vinifera). OBa uctpaysarbe
CTaBM NocebeH akLEeHT Ha BAWjaHMETO Ha aMMeSIOTEXHMUKIMTE MEPKIM KOM MOXKe ia Ce KopucTaTaT fAa
BNIMjaaT Ha cnpeyyBahe Ha Pa3BojoT Ha bonecTa co HamasnyBare Ha 6POjoT Ha XeMUCKN TPEeTMaHM.

LipHaTaBMHCKacopTaBpaHeLbelwenpegMmeTHanocTojaHoHab by AyBaHe BOeKCNePYMEHTaIHOTO
none nounpaHo Bo Kpanwre, KaBagapuw, Peny6nnka CeBepHa MakegoHuja. loctaBeHaTa paboTHa
XMMnoTe3a MMalle 3a LUen Aa ro csiefn pa3BojoT Ha 6bonecta 14 geHa No NoC/egHNOT TPeTMaH, Kora
BNANjaHMeTo Ha GYHrMUMAOT ce HamanyBa W MPeKy NPUMEHA Ha arpoTEXHUYKM MEPKU U 3eNeHn
ornepauuun, fa ce M3BPLIN KOHTPOJSA Ha Pa3BojoT Ha 6onecta. OHMe BapujaHTU Kage LWTO MMalle
HamaslyBahe Ha HaBOJHYBaHETO 1 3a KOW Ce NPUMeEHYBaa aMmnenoTeXHNYKUTE MEPKU 3HAUNTENHO
ro Hamasnmja UHTEH3UTETOT Ha MHeEKLMja BO OAHOC Ha KOHTposaTa.

Kﬂy‘-IHI/I 360pOBVI: amnesiomexHu4dyku MepKu, XeMucku mpemmaHu, dazpomexHu4yku Mepku,
3eJieHu onepayuu, uHmeH3umem Ha UcheKuuja, KOHmMpona.
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Abstract

The acid coagulation is the main processing step in the yoghurt production and has a great impact
on yogurt texture, microstructure and rheology, contributing to the overall sensory and visual product
perception by the consumer. The objective of this paper was to study the different stages of acid gel
formation by turbidimetric and conductometric methods. The non-destructive methods were used to allow
the differentiation of three regions: latent phase (pH = 6.3 + 6.0), exponential phase (pH = 5.9 + 5.4) and phase
of protein structure formation of demineralized casein micelles (pH = 5.3 + 4.6). The mathematical model
obtained by the three-parameter sigmoid function can be used in future studies to predict the change in

conductivity during acid coagulation.

Key words: turbidimetric method, conductometric method, acid coagulation

INTRODUCTION

The acid coagulationis the main processing
step in the yoghurt production. This process of
acid gel formation has a considerable impact
on yogurt texture, microstructure and rheology,
contributing to the overall sensory and visual
product perception by the consumer.

The gradual accumulation of lactic acid and
respective decrease in pH, significant physical
and chemical changes in micellar structure of
casein are observed. The acidification of milk
disturbs the internal structure of casein micelles,
which results from the dissolution of colloidal
calcium phosphate (Dalgleish & Law, 1982).

As reported by Lucey (2004), the
physicochemical mechanism of acid gel
formation can be divided at three pH range:1)
6.7 +6.0;2) 5.8 +5,0and 3) <4.8.

By lowering the pH from 6.7 to 6.0 the
negative charge of casein micelles decreases,
which leads to a weakening of electrostatic
repulsion (Lucey, 2007; Phadungath, 2005). At
this pH range no change in the size of the casein
micelles is observed since only a small portion
of the colloidal calcium phosphate is dissolved

at pH> 6.0.

At pH values between 5.8 and 5.0 a
significant amount of colloidal calcium
phosphate dissolves, which causes the

weakening of the intracellular interactions
between the casein fractions and increasing the
size and degree of hydration of the micelles.

Lowering the pHt0 4.6 (theisoelectric point
of casein) leads to a weakening of electrostatic
repulsion between casein molecules and an
increase in attraction forces between casein
particles (Horne, 1998). As aresult of the physical
and chemical changes in micellar structure, it is
formed a three-dimensional protein network
of clusters and chains of demineralized casein
micelles (Lucey, 2004).

The objective of this paper was to study
the different stages of acid gel formation by
turbidimetric and conductometric methods.
The change in the optical properties of milk
during acid coagulation as well as the change
in electrical conductivity allows the use of these
physical methods for the study the overall
process of formation of the acid gel.
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MATERIAL AND METHODS

Starter culture

Commercial freeze-dried yogurt cultures
(Laktina, Bulgaria) which are a mixture of
Streptococcus salivarius subsp. thermophilus
and Lactobacillus delbrueckii subsp. bulgaricus
were used (LAT BY 8).

The low fat ultra — high temperature (UHT)
processed cow’s milk was incubated at 45 °C
which is the optimal growth temperature of
the strains. The process was considered finished
when pH value of 4.6 was reached.

Measurement of pH

The pH was measured using a pH meter
equipped with a combined electrode (Schott
instruments, GmbH, Deutschland, Germany).
The pH meter was calibrated with standard
buffer solutions of pH = 4.0 and 7.0 before use.
The pH was monitored until the pH value of 4.6
was reached (isoelectic point of casein).

Turbidity monitoring

Turbidity experiments were carried out
in a 2 L vessel (5) connected to a circulating
water bath (6) at 45 °C. The changes in turbidity
(A1) of milk were monitored by a portable
turbidity meter (3) (McVanAnalite NEP 160
Series, Mulgrave, Australia).This device uses
near-infrared (NIR) light (860 nm), allowing each
particle in the fluid to reflect the falling beam
at 180°. The reflected beam at 180° is captured
by a second fibre optic network and transmitted
to turbidity sensor (7) that transforms the signal
into Nephelometric Turbidity Units (NTU).

The recording of data was performed using
a Data logger (Almemo 8990-8V5, Ahlborn,
Holzkirchen, Germany), connected to a personal
computer.

Figure 1. Experimental setup of acid milk coagulation by using aturbidity meter and a conductivity meter
(1 - conductivity meter, 2 - pH meter, 3 - turbidity meter, 4 - pH electrode, 5 - thermostatic vessel, 6 - thermostat,

7 - turbidity sensor).
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The change in the turbidity (At) was
calculated as a difference between turbidity
(r) at time (t) and initial milk turbidity (t,)
(OuldEleya et al., 1995).

At=1-T7,

where:

At is the change of turbidity, NTU;

T, - initial turbidity of the milk before
inoculation, NTU;

T - turbidity of milk at time t, NTU.

The first derivative (dt/dT) of the
turbidimetric profile was calculated as a
function of time using 40 data points. The
second derivative (d2t/dT) was calculated using
a similar procedure. All measurements were
carried out at least in duplicate.

Conductometric monitoring

The electrical conductivity (G, mS.cm™) was
measured using a conductivity meter  (model
CDM 210, Radiometer Analytical SAS, France).
The conductivity meter was calibrated in the
range of 0+10 mS.cm™ by using a KCl solution.

Numerical differentiation of the pH and
electrical conductivity data was performed
to determine the rate of change of these
parameters over time.

Statistical analysis

The statistical analysis, mathematical
modelling and graphs were performed using
Sigma Plot v.11.0. The resulting data was
processed by dispersion analysis at significance
level p =0.05.

RESULTS AND DISCUSSION
Monitoring of acid coagulation by turbidimetric method

The change in milk turbidity during
coagulation due to the increase in the size of
casein micelles justifies the use of this optical
method in the study of the process and its
individual phases.

12000

The numerical differentiation of the
turbidity data (A1) obtained during the acid
coagulation with LAT BY 1-8 is shown in Figure
2-B.
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Figure 2. Change of AT (m) and pH ( A) during the acid coagulation of milk inoculated with a starter
culture LAT BY 1-8 at 45 °C (A). First (dt/ dT) (m) and second (d2t/ dT) (e) derivative of Atas a function

of time (B).
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Based on the identified inflection points
(Tmax, T2max and Tmin) of the curve of
turbidity (AT) can be differentiate three phases
characterized by different dynamics in the
velocity and acceleration of the ongoing process
(Figure 2-A).

The first phase can be conventionally
defined as a latent phase during which a slight
change in At was established. This change was
in the order of 420 NTU (at baseline turbidity 1
NTU) for a time of 40 min. This phase was set at
a pH values between 6.3 and 6.0.

In agreement with Lee and Lucey (2004),
lowering the pH from 6.6 to 6.0 results in a
reduction in electrostatic repulsion between
casein micelles as a result of a decrease in their
surface negative charge.

The second phase (pH 5.5) of acid
coagulation can be determine as an exponential
phase and corresponds to a rapid increase of
the values of the nephelometric units (NTU).
This change can be explained by the increase in

the size of the case in micellesin the indicated
pH range. The significant increase in turbidity
at the pH range of 5.4 + 5.5 was also found by
McMahon (2009) in a spectrophotometric study
of acid coagulation at 40 °C.

After reaching the Tmax it was set up a
delay in the rate of At (T2min) at pH = 5.4. At
this pH range the third phase is observed during
which a protein structure of demineralised
casein micelles is formed. At pH 52 + 5.0
a significant amount of colloidal calcium
phosphate dissolves (Dalgleish, 1989), which
leads to weakening of the micellar interactions
between casein fractions. In the pH range of 5.3
+ 4.6 the spatial structure characteristic of acid
gels is finally formed, and thus the beginning of
the last phase of the gel formation.

Similar changes in the turbidimetry profile
of acid coagulation were also found by Bringe
and Kinsella (1990) at 25 °C, Banon and Hardy
(1991; 1992) at 30 and 42 °C and McMahon
(2009) at 40 °C.

Monitoring of acid coagulation by conductivimetric method

The resulting curves for the change in
active acidity and conductivity as well as their
first derivatives (dpH/dt=f (t) and dG/ dt =f (1))
are shown in Figure 3 and 4.

The pH curve (Figure 3) shows a decrease in
its forming values, whereas that of the electrical
conductivity (Figure 4) has an increasing profile.
This is related to the amount of lactic acid
produced, which leads to a decrease in pH and
increase in the electrical conductivity (G) of milk
due to the accumulation of H* and lactate ions
during the lactic acid fermentation.

At pH 6.1 + 6.2 for a period of 40 + 45
min there was observed a slightly delay in the
acidification rate ((dpH/dt)1) and up to 80 min
had no effect on it. After this time interval,
the second inflection point ((pH/dt)2) was
established, indicating the attainment of the

highest rate of reduction of the active acidity.
According to the data obtained, the velocity
was significant in the range of 110 + 115 min,
and the H* concentration achieved was 5.6
(Figure 3).

The highest rate of acid formation was
reached after a period of 70 min into account
the maximum in the rate of change of electrical
conductivity ((dG/dt)1) (Figure 4) corresponding
to the start of accumulation of lactic acid during
of lactic acid fermentation.

After the intensive acidification process, a
moderate acidification step, which starts in the
range of 160 + 170 min (pH = 5.3) follows the
second conductivity minimum (Figure 4). From
this moment to the end of the studied process,
the process was monitored evenly in terms of
lactic acid accumulation and conductivity.
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Figure 3. Change in pH of milk (m) inoculated with LAT BY 1-8 and the first derivative (dpH/
dt) (A) as a function of time.
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The mathematical model of the data
describing the change in conductivity during
acid coagulation, was performed by non-linear
regression (Figure 5). From the normality test
it was concluded that the data are normally
distributed (W =0.9600) at a level of significance

p < 0.05, which allows to continue statistical
procedure.

The results of the statistical analysis,
including regression coefficients (R) of 0.9993,
are an indicator of the correct description of the
experimental data from the selected function.

The function is a sigmoid with three parameters: a, b and x0.

f=a/(1 + exp(-(x-x0)/b))

The pattern of change in conductivity during acid coagulation with LAT BY 1-8 has the following

form:
f=1.5281/(1 + exp(-(x-109.1578)/29.2098))
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Figure 5. Regression model of the change of electrical conductivity during the acid coagulation.

The analysis of the results of the study of the
change of conductivity in the course of the acid
gel production showed a similar mechanism in
the rate of lactic acid accumulation. Significant

inflection points were found at close pH values,
confirming the turbidimetry evaluation of acid
coagulation.

CONCLUDING REMARKS

In consonance with the physicochemical
changes established during acid gel formation,
three pH ranges could be differentiated by the
turbidimetric and conductometric methods.

A moderate acidification rate was demon-
strated by an analysis of pH change and
conductivity results in the range of pH = 6.0 +
6.2t0 5.1 +5.2.

The analysis of the results of the study of the
change of conductivity in the course of the acid

gel production showed a similar mechanism in
the rate of lactic acid accumulation. Significant
inflection points were found at close pH values,
confirming the turbidimetry evaluation of acid
coagulation.

The resulting mathematical model by
sigmoid function with three parameters can be
used in future research to predict a change in
electrical conductivity during acid coagulation.
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Pesnme

Koarynaumjata Ha KMCeNUHa e rMaBHMOT YeKOp Ha MPOM3BOACTBO Ha jorypToT U MMa roiemo
BNMjaHME BP3 TeKCTypaTa Ha jOrypT, MUKPOCTPYKTypaTa W peonorvjata, NpUAOHEeCyBajKku 3a
LienoKynHaTa CeH3opHa 1 Bu3yenHa nepuenuuja Ha noTpolyBayoT. Llenta Ha oBoj Tpyn Gelwe
fa ce npoyuyat pasnuyHuTe ¢pasn Ha dopMuparbe Ha KUCENMHCKM ren co TypOuaoMeTpucku u
KOHAYKLMOHOMETPUCKN MeToaMn. HedecTpyKTUBHMTE MeTOAM KOM Ce KOPUCTaT OBO3MOXYyBaaT
andepeHUnjaLnja Ha TPy pernoHn: nateHTHa ¢asa (rN = 6,3 + 6,0), ekcnoHeHumjanHa ¢asza (rIN=5,9 +
5,4) n daza Ha bopMmpare Ha NPOTeNHCKa CTPYKTypa Ha AeMUHepanm3npaHun KaseMHCKN Muuennm
(pH = 5.3 + 4.6). MaTtemaTMuKMOT Mofen AobueH co TpMnapameTapckaTta curmonaHa GyHKUmja Mmoke
[a ce KOpWCTU BO MAHMWTE CTyAUN 3a Ja ce npeaBuAn NpoMeHaTa Ha ClpOBOA/IMBOCTA 3@ BpeMe Ha
Koarynaumjata Ha KNCENINHN.

KnyuHn 360poBu: mypbudomempucku memood, KOHOYKUUOHOMEMPUCKU Memoou, Kodzy/1ayuja
Ha KucesuHa.
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Abstract

Rapeseed oil is obtained by cold pressing of rape seeds. It is performed at low temperature and therefore
all valuable components are stored, which give it great biological value. At high temperature, light, oxygen and
heavy metals, oils oxidize and harmful oxidation products, peroxides are created.

There were analysed rape seeds “Fila” in which the garlic was added to increase its stability. The peroxide
number of this oil is determined under different conditions. Change the volume of the oil in the bottle, the light
and the time of storage.

In the oil stored in the dark after 1 and 2 weeks, only the oil with a volume of 250mL after 2 weeks is not for
use and has a peroxide number of 7.87. After 3 and 4 weeks, the oils of 250 and 500mL have a peroxide number
greater than 7.5, or have peroxides more than the permitted. All is kept in the light have higher peroxide
numbers of oils kept in the dark, under the same conditions. All analysed oils after 3 and 4 weeks in the light,
have peroxides more than the permitted according to the Oils Rules and fats and oil quality

The light and time of storage are proportional, and the volume of the oil is inversely proportional to the

peroxide number.

Key words: cold pressed oil, peroxide number, analysis, oil volume

INTRODUCTION

Rape seed contains a large number of
unsaturated fatty acids, which play an important
role in lowering LDL cholesterol levels, which
is a major factor in cardiovascular disease
(Schwingshackl et al., 2018; Gustafsson et al,
1994). The rapeseed oil has high polyphenols
contentand naturalcomponentswith significant
antioxidant activity (Kostadinovic-Velickovska &
Mitrev, 2013; Szydtowska-Czerniak, 2013).

Cold pressing is used to obtain rapeseed
oil, therefore all the valuable components that
give a high biological value to the final product
are stored (Gunstone, 2009; Dimic, 2005). The
difference between cold pressed oils and refined
oils is in the chemical properties (Pavlovska et
al.,, 2016). Their biological value is higher, but
they oxidize faster and their stability is lower.

Chemical changes in oils begin under
the influence of air, light, temperature and
heavy metals (Fe, Cu, Mn, Co, etc.). After longer
standing, the oils might oxidize due to the

influence of the oxygen in the air (Crapiste et al.,
1999; Pavlovska et al., 2017). During the process
of frying, increasing the temperature increases
their oxidation. (Pavlovska et al., 2017, Berger,
1994; Sadoudi et al.,, 2014; Farhoosh et al., 2013).
Peroxides are the main oxidation productsin the
oils and they are determined by the peroxide
number. When the peroxides increase, their
stability, decrease and they become harmful to
use.

Oxidation products in fats and oils are very
harmful to human health and are the cause of
many diseases. Most of them are carcinogenic,
and are thought to have contributed to the
onset of Parkinson’s disease (Barrera, 2012;
Farooqui & Farooqui, 2011).

Oxidation products are very harmful to
human health, therefore it is necessary to
reduce their quantity as much as possible. For
that purpose, antioxidants are added to the oils
and foods with high percentage of oils. They
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can be artificial and natural. Essential oils of
rosemary, oregano, sage, ginger, cloves, mint,
garlic, basil, fennel and others showed high
antioxidant stability (Yanishlieva et al., 2006;
Ozcan, 2003; Piedrahita et al., 2015; Bravi, 2016;
Al-Dalain, 2011).

The purpose of this paper is to determine
the stability of oil from oilseed rape under
different storage conditions. The influence
of three factors on the stability of the oil is
determined: the light, the amount of oxygen in
the bottle and garlic as an antioxidant.

MATERIAL AND METHODS

For the analysis, cold-pressed oil from the
seeds of oilseed rape from the producer “Fila”
was taken. 8 bottles of oil with a volume of 1
litre were used. In two bottles, the volume of the
oil remains 1L, and in 6 bottles, a portion of the
oil is taken away, so the oil volume is reduced
to 750mL, 500mL and 250mL. In all, 8 bottles
of different volume, 20g of garlic is added. Four
bottles with a volume of 1L, 750mL, 500mL and
250mL, containing garlic, are stored in a light,

and four bottles with a volume of 1L, 750mL,
500mL and 250mL, containing garlic, are stored
in the dark.

The peroxide number of these oils stored
under different conditions is determined. The
peroxide number is an indicator of the oxidation
of the oil and it is determined according to
the I1SO 3960: 1998 method. Analyses were
performed after one, two, three and four weeks.

RESULTS AND DISCUSSION
Figure 1 shows the peroxide number dependence of the oil volume and storage time when

storing the oil in the dark.
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Figure 1. The dependence of the peroxide number on the storage time and volume of the oil from oilseed

rape with garlic supplement, stored in the dark.

As seen in the picture, by reducing the
volume of the oil in the bottle, the peroxide
number increases. This is because when the
volume of the oil reduces, the amount of oxygen
in the bottle is increased. The smallest changes
in the peroxide number are in the oil with a
maximum volume of 1L. This oil, compared to
the oils with smaller volume, has the smallest

peroxide number after 1, 2, 3 and 4 weeks of
storage. The peroxide number dependence
on the storage time is proportional, or the
longer the oils stored, the higher the peroxide
numberis. The largest increase in the peroxide
number after each week of storage is when the
oil volume is reduced from 750mL to 500mL.
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Figure 2. The dependence of the peroxide number on the storage time and volume of the oil from
oilseed rape with garlic supplement, stored in the light.

Figure 2 shows the peroxide number
dependence on the oil volume and storage time
when the oil is stored in the light. For oils of 1L
and 750mL, the biggest change in the peroxide
number is between the second and third week.
In the 750mL oil, the difference in the peroxide
number between the third and fourth week is
minimal. For all oils keptin thelight, the peroxide

number increases with increasing storage time
and reducing the volume of the oil.

In figure 3, the values obtained for the
peroxide number in the analysed oils stored in
the dark are compared to the maximum allowed
concentration (MAC) for the peroxide number
in cold pressed oil given in the Rulebook for oils
and the quality of fats and edible oils.
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Figure 3. Peroxide number of cold pressed oils from oilseed rape with garlic supplement, stored in the

dark.
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Oils with a volume of 1L and 750mL, after
1, 2, 3 and 4 weeks of storage in the dark, have
a lower peroxide number than the MAC. There
is oxidation in them, which increases when the
storage time increases as well, but it is very
small and it is within the limits of the permitted
values. The oil with volume of 500mL after 1
and 2 weeks of storage in the dark is good for
nutrition, but after 3 and 4 weeks it should not
be used because the peroxide number is greater
than the MAC. The peroxide number in the oil

with volume of 250mL, is lower than the MAC
only after 1 week of storage in the dark, while
after 2, 3 and 4 weeks the values are higher than
the permitted values.

The obtained values for the peroxide
number in the analysed oils, stored in the light,
are compared to the MAC for the peroxide
numberin cold pressed oil given in the Rulebook
for oils and the quality of fats and edible oils and
are shown in Figure 4.
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Figure 4. Peroxide number of cold pressed oils from oilseed rape with garlic supplement, stored in the light.

Oils with volume of 1L and 750mL, stored
in the light, after 1 and 2 weeks of storage have
a peroxide number smaller than the MAC. In
these oils, after 3 and 4 weeks of storage, the
peroxide number is higher than the MAC values
and has occurred high oxidation, so they are

harmful to use. For oil with a volume of 500mL,
oxidation is within the permitted limits only
after 1 week. The oil with volume of 250ml has
a high oxidation rate after 1, 2, 3 and 4 weeks of
storage and it is not recommended for use.

CONCLUDING REMARKS

We analysed cold pressed oils from oilseed
rape seeds from producer “Fila”. 8 bottles of oil
were analysed, four of which with a volume
of 1L, 750mL, 500mL and 250mL, were stored
in the light, and the other four with the same
volumes were stored in the dark. Garlic was
added in all bottles, as an antioxidant, to
increase their stability. The peroxide number,
which is a measure of the stability of the oils, is
determined. From the obtained results we can
conclude that the peroxide number increases
when the storage time is increased and the
volume of the oil is reduced. The longer the
storage is, the lower the stability becomes.
Light has also a major impact on the oil stability.

Under the same conditions, the analysed oils
stored in the light have a higher peroxide
number than the analysed oils stored in the
dark. Regarding the oils stored in the light, only
the oils with a volume of 1L and 750mL, after
storage of 1 and 2 weeks, and oil with volume
of 500mL stored for 1 week, show a satisfactory
stability. The remaining oils stored in the light
have a peroxide number higher than the MAC.
The peroxide number of oil stored in the dark is
above the MAC in oils with a volume of 500mlL,
after 3 and 4 weeks of storage and in oils with
a volume of 250mL, after 2, 3 and 4 weeks of
storage.
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CTABUJIHOCT HA MACNIO Of MACJIOAJHA PEMKA CO IVK NMPU PA3HU YCJTOBU

XpuctuHa EdTnHymjocka’, fopuua MNaenoscka'
"TexHOMMOWKO-MexHUYKU ¢hakynmem - Benec, YHusepaumem ,Ce. KnumeHm Oxpudcku” - bumona,
Peny6nuka CesepHa MakedoHuja

*KoHmakm aemop: gorica.pavlovska@uklo.edu.mk

Pesume

MacnoTo op penka ce fobrBa co NaiHO NpecyBabe Ha CEMKNTe off perka. Toa ce BpLUM Ha HMUCKA
TemnepaTtypa 1 3aToa ce 3a4yByBaaT CUTe BPedHW KOMMOHEHTU Kou My [aBaaT ronema bronoulka
BpeaHoOCT. [pun BMCOKa TeMnepaTypa, CBET/IHA, KUCIIOPOA 1 TeLLKX MeTann, macnaTta OKCuanpaart v
Ce COo34aBaart WTETHN OKCUAALMOHM NPOM3BOAN, NEPOKCUAN.

AHanusunpaHo e Macno of cemKkuTe o penka,Pnna” Bo Koe e JogafeH nykK 3a 3roneMyBahe Ha
HeroBaTa cTabunHoct. OnpepeneH e NnepokcUMAHNOT 6POoj Ha OBa Macs1o YyBaHO NP Pa3HU YCIOBMU.
Ce MeHyBaaT BONYMEHOT Ha Mac/0TO BO LWNLLETO, CBET/IMHATA 1 BPEMETO Ha YyBatbe.

Bo macnoto yyBaHO Ha TemMHO Mo 1 1 2 Hegenu camo MacsioTo co BoslymeH of 250 mL no gse
Hefenu He e 3a ynotpeba 1 nma nepokcuaeH 6poj 7,87. Mo 3 1 4 Hegenu macnarta co BONYMeH of
250 n 500 mL nmaaT nepokcuaeH 6poj norosem of 7,5, OAHOCHO MMaaT nepokcuam noseke o
po3sonieHoTo. CMTe Macsia YyBaHW Ha CBET/IO MMaaT MOBUCOKU NMepoKcMaHu 6poeBn of macsara
YyyBaHM Ha TeMHO Npu UCTK ycnosu. CuTe aHanM3npaHn macna no 3 u 4 Hegenm CToere Ha CBETNOo
YIMaaT NepoKCMan noBeke of A03BoeHOTO cropeq [MpaBUNHUKOT 3a Macsia U KBanuTeT Ha MacTu U
Macrna 3a jageme.

CBeTnMHaTa 1 BPEMETO Ha YyBakbe Ce NpaBoMnponopUMOHaNHK, a BONYMEHOT Ha MacnioTo e
obpaTHoNponopLMOHasieH Co NePOKCUAHNOT 6poj.

KnyuHun 360poBu: 1a0HO yedeHO MAacs1o, nepokcudeH 6poj, aHaau3a, 80symMmeH Ha MAacsio.

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 17, No. 1, pp.51-56
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Abstract

The role of alfalfa (Medicago sativa L.), as the highest quality forage culture, in the development of
agricultural production and the intensification of forage production is due to the ability to ensure high yield,
has the ability to regenerate continuously and possess high nutritional value. The crops of alfalfa were analyzed
from different locations in Tetovo, Skopje and Ovche Pole regions on the territory of the Republic of North
Macedonia. For proper growth and development, it is necessary to have a sufficient amount of mineral matter
in the soil. AAS (atomic absorption spectrophotometry) is used to determine the mineral composition. The
experimental part in which the determination of the presence of mineral matter was made, according to the
results of the measurements in the slopes and regions, only the manganese in the second slope was shown
a significant difference between two groups: Tetovo region and the second group - Skopje and Ovche Pole
region for p <0.05. Also, the iron in the second slope was shown a significant difference for p <0.05 between
two groups of regions: the first group Tetovo region and the second group Skopje and Ovche Pole region.

From the examination it follows that the representation of macro and micro elements meets the basic
criteria and that alfalfa can be recommended for growing in the examined regions, thus obtaining high yield

and good quality.

Plant nutrition is the basis for obtaining high quality crop production.

Key words: forage culture, mineral matter, macroelements, microelements

INTRODUCTION

One of the most important processes
in the growth and development of plants is
the physiology of mineral nutrition. Mineral
nutrients are essential for normal life of plants
and animals. Plant nutrition through the
root system is better known as plant mineral
nutrition. The mineral nutrition of plants is
the absorption of mineral elements from the
external environment and their involvement
in the physiological processes in the plant
(Angeleska et al., 2011). Nutrients are all those
chemical elements necessary for the normal
growth and development of plants. The
availability of minerals in the soil is important,
as it affects the productivity of agric. crops. In
our research the forage crop of alfalfa (Medicago

sativa L.) is examined. It is one of the most
widespread, most important and best quality
perennial leguminous forage crops. Alfalfa
is of very high nutritional quality as animal
feed. It is characterized by the ability to ensure
high yield and quality protein food, possesses
high nutritional value and it has the ability
to regenerate itself continuously (Julier et al,,
2000). Alfalfa abounds with high content of
raw proteins and is of excellent quality, thereby
it surpasses almost all perennial forage plants
(Dinic et al.,, 2005). Alfalfa is enriched with
vitamins, carbohydrates, saponins, mineral
elements and other active components of
vital importance, essential for the growth and
development of animals (Hao et al., 2008).
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Alfalfa captures large amounts of nitrogen,
one part of it is obtained through the soil, and
the other part is accumulated by the symbiotic
nitrogen fixation of the natural atmospheric
nitrogen with the help of Rhisobium meliloti
var. medicaginis (Ilvanovski, 2000).

With the numerous scientific experiments,
it is established that 17 chemical elements are
essential for the life of plants. These are the
elements that participate in the construction
of plants that are often grouped, based on their
presence in plants. That is why they are called
necessary, essential or biogenic elements that
are divided into macro and micro elements.
Besides the essential elements, the plants can
also absorb useful or beneficial elements and
harmful (toxic) elements. The mineral elements,
are part of many organic compounds, they
participate in biochemical reactions and are
important factors for maintaining the integrity
of the cell and its parts (Spasenoski and
Gadzovska-Simic, 2009).

For the proper growth and development
of crops, a sufficient amount of macro and micro
elements in the soil, available for the plants, is
necessary. The meaning of the prefixes macro

and micro only shows the needed quantity of
a certain element without which the plants
could not complete their life cycle if there is
any deficiency in both of them, and in no way
shows the general significance, because for the
life of plants each of the previously mentioned
17 elements is necessary (Trajkova et al., 2017).

According to the way of their participation
in the plant metabolism micro elements
significantly differ from most macro elements.
Namely, their effect is predominantly catalytic.
They act on plants at very low concentrations,
often  strictly specificc. However, their
composition in the dry matter of plants is
negligible compared to some constitutional
macro elements (C, N and P) (Cvetanovska et al.,
2015).

Plant nutrition is an agro-technical
measure that replenishes nutrient reserves
in the soil needed for growth, development
and fruit-bearing of the plants Jekik (1983).
Proper nutrition increases plant resistance to
diseases and pests, as well as to high and low
temperatures. It also has a positive impact on
the quantity and quality of crop yields (Avramov
1999, Pemovski 1981).

MATERIAL AND METHOD

Plant material

The object of the examination was alfalfa
(Medicago sativa L., collected from three
different regions, in three slopes on the territory
of the Republic of North Macedonia:

« Tetovo region: Bogovinje, Vrutok,
Dzepchishte, Galate, Zelino, Pechkovo and
Jegunovce;

« Skopje region: Avtokomanda, Sopishte,
Drachevo, Saraj, Radishani, Vlae and
Glumovo and

o Ovche Pole region: Cheshinovo, Karbinci,

Obleshevo, Lozovo and Mustafino.

The material was collected during the
vegetative cycle of alfalfa. The experiments
were carried out on prepared matrix solution
using atomic absorption spectrophotometry
(AAS). The experiment used a measured dry
plant material of 1 g, which was then transferred
to a combustion flask. Three repetitions have
been made for AAS analysis.

Method for determination of mineral composition

In plants mineral nutrients are obtained
by combustion of organic matter at high
temperature. The method for determining the
mineral elements in the plant material includes:
combustion of organic matter, preparation of the
matrix solution and quantitative determination
of the mineral elements in the matrix solution.

The chemical analysis in the mineral part of
the plant material is done after the combustion
of the organic matter. The combustion of
the organic matter can be both dry and wet.
The method of dry combustion of the plant

material is carried out in a high temperature
furnace (450-550°C) for 60-90 minutes. During
this process, organic substances combust and
separate as a gas form CO,, N, H,O and the
unburnt mineral part remains in a form of white
ash. If the ash contains black spots that originate
from the non-combustible organic matter,
then several crystals of ammonium nitrate or
several drops of alcohol are added. The wet
combustion method includes treatment of the
plant material with strong mineral acids. The
dried and grinded plant material (1 g) is putin a
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combustion flask. Then 10 ml of the combustion
mixture are added to the flask and the flask is
placed on a sand bath. When white steam
starts to emerge from the flask, the combustion
of the organic matter is completed. At the
end of the combustion process, the mineral
residue (white sediment) is repeatedly rinsed
with distilled water and collected in 100 ml
measuring flasks. The prepared solution is a
matrix solution used to quantify the content
of the mineral elements. When it comes to
determining mineral composition, chemical
methods increasingly give place to the various
instrumental methods, such as AAS (atomic
absorption spectrophotometry).

The AAS conditions for analysis of the
metals are that the determination procedure
itself is relatively simple, has high specificity, low
detection limit for a large number of elements,
which is very important when working with
diluted solutions or with samples in which
the elements to be determined are traced,
possibility to determine a number of elements
from one single solution, the possibility that a
greater number of elements be determined
by the same instrument, the duration of the
analysis is short, the determination speed is

Statistical analysis

For statistical processing of the research
results, a software programme Statistical
Package for Social Sciences (IBM SPSS Statistics
Software v.23) with a one-way analysis of
variance (ANOVA) was used in order to
determine the significant differences (p<0.05)
between the arithmetic features of the samples.
Subsequent studies were made and the results

large, which is undoubtedly one of the greatest
advantages of AAS in relation to conventional
chemical methods. This method allows direct
results to be obtained.

The concentration area in which the AAS
can be applied is very wide. Traces of metal by
this method are very well determined. Also,
the samples that contain up to 50% tested
components are successfully analysed.

The concentrations determined in the
samples must correspond to areas of the highest
analytical accuracy. It is believed that this area is
usually 20to 200 times the value of the detection
limit, although concentrations close to the
detection limit can still be determined, but with
less accuracy. Thus, when determining the trace
elements, which are usually presentin quantities
close to the detection limits, the expected error
is proportionately higher. The accuracy of the
analysis undoubtedly depends on the extent
to which the avoidance of chemical nature is
avoided as well as the attention with which the
sample is prepared for analysis, especially when
determining the components present at higher
concentrations than the optimum for this
type of determination. With AAS today, a large
number of elements can be determined.

were Post-Hoc analysed using the Duncan's
multiple range test. The testis used to determine
the significance of the difference between
the tested minerals and their diversity level
ranging from 0.05% and 0.01%. A Karl Pearson's
coefficient of correlation between localities and
regions was also used.

RESULTS AND DISCUSSION
Contents of mineral elements in the first slope

The results obtained from the
determination of mineral elements are
presented. We investigated the mineral

elements: Na, K, Ca, Mg, Mn, Zn, Cu and Fe in
alfalfa (Medicago sativa L.). Table 1 shows that
in the first slope, can be seen, in which region
was registered the highest and in which the
lowest content of the examined elements. One
of the tested useful elements was Na, which
has the highest measured content in the Ovche

Pole region and the lowest in the Skopje region.
From the examined macro elements Ca, Mg and
K, calcium has the highest measured content
in Ovche Pole region, and magnesium has the
lowest measured in Tetovo region. From the
examined micro elements Fe, Mn, Zn and Cu,
the highest level of iron was measured in Ovche
Pole region, and the lowest level of copper was
measured in the Tetovo region.
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Table 1. Contents of mineral elements (mg/kg per dry matter) in alfalfa (Medicago sativa L.) from the
examined regions in the territory of the Republic of North Macedonia in the first slope.

Na K Ca

Mg

Mn Zn Cu Fe

Regi-ons Mean

value

Mean
value

Mean
value

Mean

D
value

SD sD

Mean
value

Mean

D
value

Mean value Mean value SD SD

Tetovo 241 +179 19138 +14408 45546 +64106 1070

+443 27 17

641 +669

Skopje 201 +94 7936 +11032 52150 +88043 1235

+298 25 23

386 +313

Ovche Pole 464 +389 14165 +14838 53060 +81883 1433

+427 29 13

=)

647 +470

All regions 285 +244 13702 +13534 49957 +73863 1226

IS FN) RV [FN
L 3 N R

+396 27 18

548 +497

In the first slope in the Tetovo region, it was
shown strong positive significant correlations
the following pairs of elements: Mg-Mn (r=0.808,
p=0.028 <0.05), Mg-Cu (r=0.773, p=0.042 <0.05)
and Mn- Fe (r =0.785, p=0.036 <0.05).

In the first slope in the Skopje region, it was
shown strong positive significant correlations
the following pairs of elements: Mg-Mn
(r=0.898, p=0.006 <0.05), Mg-Zn (r=0.882,
p=0.009 <0.05) and Mg-Cu (r=0.910, p=0.004

<0.05), Mg-Fe (r =0.945, p=0.001 <0.05), Mn-
Zn (r=0.945, p=0.001<0.05), Mn-Cu (r=0.859,
p=0.013<0.05), Mn-Fe (r=0.926, p=0.003 <0.05),
Zn-Cu (r=0.774,p=0.041<0.05),, Zn-Fe (r=0.898,
p=0.006 <0.05), Cu-Fe (r=0.783, p=0.037 <0.05).

In the first slope in the Ovche Pole region,
it was shown strong positive significant
correlations the following pairs of elements:
Na-K (r=0.928, p=0.023<0.05) and Mn-Fe
(r=0.947, p=0.015 <0.05).

Table 2. Correlation between the elements in the first slope, in the three examined regions.

Na K Ca Mg Mn Zn Cu Fe
Pearson 11 0262 0162 -0.098 0.161| -0.183 0.054 0211
Na Correlation
Sig. (2-tailed) 0278 0508 0.689 0511| 0452 0.825 0.386
Pearson 0.262 1| -0055| -0228| -0185| -0.203| -0016| -0.088
K Correlation
Sig. (2-tailed) 0.278 0.824 0.347 0.449 0.404 0.948 0.721
Pearson 0.162| -0.055 1 -0.240 0.146| 0030 -0108|  -0.153
Ca Correlation
Sig. (2-tailed) 0508| 0824 0322 0551| 0904 0.660 0533
Pearson 0.098| -0228| -0.240 11 0725 0241 0.492'| 0513
Mg | Correlation
Sig. (2-tailed) 0689 0347 0322 0000 0321 0.032 0.025
Pearson 0161 -0.185| -0.146|  0.725" 1| 0404 0359 0.821"
Mn | Correlation
Sig. (2-tailed) 0511 0449 0551 0.000 0.086 0.131 0.000
Pearson 0183 -0203| 0.030 0.241 0.404 1 0435 0.281
Zn Correlation
Sig. (2-tailed) 0452 0404| 0904 0321 0.086 0.063 0.243
pearson 0.054| -0016| -0.108| 0.492'| 0359 0435 1 0.297
Cu Correlation
Sig. (2-tailed) 0825| 0948 0.660 0.032 0131 0063 0216
Pearson 0211| -0088| -0.153 0.513°| 0.821°| 0281 0.297 1
Fe Correlation
Sig. (2-tailed) 0386 0721 0533 0.025 0000 0243 0216
**_ Correlation is significant at the 0.01 level
*, Correlation is significant at the 0.05 level

In the first slope, all regions together, in
Table 2, it was shown strong positive significant
correlations the following pairs of elements: Mg-

Mn (r=0.725, p=0.000<0.05), Mg-Cu (r=0.492,
p=0.032 <0.05), Mg-Fe (r=0.513, p=0.025<0.05)
and Mn-Fe (r=0.821, p=0.000<0.05).
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Contents of mineral elements in the second slope

Based ontheresultsinTable 3,in the second
slope, the content on one of the examined
element from the group of useful elements was
natrium. The highest measured value was in
Tetovo region, and the lowest in Skopje region.
From the examined macro elements (K, Ca
and Mg), the highest measured content at the

potassium in the Ovche Pole region, and the
lowest of the magnesium in the Skopje region.
From the examined micro elements (Mn, Zn, Cu
and Fe), the highest determined content was
that of iron, and the lowest of copper both in
Skopje region.

Table 3. Contents of mineral elements (mg/kg per dry matter) in alfalfa (Medicago sativa L.) from the
examined regions in the territory of the Republic of North Macedonia in the second slope.

Na K Ca Mg Mn Zn Cu Fe
Regions
’ viee | | vooe | ® | vive | 52 | e | [ Ve | 5 | e | © | e | ® | love |
Tetovo 704 761 8662 4967 13096 5062 1455 223 27 8 26 33 6 1 694 678
Skopje 116 81 8923 7159 16500 4312 1268 442 15 7 18 9 4 1 131 37
Ovche Pole 433 432 14972 10996 10565 3034 1709 770 16 6 15 5 5 1 165 %
All regions 416 551 10418 7747 13684 4765 1453 495 19 9 20 21 5 1 348 479

In the second slope in the Tetovo region, it
was shown strong positive significant correlations
the following pairs of elements: Mn-Zn (r =0.793,
p=0.033<0.05), Mn-Fe (r =0.858, p=0.014 <0.05),
Zn-Cu (r =0.772, p=0.042<0.05) and Zn-Fe (r =0.966,
p=0.000<0.05).

In the second slope in the Skopje region, the
elements did not show a significant correlations,
but in the Ovche Pole region, it was shown strong
positive significance correlation only the pairs of
elements: K-Mg (r = 0.899, p =0, 038 <0.05).

Table 4. Correlation between the elements in the second slope, in the three examined regions.

Na K Ca Mg Mn Zn Cu Fe
Pearson 1 0000 -0265| -0.069 0.002 -0.105 0.104 0.014
Na | Correlation
Sig. (2-tailed) 0998| 0272 0778 0.994 0.669 0.673 0.954
Pearson 0.000 1| -0.458°| 0378 -0.165 -0.048 -0.329 -0.091
K | Correlation
Sig. (2-tailed) 0.998 0048| 0.111 0.499 0.844 0.169 0.710
Pearson 0.265| -0.458' 1| -0.255 -0.121 -0.331 -0.344 -0.353
Ca |Correlation
Sig. (2-tailed) 0272 0.048 0292 0623 0.166 0.149 0.138
Pearson -0.069 0378|  -0.255 1 0.439 -0.060 -0.170 0.040
Mg | Correlation
Sig. (2-tailed) 0.778 0.111 0.292 0.060 0.808 0.487 0.869
Pearson 0.002 0.165| -0.121| 0439 1| 0.488' 0357 0.760"
Mn | Correlation
Sig. (2-tailed) 0.994 0499 0623| 0.060 0.034 0.134 0.000
Pearson -0.105 0.048| -0331| -0.060 0.488" 11  0511"| 0.858"
Zn | Correlation
Sig. (2-tailed) 0.669 0844| 0.166| 0808 0.034 0.025 0.000
Pearson 0.104|  -0329| -0344| -0.170 0357 0511 11 0.626™
Cu | Correlation
Sig. (2-tailed) 0673 0169 0.149| 0487 0.134 0.025 0.004
Pearson 0014 0091 -0353| 0040| 0.760"| 0.858"| 0.626" 1
Fe |Correlation
Sig. (2-tailed) 0.954 0710| 0138| 0869 0.000 0.000 0.004
*, Correlation is significant at the 0.05 level
**_ Correlation is significant at the 0.01 level

In the second slope, all regions together, in
Table 4, it was shown positive significant correlation
in the following pairs of elements: Mn-Fe (r=0.760,
p=0.000<0.05) strong correlation, Zn-Cu (r=0.511,
p=0.025<0.05) medium strong correlation, Zn-Fe

(r=0.858, p=0.000<0.05) strong correlation and Cu-Fe
(r=0.626, p=0.004<0.05) medium strong correlation.
The K-Ca couple (r=0.458, p=0.048<0.05) was shown
a significantly week negative correlation.
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Content of mineral elements in the third slope

The content of the examined minerals is
shown in Table 5, where the highest and the
lowest levels of presence of macro and micro
elements can be seen, as well as that of one of
the useful examined elements in the analysed
regions.The highest level of sodium content was
measured in the Skopje region, and the lowest

in Ovce Pole region. From the macro elements
the highest specific content was that of calcium
in Tetovo region, and the lowest magnesium
content was measured in the Ovche Pole region.
From the micro elements, the highest content
of iron was measured in Ovche Pole region, and
the lowest content of copper in Skopje region.

Table 5. Contents of mineral elements (mg/kg per dry matter) in alfalfa (Medicago sativa L.) from the
examined regions in the territory of the Republic of North Macedonia in the third slope.

Na K Ca Mg Mn Zn Cu Fe
R P e I e P P e I e e B
Tetovo 467 +328 11850 +7373 17989 +5797 1265 +140 23 +4 20 +8 5 *1 137 +46
Skopje 477 +562 9605 +5288 17089 +4261 1396 +483 19 +10 19 *11 4 +1 123 +67
Ovche Pole 212 +52 12642 +5729 13030 +7308 1258 +705 22 *5 19 +6 5 +1 148 +106

In the third slope in the Tetovo region, it was
shown strong significant negative correlations
in the following pairs of elements: Na-K (r=0.803,
p=0.030<0.05) and Ca-Fe (r=0.853, p=0.015 <0.05).

In the third slope in the Skopje region, it was
shown strong positive correlations pairs of elements:
Mg-Zn (r=0.939, p=0.002 <0.05), Mg-Cu (r=0.814,
p=0.026 <0.05) and Zn-Cu (r=0.783, p=0.037 <0.05).

A strong significant negative correlation was shown
the pairs of elements: Zn-Fe (r=0.773, p=0.042 <0.05).

In the third slope in the Ovche Pole region,
it was shown strong positive correlations the
following pairs of elements: K-Mg (r=0.906, p=0.034
<0.05) and K-Fe (r=0.916, p=0.029 <0.05). A strong
significant negative correlation was shown the pairs
of elements: Mn-Zn (r=0.895, p=0.040 <0.05).

Table 6. Correlation between the elements in the third slope, in the three examined regions.

Na K Ca Mg Mn Zn Cu Fe
Pearson 1 0251  0.191 0285 0.170 0.152 0228 -0.101
Na Correlation
Sig. (2-tailed) 0300| 0432 0236| 0487 0534 0.347 0.680
Pearson -0.251 11 -0213 0.063| 0.082 0.056 0240| 0.641"
K Correlation
Sig. (2-tailed) 0.300 0.380 0797| 0738 0.820 0323 0.003
Pearson 0.191 0213 1 0056 -0002| -0327| -0361 0.273
Ca Correlation
Sig. (2-tailed) 0.432 0380 0820 0992 0.171 0.129 0.259
Pearson 0.285 0063| 0.056 1| -0003| o0.498° 0.371 0.065
Mg | Correlation
Sig. (2-tailed) 0.236 0797| 0820 0.990 0.030 0.118 0.793
Pearson 0.170 0082| -0.002| -0.003 1 0.010 0.093 0.112
Mn | Correlation
Sig. (2-tailed) 0.487 0738 0992 0.990 0.968 0.705 0.647
Pearson 0.152 0056| -0327| 0.498°| 0010 1| o.a88' 0210
Zn | Correlation
Sig. (2-tailed) 0.534 0820 0.171 0030 0968 0.034 0.388
Pearson 0228 0240| -0.361 0371 0093| o0.488" 1 0.001
Cu Correlation
Sig. (2-tailed) 0347 0323 0.129 0118 0705 0.034 0.998
Pearson 0.101|  0.641%| -0.273 0065 0112 -0210 0.001 1
Fe Correlation
Sig. (2-tailed) 0.680 0003| 0259 0793| 0647 0.388 0.998
**_ Correlation is significant at the 0.01 level
*, Correlation is significant at the 0.05 level

In the third slope, all regions together, in
Table 6, it was shown medium strong significant
positive correlations of the following pairs of

elements: K-Fe (r =0.641, p=0.003 <0.05), Mg-Zn
(r =0.498, p=0.030 <0.05) and Zn- Cu (r =0.488,
p=0.034 <0.05).
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The content of the mineral elements in all the slopes together

From the results shown in Table 7, it can be
seen that the highest measured sodium content
was in Tetovo region, and the lowest in Skopje
region. From the macro elements the highest
calcium content was measured in Skopje region,

and the lowest magnesium content in Tetovo
region. From the micro elements the highest
iron content was measured in Tetovo region,
and the lowest copper content in Skopje region.

Table 7. Contents of mineral elements (mg/kg per dry matter) in alfalfa (Medicago sativa L.) from the
examined regions in the territory of the Republic of North Macedonia for all slopes together.

Na K Ca

Mg Mn Zn Cu Fe

Regi-ons Mean

SD
value

Mean value SD Mean value SD

Mean
value

Mean
value

Mean
value

Mean
value

Mean

sD
value

sD sD

Tetovo 471 +503 13217 +10304 25544 +38274

1263

+325 26 21 491 +582

Skopje 265 +352 8821 +7795 28580 +51266

1300

+400 20 20 1 213 +216

Ovche Pole 370 +333 13926 +10384 25552 +48374

1467

+633 23 1 320 +355

All regions

together 368

+413 11784 +9585 26664 +45266

1330

+450 23 344 +429

Table 8. Contents of micro and macro elements (mg/kg per dry matter) which are significant different at
the three examined regions in all done sloping of alfalfa.

Na K Ca Mg Mn Zn Cu Fe

Mean Mean Mean Mean | Mean | Mean | Mean | Mean

Slopes | Regions value value value value | value | value | value | value
Tetovo 2412 191382 45546° 1070° 27 172 42 6412
1 Skopje 2012 7936° 52150° 12352 25 232 5° 3862
Ovche Pole 4642 14165° 53060° 14332 29 132 42 647°
Tetovo 7042 8662° 13096° 14552 27" 26° 6° 694>
2 Skopje 1162 89232 16500° 1268 152 182 42 1312
Ovche Pole 433° 149722 105652 1709° 162 15°2 5 165°
Tetovo 467° 11850° 17989° 12652 232 20° 52 1372
3 Skopje 4772 9605 ° 17089° 13962 19° 19° 4° 1232
Ovche Pole 2122 12645° 13030°| 1258° 22° 19° 5° 1482
TeTovo 471° 132172 255442 1263° 26 21° 52 491
All slopes | Skopje 2652 8821°2 28580° 1300° 20° 20° 5° 2132
Ovche Pole 3702 139262 255522 1467° 23° 162 5 320°

Means within each column having different letters are significantly different according to Duncan’s test

at p<0.05

Means within each column having different numbers are significantly different according to Duncan’s

test at p<0.01

According to the results of measurements
by slopes and regions, (Table 8), only Mn in the
second slope was shown a significant difference
between two groups: Tetovo and the second
group -Skopje and Ovche Pole region for p<0.05.

Also, the iron in the second slope was shown a
significant difference for p<0.05 between two
groups of regions: one Tetovo region and the
second group Skopje and Ovche Pole region.

CONCLUDING REMERKS

Modern agricultural production, strives
to obtain higher yields of good quality, as
well as products that are health-safe and
environmentally sound, by the proper use of
mineral nutrition. Based on the theoretical
framework of the topic, as well as the
experimental part in which the determination
of the presence of mineral elements is made,
the following conclusions can be drawn:

In the first slope, all regions together, it
was shown strong positive significant
correlations the following pairs of
elements: Mg-Mn (r=0.725, p=0.000
<0.05), Mg-Cu (r=0.492, p=0.032 <0,05),
Mg-Fe (r=0.513, p=0.025 <0.05) and Mn-Fe
(r=0.821, p=0.000 <0.05).

In the second slope, all regions together,it
was shown positive significant correlation
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in the following pairs of elements: Mn-Fe
(r=0.760, p=0.000 <0.05) strong correlation,
Zn-Cu (r= 0.511, p=0.025 <0.05) medium
strong correlation, Zn-Fe (r=0.858, p=0.000
<0.05) strong correlation and Cu-Fe
(r=0.626, p=0.004 <0.05) medium strong
correlation. The K-Ca (r=0.458, p=0.048
<0.05) was shown a significantly week
negative correlation.

« In the third slope, all regions together, it
was shown significant, medium strong
positive correlations in the following pairs
of elements: K-Fe (r=0.641, p=0.003 <0.05),
Mg-Zn (r= 0.498, p=0.030 <0.05) and Zn-
Cu (r=0.488, p=0.034 <0.05).

According to the results of the
measurement made in slopes and regions, only
Mn in the second slope shows a significant

difference between two groups: Tetovo region
and the second group - Skopje and Ovce Pole
region for p <0.05. Also, Fe in the second slope
was shown a significant difference for p <0.05
between two groups of regions: the first group
Tetovo region and the second group Skopje and
Ovche Pole region.

All of the above shows that the mineral
composition is satisfactory and that alfalfa can
be recommended for growing in similar agro-
ecological conditions, since in terms of the
chemical composition and the presence of the
examined macro and micro elements as well as
the presence of the useful elements meets the
appropriate standards, for high yield and good
quality. Plant nutrition is the basis for obtaining
high quality crop production.
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OAPEAYBAHE HA MUHEPAJTHUOT COCTAB KAJ NNYLIEPKA (Medicago sativa L.)
KONEKUMNOHUPAHA O PA3JINYHU PETMUOHW BO PEMNYBJINKA CEBEPHA MAKEAOHWJA

BanentuHa Bytnecka-fopocka'*, Mapnja Kpctni?,
Junjana KoneBa-T'ygeBa', JleHka LiBeTaHOBCKa?
'3emjodesnicku hakynmem, YHusep3umem ,foye [lendyes” — LLimun, yn. Kpcme Mucupkos 6p. 10-A, 2000 LLimun,
Peny6nuka CesepHa MakedoHuja
2[IpupoOHo-mMmamemamudyku akynmem, YHusepaumem ,Ca. Kupun u Memooduj” - Ckonje,
Peny6nuka CesepHa MakedoHuja

*Aemop 3a KoHmakm: tina_valentina2@yahoo.com

Pesnme

Ynorata Ha nyuepkata (Medicago sativa L.), Kako HajkBanuteTHa ¢ypaxHa KynTypa, BO
pa3BMTOKOT Ha 3eMjOAeNCcKOTO MPOV3BOACTBO M UHTEH3MUBMpPare Ha QyparkHOTO MPOV3BOACTBO
Ce [OMKM Ha CrocobHOCTa Aa ocurypyBa BMCOK MPUHOC, MMa CMOCOOHOCT HempeKMHaTo Aa ce
pereHepupa 1 nocefyBa BUCOKa XpaHvBa BPedHOCT. AHanM3npaHu ce KynTypu Ha nyuepka o
pa3nnyHn nokanutetn BO TeToBCKMOT, CKONCKnoT n OBYENONCKMOT PervoH Ha TeputopujaTa Ha
Peny6nuka CeBepHa MakegoHwuja. 3a npaBuieH pacT U pPa3Boj e HEOMXO4HO NPUCYCTBO Ha JOBOJIHA
KONMYMHa Ha MUHepPasH1 maTepurm BO NoysaTa. 3a ogpeayBarbe Ha MMHePaHMOT COCTaB Ce KOPUCTKU
AAC (atomcka ancopnuumoHa cnekTpodoToMeTpuja). Bo ekcneprmeHTanHMOT fen Bo Koj € U3BpLIeHO
oApenyBarbe€TO Ha 3acTaneHocTa Ha MUHepanHuTe MaTepun, CMopef pesynTaTtute Ha meperaTa
MO OTKOCU W PEernoHu, e4UHCTBEHO MaHrAHOT BO BTOPUOT OTKOC MOKaXka CUrHUQUKaAHTHa pa3nuka
Mery ABe rpynu: TeTOBCKMOT 1 BTopaTa rpyna — CKonckmoT n OBYenonckmoT pernoH 3a p<0,05. Victo
TaKa, »Kene3oTo BO BTOPMOT OTKOC MOKaxa CUrHUdrKaHTHa pa3nuka 3a p<0,05 mery aBe rpynu Ha
pernoHu: egHaTta rpyna TeTOBCKMOT pervoH v BTopaTta rpyna CKoncknot n OBUYENONCKMUOT PernoH.
Opf vcnuTyBameTo npou3fieryBa Aeka 3acTareHoCTa Ha MaKpoesieMeHTUTe Y MUKpOoenemeHTuTe
MM 3a0BOJlyBa OCHOBHUTE KpPUTEPUYMU U NyLiepKaTa MoOKe [a ce rnpenopava 3a ofrnefyBake BO
NCNUTYBaHWTE PErMoHY, a CO Toa oOMBaHe Ha BUCOK NPUHOC U fobap KBanuTeT.

NcxpaHaTa Ha pacTeHujaTa e OCHOBa 3a [J0o6MBarbe Ha BUCOKOKBANIMTETHO PacTUTENHO
Npon3BOACTBO.

KnyuyHun 360poBu: ypaxHa Kyimypd, MUHepAsHu Mamepuu, MdkpoeseMeHmu,
MUKpoesieMeHmu.
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Abstract

The objective of this study was to determine the effect of prolong ripening and drying on quality
aspects of traditional Bulgarian dry cured ham. After 8, 18 and 36 months of aging comparative textural
profiling of dry cured ham were established. Ham sensory profile as well as physicochemical, morphological
characteristics, proteolysis index and Warner-Bratzler shear force (WBSF) were investigated. Excessive aging up
to 36 months of dry-cured ham lead to decreased hardness, but lower sensory values, characterizing overall
textural perception tenderness of the samples. Hams of higher ripening and drying had statistically significant
increased proteolysis index and lower values of WBSF. Morphological analysis revealed significant qualitative
and quantitative differences between sample groups. Thus, miofibrilar fragments increased remarkably in
samples with higher proteolysis index scores. In addition, longest aging hams showed increased degradation
for a total myofibrillar structure. Warner-Bratzler shear force (WBS) had a significant relationship with the
sensory tenderness variables, such as softness, chewiness, and rate of breakdown in mouth.

Key words: dry-cured ham, excessive ripening, texture, morphological changes, Warner-Bratzler Shear Force,

proteolytic index

INTRODUCTION

Traditional dry-cured meat products from
whole muscle meat are highly fascinating
foods, both in social and market aspects (Talon
et al, 2007; Laranjo et al, 2017; Rantsiou &
Cocolin, 2008). They have a clear function in the
global gastronomic heritage (laccarino et al.,
2006) and are often associated with a certain
organoleptic superiority (Panagou et al,, 2013).
These products can be categorized on the
basis of different factors such as the specificity
of the used raw materials and/or the applied
technology (fermentation, salting, smoking),
country of origin, degree of drying, maturation,
etc. (Zdolec, 2017; Liicke, 1994; Liicke, 2000).
Their production technology is closely tied to
the local identity of the country or ethnicity
concerned. Historically, the reasons for the
wide variety of dry-cured meat products are
related to the climatic and resource conditions
of local production (Zdolec, 2017) and to the

influence and nutritional practices of the
various civilizations that have settled in the area
Stearns, 2010; Gagaoua & Boudechicha, 2018).
The sensory, physicochemical, microbiological
and textural characteristics of the different
European-produced dry ham vary greatly
depending on the specifics of the technological
process adopted by the different producers
(Leroy et al.,, 2013; Toldra, 2014, Zeng, et al,
2016; Rather et al.,, 2016). In their traditional
production technology, the following general
technological stageshave beenadopted:salting,
post salting or process of achieving equilibrium
salt concentration, drying and maturing. The
continuance of drying and ripening varies from
2-3 months to 2-3 years in the highest quality
dry ham, such as 48 months in some Spanish
species such as Serano ham (Petrova et al.,
2016). Increasing the aging time provides for a
more significant degree of enzyme digestion,
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which contributes to the production of a higher
quality product (Toldra, 2002; 2004).

Numerous studies have been conducted
on the physicochemical and sensory properties
of a number of Italian and Spanish ham and
variations of these properties depending on
the technology used (Andrés et al., 2004a,b,
Flores et al.,, 2006; Gou et al. 2008; Huang, &
Huang, 2010; Ruiz-Ramirez, et al., 2006; Serra
et al, 2005). However, in existing literature
sources, no attempt has been made to combine
two important aspects of the production of
this group of dry-cured meat products: the
biochemical and morphological changes in
the protein fraction as a result of the long
maturation and drying period over 1 year and
their effect on the texture of meat products.
Also, almost no data is available about Balkan
traditional dry-cured meat products from whole
muscle meat, despite the fact that traditional
technologies exist for these products (Gagaoua

& Boudechicha, 2018; Gok, Obuz, & Akkaya,
2012, Rajkovic, 2012), though not as popular
and exported worldwide as Italian and Spanish
ham.

During socialism, with the establishment
of the amalgamated Economic Union in
the Republic of Bulgaria, called “Rodopa’,
industrial and mass production occurred in
meat processing, which gradually oppressed
traditional meat crafts and replaced them
with unified so called now “classical” meat
technologies. Nevertheless, even today, in a
variety of regions of Bulgaria there are preserved
and produced even a few traditional meat
products. Therefore, the aim of the present work
is focused on physicochemical, morphological
and textural changes occurring in the traditional
Bulgarian dry-cured meat product “Elena ham”
during a long period of aging of this product in
natural drying chamber.

MATERIAL AND METHODS

Materials

The research was carried out with dry-
cured traditional meat product “Elena ham”
for the production of which fresh chilled pork
green ham of cross-breed pigs up to 12 months
old and live weight over 90 kg were bought by
Biltrans Ltd, Elena town, and the preparation
and production of studied hams was carried out
in the same company, producing this traditional
meat product. The shaping of the hams is done
by separating them from the carcass by cutting
between the last lumbar and the first cross
vertebrae and cutting through the hock joint.
The pelvic bone was gently released without
cutting the muscles, leaving only a small part
of the pelvic wing (2-3 c¢cm), the inner surface
of the thigh was formed by removing the fat,
as the outer surface had a perfectly preserved
skin on the surface and without damage.
The skin was cut out of the outside and the
fat, giving the ovoid shape to the buttocks,
and the shaped hams were salted with table
salt in special chambers with temperature
from 3 to 5 °C and approx. humidity 85-90%.
Salting was done manually by scrubbing and
massaging the entire surface. The time for
salting in these conditions lasted about 45 days
and depended on the weight of the individual
hams (approximately 5-6 days per kilogram),
during this time hams were salted 3-4 times

by sprinkling and massaging. After salting the
hams were cleaned from the surface adhering
salt mixture, washed with clean drinking water,
drained and hung for ripening and drying in
special natural drying rooms - at the specific
mountain climate of town Elena, Bulgaria. This
have been done in the months of February,
March and early April when the air is cool and
dry and the temperature varies between 2 -
5° C to plus 10-12 ° C. After about 20 days of
initial drying, the hams are covered with a thin,
but dense layer of specially prepared leaf fat
and rice flour, especially to the areas without
skin and around the joints and bones. After
this manipulation, the hams were aged under
the above conditions until they reached the
organoleptic characteristics of the final product,
but not shorter time than 6 months.

The research was carried out with samples
of the traditional Bulgarian dry-cured “Elena
ham”, aged for 8, 18 and 36 months and in
some analysis with raw meat. The samples
taken included the following muscle groups:
m.Semimembranosus, m. Semitendinosus and
m. Biceps femoris. Samples were analysed to
monitor changes during the ripening process
in water content, water activity, pH, degree of
hydrolysis of the protein fraction, morphological
and texture profile of muscle tissue.
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Methods

To determine moisture, drying of a
homogenous mixture of the samples at 104 +
1°C was performed using an electronic moisture
analyser model KERN MLS-A (Kern & Sohn
GmbH, Germany).

Water activity (aw) was measured using a
LabSwift-aw system (Novasina AG, Switzerland)
at 25°C. Three independent measurements
were made for each sample.

The degree of hydrolysis of the protein
fraction was determined as the ratio of the
amount of free alpha-amine nitrogen to
the total amount of nitrogen in the sample
determined by the Lowry method. Extraction
of the muscle proteins was performed with
phosphate buffer with pH 7.3 and ion strength
0.55 M. From an average sample, 2.5 g were
weighted, transferred to a 50 cm3 measuring
flask and made up to the mark with phosphate
buffer. The extraction was carried out with
periodic stirring at 4 £ 2 ° C for 24 hours. After
extraction, the homogenate was centrifuged at
10,000 g for 20 min, after which the above clear
layer was separated and used to determine the
content of protein by the Lowry method (1951)
and the amount of a-amine nitrogen by the
ninhydrin method described by Moore & Stein
(1954).

For Warner-Bratzler (W-B) analyses,
samples were cut into 30 x 30 X 30 mm chops
(thickness x length x width) and cooled
overnight at 4°C. After cooling, three slices (15
mm thick) without fat or connective tissue,
parallel to the longitudinal orientation of the
muscle fibres, were taken from each sample
chop. Warner-Bratzler Shear Force (WBSF) was
determined using a texture analyser TA-XT.Plus
(Stable Micro Systems, Surrey, Great Britain)
with a Warner-Bratzler stainless cutter blade.
Samples were sheared perpendicular to the
long axis of the core at a speed of test — 2 mm.s’
', and WBSF was taken to be the peak force of
the curve (Honikel, 1998; Iseya et al, 1996).
Prior to analysis samples chop were left for
30 min at room temperature. Determinations

were repeated six times per sample and were
averaged.

Sensory analysis was focused on hardness,
firmness and overall texture perception
(Larmond, 1976) for the samples of “Elena”
ham with different aging period. The overall
consistency assessment involved the evaluation
of three aspects: the easiness of initial dental
penetration in the meat cut; the easiness with
which the meat was broken into fragments,
and the amount of residue left after chewing
(Choe et al,, 2016; Lawrie and Ledward, 2006;).
The analysis was conducted according to the
method described by Iseya et al.,, (1996) with
some modifications. Hardness and firmness
was evaluated by chewing a testing sample
with molars and by biting off with front teeth
the sample. Sensory analysis was performed
by 7 trained assessors. The panel evaluated
each characteristics according to a 5-point
category scale (1=least, 5 = highly). Before
analysis, the panel members had attended a
preliminary training session where they were
examined samples that varied in the evaluated
attributes and the meaning of hardness,
firmness and overall textural perception had
been also discussed. The preliminary session
was concluded when individual scores did not
vary more than 1 unit for the mean scores, and
all members understood and could use the
scoring system.

One-way ANOVA was applied to the
assessment of the effect of aging time (Factor
I) on the water content, proteolytic index,
WBSF and sensory evaluations of the examined
hams. Duncan’s test was applied for multiple
comparisons between all mean value pairs. All
calculations were made at confidence level a
= 0.05. The experiments were carried out with
three replications of three samples of one aged
ham or green ham.The datain tables and figures
are shown as average + standard deviation
(SD). The statistical procedures were performed
using the Microsoft Excel 5.0 software and the
Statgraphics 16 programme.

RESULTS AND DISCUSSION
Physicochemical and biochemical characteristics

To evaluate the influence of the time
of ripening in natural drying chamber of the
traditional dry cured meat product “Elena ham”

changes in their physicochemical parameters
listed in Table 1 are tracked.
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Table 1. Change in moisture content, aw — value and proteolytic index of testing sample during extended

aging.
Indicator
Sample i
P m0|stugrelr(gc_<1)ntent, a, proteolytic Index pH
8 months 467,72+18,00c 0,895+0,003¢ 24,81+8,88a 6,10+0,02¢
18 months 422,6+7,69b 0,845+0,005b 35,04+13,57a,b 6,04+0,04b
36 months 226,96+27,46a 0,813+0,006a 53,27+16,51b 5,85+0,06a

Means within each column having different letters are significantly different according to Duncan’s test

at p<0,05.

For all three samples, statistically signifi-
cant differences were found for the results for
pH, water content and water activity (p<0.05)
(Tab. 1). The reason for significant differences
in water content of the samples at 36 months
compared to the other two samples of ham
can be explained not only with the longer
drying and ripening stage (36 months) in the
natural climate chamber, but also with the
lower average pH values measured for these
samples (5.85 + 0.06) (Tab. 1). At a lower pH,
the resulting coagulation changes of meat
proteins speed up drying and favour the loss of
moisture from the product (Ockerman & Basu,
2008). The established decrease in pH with
increasing maturation is in some contradiction
with the increase in pH as a result of the
accumulation of biogenic amines or ammonia
due to deeper muscle proteolysis during the
maturation process observed by other authors
(Toldra, 2002). Cause for these results may
also be related to the more intense hydrolysis
reactions of the meat lipids (data not shown)
and the subsequent chemical transformations
of the protein and lipid degradation products
accompanying the long maturation period in
the ham aged 36 months.

For the values obtained for the water
activity of the samples, statistically significant
differences were recorded, as in the samples
with higher water content, higher values for a
were also measured. Comparing the a  values
measured for “Elena” ham samples with those
reported from other authors that investigating
more popular European dry cured ham, makes
it clear that our results are significantly lower,
with the exception of a  values received for
8-month samples. For example, the reported
water activity at the end of the production of
Italian hams, aging for 12 + 16 months, varied
between 0.94 + 0.87, for Spanish hams with a
production cycle duration of 12 + 48 months -

0.899 + 0.860 (Martinez- Martinez-Onandi et al.,
2016; Petrova et al,, 2016), and for the French
hams with production of about 9 months or
over - 0.89 (Petrova et al,, 2016; Parafita et al,
2015). Enzymatic degradation of proteins plays
an important role in the formation of the aroma
and taste of dry-cured hams. Animportant result
associated also with proteolysis is the formation
of ham consistency, which is mainly due to the
breakdown of myofibrillar structures (Chandek-
Potokar & Skrlep, 2012; Mora, Sentandreu,
& Toldra, 2011; Lopez-Pedrouso et al., 2019).
The constant increase in the proteolytic index
found in the studies is a direct indication for the
extent of proteolytic changes in Elena ham, as
maturation and drying progresses until the end
of the investigated period (Tab. 1). These results
are in agreement with data reported by other
authors (Garcia-Garrido et al., 1999; Pugliese et
al.,, 2015, Zhao et al.,, 2008). In Spanish dry-cured
ham, proteolysis index (PI) reflecting good
quality could be considered between 33 and 36,
while in Italian dry-cured ham between 22 and
30 (Careri et al, 1993; Pérez-Santaescoldstica
et al., 2018). In the present work we observed
values between 24.81 and 53.27 in dry-cured
hams, which can explain the fact that the
18-month aging sample was evaluated as most
perceptional and wanted in sensory aspect. An
increase in proteolysis during dry-cured ham
processing has been associated with negative
effects on the taste and aroma of the dry-cured
ham (Pérez-Santaescolastica et al., 2018) which,
as a result, may lead to consumer rejection of
the product. However, the proteolysis index well
explains the established relationship between
water content and WBSF values of samples of
dry-cured meat products and can serve as a
marker for their consistency at different extent
of drying and ripening (Ruiz- Ramirez et al,
2006; Pérez-Santaescolastic et al., 2018).
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Textural analysis

The Warner-Bratzler device is known as a
tool for tenderness measurement of livestock
meat and in some cases for fish (Iseya et al.,
1996; Kemp et al., 1968). Shear force values were
similar in samples aged 18 and 36 months, but
generally favoured the hams in trials 36 months

(Tab. 2). These mechanical parameter were
attenuated as the time of ripening and drying
of ham increased, as a marked change in this
textural parameter occurred in samples aged
over 8 month (p < 0.05) (Fig. 1).

Table 2. Changes in Warner-Bratzler Shear force of testing sample during extended aging.

Sample cutting force, N/mm coefficient of variation
raw meat 7,53+0,63¢ 8,380%
“Elena ham”- 8 months 2,26+0,456° 20,202%
“Elena ham”-18 months 1, 57+0,640° 40,983 %
“Elena ham”- 36 months 1,41440,410° 28,955%

Means within each column having different letters are significantly different at p<0,05

Coefficient of variations were 8.38%
for the shear force of raw meat and ranged
between 20,20 - 40,98 % for hams. Other
studies have shown similar high coefficient of
variation for WBS testing (Caine et al., 2003).
There were significant differences in the cutting
force between 8 month and 18 month as well
as between 8 and 36 month (p<0.05). The
texture profile is related to water activity and
water content by observing a negative non-

linear relationship between ham hardness and
measured water content and water activity
(Ruiz-Ramirez et al., 2005, Andrés et al., 2005).
However, the increasing rate of shear force in
the Warner-Bratzler shear test for samples, that
have been aged 18 and 36 months and have
lower moisture content, was higher than that
received for the ham sample aged for 8 months
and having higher moisture content.

Force (N)

55
50
45+
40—
35
30
25
20
15

-10 q
5
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40
Distance (mm)

Figure 1. WBSF of “Elena” hams aged for 8, 18 and 36 months.

Morphological analysis

Group of cytoskeletal proteins consisting
mainly myofibrillar proteins, and proteins of the
stroma are of great importance in respect of the
meat texture (Damodaran et al., 2008, Petrova,
2016). At the microstructural level, it has been
shown that myofibrillar proteins are mainly
proteins that undergo substantial proteolytic

changes during the production of raw-dry-
cured meat products (Larrea et al., 2007).

The morphological images (Fig.2)
representing changes in transverse and
longitudinal sections of muscle tissue, used for
the preparations of the tested samples, shown
that, as the drying and maturing progresses,
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deeper structural changes were observed, most
pronounced at the sample of 36 months. These
changes were mainly related to a decrease in
the diameter of the muscle fibres as well as to

the appearance of more enlightened areas in
them due to the ongoing hydrolysis of muscle
proteins (Fig.2).

V-"

‘go

J?“

Figure 2. Light microscopic morphological images of samples A- Elena Ham at 8 months; B —“Elena ham”
at 18 months; C —“Elena ham” at 36 months; haematoxylin stained; magnification 400x.

Morphological changes in the studied
ham pointed the occurrence of proteolysis that
caused destruction of the endomysial envelope
and partial lysis of the structure of muscle fibres
(Fig. 2). The presence of multiple light sections
in both the muscle fibres and the intracellular
spacewith aformed network of finely granulated
protein mass and muscle nuclei were the
consequence of the myolemma disruption. This
significant changes in muscle fibre structure due
to the ongoing hydrolysis of protein substances

Sensory Evaluation of Texture

Most sensory analyses presented in the
literature point at consistency and flavour
complex as the most important characteristics
influencing the overall organoleptic quality of

over the entire volume of muscle fragments was
associated with a decrease in water retention
capacity and correlates well with the water
content of the tested samples. The greater
degree of muscle fibres destruction leads to
more significant degradation of myofibrillar
proteins, as evidenced by the higher values for
the proteolytic index and the sensory scores
characterizing the consistency of the samples
at 18 and 36 months received by the sensory
analysis performed (Tab. 3).

dry-cured ham (Laureati et al,, 2014). Changes in
the texture profile of the tested samples during
aging were also evaluated by the sensory
analysis and the results are presented in Table 3.
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Table 3. Sensory changes in the texture of the testing sample during aging.

Sample Hardness Firmness Overall texture perception
8 months 4,60+0,50° 4,65+0,35° 4,10+0,65°
18 months 4,50+0,40° 4,25+0,20° 4,75+0,45°
36 months 3,50+0,50° 3,90+0,10° 4,4040,50°°

Means within each column having different letters are significantly different at p<0,05

Sensory evaluated hardness and firmness
decreased significantly after the 18th month
of the extended aging in the natural drying
chamber. There were no significant differences
between scores obtained by each panel
member (p <0.01). As a result of multiple
range test, there were significant differences
in the sensory scores between tested samples.
The significant increases in sensory evaluated
tenderness were observed at 36 months of
aging as assessors easily detected this textural
change. Sensory assessments for the samples at
36 months, compared to the 18-month samples
(Table 3), were expressed as a more undesirable
solid consistency. The reason for this can be
found in the established lower water content
in sample of 36 months and respectively

reduced water activity. This have a significant
influence on the required strength to chew the
product, despite deeper proteolytic changes
in the muscle tissue of this ham (Andrés et al.,
2005; Benedini, Parolari, Toscani, & Virgili, 2012;
Ruiz- Ramirez et al., 2006). For example, Ruiz
et al. (2002) and Laureati et al (2014) attribute
this negative influence to the drier and fibrous
structure obtained from both insoluble collagen
and myofibrillar proteins aggregation as a result
of dehydration during drying and maturation
(Cordoba et al. 1994; Chizzolini et al., 1996).
However, overall maturation of over 8 months
leads to better texture perception as a result of
improved sensory tenderness variables, such as
softness, chewiness, and rate of breakdown in
the mouth.

CONCLUDING REMARKS

As the aging process progressed, there
were significant changes not only in the water
content and the proteolytic index but also in
the morphological and texture profile of the
studied traditional dry-cured meat product.
These changes were also compared with the
data obtained by the textural sensory analysis
and the period of ripening and drying of the
samples at 18 months was most appreciated
by the panellist. The dry-cured traditional meat
product “Elena ham” differed from the most
popular and offered on the European market
raw-dried pork hams. The study on changes

during the initial stages of the production of
“Elena ham” until the 8th month will allow
more detailed and clearer understanding of the
ongoing transformations in this traditional dry
meat product as well as the overall assessment
of its qualitative characteristics as a function
of drying and ripening time. Examination
of microbiological safety in the course of its
technology and antioxidant capacity will allow
for the production of better quality and safer
traditional meat products and will meet the
increasing demands of modern food safety.
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EFFECT OF EXTENDED AGING UPON TEXTURAL ASPECTS OF
TRADITIONAL BULGARIAN DRY-CURED HAM

E®EKT HA 3rOJIEMEHO CTAPEEHE HA TEKCTYPAJIHUTE ACNEKTU HA
TPAANLUUNOHAJIHATA CYLUEHA BYTAPCKA CAJIAMA
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Pesume

Llenta Ha oBa ncTpakyBatbe e Aa ce ogpeamn edeKToT of NPOLOIKEHOTO 3peere 1 Cyllere
Ha OyrapckaTta canama. o 8, 18, n 36 meceun cTapeerbe 6ea fafeHN NapameTpuTe Ha CylleHaTa
canama. lNpodunoT Ha canamata Kako 1 GU3NYKMNTE, XeMUCKUTE 1 MOPPONOLLKMTE KapaKTePUCTUKN
CO NPOTEONUTMYKUNOT MHAEKC Ha BopHep-bpaunep belwe nctpakysaH. [pogokeHOTo cTapeene Ao
36 meceun foBefie [0 3rofeMeHa TBPAOCT HO CO Manu CEH30PHM BPefHOCTU KOU KapaKTepusnpaa
nperosiema MekocT. Canamute CO MOAJOMTO 3peere W Cyllere UMaaT CTaTUCTUYKU 3rofiemeH
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BO yCTaTa.
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Abstract

The research was carried out to assessment the agro-morphological variability in fourteen rice varieties
using principal component analysis, linear correlation and cluster analysis. All rice varieties have Italian origin
and were grown in 2014 and 2015 under agroecological conditions in Kocani, the Republic of North Macedonia.
Principal component analysis was utilized to examine the variation and to estimate the contribution of traits
for total variability. Three components in the PCA analysis with Eigen value > 1 contributed 75.59% variability
existing in the rice varieties for yield contributing traits. PC1 accounted 30.81% of the total variability,
contributed by traits like 1 000 grain weight, panicle length, weight of grains per panicle and plant height.
PC2 had the contribution from the traits as number of plants per m? plant height and panicle length which
accounted for 25.08% of the total variation. Grain yield and panicle length had contributed 19.71% of the total
variation in PC3. Only Ulisse and San Andrea showed positive values among all three main components. Grain
yield showed positive correlation with number of plants per m? (r=0.185). On the other side, number of plants
per m? was in negative correlation with weight of grains per panicle (r=-0.593). Also, negative correlation was
established between number of grains per panicle and 1 000 grain weight (r=-0.752). Using cluster analysis,
two main cluster groups with subgroups were extracted. The results revealed existence of variability in the
studied varieties which can help breeders to achieve higher yield in rice.

Key words: Oryza sativa L., principal component analysis, cluster analysis, linear correlation

INTRODUCTION

The existence of genetic diversity in the
initial material is one of the basic prerequisites
for the success of each breeding programme
and the achievement of the basic goals for
plant improvement, such as increasing the yield
potential, adaptability, quality and resistance to
biotic and abiotic stress. For this aim, breeders
use the natural populations, wild relatives of
cultivated species, populations created by
hybridization, induced mutations and other
biotechnological methods. Introduction is also
one of the methods used to increase genetic
variability. Using introduction as a method in
breeding programme, it is necessary to have
the correct characterization and evaluation
of the introduced material, especially
from geographically more remote regions.
Characterization of rice germplasm increases
its value in any breeding programme. Agro-
morphological characterization of germplasm

variety is fundamental in order to provide
information for plant breeding programmes
(Lin, 1991; Nascimento et al., 2011). The use of
agro-morphological traits is the most common
approach utilized to estimate relationships
between genotypes (Bajracharya et al., 2006).
Genetic diversity has an important
and significant role in plant production. It
is considered as a means of survival and
adaptation to changing environments (Rao and
Hodgkin, 2002; Gao, 2003). Evaluation of genetic
resources for various agronomic traits and the
assessment of the amount of genetic variation
within them are useful to allow more efficient
genetic improvement (Haussmann et al.,, 2004).
Assessment of genetic and agro-morphological
variability is very important in rice breeding
from the standpoint of selection, conservation
of different land races variety of rice and proper
utilization (Jayasudha and Sharma, 2010).
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Statistical analyses are necessary for
proper examination and analysis of agro-
morphological properties. The application of
statistical methods gives an insight into the
legality of the relationship between the tested
properties, genotypes and factors that influence
the development of the culture itself. The large
number of agro-morphological properties and
their interconnectedness make the statistical
analysis extremely complex, especially if a large
number of genotypes are examined.

Multivariate analysis is the most commonly
used approach for genetic variability,
estimation to illuminate the patterns of
variation in germplasm collections. Principal
component analysis (PCA), cluster analysis
(CA) and correlation are the most important
multivariate  analysis methods (Oyelola,
2014). Among multivariate techniques, PCA
and cluster analysis are preferred tools for
morphological characterization of genotypes

and their grouping on similarity basis (Peeters
and Martinelli, 1989; Mohammadi and
Prasanna, 2003). Principal component analysis,
significantly contribute to reducing the data
and highlighting the properties that most
influence the sample’s variability. Combination
of these two approaches gives comprehensive
information of characters which are critically
contributing for genetic variability in crops
(Rachovska et al., 2002).

Many researchers had successfully used
agro-morphological characters to classify and
estimate diversity in a variety of rice using
multivariate analyses (Nachimuthu et al., 2014;
Ravikumar et al., 2015; Pachauri et al., 2017).

The objective of this study was to
characterize and classify 14 new introduced
rice varieties from Italy and also to identify
morphological traits responsible for selection
of important characters and study the
interrelationship among the traits.

MATERIAL AND METHODS

Plant material and experimental design

Fourteen rice varieties were used as an
experimental material for this research. All rice
varieties have Italian origin. San Andrea variety
for a long period is used as a main cultivar in
commercial rice production in the Republic
of North Macedonia, while the other Italian
varieties (Arsenal, Nembo, Ronaldo, Galileo,
Sprint, Ulisse, Krystalino, Mirko, Sfera, Gloria,
Pato, Creso and Vasco) were newly introduced.
The trials were set up during the period 2014
and 2015, on alluvial soil type in the region of
Kocani. The experimental material was placed
by using randomized block design in three
replications. The standard agronomic packages
of practices were followed throughout the
season for regular growth of crop.

Determination of agro-morphological

traits

Ten randomly selected plants from each
repetition have been analysed for some agro-

morphological traits such as plant height (cm),
panicle length (cm), number of grains per
panicle and weight of grains per panicle (g). The
number of plants per m? was determined by
counting the plants from m? of each repetition.
1 000 grain weight, has been determined to
measure 1 000 grain of each repetition. Grain
yield obtained from the 5 m? was calculated in
t-ha’. When calculating the 1000 grain weight
and grain yield, the moisture content was
reduced in 14%.

Statistical analyses

All tested traits were statistical analysed
by SPSS (2010) system and JMP 5.0.1 (2002)
software.  Principal component analysis
and cluster analysis were done using the
methodology given by Gomez and Gomez
(1984). The correlation between yield and yield
components was calculated according Singh
and Chaudhary (1985).

RESULTS AND DISCUSSION

Principal component analysis (PCA) is one
of the important multivariate tool of diversity
analysis. This statistical technique analyses a
data table in which observations are described
by several inter-correlated quantitative
dependent variables and can be helpful for

identification of plant character that categorize
the distinctiveness among promising varieties.
The objective of principal component analysis
is reduction of dimensionality of a data set with
a large number of correlated variable or traits
(Jolliffe, 2002).
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The results of PCA from our research are
depictedinTable 1. PCA was carried out by using
14 rice varieties and seven agro-morphological
traits. Three main components in the PCA
analysis with Eigen value > 1 contributed
75.59% variability existing in the rice varieties
for yield contributing traits. In this study, PC1
accounted 30.81% of the total variability, PC2
showed 25.08% and PC3 accounted 19.71% of
variations among characters. PC1 accounted
for the maximum variability and highly loaded
with characters such as 1 000 grain weight
(0.65), panicle length (0.54), weight of grains
per panicle (0.36) and plant height (0.32)
contributed in positive direction. The second
principal component accounted 25.08% of the
total variation and was in positive correlation
with number of plants per m?(0.56), plant height

(0.32) and paniclelength (0.30). Grain yield (0.74)
and panicle length (0.62) were important traits
contributing to the third PC, which accounted
19.71% of the total variation (Tab. 1).

Through PCA we could identify the number
of plant characters, which are responsible for
the observed genotypic variation within a
group. Four principal components with Eigen
value greater than >1 and explained 72.48% of
the total variance were recorded by Pachauri et
al. (2017).

PCA has been used by various researchers
like Ganaetal.(2013), Asfag et al. (2014), Worede
etal. (2014), Kumar et al. (2015), Ravikumar et al.
(2015), Ojha et al. (2017), Pachauri et al. (2017)
and Yugandhar et al. (2018) for characterization
different rice germplasm lines.

Table 1. Eigen value, contribution of variability and factor loadings for the principal component.

Princi nents
PC1 PC2 PC3
Eigen value 2.16 1.76 1.38
Percentage of variability (%) 30.81 25.08 19.71
Cumulative percentage (%) 30.81 55.88 75.59
Traits Factor loadings
Plant height 0.32 0.32 -0.10
Panicle length 0.54 0.30 0.62
Number of grains per panicle -0.47 -0.43 -0.01
Weight of grains per panicle 0.36 -0.54 0.20
1 000 grain weight 0.65 0.03 0.13
Number of plants per m? -0.30 0.56 0.07
Grain yield -0.19 -0.13 0.74

In Table 2 are given the factor loadings by
main components of the analysed rice varieties.
Only two varieties, Ulisse and San Andrea,
showed positive values by all main components.

Those varieties had a higher value for grain yield
and favourable values by other yield-related
components.

Table 2. Factor loadings by main components of the analysed rice varieties.

Rice varieties PC1 PC2 PC3
Arsenal -0.94 0.2 -1.02
Nembo 0.34 -1.94 -1.93
Ronaldo -0.73 -1.02 1.71
Galileo 1.77 -1.98 2.26
Sprint -1.22 1.52 -0.30
Ulisse 1.41 0.75 0.80
Krystalino -0.98 -2.10 -1.17
Mirko -2.47 0.64 0.57
Sfera -1.97 0.72 0.54
Gloria 1.76 0.90 -1.09
Pato 1.73 0.23 -1.02
Creso -0.25 -0.59 0.01
Vasko -0.11 0.35 0.33
San Andrea 1.66 2.10 0.31
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Correlations help the breeder to
understand the mutual component characters
on which selection can be based for genetic
improvement (Chakravorty et al, 2013). In
order to assess trait association, phenotypic
correlation analysis was done and the result
is depicted in Table 3. 1 000 grain weight was
highly and significantly negative correlated
with number of grains per panicle (r = -0.752).
Positive significant correlation was established

between the number of plants per m? and grain
yield (r=0.185). On the other hand, the number
of plants per m? was negatively correlated with
weight of grains per panicle (r=-0.593).

Significant phenotypic correlations of yield
and yield-related traits were reported by other
workers in inbred lines, hybrids, varieties and
landrace rice (Surek and Beser 2003; Bastian et
al., 2008; Chakravorty et al., 2013; Janwan et al.,
2013; Seesang et al., 2013).

Table 3. Phenotypic linear correlation between grain yield and yield components.

Plant | Panicle | Number of grains | Weight of 1000 Number of | Grain
Traits height | length per panicle grains per grain plants per yield
panicle weight m?
Plant height 1 0.128 -0.246 0.167 0.317 0.248 -0.292
Panicle length 1 -0.208 -0.125 0.113 0.126 0.337
Number of 1 0.180 -0.752" -0.056 0.224
grains per
panicle
Weight of 1 0.485 -0.593" 0.207
grains per
panicle
1000 grain 1 -0.326 -0.098
weight
Number of 1 0.185*%
plants per m?
Grain yield 1

** Correlation is significant at the P<0.01
* Correlation is significant at the P<0.05

Cluster analysis was carried out based on
available data for grain yield and yield related
components (Fig. 1). Two main cluster groups
were extracted. The first one contains 9 varieties:
Arsenal, Sprint, Mirko, Ronaldo, Creso, Vasko,
Sfera, Nembo and Krystalino. The varieties Creso

and Vasko were genetically the closest with the
least remote units, forming subgroup in the first
cluster. The second cluster group contains the
remaining varieties Galileo, Ulisse, Gloria, Pato
and San Andrea (Fig. 1).

Legend
Arsenal
Nembo
Ronaldo
Galileo
Sprint
Ulisse
Krystalino
Mirko
Sfera
Gloria
Pato
Creso
Vasko

San Andrea

oD alv e NoviswN=

Figure 1. Cluster analysis of rice varieties based on grain yield and yield related components.
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CONCLUDING REMARKS

The performed research showed variability
between analysed agro-morphological traits.
Principal component analysis was utilized to
estimate the relative contribution of different
traits for total variability. This tool has identified
some characters that plays prominent role
in classifying the variation existing in the
germplasm. The results of the PCA revealed
that the 75.59% of the total variability was
explained by the first three main principal
components. The analysis identified that traits
such as 1 000 grain weight, panicle lenght,

number of plants per m? and grain yield in
different principal components are the most
important for classifying the variation. Only
Ulisse and San Andrea had positive values by all
main components. Positive correlation between
number of plants per m? and grain yield was
established, but also the significant high factor
loading values for panicle length and 1 000
grain weight were determinate which indicate
on the importance of those traits in breeding
programs for yield improvement.
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MNPOLIEHKA HA ATPO-MOP®OJIOLLKATA BAPUJABUITHOCT KAJ OPU30T CO
MYJNITUOAKTOPUJANTHA AHAJTU3A

Bepuua UnuneBa’, Hatanuja MapkoBa Pyxauk', Jbynuo Muxajnos', Mute UnneBcku'
'YHueep3umem “loye [lenyes’; 3emjodencku pakynmem, “Kpcme Mucupkos” 66, 2000 LLimun,
Peny6nuka CesepHa MakedoHuja

*KoHmakm aemop: verica.ilieva@ugd.edu.mk

Pesume

Llenta Ha 0BOj Tpyn e Aa ce U3BPLIM MpoLeHKa Ha arpomopdonollKaTa BapujabunHocTt
Ha YeTMpUHaeceT COPTU OpU3, KOPUCTEjKM M KOMMOHEHTHaTa BEKTOpCKa aHanm3a, fMHeapHaTta
Kopenauuja n Knactep aHanusaTa. CuTe aHanu3upaHyu COPTU MMAaT UTaNNjaHCKO MOTEKNO 1 ce
oarnenysaHu Bo 2014 n 2015 rogrHa BO arpoeKkonoLwku ycnosu Bo KoyaHu, Peny6nvka CesepHa
MakepoHuja. Co Uen fa ce yTBpAM BapuwjabunHOCTa Ha CBOjcTBaTa M fa ce NMPOLEeHW YAenoT Ha
aHanu3MpaHUTe CBOjCTBa BO OAHOC HAa BKyMHaTa BapujabunHocT 6elle NprMeHeTa KOMMOHEHTHA
BeKTOpcKa aHanm3a. Co oBaa aHanm3a ce JO6UEeHN TP FaBHN KOMMOHEHTW CO rPaHNYHa BPeaHOCT
Ha onToBapyBarbe norosiema of 1, a KyMynaTUBHMOT NPOLIEHT Ha OBME TPU [MaBHU KOMMOHEHTH
n3HecyBa 75.59% opf BKynHOTO Bapupame. [lpBaTa rnaBHa KOMnoHeHTa yyectsysa co 30.81% u e
NO3UTMBHO NOBP3aHa Co CrieHMNBe CBOjCTBa: Maca Ha 1000 3pHa, AOMKMHA Ha METNIMYKA, Maca Ha 3pHa
Of MeT/IUKa N BUCMHA Ha pacTeHme. BropaTta rnaBHa KOMMNOHeHTa yuecTByBa co 25.08% oA BKYMHOTO
Bapupare 1 e BO Kopenauuja co NO3UTUBHUTE BPeAHOCTM Ha CBOjCcTBaTa: 6poj Ha pacTeHnja Ha m?,
BMCMHA Ha pacTeHue 1 JOMKUHA Ha MeTnn4yKa. TpeTaTa rnaBHa KOMMOHeHTa yyectByBa co 19.71%
0f BKYMHOTO Bapupame 1 e NO3UTMBHO NOBP3aHa CO NPMHOCOT Ha 3PHO 1 JOMKMHA Ha MeTAnYKarTa.
Camo coptuTe Ulisse 1 San Andrea nokaaa no3vTVBHU BPERHOCTM Kaj CUTE TPU MaBHN KOMMOHEHTN.
MPUHOCOT Ha 3pHO NOoKaXa No3UTUBHA KopenavLuja co 6pojoT Ha pacTeHnja Ha m? (r=0.185).Og gpyra
CTpaHa, 6pojoT Ha pacTeHurja Ha M? Gelle BO HeraTMBHa Kopenaluja co macaTa Ha 3pHa of MeTiIn4yKa
(r=-0.593). UcTo TakKa, Helue yTBpAeHa HeraTMBHa Kopenauuja nomery 6pojoT Ha 3pHa of MeTin4Ka
1 MacaTa Ha 1000 3pHa (r =-0.752). Co KnacTep aHanv3a ce U3BOeHW ABe rMaBHU KnacTep rpynu co
noarpynu. Pesyntatute ykaxyBaaT Ha NMoCTOeHe Ha BapujabunHOCT BO MpoyvyBaHWUTe COPTY Koja
MOXe [1a MM MOMOTHe Ha CenekunoHepuTe 3a NOCTUTHYBakhe Ha NOBMCOK NPUHOC Kaj OpU30T.

KnyuHu 36o0poBu: Oryza sativa L., KOMNOHEHMHA 8eKMOPCKA aHAAuU3d, Kaacmep AaHaau3d,
JIUHeapHa Kopenauyuja.
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ABSTRACT

Fermented dairy products are produced by fermentation process of lactose by using microorganisms
especially lactic acid bacteria. Probiotics are living microorganisms, which -ingested in sufficient amounts,
beneficially influence the health of the host by improving the composition of intestinal microflora. Nowadays,
the popularity of these products is growing, not only because of its organoleptic properties, but also because
of its nutritional value and health benefits. Probiotic yogurt is a dairy product obtained by milk fermentation
process, by adding a probiotic starter culture. The goal of this survey was to follow the pH and SH values of
inoculum during fermentation period of probiotic yogurt manufactured with three different starter cultures,
which are with the following commercial names: ABT-6, ABT-750 and ABT-10 consisting of Streptococcus
thermophilus, Lactobacillus acidophilus and Bifidobacterium bifidus.

Key words: probiotic yogurt, inoculum, active acidity, titrable acidity, fermentation period

INTRODUCTION

Fermented dairy products are products
that can be produced by lactose fermentation
by microorganisms especially by lactic acid
bacteria. Fermented dairy products are usually
produced by using lactic acid bacteria and
yeasts (Ozer and Kirmaci, 2010). Probiotics are
defined as living microorganisms, which when
ingested in sufficient amounts, beneficially
influence the health of the host by improving the
composition of intestinal microflora, (Ejtahed
et al,, 2011). Probiotic microorganisms that are
known to be beneficial to human health can
be ingested through fermented dairy products,
enrichment of various foods with these
bacteria and consumption of pharmaceutical
products that are obtained by using viable
cells, (Kanmani et al., 2013). Probiotics also are
defined as viable microorganisms which can be
consumed separately or with different foods,
which assist dietary and microbial balance by
regulating the mucosal and systemic immunity
and beneficially affect the consumer’s health,

(Gibson and Fuller, 2000).

The main milk function in the diet
of young mammals is providing nutrients
that are essential for their normal growth,
development and also providing immune
protection. Milk is a major source of protein,
essential fatty acids, vitamins and minerals
that are needed for normal functioning of the
human metabolism. To improve the functional,
sensory, nutritional, immunologic therapeutic
and even technological properties of milk and
dairy products substances are added in small
amounts. This group of substances includes
probiotics that always go together with
substances called prebiotics When combined
with probiotics, the two become known as a
symbiotic, which is a characteristic of foods that
have both good bacteria and the strength to
keep them going, (Trajchevski, 2012).

Yogurt is a dairy product with excellent
nutritional value, and is a favorite food of all
generations (Rasi¢ and Kurmann, 1978). This
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product can be consumed by people who are
lactose intolerant. Yogurt is characterized by
slightly sour taste and pleasant aroma. Specific
taste comes from the created lactic acid, which
comes from the work of bacteria during the
fermentation process of the lactose, while
the yogurt flavor comes from the presence of
multiple chemical substances produced during
fermentation of the lactose in milk.

If we want to produce probiotic yogurt
with specific properties, we need to use
different probiotic cultures. Recently for yogurt
production “ready-set” cultures (dried, deep-
frozen or freeze-dried) are used. The effect of
this functional food increases by inoculation of

probiotic bacteria and prebiotic that operate
in symbiosis. Probiotic product must maintain
the vitality of probiotic culture during the
production process, and also have to be
sustainable and stable during storage time and
shelf life of the product.

Probiotics are defined as a single or mixed
culture of live microorganisms that have positive
effect on human metabolism and also improve
the properties of autochthonous microflora.

Titratable and active acidity are very
important parameters, which mostly affect the
shelf life and acceptability of fermented dairy
products (Mahmoudi et al., 2012).

MATERIAL AND METHODS

Milk composition

As a material for this research were used
the following: standardized cow milk, (Table
1), 0.1% skimmed milk powder in an amount of
0.7%, three different types of frozen probiotic
starter cultures in an amount of 0.2% (Chr
Hansen, Copenhagen, Denmark) and addition
oligofructose as prebiotic, in an amount of 1.5%.

Table 1: Chemical composition of standardized
cow milk

Milk components (%)
Protein 3.46%0.05
Milk fat 1.0 £0.03
Lactose 4.53+0.01

Dry fat matter 9.0+0.06

Probiotic starter cultures

The probiotic cultures that were used in
this research paper (ABT-6, ABT-750 and ABT-10)
were composed with the same types of bacteria,
but in different proportion: Streptococcus
thermophilus St-M5; Lactobacillus acidophilus,
LA-5 and Bifidobacterium bifidus, BB-12;
All starter cultures that were used during
production process were prepared as
operating instructions of the probiotic cultures
manufacturer.

Probiotic yogurt manufacture

Pasteurized cow milk (1.0 % standardized
milk fat) was heated at 370C. Three variants of

probiotic yogurt were produced (A, B and Q).
Variant A with probiotic cultre ABT-6, Variant
B - with probiotic starter culture ABT-750 and
Variant C with probiotic starter culture ABT-10.
All samples were inoculated with the activated
starter culture (0.02% v/v) and prebiotic-
oligofructose (1.5%) The fermentation was
finished at pH 4.6 and the samples stored at
4+1°C for 21 days. Fisrt 24 hours the active and
titrable acidity of inoculm was measured.

Measurement of active acidity

The pH (active acidity) was determined by
using digital pH MP120 Meter, Mettler Toledo,
Switzerland. After each usage the pH-meter was
calibrated with buffer solution pH=7 and pH=4.
The concentration of hydrogen ions present in
the inoculum of all variants probiotic yogurt
was measured during fermentation (in a period
time of six hours).

Measurement of Titratable Acidy

The measurement of tirtable acidity (oSH)
was according the method described by Caric
et al. (2000). In erelenmaer with transfer pipette
20 ml inoculum and 1 ml of 2% w/v solution of
phenolphthalein. Content is titrated with 0.1 M
NaOH solution till appearance of faint pink color
that will not change in a period of 2 minutes.
Acidification of inoculum was calculated by
the formula: K= V.2, where: V-volume of NaOH
spent during titration. The titrable acidity of
inoculum of three variants probiotic yogurt was
measured during fermentation (in a period time
of six hours).
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Dynamic of inoculum titrable acidity

during fermentation

In Table 2 are presented the results of

RESULTS AND DISCUSSION

inoculum titrable acidity of three different
variants probiotic yogurt, during fermentation
process.

Table 2: Dynamic of inoculum titrable acidity during fermentation

Titrable acidity of inoculum (n=5)
Starter
culture Period of fermentation (hours)
0 1 2 3 4 4.5 5 6
ABT-6 |6.13+0.01 |8.12+0.02 | 10.80+0.2 | 15.90+0.35 | 24.70+0.3 | 27.20+0.7 /
ABT-750 | 6.13+0.03 | 8.15+0.01 | 10.90+0.05 | 16.85+0.55 | 23.53+0.6 | 25.65+0.9 | 26.40+0.9 | 27.50+£0.9
ABT-10 |6.13+0.03 | 8.17+0.01 | 10.80+0.29 | 16.30+0.4 | 25.10+0.55 | 26.85+0.95 | 27.40+0.9 /

According to the results obtained in this
research, constantly increasing of inoculum
titrable acidity can be noticed. At the beginning
of fermentation process the inoculum titrable
acidity was almost equal in all three variants of
probiotic yogurt (6.13 oSH). Minimal difference
of titrable acidity between inoculums of three
different probiotic yogurts was noticed, during
the fermentation period. The time for achieving
the required inoculum titrable acidity was
different at all three examined variants probiotic

yogurt. The probiotic yogurt produced with
starter culture ABT-6, has achieved the required
titrable acidity of inoculum (270SH) in shortest
time, for four hours and thirty minutes, the
probiotic yogurt produced with starter culture
ABT-10, have achieved the required titrable
acidity of inoculum in five hours and probiotic
yogurt produced with starter culture ABT-750
have achieved the required titrable acidity of
inoculum in six hours (Figure 1).

40

20 6.1

6.13

1 2 3

Titrable acidity ofinoculum

27.4
6.%__ T 275

Period of fermentation (hours)
mABT6 mABT 750

5
6 7
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Figure 1. Dynamics of inoculum titrable acidity of probiotic yogurt variants.

Dynamic of inoculum active acidity during fermentation

In Table 3 are presented the results of inoculum active acidity during fermentation process.
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Table 3. The results of inoculum active acidity during fermentation process

Active acidity of inoculum (n=>5)
Starter
culture Period of fermentation (hours)
0 1 2 3 4 4.5 5 6
ABT-6 6.50+£0.02 | 6.26+0.01 5.81+£0.07 | 5.12+0.08 | 4.69+0.02 | 4.55+0.02 / /
ABT-750 | 6.51+0.06 | 6.20+0.05 | 5.85+0.05 | 5.21+0.05 | 4.95+0.01 | 4.80+0.03 | 4.70+0.03 | 4.55+0.03
ABT-10 6.52+0.02 | 6.31+0.03 | 5.75+0.03 | 5.32+0.07 | 4.82+0.03 | 4.70+0.02 | 4.53+0.03 /

According to the results obtained in this
research, constantly decreasing of inoculum
active acidity can be noticed. At the beginning
of fermentation process the inoculum active
acidity was almost equal in all three variants of
probiotic yogurt (pH=6.50). Minimal difference
of active acidity between inoculums of three
different probiotic yogurts was noticed, during
the fermentation period. The time for achieving
the required inoculum active acidity was
different at all three examined variants probiotic

yogurt. The probiotic yogurt produced with
starter culture ABT-6, has achieved the required
active acidity of inoculum (pH=4.55) in shortest
time, for four hours and thirty minutes, the
probiotic yogurt produced with starter culture
ABT-10, have achieved the required active
acidity of inoculum in five hours and probiotic
yogurt produced with starter culture ABT-750
have achieved the required active acidity of
inoculum in six hours (Figure 2).

Acive acidity ofinoculum

8 6.5
8.5 6'5\
6
Iy w— 4 53
& 455 w— 4,55
2
0
-1
2 3 .
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= ABT 6 ®=ABT750

ABT10

Figure 2. Dynamics of inoculum active acidity of probiotic yogurt variants.

CONCLUSION

The probiotic starter cultures that were
used in the production process of three
variants probiotic yogurt have a different time
for achieving the required titrable and active
acidity of yogurt inoculum. The probiotic starter
culture ABT-6 has reached the required values
for titrable acidity (270SH) and active acidity
(pH=4.55) of yogurt inoculum in shortest time,
4 hours and 30 minutes. The probiotic starter
culture ABT-10 has reached the required values

for titrable acidity and active acidity in 5 hours
and probiotic starter culture ABT-750 has
reached the required values for titrable acidity
and active acidity of yogurt inoculum in 6 hours.
The probiotic starter cultures have significant
impact on the time that is needed for achieving
the necessary titrabale and active acidity value
for yogurt inoculum during fermentation
process.
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BJINJAHUE HA CTAPTEP KYNTYPUTE BP3 AMHAMUWKATA HA pH U SH HA UHOKYJTYMOT 3A
BPEME HA ®EPMEHTALUJA HA MPOBUOTUYKWU JOT'YPT
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Pesume

DepmeHTUpaHMTe MIeYHM MPOK3BOAN Ce Mpon3BedyBaaT NpeKy npouecoT Ha pepmeHTaumja
Ha nakTo3aTa, CO MOMOW Ha MMWKPOOPraHM3MKM, OCOBEHO MIIEYHO-KUCENMHCKMTE OGaKTepuu.
MpoburoTnunTe ce KUBYM MUKPOOPraHU3MK, KOU JOKOJIKY Ce BHECeHM BO AOBOJSIHA KONIMUYMHA BO
OpraHvM3mMoT NO3UTUBHO BvjaaT Ha 3[PaBjeTo Ha JOMaKMHOT, NPeKy NofobpyBarbeTo Ha COCTaBOT
Ha MHTeCTUHanHaTa MuKkpodnopa. [leHec nonynapHo cTaHa OBUe MPOW3BOAM CE MOBEKe M MoBeke
[a ce 3ronemyBaart, He Camo NMopajan OpPraHoNeNTUUYKNTE KapaKTepuUCTUKK, TYKY 1 3apafu HMBHaTa
HYTPUTUBHa BPeAHOCT 1 3apaBcTBeHN 6eHNdUTN. NPOONOTUYKMOT jorypT e TeUeH MieyeH NpPon3Bos
pobueH npeky npouec Ha pepmeHTaumja Ha MNIEKOTO, CO AioflaBake Ha MPOOMOTUYKM CTapTep
KynTypu. Llenta Ha nctpaxyBameTo e Aa ce cnefu aktusHata (pH) n tutpaumoHara (SH) Kucenoct Ha
MNHOKYNTYMOT 3a BpeMe Ha GepMeHTaLMOHNOT Nepuos Kaj TPU pasnnyHn BapujaHT Ha NPobUOTUYKK
jorypT, Kou ce nponsBefeHn co cnefgHuTe ctaptep Kyntypu: ABT-6, ABT-750 n ABT-10, Kon Bo cBOjOT
COCTaB ce cocTojat of Streptococcus thermophilus, Lactobacillus acidophilus v Bifidobacterium bifidus.

KnyuyHu 360poBu: npobUOMUYKU jo2ypm, UHOKYIYM, AKMUBHA KUCen0Cm, mumpayuoHa
Kucesocm, gpepmMeHmMayuoHeH nepuoo.

Journal of Agriculture and Plant Sciences,
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ABSTRACT

Today’s consumer choice is mostly based on products that provide health benefits, such as probiotic
yogurt. The consumer does not tolerate consistency defects, poor firmness or gel viscosity, and also its acid
taste, so our goal was to make comparison between different probiotic yogurts (different starter cultures) and
to choose the one that is most suitable for consumer use, product that have the best consumer acceptance.
Starter cultures that were used in production process were with the following commercial names: ABT-2, ABT-6 and
ABT-10 consisting of S. thermophilus, L. acidophilus and B. bifidus. The sensory evaluations showed that the sample

C was most preferred by the panelists.

Keywords: probiotic yogurt, sensory evaluation, starter cultures

INTRODUCTION

Yogurt is fermented dairy product which
is worldwide known for its acceptance in terms
of nutritional and health benefits, Ozer and
Kirmaci (2010). This product is a mixture of
milk fermented by lactic acid that is produced
by lactic acid bacteria (mostly used for yogurt
production: Lactobacillus bulgaricus and
Streptococcus thermophilus), (Yadav et al.
2015).

Probiotic yogurt is a functional dairy
product that contains probiotic bacteria and
has a lot of positive effect on people’s health,
(Trajchevski, 2015). By using this products,
people can get lot of health benefits. It can be
improved their intestinal microbial balance, the
stimulation of the digestive system, the lactose
metabolism, the reduction of blood cholesterol
level, the prevention against urinary infections,
cardiovascular diseases, osteoporosis, diarrhea,
anti-mutagenic and anti-carcinogenic
properties. The probiotics are defined as
microbial cell supplement that have positive

impact on the health of the host when ingested
alive in sufficient amount, (Marinaki, 2016).

The development of this novel functional
foods that contain probiotic is a highly growing
area of food industry and also attracts a special
interest from the field of nutrition, due to their
beneficial properties to human health. If we
want these products to deliver their health
benefits, probiotics must be present in it, at
level higher then 6 log cfu g7, at the time of
consumption, in order to survive the passage
through the gastrointestinal tract, (Saxelin,
2008).

The objective of this work was to
determine the effects of the starter cultures on
sensorial properties of three types probiotic
yogurt produced by using commercial starter
cultures (ABT-2, ABT-6 and ABT-10), which contain
S. thermophilus, L. acidophilus and B. Bifidus in
different portions. The probiotic yogurt samples
were evaluated during storage of 21 days at
refrigerated temperature (4+1°C).
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MATERIALS AND METHODS

The probiotic cultures that were used in
this research paper (ABT-2, ABT-6 and ABT-
10) were composed with the same types
of bacteria, but in different proportion:
Streptococcus thermophilus St-M5; Lactobacillus
acidophilus, LA-5 and Bifidobacterium bifidus,
BB-12; All starter cultures that were used
during production process were prepared as
operating instructions of the probiotic cultures
manufacturer.

Yogurt manufacture

Pasteurized cow milk (3.2 % standardized
milk fat) was heated at 37°C. Three variants of
probiotic yogurt were produced (A, B and C).
Variant A with probiotic culture ABT-2, Variant
B — with probiotic starter culture ABT-6 and
Variant C with probiotic starter culture ABT-10.

All samples were inoculated with the activated
starter culture (0.3% v/v). The fermentation was
finished at pH 4.65 and the samples stored at
4+1°C for 21 days.

Sensory evaluation

100 panelists familiar with the consum-
ption of yogurts from the Faculty of Biotechnical
sciences, were used to evaluate the produced
probiotic yogurts for (external appearance,
viscosity, color, smell, taste and overall
acceptability, using a 50-point system method
(Presilski, 2002). The tests were made in a room
which met the standard ISO 6658:1985. The
sensory evaluation was also made in order to
determine the best variant of probiotic yogurt
(A, B and C), that is chosen by the final users-
consumers.

RESULTS AND DISCUSSION

The score from the sensory evaluation of
three variants of probiotic yogurt are presented
in Table 1. According to the results presented
in Table 1 the probiotic yogurt produced with
starter culture ABT 10 (Variant C) has had the
best overall acceptability form the consumers.

For external appearance the probiotic
yogurt produced with starter culture ABT-
2 (Variant A) has got score of 7.65 points,
probiotic culture produced with starter culture
ABT-6 (Variant B) has got score of 10 points and
probiotic yogurt produced with starter culture
ABT-10 (Variant C) has got score of 10 points.

For viscosity the probiotic yogurt produced
with starter culture ABT-2 (Variant A) has got
score of 6 points, probiotic yogurt produced
with starter culture ABT-6 (Variant B) has got
a score of 10 points and probiotic yogurt
produced with starter culture ABT-10 (Variant
C) has got a score of 10 points.

For quality parameter color, each of
examined probiotic yogurt variants (A, B and Q)
produced with starter culture ABT-2, ABT-6 and
ABT-10 have got score of 10 points.

For quality parameter odor the probiotic
yogurt produced with starter culture ABT-2
(Variant A) has got score of 10 points, probiotic
yogurt produced with starter culture ABT-
6 (Variant B) has got score of 8 points and
probiotic yogurt produced with starter culture
ABT-10 (Variant C) has got score of 9.5 points.

For quality parameter taste the probiotic
yogurt produced with starter culture ABT-2
(Variant A) has got score of 7.5 points, probiotic
yogurt produced with starter culture ABT-6
(Variant B) got score 8.0 and probiotic yogurt
produced with starter culture ABT-10 (Variant
C) has got score 9.5.

The probiotic yogurt (Variant A) produced
with starter culture ABT-2 for all sensory quality
parameters has got a score of 41.15 points,
probiotic yogurt (Variant B) produced with
starter culture ABT-6 for all sensory quality
parameters has got a score of 44.5 points and
probiotic yogurt (Variant C) produced with
starter culture ABT-10 for all sensory quality
parameters has got the best score of 49 points.
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Table 1. Sensory evaluation of probiotic yogurt (Sensory evaluation test).

Product: Probiotic yogurt (Variant A, B and C)

Description of sensory properties Average score

Variant A Variant B

Sensory properties

(ABT-2) (ABT-6)

Variant C

(ABT-10)

Smooth structure without foam on

the surface
Smooth structure without separate

External appearance
serum

7.65 10 10

Grain structure

Decomposition

Optimal density

Viscosity

Too high density 6

85 10

Low density

White or yellow white

Color Untypical

10 10 10

Pleasant sour milk smell

Score

Odor

Poorly expressed sour milk smell

10 8 9.5

Strange odor, the smell of yeast

Pleasant sour taste

Poorly expressed sour milk taste

Taste

Acid taste of acetic fermentation

7.5 8 9.5

Bitter taste

External taste

Unnatural taste

Total score

41.15 44.5 49.0

CONCLUSIONS

According to the presented data it can be
concluded that starter cultures have significant
impact on the sensory properties of probiotic
yogurt. Probiotic yogurt produced with starter
culture ABT 10 (St- M5, LA - 5, BB — 12) is the

most acceptable for the consumers with a
total score of 49 points. Starter cultures have
significant effect on sensory quality of probiotic
yogurt.
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CEH30PHO OLIEHYBAHE HA MPOBUOTUYKIN JOT'YPT UHOKYJIMUPAH CO
PA3JINYHU YNCTU KYNITYPU

Myxapem Ucmannn', Credpue Mpecunckn’, bopue Makapujocku', Cawo TpajueBckn?
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Pesume

[JeHewHnoT 1M36op Ha NOTPOLUYBauMTe € HAcOYeH KOH MPOV3BOAUTE KOW MpuaoHecyBaaT
3a 3apaBcTBeHn beHeduTn. EfeH of Tve npoussoan e n NpobroTNYKUOT jorypT. MNoTpolyBaunTe
Ha OBMe NMPOM3BOAM He TonepupaaT HEMPABUIIHOCTU BO KOH3MCTEHUMjaTa, HeAOBOJIHA LIBPCTMHA,
HecooflBeTeH BKYC, Ma Hawarta uen belwe fa HanpaBume cnopepba nomery pasnnyHM BapujaHTu
Ha NPOOMOTNYKM jOrypT NPOU3BELEHN CO Pa3fIMUYHM CTapTep KyNnTypu 1 fa ce n3bepe efHa Koja Ke
6une HajcooaBeTHa U HajnpudaTtnrea 3a KoHcymaTopute. CTapTep KynTypuTe Kou 6ea KOpuUCTeHn
BO MPOLLeCOT Ha NPOM3BOACTBOTO Ce CO CiefHUBe KomepumjanHu umnmwa: ABT-2, ABT-6 n ABT-10, n
ce coctojat oa S. thermophilus, L. acidophilus v B. bifidus. CeH3opHaTa aHanv3a nokax<a aeka nprmepokot C
GelLie Hajnobpo NpuridaTeH of NAHENNCTTE Koy 6ea BKITyueHU BO OLieHYBaH-ETO.

KnyuHu 360poBu: NnpobuOMuUYKU jo2ypm, CeH30pHO OUeHy8are, cmapmep Kyamypa.
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Abstract

Hygienic sanitation processes in the dairy industry are a major factor in obtaining hygienically healthy
dairy products. The subject of the analysis is the production equipment, human resources and the produced
finished product - cow yellow cheese, in which different procedures for sanitation are used due to the
application of various technologies at work.

Studies have shown that hygienic sanitation gives satisfactory results. The responsibility and positive
influence of the employees has been confirmed. The results of the examined bacteriological correctness of
the equipment showed a greater and better effect when performing the machine compared to the manual
cleaning. From the analysis of the key parameters in the CIP (Cleaning-In-Place) system it was found that the
shorter duration of cleaning is correlated with a faster flow and a higher temperature and concentration of the
agents. From the recirculating agents, the base and the acid, more clouding occurs in the base material. Finally,
from the examined bacteriological correctness of the finished product - yellow cheese, it has been confirmed

that the product is completely hygienically proper and healthy for consumption.
Hygienic sanitation in the dairy industry is the most critical operation in the milk processing processes
and it is of great importance for obtaining a quality, healthy and hygienically straightforward finished product.

Key words: CIP system, human resources, production equipment, finished product

INTRODUCTION

In their composition milk and dairy
products are food rich with protein, fat and milk
sugar as their specific products, and then with
mineral substances and vitamins, necessary
for the growth and development of organisms.
Hence the fact that milk in its foodstuffs is
a product in which people find relatively
inexpensive, full-time, easily digestible and
suitable food, children are the best replacement
for breast milk, and the sick and elderly foods
that favourably affect their health.

As a result of certain economic changes
and technical achievements, the rapid pace of
the development of dairy in the real sense of

the word is closely related to the rapid industrial
developmentin the first half of the 19th century,
a period characterized by large industrial rise
caused by a number of significant inventions
of the field the technique, and especially the
machine area.

A key challenge facing all segments of
the food processing industry is how to apply
reproducible and consistent cleaning methods
with proper process control, monitoring,
as well as a series of documents that are
needed to meet the requirements for validity.
Contemporary dairy industries, as well as
many other industries, are characterized by



Vangelica Jovanovska, Dimitra Jovanovska, Darko Veljanovski,

Mila Arapcheska, Katerina Shambevska

revolutionary changes, as well as accelerated
transformation and continuous upgrading of
their technologies. All these changes during the
functioning of a whole necessitate the constant
monitoring of a number of parameters, their
constant control and improvement. In order to
extract the maximum in the working process, in
the framework of the modern milk production,
constantly improves the production process.
The improvement of the same is done both
in terms of quality production of individual
products and utilization of the capacities, where
all this should be done in accordance with the
world requirements for good manufacturing
and good hygiene practice, the implementation
of the ISO standard and the HACCP system.
This involves the continued engagement and
performance of the staff, the use of appropriate
equipment and appliances that enable a high
degree of effectiveness and record ability of all
individual phases in the course of production.
In the framework of such a modern
dairy processing facility, besides the basic
starting point for the production of a different
product range, the equipment should meet
the envisaged conditions for use in a specific
production process. The purpose of such
requests is to obtain finished product that is
completely upright, not only organoleptic, but
also from the food and microbiological aspect.
In this way, there is a need to use a new modern
technology that stands out as one of the most
important components in the production
chain. In line with what has been said so far, the
link which stands out as an element of special
importance is the microbiological hygienic
correctness during the whole production
process which is in direct dependence on the

maintenance of the hygiene of all the equipment
and apparatus involved in the transformation of
the starting raw material to the finished product.
This implies continuous control of the working
conditions and the parameters envisaged for
the respective operations, as a first step during
the whole day and as the last step after the
completion of the production, which would
ensure the production of safe food and satisfy
the needs and expectations of the consumers.

There are four main cleaning processes
that are used within production processes:

« CIP (Cleaning-in Place)

+ COP (Cleaning-out-of-place)

« Manual cleaning

« Cleaning with immersion

All these cleaning techniques have their
own characteristics, and in order to meet all
the necessary requirements, standards and
regulations, they should constantly be perfected
and complement each other. Starting from this
fact, it is necessary to pay great attention to
each separate segment that participates in the
process, especially the sanitation which is one
of the most critical moments of production
and all this in order to maintain consumer
confidence and to avoid negative publicity
due to failures related to food safety, as well as
to prevent economic losses in the operations
arising as a result of inadequate execution of
the procedures and procedures for maintaining
the technological and microbiological quality
of the food products.

The quality parameters of food products
are made according to standard and prescribed
methods according to the applicable national
Rulebooks and EU Directives.

MATERIAL AND METHODS

The role of human resources in the process
of hygienic sanitation was examined and
determined that is a significant factor in the
purification and production processes.

The three basic parameters of the CIP
system - time, flow and concentration used
in the dairy were examined, because of
their significance in machine cleaning of the
equipment.

The extent of changes in the recycling
solvents-base and acid, which was used
to perform the machine cleaning of the
equipment, was investigated. The success of

the cleaning of production equipment, both on
the one that has been cleaned manually and on
the equipment that is cleaned by machine, has
been fully investigated.

The bacteriological correctness of the
cleaned surfaces was also examined. In addition,
five points were taken for taking swabs from the
equipment that was cleaned manually and the
same as the equipment cleaned by machine.

Finally, the bacteriological correctness of
the finished products — cow yellow cheese - was
examined.
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Test Material

The role of human resources in the process
of hygienic sanitation was examined and
determined that is a significant factor in the
purification and production processes.

The three basic parameters of the CIP
system - time, flow, and concentration used
in the dairy - were examined, because of
their significance in machine cleaning of the
equipment.

The extent of changes in the recycling
solvents-base and acid, which was used to
performthe machine cleaning of the equipment,
was investigated.

The success of cleaning the production
equipment, both (one that has been cleaned
manually and one that is cleaned by machine),

has been fully investigated.

The bacteriological correctness of the
cleaned surfaces was also examined. In addition,
five points were taken for taking swabs from the
equipment that was cleaned manually and the
same as the equipment cleaned by machine.

Finally, the bacteriological correctness of
the finished product - cow yellow cheese was
examined.

All experimental samples were correctly
and timely taken for analysis. The sampling time
was accurately observed, and the control points
for the effectiveness and success of the hygienic
sanitation regime applied were laid down in
the rulebooks used during the work. The results
obtained are comparable with the results of
other researchers

RESULTS AND DISCUSSION

Table 1 shows the habit of hand washing
at the workplace among employees, according

Table 1. Habit of hand washing, expressed in (%).

to 4 subcategories which are described in more
detail in the table itself.

| wash my hands in the workplace Reply %
-upon arrival 36.4
-before and after leaving 15.2
-after brushing nose, sneezing, coughing 27.3
-after touching the hair / skin 21.3

-

able 2. Frequency for changing work clothing at the workplace, expressed in (%).
| change my work clothes Reply %
-every day 25
-more times a day 16,7
-2-3 times a week 58,3
-once a week 0

From the result of the Table 2 it was confirm
that each of the employees in production and
the employees in charge of sanitary hygienic
sanitation change their work clothes depending
on the nature of the work tasks.

According to the results of comparison of
the duration of each phase of cleansing with

the CIP system in the US and Macedonia, shown
in Table 3, it has been established that cleansing
with CIP in the United States lasts (75 min) and
in the Republic of North Macedonia (60 min)
that in North Macedonia, it saves time, and the
necessary cleaning effect is achieved.

Table 3. Comparison of the duration of each phase of cleansing with the CIP system in the Republic of

North Macedonia and the US.

Comparison of duration
Phases of the | Phase Il Phase Il Phase IV Phase | VPhase Total
CIPsystem | |sub-phase | Ilsub- |BaseWash | Interphase |Washwith| Final duration
-coldtap |phase-hot| (min) rinse (min) | acid (min) |  rinse (min)
water (min) | water (min) (min)
R. N. 5 5 12.5 10 12.5 15 60
Macedonia
us 5 5 30 5 20 7.5 75
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Table 4 shows that the flow of CIP cleaning
in the Republic of N. Macedonia is (3m/s),
and in the United States (1.5m/s), where it is
determined that the flow velocity and duration

of each phase in these two countries is inversely
proportional, and the necessary effect with
different parameters is achieved.

Table 4. Comparison of flow through pipes in each phase of cleansing with the CIP system in the United

States, and Republic of North Macedonia.

Comparison of duration
Phases of the | Phase Il Phase Ill Phase IV Phase | VPhase Total
CIP system | sub-phase Il sub- Base Wash | Interphase |Wash with Final duration
-coldtap | phase - hot (min) rinse (min) | acid (min) rinse (min)
water (min) | water (min) (min)
R. N.
Macedonia 3 3 3 3 3 3 3
us 1.5 1.5 1.5 1.5 1,5 1.5 1.5

From the comparison of the solubility
of the solutions shown in Figure 1, it can be
concluded that the blurring of the solution is
greater with the base cleaning agent, which is
probably due to the daily use immediately after
the end of the production processes due to
the milk deposits that have not been removed
during rinsing with water, which is performed
as a first step. While the acidification of the acid
cleaning agent is much smaller than that of the
base solution, since the acid as the agent is used
after having been previously treated with a base
agent, and furthermore it is characterized by a
smaller number of recycled ones, once a week
or about four times for thirty days.

From the comparison of the solubility
of the solutions shown in Figure 1, it can be
concluded that the blurring of the solution is
greater with the base cleaning agent, which is

probably due to the daily use immediately after
the end of the production processes due to
the milk deposits that have not been removed
during rinsing with water, which is performed
as a first step. While the acidification of the acid
cleaning agent is much smaller than that of the
base solution, since the acid as the agent is used
after having been previously treated with a base
agent, and furthermore it is characterized by a
smaller number of recycled ones, once a week
or about four times for thirty days.

From the results shown in Figures 2 and 3,
after the analysis, it can be determined that the
colour of the litmus paper used as an indicator
fully corresponds to the anticipated tint for a
successful cleaning process, from which it can
be concluded that the requirements for manual
and machine cleaning of the production
equipment.

Figure1. Comparison of recycled solutions: (a) base solution and (b) acid solution.
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Figure 2. The litmus paper used for verification of manual cleaning, (a) after and (b) before the test.

Figure 3. The litmus paper used to verify machine cleaning, (a) before (b) after the test.

Table 5. Presence of total number of bacteria and Enterobacteriaceae on areas subjected to manual
cleaning (CFU / cm?).

Working Type of bacteria | N (CFU/cm2) | Sd Min (CFU/ | Max (CFU/ Cv
surfaces- cm2) cm2) (%)
cleaned
manually
Total number of 5.7 7.4 0 14 130.1
Work desk bacteria
Enterobacteria 3 0 0 0 0 0
Total number of 1.3 1.2 0 2 86.6
Molds bacteria
Enterobacteria 3 0 0 0 0 0
Total number of| 3 2.7 2.9 1 6 108.3
Prominent bacteria
wheelbarrows Enterobacteria 0 0 0
Total number of| 3 1.7 2.1 0 4 124.9
Stalk bacteria
Enterobacteria 3 0 0 0 0 0
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From the results of the Table 5, it can be
concludedthatin none of the examined surfaces
- work desk, moulds, prominent wheelbarrows
and stalks treated with manual cleaning,
contamination with Enterobacteriaceae has not

been established. Regarding the total number
of bacteria found on the investigated surfaces,
it is noted that there is a certain number of
occurrences, but within the permitted limits
according to the milk policy.

Table 6: Presence of total number of bacteria and Enterobacteriaceae on surfaces subjected to machine

cleaning (CFU / cm?).

Working Type of bacteria | N | (CFU/cm?2) Sd Min (CFU/ | Max (CFU/ Cv
surfaces - cm2) cm2) (%)
cleaned by
machine
Machine / Total number of 1.7 29 0 5 173.2
unit bacteria
Enterobacteria 3 0 0 0 0 0
] Total number of 0 0
Pasterizator bacteria
Enterobacteria 3 0 0 0 0 0
) Total number of 0.3 0.6 0 173.2
Filter bacteria
Enterobacteria 3 0 0 0 0 0
] Total number of| 3 0.7 0.6 0 1 86.6
Vehicle tank bacteria
Enterobacteria 0 0 0 0 0
] Total number of| 3 0.7 1.2 0 2 173.2
Raw milk bacteria
storage tank Enterobacteria 0 0 0 0 0

From the results of the Table 6, it can be
concluded from none of the tested surfaces -
machine / aggregate, pasteurizer, filter, vehicle
tank, crude milk storage tank, which are treated
with machine cleaning, as well as in the manual
cleaning procedure, contamination with
Enterobacteriaceae has not been established.
Regarding the total number of bacteria found
on the investigated areas, it is noted that there
is an insignificant number within the permitted
limits according to the milk policy.

From the obtained results of the
microbiological analysis of the yellow cheese
in the form of a finished product, it can be
concluded that none of the analysed yellow
cheese has not been established the presence
of bacteria and therefore the quality of the
product fully corresponds to the Rulebook of
specific requirements for food safety in terms of
microbiological criteria, Official Gazette of RM
No. 78 of 2008.

The legal matter regulating the behaviours,
the manner and the methods of production is

regulated and certified as follows:

e Determination of fat content in milk (ISO
2446: 1976, 1S0O 488: 1983)

e 32008R1020, REGULATION OF THE
COMMISSION (EC) No 1020/2008 of 17
October 2008 amending Annexes Il and Ill to
Regulation (EC) 2076/2005 of the European
Parliament for the placing on the market of
milk products

e Rulebook on the special requirements for
safety and hygiene and the manner and
procedure for performing official controls
of milk and milk products-Official Gazette
of RM 151/07 and Official Gazette of RM 93
from 12.07.2010

e Determination of acidity of milk (Rulebook
on methods of physical and chemical
analysis of milk and milk products Official
Gazette of the SFRJ, No. 32/83)

e Determination of dry matter of milk
(Rulebook on Methods of Physical and
Chemical Analysis of Milk and Milk Products
Official Gazette of the SFRJ, No. 32/83)
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CONCLUDING REMARKS

The production of dairy products as a
sector that our country participates with a good
percentage in the gross domestic product, as
well as the developed production capacities and
products thereof, are subject of certification,
standardization and regulation in accordance
with the European positively applicable norms
and directives. From the above stated it was
necessary our rules, regulations and laws to
become compatible with the European ones.

Hygienic sanitation in the dairy industry is
the most critical operation in the milk processing
processes and is extremely important for the
complex production of hygienic products.

Quality hygienic sanitation is conducted
in accordance with the HACCP system and
ISO standards, and for the best performing
operations manual cleaning is increasingly
being replaced by machine. In addition, with
the CIP system, cleaning is carried out faster,
with less labour and with reduced chemical
risk for human health. In manual cleaning,
visual inspection of the performed operation
is provided, but it is necessary to increase the
share of human labour. Finally, the overall
sanitation of the plant, and hence the quality of
the products implies continued engagement.
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XUTMEHCKATA CAHUTALIUJA BO MJTIEKAPCKATA UHAYCTPWUJA NMPU NPOU3BOACTBO
HA KPABJU KALLKABAJ1 KAKO ®AKTOP 3A AOBUBAKE HA XUTMEHCK UCMPABHA
nPoun3BoaAn BO COMNACHOCT CO CTAHAAPAUTE HA EY 3A CTAHAAPAU3ALUUIA U

CEPTUOUKALUIA

Banrenuua JoBaHoBcKa™', lumuTtpa JoBaHoBcKa % flapko BenjaHoBckn ', Muna Apanuecka’',
KarepuHa LLlam6eBcKa'
"YHusep3umem ‘Ce.Knumenm Oxpudcku’; @akynmem 3a 6uomexHu4KuU HayKU,
lMapmu3saHcka 6.6.7000 bumona, Penybnuka CesepHa MakedoHuja
2YHusep3umem “Cs.Kupun u Memoouj’, [lpaseH pakynmem “Jycmunrijax lpsu”
6yn. ,loue [lenyes” 6p. 96 1000, Ckonje, Penybnuka. CegepHa MakedoHuja

*KoHmakm aemop: vangelicaj@yahoo.com

Pesume

Mpouecnte Ha XUrMeHCKa caHWTauMja BO MJieKapckaTa MHAYCTpuja ce Hoceukn dakTop 3a
nobuBare Ha XUrMeHCKM NCMPaBHU MIEYHW NMPOU3BOAM.

MNpeamer Ha aHanm3a ce MPOW3BOAHATa OMNpPEema, YOBEYKUTEe pecypcu 1 Mpou3BedeHUoT
roToB MPOM3BOA — KpaBju Kallkasas, nNpu yve Npon3BOACTBO MOPAAU NpUMeHaTa Ha pasfinyHuTe
TEXHOJIOrMM Ha paboTa ce KOpUCTaT Pa3fNMYHM NOCTaNKK 3a CaHUTaLuja.

NcnutyBarbaTa MOKaXaa [JeKa XWrmeHckata caHuTauuja faBa 3a[0BONUTENIHW pe3ynTaTtu.
MNoTBpAEHM Ce OAroBOPHOCTAa W MO3UTMBHOTO BfMjaHME Ha BpaboTeHuTe. Pesyntatute of
ncnmTyBaHaTa 6akTepuonoLLKa NCNPaBHOCT Ha onpemMaTa NoKa)aa noronem u nogobap epekt npu
cnpoBeflyBatbe Ha MALLUVMHCKOTO BO criopefiba cO payHoOTO uncTere. Of aHanvsata Ha Kiy4yHuTe
napametpu Bo CIP (Cleaning-In-Place) cnctemoT e yTBpAeHO [eKa MOKPaTKOTO BpemMeTpaere
Ha YMCTEHETO € BO Kopesauuja co nobp3 NpoTok 1 NMOBUCOKa TeMnepaTypa U KOHLEeHTpaLmja Ha
cpepncTBaTa. Of peumpKynmpaykute cpecTsa, 6a3a 1 KMcenmHa noronemo 3amaTyBate Ce jaByBa Kaj
6a3HoTO cpeacTBO. Ha Kpaj, of ncnmutyBaHaTa 6akTepurosnoLlKa UCNPaBHOCT Ha rOTOBMOT NPOU3BOJ, -
KallKaBan e NoTBPAEHO Aeka Npon3BOoAO0T € MOTNOSIHO XUTMEHCKN UCMPaBeH 1 34paB 3a KOHCYMauuja.

XnrneHckata caHuTaumja BO MIeKapckaTa WHAYCTpUja e HajKpuUTUYHa onepauuja npu
MiekonpepaboTyBaukmTe NpoLecn U nmMa ronemMo 3Hauyerbe 3a JobuBarbe Ha KBanuTeTeH, 34pas u
XUIFMEHCKN UCNPaBEeH roTOB NPOU3BOA.

KnyuHu 360poBu: CIP-cucmem, 4oseyku pecypcu, Npou3gooHa onpemd, 20mo8 NPou3800.

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 17, No. 1, pp. 97 -104



JOURNAL OF AGRICULTURE AND PLANT SCIENCES, JAPS, Vol 17, No. 1, 2019
In print: ISSN 2545-4447

ST, .
Manuscript received 05.05.2019 & \\\//,—\«///"; On line: ISSN 2545-4455
Accepted: 30.05.2019 ;>JAPS~: UDC: 637.12.05:637.146.3

Original scientific paper

EVALUATION OF THE QUALITY OF RAW MILK FOR YOGURT PRODUCTION

Tatjana Kalevska', Daniela Nikolovska Nedelkoska', Viktorija Stamatovska', Zora Uzunoska’,
Sasko Martinovski', Vezirka Jankuloska'
'St.Kliment Ohridski Univeristy, Faculty of Technology and Technical science — Veles,
Republic of North Macedonia
*Corresponding author: tatjana.kalevska@uklo.edu.mk

Abstract

Yogurt is one of the most popular fermented products. From a nutritious aspect yogurt is very similar
to the milk from which it was made, partly changed, with certain therapeutic effects linked with the starter
cultures added in the production process.

The research includes the examination and presentation of results for the physical-chemical composition,
the inhibitory substances and the hygienic quality of the raw milk for yogurt production, the technology, the
physical-chemical composition and the microbiological quality of the yogurt.

According to the results obtained from the research, the milk fat content amounts to 3.78%, proteins
3.23%, lactose 4.68%, and dry matter 12.76%. The average number of somatic cells in the milk is 248.400/ml,
and the total number of bacteria 199.000/ml. No antibiotics had been detected in the milk, and the content of
aflatoxins is 0.010ug/kg. The average value of the acidity and pH of the milk are 6.68 and 6.79 °SH respectively.
The microbiological quality of the produced yogurt is in accordance with the requirements of the Regulations

for the special requirements for the microbiological criteria of food.

Key words: quality, raw milk, yogurt

INTRODUCTION

Fermented milk products have been
consumed in Europe for perhaps 4000 years and
yogurt is one of the oldest and most popular
of these products worldwide (Buttriss, 1997).
Fermented milk products contain all important
food ingredients in such relation that a human
body can optimally use them and because of
that they belong to a group of very important
food in human nutrition. They, as well as milk,
contain all the basic ingredients needed for
growth of a human body, for development,
reproduction, maintenance and satisfying
energy needs. These ingredients entail lactose,
lactic acid, protein, milk fat, minerals and
vitamins. During fermentation there is a change
of some constituents of milk and with creating
of new constituents, fermented products get
new features compared to milk (Cari¢, 2000).

The fermented dairy products are
traditional products that are present in milk

processing facilities, markets and our table
(Tamime and Robinson, 2004). One of the most
consumed sour-milk products in our country is
the yogurt. Yogurts are produced by a lactic acid
fermentation process using thermophilic strains
of bacteria. From a nutritious aspect yogurt
is very similar to the milk from which it was
made, partly changed, with certain therapeutic
effects linked with the starter cultures added
in the production process. For the production
of yogurt, a good quality milk is necessary
(Srbinovska, 2007). The physico-chemical quality
of the milk for yogurt production is defined
based on the following parameters: proteins,
fats, lactose, dry matter without fat and casein,
the degree of acidity of the milk (Antunac et.al.,
1997). The variations in the composition of the
milk affect its total quality, as well as certain
technological operations in the processing
of the milk, and manifest themselves on the
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composition, properties and quality. Indicators
of the hygienic correctness of the milk are the
total number of bacteria and the number of
somatic cells, which is correlated with changes
in the physico-chemical composition of the
milk and is used to evaluate its quality (Kalit et.
al. 1998). As a determining factor in establishing
the suitability of the milk for yogurt, processing
is the ascertainment of the upper limit of the
number of somatic cells (Kati¢ & Stojanovig,
2002). An increased number of somatic cells and
enzymatic activity adversely affect the milk’s
processing suitability and its technological
properties. The milk for yogurt must not

have the presence of antibiotics and other
residues that negatively affect its technological
suitability and human health. Antibiotics inhibit
the development of lactic acid bacteria, and can
cause allergic reactions in humans or reduce
the sensitivity of harmful bacteria in the human
body to some antibiotics used in the treatment
of certain diseases. (Presilski, 2004). Milk can also
contain aflatoxins M1, which are the most toxic
collection of mycotoxins that are secondary
fungal metabolites. The aflatoxin present in
milk over an extended period of time even
in extremely small quantities poses a health
hazard to humans. (Sassahara et. al., 2005).

MATERIAL AND METHODS

The samples used for this research were
taken from the aggregate milk for production
of yogurt, following a standard technological

process in the Dairy “Bistra” Kicevo. The
technology of yogurt includes the following
steps:

Raw milk

)

Filtration

)

Pasteurization (92°C/10 min)

)

Cooling to 43°C

)

Inoculation with starter cultures YF- L812

)

Fermentation to pH 4.6

)

Cooling and mixing to 15°C

)

Packaging of the yogurt

)

Storage of the yogurt at 4°C

Physico-chemical composition of the milk

The analysis of the physico-chemical
composition and antibiotics in the milk was
done in the internal laboratory of the dairy,
while the other analyses were done in the
Institute of Food” at the Faculty of Veterinary
Medicine in Skopje: Analysis of the physico-
chemical composition (proteins, milk fat, dry
matter, lactose and minerals) was performed
with Lacto Scope. The active acidity of the
milk was determined with the digital pH meter
TESTO 720.

Microbiological analysis of the milk

Total number of bacteria (Bactocount -
ISO 21187: 2004) and number of somatic cells
(Fossomatic-ISO 13366). Antibiotics from the

group of tetracyclines and B-lactams in the milk
were determined by rapid tests with the Twin
Sensor incubator. The analysis of aflatoxins in
the milk was performed with (ELISA R-biopharm
1113).

Physico-chemical composition of the
yogurt

Physico-chemical composition of yogurt
was determined by accredited methods: fats
(1502446:1976), dry matter (ADAC/2005/990.20),
acidity of yogurt (SH° with titration. The pH
value was determined by a pH meter.

Microbiological analysis of the yogurt

Listeria monocytogenes (ISO 11290-1),
Enterobacteriaceae - (ISO 21528-2), Escherichia
coli (ISO 16649-2).
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RESULTS AND DISCUSSION

The parameters for the quality of raw milk
(physical chemical composition and hygienic

quality) used for the production of yogurt are
shown in Table 1.

Table 1. Physico-chemical analysis and hygienic quality of milk for yogurt.

Parameters ; S g Cv (%) min max
Proteins 3.23 0.04 1.59 3.19 3.31
Milk fat 3.78 0.06 1.68 3.68 3.89
Lactose 4.68 0.05 1.18 461 4.79
Dry matter 12.76 0.16 1.32 12.64 13.16
°SH 6.79 0.07 1.11 6.67 6.88
pH 6.68 0.06 1.04 6.58 6.78
*TCSC/ml 248.400 18.260 7.35 220.000 277.200
*TCB/ml 199.000 17.336 8.71 176.000 228.000

*TCSC/ml (Total count of somatic cells)
*TCB/ml (Total count of bacteria)

The average content of fat in the milk is
3.78 %, proteins 3.23%, dry matter 12.76%, and
lactose 4.68%. The average value of the active
acidityofthemilkis6.68and 6.79°SHrespectively.
The average values of all the parameters of
the physico-chemical composition are within
the value limit prescribed by the Macedonian
regulations on requirements for the quality of
raw milkand arein accordance with the results of
other authors (Srbinovska, 2007), (Dimitrovska
et al., 2016). According to (Heeschen, 1987), the
quality of milk, in addition to the composition, is
also determined by the parameters for hygienic
correctness. The number of somatic cells in

Table 2. Residues and contaminants in the milk.

the milk is in accordance with the regulations,
while the total number of bacteria in the milk
notes certain deviations from the permissible
limit according to the regulations. A correctly
performed pasteurization is expected to
destroy the microorganisms present in the milk.
Similar results were obtained in the research
of (Dimitrovska et al., 2016), while deviating
results were determined by (Srbinovska,
2007). An increased number of somatic cells
in milk indicates poor hygienic quality and is a
basic indicator of hygiene conditions for milk
production (Srbinovska, 2007), (Kirin, 2001).

Cow'’s milk Results
Aflatoxin <0,010 mg/kg
Antibiotics not found

The presence of antibiotics was not
established in the milk samples. The content
of aflatoxins in the examined milk samples for
the production of yogurt is within the limits of
the permitted quantities according to the food

Table 3. Physico-chemical analysis of yogurt.

safety regulations in relation to the max levels of
certain contaminants.

Physico - chemical characteristics of the
yogurt after the production are shown in table
3.

Parameters (%)
dry matter 9.65
fats 3.30
9SH 38

pH 445
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From Table 3 it can be concluded that
the average content of dry matter in yogurt is
9.65% and fat is 3.30%. Similar results about the
physico chemical composition of yogurt were
obtained in the research of (Dozet et al., 1979).
The pH value of yogurt after the completed

Table 4. Microbiological analysis of the yogurt.

fermentation is 4.45, while the titration acidity
is 38°SH. These results are in accordance with
previous researches (Milanovic et al., 2013).

The results of the microbiological analysis
of the yogurt are presented in Table 4.

Parameters CFU/ml

L. monocytogenes not found in 25ml
Enterobacteriaceae 0

E. coli 0

From the presented results of the
microbiological analysis of the yogurt, it
can be concluded that the presence of L.
Monocytogenes, Enterobacteriaceae and E. Coli

cfu/ml, was not established. From the results
of the microbiological analysis it can be noted
that it complies with the regulations on special
demands for microbiological criteria for food.

CONCLUDING REMARKS

Based on the performed tests and the
results obtained for the physico-chemical
composition, the hygienic quality and the
presence of residues and contaminants in the
milk, it can be concluded that the milk for the

production of yogurt is of good quality and is
technologically suitable for the production of
fermented products, which is confirmed by the
quality of yogurt produced.
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OLIEHYBAIE HA KBAJIUTETOT HA CYPOBO MJIEKO
3A MPON3BOACTBO HA JOTYPT

Tatjana KaneBcka', laHnena Hukonoscka Hepgenkocka', Bukropumja CramaroBcka’,
3opa Y3ayHocka', Cawuko MapTuHoBckn', Besnpka JaHkynocka'
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Pesnme

EpeH of HajnonynapHute dbepmeHTMpaHy Npoussoau e jorypToT. Of HYyTpUTHBEH acnekT EgeH
of HajnonynapHuTe GepmeHTMpaHu Npon3soaun e joryptoT. Of HyTPUTUBEH acMeKT jorypToT € MHOrY
CNIMYEH Ha MJIEKOTO Off KOe e MPOM3BeAEH, IeNTlyMHO NPOMEHET 1 CO ofpefieHn TepaneBTckn edeKTr
NOBP3aHu CO CTapTep KynTypute fofageHn BO HEroBOTO NPOU3BOACTBO.

NcTpaxyBareTo BKIyUvyBa NCMUTYBaHe 1 Npe3eHTpakbe Ha pe3yntaTti 3a GU3NYKO-XeEMUCKNOT
COCTaB, XUIMEHCKNOT KBaNMTET Ha CYpOBOTO MJIEKO 3a MPOW3BOACTBO Ha jOrypT, TeXHONorujaTa,
bU3NYKO-XEMUCKMOT COCTaB U MUKPOOUOSIOLKMOT KBaNIUTET Ha jOrypToT.

Cnopen pobueHnTe pesynTaTv Of UCTPaKyBarbeTo, COAPXKMHATa Ha MacTu usHecysa 3,78%,
npotenHu 3,23%, naktosa 4,68% u cyBa maTtepuja 12,76%. MpoceuyHnoT O6poj Ha COMATCKM KNeTKM
BO MNeKOTO M3HecyBa 248,400/ml, a BKynHMOT 6poj Ha 6aktepum 199.000/ml. Bo mnekoto He
ce yTBpAeHW aHTMOMOTMUKM, a copprkmHaTa Ha adnaTokcmHu m3Hecyea 0,010 pg/kg. MpoceuHaTta
BPedHOCT Ha KucenocT 1 pH Ha MnekoTo n3HecyBaart 6,68 n 6,79°SH coonseTHo. MnKpobronowkmnoT
KBaNIMTeT Ha NPOU3BEeAEHNOT jorypT ogrosapa Ha ycnosute of lNpaBrnHUKOT 3a nocebHMTe bapara
Ha MMKPOOUONOLKNTE KPUTEPUYMM Ha XpaHaTa.

KnyuHu 360poBu: k8asiumem, Cypog8o MJIeKO, jo2ypm.

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 17, No. 1, pp. 105-109
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Abstract

The dough rheology is very important for the prediction of the final bakery product quality such
as mixing behavior, sheeting and baking performance, and based on starch gelatinization data the overall
cooking behavior and product properties can be determined. The aim of this research was to examine the
impact of agronomic bio-fortification on the rheological properties of dough. In this research were included 7
samples obtained by adding high quality chelate fertilizers at different stages of wheat growth: Fe soil (1), Fe
soil + foliar (2), Fe foliar (3), Control (4), Zn soil (5), Zn soil + foliar (6) and Zn foliar (7). From farinograph data for
water absorption it was concluded that all variants for variety Treska and Radika had approximate values with
minimal differences compared with variant 4. According to the data obtained for the level of softness, it was
concluded that all variants for both varieties of dough are with medium quality. According to the qualitative
number, all variants of both varieties belong to quality group B,, with the exception of variant 2 for the variety
Treska and variant 5 for the variety Radika which belonged to the quality group C,. From the farinographc
analysis it can be concluded that bio-fortification did not have a significant effect on the technological quality
of the flour. Extensographic analysis showed that for variety Radika from variants 1, 2 and 7 were obtained flour

with higher extensibility, resistance and energy in comparison with the variety Treska.

Keywords: dough, farinograph and extensigraf

INTRODUCTION

Biofortification is the process of increasing
the content and/or bioavailability of essential
nutrients in crops during plant growth
through genetic and agronomic pathways
(Bouis et al, 2011). Genetic biofortification
involves either genetic engineering or
classical breeding (Saltzman et al, 2013).
Agronomic biofortification is achieved through
micronutrient fertilizer application to the soil
and/or foliar application directly to the leaves
of the crop. Biofortification is mainly focused
on starchy staple crops (rice, wheat, maize,
sorghum, millet, sweet potato and legumes),
because they dominate diets worldwide
- especially among groups vulnerable to
micronutrient deficiencies - and provide a
feasible means of reaching malnourished
populations with limited access to diverse diets,
supplements, and commercially fortified foods

(Saltzman et al.,, 2013). There is evidence that
agronomic biofortification can increase yields
and the nutritional quality of staple crops, but
there is a lack of direct evidence about changes
in rheological properties as a result of the
application of micronutrient fertilizer.
Rheological properties of dough are very
important indices for product development in
terms of product quality and process efficiency
(Mondal and Datta 2008). Rheology concerns
the flow and deformation of a material
(Vergnes 2003) and is particularly important
technique in revealing the influence of flour
constituents and additives on dough behaviour
during breadmaking (Dapcevic¢ et al,, 2014).
Among the cereal technologists, rheology is
widely recognized as a valuable tool in quality
assessment of flour. However, acceptance of
biofortificated crops from the producers in the
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milling and bakery industry is another issue
that needs to be paid special attention. This
study was aimed to evaluate the rheological
changes that take place in the dough as a result

of addition of zinc and iron chelating fertilizers
during the cultivation of wheat from the variety
Treska and Radka.

MATERIAL AND METHODS

Material

Plant material

The variant of the type Radika soft wheat,
and Treska soft wheat (Triticum aestivum L.),
which belongs to the group of high quality
bread varieties was used as a plant material in
this research.

Location and setting experiment

On the property belonging to the
Agricultural Institute in Skopje (Republic of
North Macedonia), in the testing economy
“Dolno Lisiche”, a test was placed according to
the method of randomized block system, with 7
variants, in three replications.

The following variants were included in the
test of this research:
Fe application in soil (variant 1)
Fe application in soil and foliar (variant 2)
Fe foliar application (variant 3)
Control — without fertilizing (variant 4)
Zn application in soil (variant 5)
Zn application in soil and foliar (variant 6)
Zn foliar application (variant 7)

Basic characteristics of the fertilizers

Yara Vera™ Amidas is a highly qualitative
granular fertilizer which contains nitrogen
and sulfur. Nutrichem folifer-Fe EDTA chelate
product, which is used for a foliar nutrition
of the plants.Yara Vita Rexolin is a product for
prevention of a shortage of zinc formulated in
the form of EDTA chelate. The nutrition of the
wheat is conducted in the different stages of
development (Menkinoska et.al., 2018)

Methods

Determination oftherheological properties
of the biofortificated dough was carried out
with the pharynograph and extensograph from
the company BRABENDER.
Pharographic analysis with the method
AACC 54-21 (American Association for
Cereal Chemistry - AACC 1995)
Extensographic analysis with the method
AACC 54-10 (American Association for of
Cereal Chemistry - AACC 1995)
Grinding and testing of the flour was
carried out in the farinological laboratory of
“Zito Luks AD"- Skopje. (Menkinoska et.al., 2018)

RESULTS AND DISCUSSION

There are many test methods available
to measure rheological properties, which are
commonly divided into empirical (descriptive,
imitative) and fundamental (basic) (Weipert,
1990). According to the empirical rheological
parameters it is possible to determine the
optimal flour quality for a particular purpose.
The empirical techniques used for dough
quality control are generally recognized as
standard methods by ICC, AACC, I1SO and
different national standards. In comparison to
rheological methods generally applicable in
food quality control, dough rheological tests

are probably the most diverse (Dapcevi¢ et al.,
2014).

The most popular and accepted device
for measuring dough physical properties
is Brabender Farinograph. It measures and
records the mechanical resistance of the
dough during mixing and kneading. In this
research the rheological properties of two
soft wheat cultivars Treska and Radika were
analyzed and evaluated. Rheological testing
included empirical rheological methods with
farinograph.
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Water absorption %

B Treska m Radika

Figure 1. Comparison of water absorption values flour samples.

Level of softness (Fj)

mTreska mRadka

120

Figure 2. Comparison of level of softness values of flour samples.

The Farinogram parameter with the
greatest practical value is the water absorption.
Water absorption is directly related to the yield
of final bakery product and it is one of the most
important parameters in assessing the “flour
strength” and in product price calculations.
Farinograph water absorption is mainly
influenced by the properties of flour main
components: gluten and starch. In order to be
properly interpreted, it must be compared to
the other Farinograph parameters

The results presented in the Figure 1,
showed that all variants have approximate

values with minimal differences in relation to
variant 4. However, the variety Radika showed
higher values of water absorption compared to
the variety Treska.

Another important technological feature
forthe baking industry is the degree of softening
the dough, expressed in Farinoghraphic units (in
Fj). If the degree of softening is higher, the flour,
i.e. the dough is harder to tolerate fermentation
and vice versa. It is considered that the 75 Fj
softening grade flour is of good quality, from 75
to 125 Fj with medium and over 125 Fj of poor
quality. The lower the value, dough has better
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quality. Thus, high water absorption, combined
with low degree of softening indicates good
quality flour, whereas a high water absorption
combined with a high degree of softening
indicates poor quality flour.

According the results presented on Figure
2, dough for all varieties was within the limits
of 80 to 120 Fj and belongs to the dough group
with medium quality. The comparison of the
results of Figure 1 and 2 show that the highest
value of water absorption and the lowest
degree of softening were noted for the variant
1 variety Radka, which indicates good quality
flour. Farinograph also enables monitoring
the influence of additives, and thus allows
optimization of flour processing in terms of
standardization of flour quality produced from

raw materials of variable quality. Flour quality
is defined and classified differently in European
countries depending on its end-use purpose
(Dapcevic et al., 2014).

The technological quality of the flour based
on farinograph is evaluated in three quality
groups. In quality group A belong strong flours
with optimal baking ability; in quality group
B belong medium flours with good baking
characteristics, while in quality group C belong
weak flours, i.e. with poorer quality and lower
absorption power (Albrecht, 2010).

From the presented results in Table 1 it
is noted that all variants belong to the quality
group B, with the exception variant 2 variety
Treska and variant 5 variety Radika, which
belongs to the quality group C..

Table 1. Comparison of qualitative number and quality group values of flour samples.

Qualitative number Quality group
Variant Treska Radika Treska Radika

1 53.7 54.4 B, B,
2 43.5 48.6 G B,
3 50.2 49.6 B, B,
4 52 48.8 B, B,
5 49.2 434 B, G
6 50.6 533 B, B,
7 48.4 52 B, B,

The Brabender Extensograph is an
internationally accepted standard method that
is in compliance with ISO 5530-2, ICC 114/1,
AACC 54-10. It is applicable for measurement
of physical properties of dough subjected to
mechanical handling and resting. Precisely,
an extensograph provides information about
dough resistance to stretching and extensibility
by measuring the force to pull a hook through a

cylindrically shaped piece of dough (Dapcevi¢ et
al., 2014). During the measurement of resistance
of dough to stretching and the distance the
dough stretches before breaking is recorded in
the form of diagram extensogram. The shape of
extensogram curve gives an indication of results
that could be expected for baking performance
(Freund and Kim, 2006).
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Figure 3. Comparison of extensibility (mm) values of flour samples.

Resistace(Ej)
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Figure 4. Comparison of resistance (Ej) values of flour samples.

As shown in Figure 3, for the variety
Treska variant 1 had a higher value of dough
extensibility as compared to control variant
4, while variant 2 and 3 had lower values.
Significantly less extensibility showed the
variants 5,6 and 7 as compared to variant 4. Also,
for variety Radika it was noted that the varieties
1, 2 and 7 have higher dough extensibility as
compared to variant 4, while variant 5, 6 and 3
have lower values. Generally, the variety Radika
showed higher extensibility compared to the
variety Treska for all variants, with an exception
of variant 3.

The resistance was expressed in
extensiographic units and for good quality it
is desirable a higher value of this parameter.
Curves characterized by low resistance to

extension indicates a small baking volume and
vice versa.

The energy, the same the resistance, is
desirable to be a higher value, because it is an
indicator of the volume, i.e. the strength of the
dough.

According the results presented in Figure 4
and Figure 5, the greatest resistance and energy
for the variety Treska were measured in control
variant 4, and the lowest value in variant 6. The
variants 1, 2, 3, 5 and 7 showed lower values
in relation to variant 4. Regarding the variety
Radika, the highest resistance and energy were
measured in variant 2, and the lowest value for
variant 5. In all other variants, higher values
were found in relation to the variant 4, with the
exception of the variant 3.



Marija Menkinoska, Tatjana Blazhevska, Viktorija Stamatovska

The fact that wheat breeders have
developed varieties with lower but more
intensive protein content we would like to point
out that the energy values of the extensogram
cannot be interpreted as in previous decades in
the evaluation of technological wheat quality
(Anderssen et al., 2004; Torbica et al., 2011). On

one hand, it stresses the need to increase the
understanding of the parameters obtained in
extensibility tests and its relevance to baking
performance, and on the other hand, to relate
the gliadin content and ratio of gliadin and
gluten in to extensional properties of wheat
dough.

Energy(cm?)

mTreska mRadika

Figure 5. Comparison of Energy (cm?) values of flour samples.

Value of ratio
(resistancel/extensibility)

B Treska ®mRadika

08 5g 08 08

Figure 6. Comparison of resistance / extensibility values of flour samples.

The value of ratio (resistance/extensibility)
represents the relationship between the
resistance and the extensibility. It gives
information on the behaviour of the dough
during processing and the best indicates of
quality the dough.

As itis shown in Figure 6, the highest value
of the ratio resistance/extensibility for variety

Treska was measured in variant 5. In all other
variants 1, 2, 3, 6 and 7, approximately the same
values were found with the control variant 4. In
contrast, the variety Radika showed the highest
values in variant 2 and 3, and the lowest in the
variant 5. For the variants 6 and 7, higher values
have been found as compared to the variant 4.
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CONCLUDING REMARKS

The effect of using different types of Zn
and Fe fertilizers on rheological characteristics
may depend on several factors such as climatic
conditions and wheat genotypes. However,
although both varieties were grown under
the same conditions and same agrotechnical
measures were applied equally, analyses from
pharynograph and extensograph generally
showed that there are differences between
the varieties resulting from their genetic
characteristics.

From the farinograph analysis it can be
concluded that:
bio-fortification did not have a significant
effect on the technological quality of the
flour for variety Treska and
bio-fortification with Fe application in soil
have an effect on the technological quality

of the flour for variety Radika.

From the extensographic analysis it can be
concluded that:
bio-fortification did not have a significant
effect on the technological quality of the
flour for variety Treska and
bio-fortification with Fe application in soil,
Fe soil + foliar and Zn foliar for variety
Radika were obtained flour with higher
extensibility, and energy in comparison
with the variety Treska and control variant.
Based on the obtained results of
the research for determining the effects
of agronomic bio-fortification, it can be
concluded that variety Radika can considered
as a raw material of a suitable quality for baking
production.
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CNMOPEABA HA PEONTIOLLKUTE KAPAKTEPUCTUKN HA BUOOOPTUOULIUPAHO BPALLHO
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Pesume

Peonorunjata Ha TECTOTO € MHOTY Ba)kHa 3a NpeABMAYBarbe Ha KPajHUOT KBaNMTET Ha NMekapcKuTe
NPOoun3BOAM KaKo LUTO Ce OfHeCyBahe Npu Mellahe, NnepdopMaHcy Ha NeYere 1 kenaTrHr3almja Ha
CKpob6. Bp3 ocHOBa Ha OBMe MOAaTOLM MOXe [la ce oapefaT CBojcTBaTa Ha NPOU3BOAOT Y HEFOBOTO
LieNoKymnHO ofiHeCyBake Npu roTeekbe.

LlentaHaoBauncTparkyBatbe 6elLle ja ce ICNUTa BNWjaHNETO HaarpoHoOMcKaTabuopopTmdukamja
B[P3 PEOJIOLWKNTE CBOjCTBA Ha TecToTo. Bo OBa ncTpakyBarbe ce BKyyeHn 7 BapujaHTu JOOUeHM co
[o0aBare Ha BMCOKOKBANIUTETHM XenaTHW Fy6prBa BO pas3nmuHy ¢as3m of pacToT Ha nuyeHuuaTa:
Fe nouseHo (1), Fe nouBeHo + donunjapHo (2), Fe donnjapHo (3), KoHTpona (4), Zn nouseHo(5), Zn
nouseHo + donujapHo (6) n Zn donunjapHo (7). Op aHanusute fobueHn on dapurHorpadoTt 3a
ancopnuuja Ha Bofa MOXKe Aa 3aK/lyyme AeKa CUTe BapujaHTX 3a COPTUTE Tpecka 1 paguka nmaat
NPUONVXKHM BPeAHOCTN CO MUHUMAIHK pa3nnku Bo cnopepba co BapujaHTa 4. Cnopen fobreHute
nofaTtouu 3a CTerneHOT Ha OMeKHyBake, Ce KOHCTaTMpa [eKka CuTe BapujaHTX 3a [BeTe COpPTU Ha
nueHuUa ce co cpefeH Keanutet. Cnopep KBanMTaTUBHMOT 6poj, CMTe BapujaHTU of ABETe COpPTU
npunaraaT Ha KBanuTeTHa rpyna b,, co nckny4ok Ha BapujaHTa 2 3a copTaTa Tpecka 1 BapujaHTa 5 3a
copTaTa pafika Koja npunara Ha kBanuTeTHa rpyna C..

On dapuHorpadckiTe aHanv3n Moxe Aa ce 3akiyunm peka 6buodoptndukaumjata Hema
3HaUMTeNHO BNMjaHME BP3 TEXHOMOLWIKMOT KBanuteT Ha OpawHoTo. Of pesyntatute fobueHun of
€KCTEeH30rpaMoT Ce KOHCTaTMpa feKa 3a copTaTa pagvka of BapujaHtu 1,2 n 7 ce nobuea 6pallHo co
noronema pacTerfiuBoCT, OTNOPHOCT 1 eHepruja Bo cnopefba co copTaTa Tpecka.

KnyuHn 360poBu: mecmo, papuHozpag, ekcmeHsuozpacg.

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 17, No. 1,pp. 111-118
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Abstract

Today, the need for timely information is essential, especially for business entities working in the field of
agribusiness, which are on a constant race on the world market to prove their own quality and services they

offer.

Therefore, the organizational ownership of agribusiness is very important, because with good ownership
and teamwork, it is possible to obtain quality use of collected information and data for the benefit of the

company.

What is missing in terms of mode of acceptance, direction, and classification of information in agribusiness

is the use and presentation of information.

In today’s modern concept of agribusiness development, what is lacking in every company is to have a
presenter who will be tasked with collecting all agribusiness information and data to classify the information
and, as a priority, to make such information online on a daily basis the portal from the company.

The quality presentation with timely received information may have led to the successful operation of
any business entity in the area of agribusiness economic market.

That is the essence of this paper, to show the general functional structure and exchange of information
in agribusiness, and, as such make a more competitive economic market

Key words: information, agribusiness, development, business entities, management

INTRODUCTION

Management in the agribusiness in
order to anticipate with a plan in the future
development of the company needs to make
the required amount of information in the
decision-making process.

The information itself and the decision
made about management has the significance
of a strategic resource, especially in the domain
of making strategic decisions for the enterprise.

In fact, the information received that

corresponds to the basic functions of
agribusiness such as: production, finance,
management, human resources, create

complete information about a particular area
in the management of a business entity within
the functional system of agribusiness. However,
the strategic role of management in an
agribusiness is perceived precisely by the way

of providing information and making decisions
that will further support the creation of goals
and the realization of the benefits in terms of
competitive advantage and increase of the
profit on the services market.

Making decisions by the management
team in a business entity is defined as the
investment of personal effort to achieve the
business goals implemented through the
planning, organization, management and
control functions.

From this it follows that planning in the
decision-making process refers to determining
the business goals and instruments that will
be realized, the organization includes those
managerial activities in the decision-making
process that carries out the schedule of tasks to
perform the assigned tasks.
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However, what needs to be taken into
account is that the procedure for obtaining
information and making decisions about it is
that information has its own cost, which means
that the value of the information covers the
costs incurred for its generation, therefore that
investing in information in itself brings results
that are hardly measurable in contrast to other
resources.

Regarding the management function,
managers in  agribusinesses have the
opportunity, on the basis of the received
information and made decisions to use various
motivating means for the employees in order to

achieve the highest results in the management
of the business entities,

As for the office as a segment in the
information retrieval and decision-making
process, it also plays animportant role especially
in the monitoring of management in order to
discover and resolve the gaps faster and faster
in carrying out the given tasks from the activity
of the business entity in agribusiness.

In fact, the topic of this paper is to give
a general conceptual understanding of the
placement and exchange of information of
business entities in agribusiness as a condition
for their successful development.

Concept of decision making and exchange of information in agribusiness

Management, in order to anticipate with
the plan for the future development of the
business entity in the agribusiness, should make
the necessary amount of information in the
decision making process. The information itself
and the decision made about the management
have the significance of a strategic resource,
especially in the domain of strategic decision
making for the development of agribusiness.

The received information that corresponds
with the basic functions of the enterprise
as they are; marketing, production, finance,
management, human resources, generate
complete information about a particular area in
the management of a business entity.

Otherwise, if the reception of information
is generated only from one specific area of
the business entity then that information will

finding
alternative
solutions

determination

of time

only affect the decision-making process of the
manageronly in thatarea. On that basis, decision
making is a special dimension of management,
implemented in all stages of decision making
carried out by management at all levels of
decision making. So the decision process itself
is shown in Figure 1, and it is characterized by
several stages as it is;

determining the time for decision making
by the management to resolve a particular
problem,

finding alternative solutions by manage-
ment to solve a particular problem,

choice of the most adequate solution and
its reception,

evaluation of the results of the decision.

choice of  assessment of

solution

Figure 1. decision making process in the business entities of agribusiness.

However, the strategic role of management
is perceived precisely by the way of providing
information and making decisions which will
further support the creation of goals and realize
the benefits in terms of competitive advantage
and increase the profit in the services market.
(Dr. M. Sekulovska, “Management Information
Systems’, Ohrid 2003. p.45).

On the contrary, according to traditional,
classical theories of decision making by the
management team in a business entity, it is

defined as the investment of personal labour to
achieve business goals implemented through
the functions of planning, organizing, managing
and controlling.

From this it follows that planning
in the decision-making process refers to
the determination of the business goals
and instruments that will be realized, the
organization covers those managerial activities
in the decision-making process, which are used
for scheduling task execution tasks.
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Regarding the management function,
managers have the opportunity based on the
received information and made decisions to use
various motivating means for the employees
in order to achieve the highest results in the
management of the business entities. As
for the office as a segment in the process of
obtaining information and decision-making, it
also plays an important role as all the previously
listed phases, especially in the monitoring of
management in order to be quickly and better

detected and resolved the blanks that would
gloss over the performance of the given tasks.

However, what needs to be taken into
account is that the procedure for obtaining
information and making decisions about it is
that information has its own cost, which means
that the value of the information covers the
costs incurred for its generation, therefore that
investing in information in itself brings results
that are hardly measurable in contrast to other
resources.

Trends in management of information in management

Regarding the trends in information
management, it can be said that in today’s
conditions the business environment has
changed as a result of the present world trends
such as; the globalization of the economy,
information economies, and the transformation
of business businesses. The changed business
environment of the business entities
imposes a number of challenges in terms of
managing or managing the information in the
decision-making process that relates to the
application of information technology and the
implementation of information systems in the
function of managers.

On this basis, information systems provide
basic organizational solutions to the challenges
and problems imposed by the modern
business environment. From here, it emerges
that information and telecommunication
technology overnight develops and with
their performance causes an explosion of
information, in which inevitably any modern
enterprise should be involved in order to
provide information for it. (Blagoja Georgievski,
PhD “Information Management”, Skopje2003).
As for the competition on the world markets, it
is becoming sharper with the emergence of the
global economy.

Therefore, in order for business entities
to bear this phenomenon, they need to be
more efficient and more flexible as market
participants, and thus to implement more
powerful information and communication
systems, as soon as possible they will come
to the timing and the necessary information.
Otherwise, in the process of obtaining
information, the moment of speed that needs
to be processed and to get the information
itself, which is of primary importance, to carry
accurate and timely and optimal decisions in a
very short period of time. (Blagoja Georgievski,

PhD “Information Management’, Skopje, 2003).
However, what means a trend in decision-
making and decision-making is that in the
modern world there is a shortening of the
importance of data which means that in
dynamic conditions of management, managers
should respond with the same dynamic and
skilful management, how to get the most out of
your own company.

It can therefore be said that the
management that follows the management
trends and is guided by the application of
scientific methods, models and techniques that
are in the scope of business communication
becomes successful and strives to maintain that
level and achieve even greater success .

In addition to the stated challenges that
are determining for building and introducing
new data management technologies, other
important factors are present in today’s
business systems as a consequence of the
already mentioned trends in the global systems
for delivering new frequencies and services,
especially in the area of agribusiness. Thus,
effectively organized management provides a
greater quantum of information in unit time,
that is, the same amount of information with
lower costs.

This way of managing information
contributes to making optimal decisions and
better control over the implementation phase.
In addition to such trends in the management
and use of information, today the business
entities use the computer, the Internet and
telecommunications, to a large extent as a
technical tool, because only by their complete
application is fast transmission and access
to data and information, fast updating and
processing data and information and quick
exchange of information, regardless of the
geographical position of the business entities.
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Classification and ways of managing information in business entities from agribusiness

Basic methods through which a business
entity is successfully implemented is the correct
management of the information system and
their proper targeting. In order for a business
entity to function properly the information it
has collected for a certain issue in the operation
of certain segments of the organizational set-
up of the company, leads to the formation and
classification of certain information systems,
which, depending on the problem that is the

subject of resolution, will provide specific data,
information or results for their further resolution
or analysis, as this would further contribute to
the successful positioning of the business entity
on the market.

Since for any business function an
appropriate information system can be created,
the logistic information system is considered as
basic and essential information systems for the
functioning of a business entity.

Logistics information systems in agribusiness

What is responsible for the question of
the need for a separate logistics system to
classify the information in parts of this type of
entities, it can be said that it is closely related
to the need for the existence of a shadow
whole, for the logistics of the business entity
in the organizational sense. However, while the
existence of the need for logistics is not at all
in question, depending on the size of the firm,
its activity, type of production, etc., logistical
activities will be treated separately from the
aspect of the organizational setting and aspect
of the information setup.

Because logistical  information s
essentially very closely related to marketing and
production, logistics management will largely
rely on the structure and data created for the
purpose of the business entity. Otherwise, the
creation of special databases for this kind of
information would lead to data reduction, their
inexhaustibility which would lead to high costs
of the cost of this type of information.

On the basis of this the best solution, in
any case, with careful analysis, information
about the information necessary for the logical
activities, which are not present in these
subsystems, is obtained, and the already existing
database structure is rewarded with new fields
that would satisfy these needs. Namely, this

statement is also true for the reports needed for
the modification of data on logistic information.
So this solution is good anyway because
marketing  management and logistics
management are interested in information that
is based on the same or similar data, but from
a completely different aspect. However, the
logistic information systems corresponding to
one business entity, especially if it deals with
the production activity, from a functional and
organizational structure are composed of the
following four basic information subsystems:

ordering information systems,

information systems for materials,
information systems for ready-made
products,

Information transport systems.

Characteristic in this case is that these
subsystems do not function individually, they
intensively communicate with one another, and,
of course, this also applies to other management
managements.

Thus, the main connections of these
subsystems of information with the business
entities in the agribusiness are presented on
Figure 2 (Blagoja Georgievski, PhD, “Information
Management’, Skopje2003)
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ordering from a

customer

transportation to
the customer

delivery of
products

)

-

order processing

ordering
products

getting products

Figure 2. Structure of logistics information systems - interconnections, flow of information and data

among business entities in agribusiness.

This way of managing the information
enables easy implementation of the connection
of the database and information, as well as their
availability on the Internet global network,
provided with an adequate level of protection
of the information itself and data.

Therefore, for the management of a
company that is developing within the scope
of agribusiness, such ways of information
management are of great importance, because
such methods of placing information are more
competitive than others on the market.

CONCLUDING REMARKS

When making a general overview of
the placement of information systems in
agribusiness it can be said that it is a concept
for the exchange of information between the
business entities in the segment of agribusiness
and the information that emerges as a need for
market demand.

The very fact that such an attitude indicates
that it is necessary to pay great attention to the
concept of information exchange in business
entities, since the main goal of such a system,
especially in the agrarian sector, is to collect
information from the demand and consumption
market and as such process and place them

until their final conversion realization.

Intoday’s modern concept of development
of agribusiness, what is lacking in every
company as mentioned above is standardized
working methods, which requires a managerial
person to timely place the information and data
in the field of agribusiness on the Internet portal
from the company.

Lack of information about a management
team in one business entity leads to business
failure, therefore quality information exchange
and their timely acquisition can lead to success
in the business of the business in the area of
agribusiness.
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MNOCTABEHOCTA HA NTHOOPMALMCKUTE CUCTEMW BO ATPOBU3HUCOT

Fopan Muxajnosckn™
'®akynmem 3a buomexHuUYKU Hayku - bumona, YHusepzumem ,Ce. Knumenm Oxpudcku” - bumona,
yn. [lapmusaHcka 66, 7000 bumona, Penybnuka CesepHa MakedoHuja
*KoHmakm asmop: goran.mihajlovski@gmail.com

Pesume

Bo peHelwHo BpeMe noTpebaTta o HaBpemeHn MHGopMaLun e o GUTHO 3Hauere, 0CoBeHO 3a
LenoBHWTe cy6jekTn Kou GyHKLMOHMPaaT BO o61acTa Ha arpobU3HKCOT, a KoM ce BO NOCTOjaHa TpKa
Ha CBETCKMOT Ma3ap 3a JOKa)KyBakbe Ha CONCTBEHNOT KBANIUTET U YCIYTU LUTO M HyZaT.

3aToa MOLLHE e Ba)kHa OpraHM3auMcKaTa MNOCTaBEHOCT Ha efeH arpobu3Huc, bugejkn camo
Co [ob6pa MOCTaBEHOCT 1 TUMCKO paboTere MOXe fa ce Aojae A0 KBanMTeTHO yrnoTpebyBare Ha
CcobpaHnTe MHPOPMALIMN 1 MOAATOLMN BO KOPUCT Ha KOMMaHWjaTa.

OHa WTo HegoCTacyBa BO OAHOC Ha HAUMHOT Ha NpudaKarbe, HacouyBahe 1 Knacubuumpame Ha
nHGopmMaLMnTe BO arpobM3HNCOT e Toa LUTO HeJoCTacyBaaT HauuMHUTe 3a ynoTpeba 1 npeseHTaumja
Ha nHpopmaumuTe.

Bo peHewHNOT coBpemMeH KOHLIENT Ha Pa3Boj Ha arpObU3HMCOT OHa LITO OTCYCTBYBA BO CEKOja
KOMMaHWja e Toa WTO BO AEHELIHOTO BpeMe Ha CTaHAapAM3MpPaH/ HAaUMHN Ha paboTerbe e NoTpebHo
[la VIMa Niiue-npe3eHTep Koe 61 nmano 3agava ga rm cobmpa cute nHbopmMaumm 1 nogatoumn og
obnacTa Ha arpobr3HUCOT fa rv Knacuduumpa nidopmaummTe 1 cnopes npuopuTeT Aa M NocTaByBa
CEKOjAHEeBHO TaKBUTE MHPOPMALMI HA UHTEPHET MOPTANIOT O4 KOMMaHuWjaTa. 3aToa LWTOo KBalTeTHaTa
npeseHTaurja co HaBpeMeHO fobreHnTe nHGopPMaLMK MOXKe Aa foBefe [0 yCrelHo paboTere Ha
CeKoj fenoBeH cybjekT Bo chepaTta Ha arpobU3HMCOT Ha EKOHOMCKMOT na3ap. TOKMy ¥ cyluTMHaTa
Ha OBOj TPYA € Aa ja NpurKake onwTaTta GyHKLMOHaNHa NOCTaBEeHOCT 1 pa3MeHa Ha MHbopmaLumn Bo
arpoOM3HNCOT 1 KaKo TaKOB Aia FO HarnpaByu MOKOHKYPEHTEH Ha EKOHOMCKMOT Masap.

KnyuHun 360poBu: uHpopmayuu, azpobusHUc, pa3eoj, 0e108HU Cybjekmu ,MeHaumMeHm.

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 17, No. 1, pp. 119-124
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Abstract

The aim of this research was to investigate the possibility of meat-vegetable sterilized pate production
with reduced fat content and functional ingredient supplementation, as well as to evaluate the thermal effect
on physicochemical and lipid content of the final products. In the study, ten experimental groups of poultry
pate were produced with different level and type of fat substitution with inulin gel and lentils flour. The residual
quantity of fructans was examined to evaluate the thermal effect on functional ingredients. Analysis upon
changes in lipid fraction was performed in order to determine the appropriated thermal effect in different pate
formula. The pate from sample 4 and 6 in which the amount of recipe fat was reduced and partially substituted
with inulin gel or lentils flour had the most acceptable nutritional characteristics.

Keywords: canned meat, inulin, lentils, fructans, thermal effect

INTRODUCTION

The meat and meat products are highly
evaluated and very preferred foods (Baltic &
Boskovic, 2015), as well as concerning their
sensory properties, and linking their nutritive
and biological value (Pereira & Vicente, 2013;
McNeill, 2014). By the other side the high level
of unsaturated fatty acids and cholesterol, the
high level of sodium chloride (NaCl) and nitrates
contents in meat products are associated
with a number of health problems as obesity,
cardiovascular diseases, diabetes, cancer and
etc. (Richi et al., 2015). Although these benefits
and risks associated with processed meat, the
consumption of meat products should not be
necessarily questionable if they are consumed
in moderate amounts manner as a part of
balanced human daily diets (De Smet & Vossen,
2016).

Even more, the enrichment of meat
products with natural functional ingredients
contemporarily has widespread usage in the
modern meat processing technologies with the
aim to improve the health status of foods (Bhat
& Bhat, 2011). The meat patés are widespread
and they are consumed by many people. In fact,
the meat pates have a fat contain about and
over 30%, which has a negative effect on their
health perception (Lorenzo et al., 2014; Latoch
etal., 2016).

The inulin is a very promising functional
additive (Roberfroid, 2004; Shoaib, 2016), which
is involved in different food e.g. in meat salami
as fat replacer, as a technological additive for
improving water-holding and emulsifying
ability, as an agent reducing product’s
energy value, or aiming to improve structural
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properties and viscosity of the product. By the
other side the beans vegetables, and more
especially the lentil, is accepted as good sources
of proteins, slow-release carbohydrates, dietary
fibres, mineral compound and vitamins (Igbal
et al., 2006). The lentil is successfully applied
as a binding agent in the preparation of beef
meatballs with low-fat content (Serdaroglu et
al., 2005), but we have not enough information
forits application in meat pate. At more long and
severe thermal process as is sterilization, meat
loses its colour, taste, its structure becomes too
much crumbly, a formation of jelly increases
that is not wanted. The use of binders and
hydrocolloids is prospective to improve product
consistency and to increase the jelly capacity in

canned meat as well as the increasing density of
a product and decreased diffusion of nutritive
substances (Pasichinyi et al., 2017).

The inulin and lentil flour are interesting
polyfunctional additives for the production
of meat products in accordance with their
structural and nutritive potential. However,
there are no studies on their use as potential fat
substitutes in sterilized canned foods. Therefore,
the aim of the present study is to evaluate the
changes in physicochemical, lipid and levels of
oligofructoses in finished products, depending
on the obtained sterilization effects in different
samples of sterilized meat patés with reduced
fat content and addition of inulin gel and flour
of lentils.

MATERIAL AND METHODS

Materials

For the production of meat-vegetable pate
it have been applied the following recipe for
pate from poultry meat: turkey meat — 300 g/kg
-1 as filling mass; poultry liver- 100 g kg-1; egg
mélange - 150 g/kg-1; porkfat-250 g/kg-1; corn
flour 20 g/kg -1; salt - 15 g/kg-1; sodium nitrite
-0,05; polyphosphate - 2 g/kg-1; black pepper
-3 g9/kg-1; nutmeg-0,5 g/kg-1; coriander-1,5g/
kg-1 and drinking-water - 150 g/kg-1. Ten (10)
samples with a different concentration of fat,

inulin and lentil flour are developed according
to Table 1.The added inulin Orafti®HPX was
provided by the company ,Artemis” Ltd - Sofia,
representative of Beneo-Orafti Ltd. Belgium.
The inulin was added on as gel, obtained by
hydration in a ratio 1:4 (w/v) (Latochet al.,
2016). Thus obtained suspension was heated
to the 85°C until complete dissolution and then
cooled to 50°C. Both functional additives were
added to the filler mass during cutting.

Table 1. Samples of poultry meat pate with inulin and lentil flour.

Sample Pork fat, Inulin gel, Lentil flour,
gkg™ gkg™ gkg™
1 0,25 0 0
2 0 0,25 0
3 0 0 0,25
4 0,125 0,125 0
5 0,125 0 0,125
6 0 0,125 0,125
7 0,0835 0,0835 0,0835
8 0,167 0,042 0,042
9 0,042 0,167 0,042
10 0,042 0,042 0,167
The samples were prepared in the meat at the laboratory autoclave (Hydroplast,
cutter machine (model Fimar CL/5), adding the Khaskovo). To determine the sterilization

water during the cutting in quantity until 15%
concerning the weight of meat mass.

The prepared filling mass was manually
filled in the cans of 200 g and then sterilized in
the following regime: 10—45-20

,2x10° Pa
121°C

regimes of the cans, the F-value was determined
by using the company’s Ellab (Denmark) report
device. The thermograms of the regime were
set and the actual sterilization effects ( F19,¢)
were determined.
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Methods

Prepared meat-vegetable pates were
analysed for the following physicochemical
parameters: pH value, TBA, fatty acid
composition and residual fructan (inulin) [%].

The pH value of the pate mass was
recorded immediately after preparation, as
well as after sterilization of the meat-vegetable
pates. The determination was carried out using
a pH meter of MS 2004 (Microsyst, Bulgaria) on
a pre-prepared aqueous extract of the sample
at a sample/water ratio of 1: 9 (w/v). Prior to the
measurement, the extract was filtered through
filter paper. The remaining analyses were carried
out after sterilization of the preserves, on the
4-th day of their storage. For the determination
of TBA, the method described by Sorensen
and Jorgensen (1996) was used. The fatty acid

composition of the extracted lipids from the
sample pates (Bligh & Dyer, 1959) was obtained
by gas chromatography after pre-esterification
of the higher fatty acids with methanol in order
to obtain more readily volatizing methyl esters
of fatty acids (ISO 5508). For determination
of residual fructans (inulin) in the samples, a
spectrophotometric method based on the
qualitative reaction of Selivanov to prove
ketoses was used (Petkova et al., 2014).

The Statistical Data Analysis was performed
by the software program Statgraphics 16. The
trials were performed in triplicate, the data in
the tables and graphs being arithmetic mean +
standard deviation (SD). Statistically significant
differences between the mean values were
found with a probability of less than 0.05.

RESULTS AND DISCUSSION

Determination of the actual sterilization
effects of meat-vegetable pates

Table 2 sets out the determined actual
sterilization effects (F%) of the different
samples in the selected sterilization regime of
the meat-vegetable pate and the sterilization
effect required for the test microorganism Cl.
sporogenes - 25, according to the pH value and
volume of the package.

The obtained results show that in all meat-
vegetable pate samples, achieved sterilization

value is higher than the required sterilization
effect, which ensures the production of
practically sterile and safe for human health
cans. The actual sterilization effects obtained
(Tab. 2) are higher in samples with a higher
addition of inulin, which is a direct result of the
consistency of the pate mass. In these samples,
the heating process under the same sterilization
regime was much faster than that observed at
lentils samples.

Table 2. Actual sterilization effects of meat-vegetable pates.

Sample 3 4 5 6 8 9 10
(F%) 24,83min 51,43min 31,88min 26,9Tmin 31,07min 26,46min 33,35min
Necessary lethality for sterilization of cans with the volume of the package 200 cm? .
F =17,4 min
andpH6,1-6,4 0
Necessary lethality for sterilization of cans with the volume of the package 200 cm? .
F.=20,3 min
and pH above 6,4 0

In Figure 1 are shown curves of heat
treatment  (thermograms)  during  the
sterilization of seven selected meat-vegetable
pate samples at the selected sterilization
mode. The intensity of heat treatment has
not only a decisive impact on the inactivation
of bacteria, but also on physicochemical
properties and subsequently on organoleptic
quality of the final product. In some of

the samples has been seen a considerable
deteriorate in colour and consistency after heat
treatment (data not shown). However proper
prevention measurement must be taken to
avoid undesirable protein denaturation or
fat oxidation and fat and jelly release due to
emulsion destabilization from excessive heat
application.
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Changes in physicochemical characteristics of meat-vegetable cans

One of the most important factors on
which the process of sterilization depends is the
active acidity of the food products (Gavin et al.,
1995). By comparing the samples, it was found
that the used inulin and lentil flour had an effect
on the hydrogen ion concentration of the raw
pate mass and on the sterilized meat-vegetable
pate (Tab. 3). There was a trend for increase of
pH of the sample’s raw meat masses in which
the degree of fat replacement with inulin had
been increased. The established difference
between meat-vegetable pate samples can

140
120

100
“ 80
Q
.§ 60
T 40
2 20
§
2 0
0 20 40 60 80 100 120
Time, min
—8—Water —@—Sample 3
140
120
© 100
g
3 20
©
2 60
£
& 40
20
0
0 20 40 60 80 100 120
Time, min
—8— Water —@—Sample5
140
120
9]
. 100
g
28
o
é 60
o 40
=
20
0
0 20 40 60 80 100 120

Time, min
—8—Water —8—Sample 8

Temperature, C

be explained by the different amount of inulin
addition and its pH. According to the technical
specification, the inulin has a pH value of 6.40,
which leads to an increase in the pH value of the
inulin added samples. An increase in pH value
due to the addition of inulin was also found by
Méndez-Zamora et al. (2015) in the production
of frankfurter sausages. Contrary to what has
been stated for inulin, higher concentrations of
the lentils flour result in a decrease in the pH of
the pate masses.
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Figure 1. Curves of the heat treatment of different meat-vegetable pates.
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AND NUTRITIONAL PROPERTIES OF MEAT VEGETABLE PATE

After sterilization, the pH of the meat-
vegetable pates was reduced. Again at
the inulin added samples were measured
significantly higher pH values than the other
samples (P <0.05). Lower values of hydrogen
ion concentration after sterilization can be
explained by changes in total charge (Rao
et al,, 1996), as a result of both denaturation

changes in protein molecules as well as
thermal induced carbohydrate degradation
processes at temperatures above 100°C. In the
heat treatment, there are conditions in which
the hydrogen bonds are mainly disrupted,
which can be explained mainly by the greater
difference in pH values of the raw pate masses
and of the preservatives after sterilization.

Table 3. Physicochemical characteristics and fructan content (inulin) in the meat-vegetable pate.

Indicator
Sample pH of the meat pH Fructans* TBA,
filling mass of the can g/100gproduct mg MDA.kg™
1 6,830,019 6,39+0,025b¢ 0x0° 0,94+0,11%®
2 6,81+0,01¢ 6,48+0,03¢ 1,54+0,07¢ 0,83+0,01°
3 6,56+0,03¢ 6,31+0,022® 0,21+0,02° 1,11+0,02
4 6,76+0,005f 6,47+0,05¢ 2,98+0,51¢ 0,96+0,05%°
5 6,61+0,01¢ 6,46+0,09¢ 0,17+0,01° 1,25+0,08¢
6 6,44+0,04* 6,29+0,02° 1,36+0,01¢ 1,51+0,14¢
7 6,55+0,02¢ 6,33+0,022® 0,81+0,15° 1,6+0,08¢
8 6,72+0,01¢ 6,36+0,05%° 0,62+0,05° 1,89+0,05¢
9 6,71+£0,01¢ 6,3£0,122 1,59+0,13¢ 2,94+0,229
10 6,52+0,05° 6,27+0,04° 0,67+0,03° 2,17+0,2f

* Fructans, including inulin, fructooligosaccharides, sucrose and fructose
Note: The values given are the arithmetic mean of the relevant sample of three measurements for the given

indicator.

a-g - values on columns with the same alphabetic characters are statistically indistinguishable (P> 0.05).

Determination of fructans (inulin)

Comparing the fructan content in the
meat-vegetable pates after the sterilization
regime, large statistically significant differences
(P <0.05) were found between the individual
samples (Tab. 3). These differences cannot
be explained alone by the different amounts
of added fructo-oligosaccharides (inulin),
due to the initial formulation of the samples.
According to Bohm et al. (2005) and Wang
et al. (2009), the content of fructans (inulin)
decreases with increasing temperature. We also
experienced loss of inulin versus input quantity
after heat treatment. Obviously, there was also
an additional factor influencing the changes in
this indicator. Most likely, this was the different
fat content as well as the different consistency
of the tested samples and hence the different
heating curves under the same sterilization
regime and the achieved F-value effects in
them.

This is confirmed by almost statistically
indistinguishable results (P>0.05) for the
number of fructans in samples 6 and 9, which
is a consequence of both the amount of inulin
used in these two samples and their close actual
sterilizing effects. For the samereasons, between
samples 8 and 10 there are also no significant

differences in the final amount of fructans.
In samples with the addition of a significant
amount of lentils flour with or without less
inulin gel (samples 3 and 5), minimal amounts of
fructans were reported. At sample 4, the largest
statistically distinct amount of residual fructans
in the finished meat-vegetable pates (P<0.05)
was observed. In this sample, although the
highest actual sterilization effect was recorded,
the amount of added pork fat can prevent
the thermal destruction of the incorporated
fructooligosaccharide in the form of an inulin
gel.

Determination of the lipolyticand oxidative
changes of the lipid fraction of the samples

It has been found that the amount of the
lipid oxidation byproducts determined by TBA
and expressed as mg MDA kg-1 of pate ranges
from 2.94 mg MDA kg-1 in sample 9 to 0.83
mg MDA kg-1 for sample 2, where there were
full substitution of fat with inulin (Tab. 3). High
TBA values for samples 6, 7, 8, 9 and 10 are
most likely due to inappropriate ratios in these
samples between lentils flour, inulin gel and fat,
necessary to form a stable meat emulsion. This is
also confirmed by data on the emulsion stability
of the samples of pates (data not shown here).
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INFLUENCE OF THE STERILIZATION PROCESS ON THE PHYSICOCHEMICAL
AND NUTRITIONAL PROPERTIES OF MEAT VEGETABLE PATE

According to some authors (Joo et al,
1999, Sasaki et al.,, 2001, Estevez et al., 2003,
Lorenzo & Pateiro, 2013), the higher fat content
results in a higher amount of the oxidation
reaction products. However, in our samples,
more significant oxidation processes were
observed in samples with a fuller reduction of
the fat, containing a lentil flour in combination
with more inulin gel. In these samples, the more
easily oxidized muscle phospholipids remain
more vulnerable to the oxidation processes
occurring during the heat treatment.

The analysis of the fatty acid composition
of the pate samples revealed significant
differences between the individual samples
(Tab. 4). The different patterns of the three-
component mixture used for the individual
samples differ from one another in the presence,
respectively, of inulin, animal fat, and lentils, as
well as their concentration. The differences in
the fatty acid composition of the individual pate
samples are mainly due to the type and quantity
of these ingredients and to a lesser extent to
the sterilization effect achieved. The difference

in the percentage of unsaturated fatty acids
(PUFA) was obviously. The highest content of
PUFA was marked at the samples 3, 6,7, 10 and
control sample 1, and the lowest percentage - at
sample 5. A widely used indicator characterizing
the healthy profile of lipid fraction in food is the
PUFA/SFA ratio (Decker&Park, 2010; Hathwar
et al,, 2012; Wood et al., 2003). PUFA/SFA ratio
values > 0.40 are considered useful for human
health (COMA, 1994). The highest value - 0.53,
was recorded in sample 9, followed by 0.52
in samples 10 and 6 and 0.51 in sample 7. By
comparing the fatty acid composition of all
samples tested for essential fatty acids such as
linoleic and linolenic, it should be noted that
these two fatty acids were at the highest levels
in sample 6, followed by samples 7,10 > 2 >
4. For each of these samples, the established
amount of these two polyunsaturated fatty
acids was higher than that obtained for the
control sample 1. This can be considered as
an additional nutritional advantage of these
fortified with fibres and reduced fat content
canned foods.

CONCLUDING REMARKS

By selected sterilization regime, a
sterilization value was achieved in all samples
of meat-vegetable pates which was higher
than the sterilization effect required to ensure
industrial sterility. In the all tested samples of
pates, the fructan (inulin) content decreases
as the highest amount of fructans (inulin) are
recorded in sample 4, followed by sample 2 and
6. These amounts are acceptable in terms of the

desired potential functional prebiotic effect and
reported by Bodner and Sieg (2009) limiting
amount of fructan (inulin) in meat products - 4
g/ 100g. The results allow to conclude that the
mode of sterilization, even if there were changes,
preserves the positive effect of the incorporated
functional ingredients on the nutritional,
technological and functional characteristics of
the tested meat-vegetable cans.
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BJINJAHUE HA NPOLECOT HA CTEPUNTN3ALUNJA HA ON3NYKO-XEMUCKUTE U
HYTPUTUBHUTE KAPAKTEPUCTUKW HA MALUTETA O} MECO U 3EJIEHYYK
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Pesume

LlenTa Ha oBa ncTpakyBahe HeLle fa ce UCMMTa MOXKHOCTA 3a NPOM3BOACTBO Ha CTEPUIIM3MPAHa
nawiTeTaogMecom3eneHyyKcoHaManeHacogpxnHaHaMacHOTUMMAOMNONHYBarbeHa QYHKLMOHANHNTE
COCTOjKM, KaKo 1 fla Ce OLEHN TEPMUYKMNOT ePeKT Ha GU3NUKO-XEMUCKMTE U INMNAHUTE COAPXKUHN Ha
KpajHuTe npomnssoan. Bo ctyanjata 6ea npon3BefeHn feceT eKCrneprMeHTanHN Fpyny Ha NalTeTu
Of MUBMHCKO MECO CO Pa3fIMYHO HMBO 1 TUM Ha CYNCTUTYLUMNja Ha MacTW, AOAATOK Ha MHY/VH 1 neKa
BO npas. [peocTaHaTaTa KONMYMHa Ha GPYKTaHM Ce UCMUTYBALLE 3a 1a Ce€ OLeHN TEPMUUKUNOT edpeKT
BP3 GYHKLUMOHANHNTE COCTOjKM. AHanv3aTa no NPoMeHMTe BO NNvAHaTa ¢paKkumvja belle n3BeaeHa
CO Len ia ce oapeam NPUCBOEHMOT TEPMUYKN eDEKT Kaj Pas3fIMuHN COAPXKUHM Ha NaluTeTa. MawTeTaTa
of npumepouunTe 4 n 6, BO Koja KONMYMHaTa Ha MacHOTMjaTa € HaMaseHa 1 fenyMHO CyncTuTyrpaHa
CO VIHYNIVH UNK neKa, MMana Hajnpudatinemn HYTPUTUBHY KapaKTePUCTUKM.

KnyuHu 360poBu: KOH3ep8UPAaHO Meco, nawimema, UHYJIUH, iekd, ehekm Ha cmepusu3ayuja.
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Abstract

Rebo (Rigotti 107-3) is a vine variety that originates from Trentino, North Italy. It was selected by the
researcher Rebo Rigotti by crossing the varieties Merlot x Terlodego at the agriculture and forest experimental
station in S. Michele all’ Adige. According to the literature the idea of the breeder was to produce new
variety that would be similar to Merlot but more resistant to cold climate conditions. Our idea to plant Rebo
in Macedonia was to grow this variety on sites with higher altitude locations that are difficult for growing
Merlot. The vineyard for this study is located in the north part of Macedonia on the mountain German near the
town of Kriva Palanka, area typical for growing frost resistant varieties. In this research paper we analyzed the
mechanical structure of the grape cluster and berries, the quantity of sugar and titratable acids in the grapes.
In the wine we analyzed the quantity of total phenols, total anthocyanins, wine colour (CI;H), total flavan-3-ols

and standard chemical analysis of the wine.

Key words: Rebo, Rigotti 107-3, cold resistance

INTRODUCTION

Republic of North Macedonia has centuries
of tradition of growing vines and producing
high quality wines. Located in the south part of
Balkan peninsula, it's a country with very good
viticultural conditions, dry and warm summers
and not so cold winters, which are ideal
conditions for the production of high quality
red wines. As a result of the clime conditions the
produced wines in general are characterized
as high colored, full body, structured, well
balanced wines with aromas of ripened and
black fruit. The most planted is the local variety
Vranec, but from the red varieties, Merlot,
Cabernet Sauvignon, Cabernet franc, Syrah and
Pinot noir are also grown.

The quality of a wine can be expressed as
a balanced set of multiple components found in
it. The phenolics substances are just one group
that participated in the quality of the wine. The
greater the quantity of this component is the
more complex wine can be produced. There are
numerous factors that influence the production

of this components in the grape berry: grape
variety, climatic and soil condition, agricultural
practice (Stockham, K. et all., 2013; Maria G. et
all., 2015).

In some parts of the country there are high
altitude terrains for viticulture with not ideal
winter temperatures. Because Merlot is one of
the varieties that are demanded on the wine
market the idea was to search for a variety that
is similar to Merlot but is more frost tolerant.
Rebo is grape variety created by the researcher
Rebo Rigotti by crossing the varieties Merlot x
Terlodego in S. Michele all’ Adige. This grape
variety is cultivated in Trentino northern Italy
mainlyin San Micheleall’Adige,Volano, Calavino,
Cavedine and Padergnone. In itali in 2000 there
were 39ha according to agricultural census. (lan
D'Agata 2014; Jancis R. et all 2012). The aim of
the research was to investigate the quality of the
grapes and wine from Rebo, Italian variety that
is related to Merlot and is more resistant to low
winter temperatures grown in clime conditions
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of N. Macedonia. By analytical methods and
degustation tasting to determine if this variety
can provide grapes with good yield and quality
grapes with expected parameters for the
production of high quality wine. To investigate
the potential and possibilities of Rebo we

analysed the mechanical composition of the
harvested grapes and chemical composition of
the produced wine (alcohol, extract, titratable
acids, pH, free and total SO, total polyphenols,
total anthocyanidins, total flavan-3-ol, Hue and
wine intensity and colour).

MATERIALS AND METHODS

Field research

The vineyard is located in the north part of
the country near the town Kriva Palanka in the
mountain German. It is a young vineyard, the
vines are four years old and it was its second
harvest. The distance between the plants in the
vineyard is 3.2,m x 1,2m. The pruning system is
double guyot, leaving two spurs with 2 buds and
two cane with 6-8 buds, which is 16 to 20 buds
per grape vine in total. Standard agricultural
practise was performed in the vineyard.

B

L

Mechanical composition of the grapes

The grape was harvested in September
and has relatively high amount of sugar 24,5
Brix. The yield and the mechanical analysis of
the grape clusters and the grape berries were
performed in the experimental laboratory in
the Institute of Agriculture, using standard
methods (Avramov, 1991).

Figure 1. Left- grape cluster of Rebo; Right — young vine of Rebo with visible grape clusters.

Vinification
Processing of grape was performed
in the microvinification cellar, according

to the standard procedure for red wines
production. The grapes were hand-picked
in plastic cases from 13 kg at technological
maturity, at ripeness of 24.5 Brix. The grapes
were immediately destemmed and crushed on
a small electric crusher and 30mg/l SO2 was
added in order to prevent oxidation and to
obtain microbiological protection. Lallemand

EXV enzyme for maceration was added during
the processing of the grapes and yeast culture
Lalvin D254 with dosage of 25g/hl was used
for the alcoholic fermentation. The grape mash
was fermented in 225liters capacity stainless
steel tanks. The temperature regime during
the AF was 24+3°C. Yeast nutrient, Fermaid E
(recommended dosage of 25 g/hL) was added
during fermentation.
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Spectrophotometric analyses of grape berries and wine

The analysed wine samples were
performed by direct measurements or using
appropriate dilution of wine in distilled water if
it's necessary.

Total phenols content were assessed by
the reduction method with Folin-Ciocalteu
reagent. The results obtained are expressed as
mg/L gallic acid equivalent (GAE/L).

Total flavan-3-ols were determined using
DMCA (p-dimethylaminocinnamaldehyde)
method. Quantity of 0.1 mL of the wine sample
was transfered in a 10 mL flask, than few drops
of glycerol and 5 mL DMCA solution were added

TA Lo (MA/L) = A

"
where A sonm

16.7d,

540nm

and made up to the mark with methanol. The
absorbance was measured at 640 nm against
methanol as blank. The obtained results are
expressed as mg/l catechine hidrate.
Determination of total anthocyanins
in wine. Wine dilution (1:100) was added in
10 ml flask and made up to volume with a
solution of ethanol: water: hydrochloric acid
(70:30:1). The absorbance measured at 536 to
540 nm against ethanol chloride as blank was
used for calculation the concentration of total
anthocyanins (TA) in wines using the equation:

"is the absorbance at 540 nm and "d”is the dilution factor

Wine intensity, Hue and colour were analysed according to Ivanova V. (2013).
Degustation rating of the wine was performed by UC Davis 20 point system.

RESULTS AND DISCUSSION

Theresults forthe quantity of the harvested
grape per vine are given in Table 1. From it
we can see that that the yield of this variety
is similar compared to Merlot. The average
yield produced of Rebo is 2700 g/vine and
the average cluster weight is 194.3g. From the
measurements of cluster weight and weight of
100 berries in table 1 we can establish that Rebo
has small grape clusters and small berry size,

Table 1. Mechanical analysis of Rebo grapes.

similar to Merlot. One of the most important
parameters for the quality of the grapes and
wine are the content of sugar and titratable
acids and their mutual ratio. From the analysis
of the grapes we measured high content of total
soluble solids of 24,5° Brix and high content of
titratable acids 7.5g/L. The level of Malic acid
was also high 1,8 g/L.

Parameter Rebo
Yield (g/vine) 2700
Cluster weight (g) 194,3
Grape stem weight (g) 5
Weight of 100 berries (g) 86
Seed number/100 berries 202
Seed weight/100 seeds (g) 3,14
pH 3,23
Titratable acids (g/L) 7,5
Malic acid (g/L) 1,8
Total souluble solids (°Brix) 24,5

The obtained results in Table 2 for the
general analysis of the wines (pH, alcohol
content, total acidity, volatile acidity)
demonstrated that the samples are in the
expected range for red wines of this type of
wine. Additionally, they showed that the wine
from Rebo have high alcohol level which shows

that this variety is capable to produce high level
of sugarand still have a good level of total acidity
in the grapes and in the wine. The ratio between
these two parameters makes this variety very
good for production of young fresh wines and
wines that can have long shelf life which can be
also confirmed from the obtained high level of
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total extract (33.20 g/L). The high value for this
parameter also indicates that from this variety
structural, full body wines can be produced. The
level of volatile acidity is 0.51g/L and the free
and total SO2 have good ratio which indicates
that there was no problem during the alcoholic

Table 2. General analysis of the analysed wines.

fermentation. According to the degustation
rating the wine had 18 points that showed that
the produced wine from Rebo have very good
potential for production high quality wines.
These results are similar with the results from
the research performed by Sartor et al. (2017).

Parameter

Rebo

Sp. Gravity, 20/20

0,99

Alchool, vol%

14,32

Total extract, g/I

33,20

Titratable Acid, g/I

6,8

Volatile Acid, g/I

0,51

Free SO2, mg/I

32,00

Total SO2, mg/I

62,72

Degustation rating

18,00

The phenolic components are one of
the most important components in the wine.
Their production is as a response of stress
conditions and their accumulation is influenced
by agricultural practise, clime condition and
the grape variety (Fernandez-Mar, M et all.
2012). During the wine making process they are
transferred from the solid parts of the grapes
to the must (Monagas et al. 2003). They are the
components responsible for the organoleptic
properties of the wine, astringency, bitterness,
wine colour and the healthy effect. The
atnhocyanine through co-pigmentation with
flavonols stabilised and increased the wine
colour.Inourstudythelevel oftotalanthocyanine

was 588.24 mg/L for Rebo which indicates that
the obtained wine has a very nice dark colour
and that is supported with the obtained value
for color intensity, 7.25. During winemaking
(crushing, maceration, and fermentation),
flavonoids, anthocyanins,flavonols, flavan-3-
ols, and procyanidins are transferred from the
solid parts of the grape (the skin, seed, and
stem) to the must (Monagas et al., 2003). The
experimental wines have high level of total
polyphenols (2920.95 mg/L) components and
total flavan-3-ols (614.66 mg/L). The high level
of these components suggests that the wine
produced from this grape variety is suitable for
ageing.

Table 3. Analysis of phenolic components Hue Cl in wine.

Parameter

Rebo

Total polyphenols (mg/L)

2920,59

Total flavan-3-ols (mg/L)

614,66

Total Anhocyanins (mg/L)

588,24

Hue

0,2397

Colour Intensity

7,25

Yellow, %

9,70

Red, %

40,45

Blue, %

49,86

CONCLUDING REMARKS

The grape variety Rebo is perspective
wine variety for Republic of North Macedonia.
Its higher frost resistance compared to Merlot
makes it more suitable for vine growing terrains
with higher altitude. From the mechanical

analysis it can be seen that this variety has
small grape clusters and medium level yield
per vine. The variety can produce high amount
of sugar and titratable acidity which makes it
good variety for producing quality wines. The
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wines produced from this variety are complex,
with deeply ruby red color and high content

full body. The young wine has slightly higher

level of tannins which makes it suitable for

of anthocyanins. The taste of the wine is berry ~ ageing.
fruited, with light herbaceous and spicy notes,
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MpaKTUKyM Mo ceH30pHa U aHanuTMyKa
eBajlyauvja Ha BWHO. YHuBep3uTeT
“Toue denues” - Ltnn.

MNOTEHUWJAN U MOXKHOCTU HA PEBO - HOBA BUHCKA COPTA (Vitis vinifera L.)
OoArMEAYBAHA BO YCN1I0BU HA PENYBJIMKA CEBEPHA MAKEAOHWJA

Aywko HegenkoBckn', Knume beneckn', lopan Munavos', BeHenuH Ponues?,
Buoneta AumoBcka3
'3emjogencku HCTUTYT - CKonje, YHuBep3utet,CB. Knpun n Metoguj” - Ckonje,
Peny6nuka CeBepHa MakefioHuja
2AepapeH yHusep3umem — [11080us, Penybsiuka byeapuja
33emjodencku ¢pakynmem, YHusepaumem ,loye Jenues” — LLImun, Penybnuka CegepHa MakedoHuja
‘KoHmakm aemop: duskosk8@yahoo.com

Pesume

Pe6o (purotn 107-3) e copTa Ha BMHOBA J103a KOja NMOTEKHYBa o TPeHTMHO, ceBepHa MTtanuja.
CenekumoHrpaHa e of CTpaHa Ha nctpaxysayoT Pebo Purotn co BkpcTyBare Ha copTtute Merlot x
Terlodego Ha ekcneprMeHTanHaTa CTaHuLa 3a 3eMjOAENCTBO U WwymapcTeo Bo C. Muwen Anto Aguile.
Cnopep nuTepaTypHUTe nNogaTouy uiejarta Ha cenekuMoHepoT 6una Aa npovisBefe HoBa CopTa Koja
61 6una cnMyHa co Mepso, HO MOOTMOPHA Ha NladHW KNMMAaTCKU ycnoBu. HaluaTa naeja aa 3acagmme
pe6o Bo MakeaoHwuja beLue co Lien oBaa copTa fa ce ofrieayBa Ha ToKaLuy CO MOBMCOKM HaAMOPCKa
BMCOYMHA KOU He ce MOrofHY 3a OArnedyBake Ha Meprno.J1030BMOT Hacag 3a OBaa CTyAuja e lounpaH



Dushko Nedelkovski; Klime Beleski; Goran Milanov;
Venelin Roycheyv; Violeta Dimovska

BO CEBEPHMOT Aen Ha MakefiloHMja Ha NnaHuHaTa lepmaH, Bo 65v3rHa Ha rpagot Kpusa ManaHka,
0651acT Koja e TUM1YHa 3a ofrnefyBatbe Ha COPTM OTMOPHY Ha U3MP3HYBatbe. Bo 0BOj MCTpaXKkyBauKm
Tpya 6ea aHanM3MpaHN MexaHMuKaTa CTPYKTypa Ha rpo3AoT U 3PHOTO, KOMIMYECTBOTO Ha LeKep 1
BKYMHW KNCENMHYM BO rpo3jeTo. Bo BUHOTO Gelue aHanM3npaHo KOIMUECTBOTO Ha BKYMHW $eHonu,

BKYMNHMWTE aHTOUMjaHN, 6ojaTa Ha BuHOTO (Cl; H), BKYNHM dnaHa-3-onm 1 CTaHAapAHA XeMrCKa aHanv3a
Ha BUHO.

KnyuHu 360poBu: pebo, puzomu 107-3, 0mnopHa Ha 1a0HU KAUMAMCKU yc/108U.

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 17, No. 1, pp. 135 -140
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Abstract

The aim of this study was to evaluate foliar fertilizers (Magni mag helat and Magni fer helat) effects
on yield, quality parameters and nutrient contents of the leaves of vine cultivar Cardinal in comparison to
control variant (without foliar fertilizer). Field trials has been organised according the method of random block
system with three variants (including control variant I) in three repetitions. Foliar fertilizers were applied in
concentration of 0.5 %, four times during the vegetation period (before and after blooming, buckshot berries
and version).

Results for 3 years indicated that Mg and Fe fertilizers application affected the yield of grape and its
quality. Fertilized Variant lll had higher average yield with 14.87 t/ha. Foliar fertilizing with Fe has significant
effect on increasing of: total cluster weight, berries weight per cluster and percentage of berries. Treated
variants had a lower weight of skin and seeds, compared with the control. A substantial influence of foliar
fertilizers on analysed element contents in leaves has been identified, also. The 3-years average content of
macro and micro elements showed higher content of P (0.35 %), Ca (3.03 %), N (2.25 %), Mn (133.24 mg/kg) and
Cu (18.18 mg/kg), at Variant II. Results of leaf tissue confirmed some antagonistic relations between analysed

elements, like: Fe/P, Mg/K and Fe/Mn.

Key words: Cardinal, berries, element, fertilization, quality

INTRODUCTION

All plants needs an adequate supply of
macro and micro-elements in order to match
their normal physiological and biochemical
functions. Beside basic mineral nutrients (N, P
and K), some other elements (Mg, Fe, Zn, B and
etc.) are considered to be essential for plant
metabolic processes because they areco-factors
and/or activators of many metabolic enzymes
(Marschner, 1995).

Nutrient availability can be improved by
soil or foliar application of a needed element.
Soil fertilization is the most ancient normal
fertilization practice, but foliar fertilization,
which has been developed in the last 60 years,
may improve nutrient uptake when compared
with soil application, particularly for nutrients
that can be sorbed on the soil minerals

(Kannan, 2010; Tejada and Gonzales, 2004).
With this type of fertilization, in a short period
of time, plants are provided with a adequate
amounts of nutrients. The short period of
response, allows its applications periods of
highest necessity (Duleti¢ & Mijovi¢, 2014),
with a major impact on grape yield increase
(Shaaban et al., 2007). According Alshaal and El-
Ramady (2017), this foliar fertilizing is utilized in
agriculture by spraying the foliage with dilute
solutions of the desired nutrients. Therefore,
foliar fertilization is generally recommended for
supplying additional N, magnesium (Mg) and
micronutrients as well as P, K and sulphur (S).
Magnesium (Mg) is an important
macronutrient with a number of physiological
functions in the plant. The importance of
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magnesium in the plant is in many ways
connected with photosynthesis. It is the central
atom of chlorophyll and it activates enzymatic
processes. Magnesium also  favourably
influences assimilation (Mengel and Kirkby,
2001).Visually it is seen as chlorosis of leaves,
especially older ones and causes premature
abscission. Chlorosis is caused either by Mg
deficiency, high content of soil Ca (calcareous
soils) or a combination of these factors (Gluhi¢
et al, 2009).Foliar spraying with fertilizers
containing Mgis a common practice to correct
nutrient imbalances in grape, but Mg doses
beyond those required for maximum yield
rarely induce further improvement of product
quality (Gerendas & Fiihrs, 2013).

While Fe is the most common nutrient in
soils, 90 to 99.98% of soil Fe is unavailable for
plants (Barber, 1995). Iron (Fe) is an important
element in crop physiology, because it is
essential for the activity of many important
enzymes, including cytochrome that is
involved in electron transport chain, synthese
of chlorophyll, maintaining the chloroplast
structure and enzyme activity (Mamatha, 2007).
[ron in the soil is the fourth abundant element

on earth, butitsamount was low or not available
for the plants and microorganisms needs, due
to low solubility of minerals containing iron
in many places the world, especially in arid
region with alkaline soils (Eskandari, 2011).
Iron (Fe) deficiency induces chlorosis is a
major nutritional disorder in in calcareous soils
(Alvarez- Fernandez et al., 2006).Iron deficiency
(iron chlorosis) in fruit trees is results from
impaired acquisition and use of the metal by
plants, rather than from a low level of Fe in soils.
Therefore, Fe fertilizers, either incorporated
through soil or applied to the foliage, are used
every year to control Fe deficiency (Abadia et al.,
2011).

Nutrients management in vineyards
requires regular assessment of leaf, petiole and/
or soil nutrient content and the application of
fertilizers accordingly (Martin, 2012).Thus, the
aim of this experiment was to study the effects
of foliar applications of fertilizers containing
Mgand Fe on the yield, cluster structure and
concentration of macro and micro elements
in the blades of grapevines variety ‘Cardinal’
(Vitis viniferal.), planted on alkaline and high
carbonate soil.

MATERIAL AND METHODS

Experimental site description

Three years (2012-2014) of field
examinations has been conducted in area
of “Tikvesh” vine region, Republic of North
Macedonia, which has agro-ecologically
favourable conditions for growing table vine
varieties with different period of ripening.
“Tikvesh” vine region is situated in the central
part of the country, characterized with warm

Table. 1. Soil properties at experimental site.

and dry climate. The predominant soil type
is rendzinic soils (Table 1), formed on recent
Pliocene sediments. The vineyard where the
experimental site was situated was established
25 years ago, planted with cv. Cardinal,
“2-cordon” system, with row spacing of 2,80 x
1,10 m (3247 vine/ha).

Total % Active lime | Total Available Available
Depth (cm) pH/H,O % % mg/100g soil mg/kg
CaCo, Cao N P.O, K,O Mg Fe
0-30 8.06 17.33 5.50 0,13 22.10 22.52 422,46 4,58
moderately . . very . . .
alkaline high low medium il optimal | optimal | medium
30-50 8.09 17.28 2.0 0,11 19.22 21.46 422,73 3,95
moderately . . . . . .
alkaline high low medium | high optimal | optimal | medium
50-80 8.10 18.53 3.50 0.10 16.05 19.65 448,66 3,27
m;?(;rfr;fly high low medium | optimal | medium | optimal | medium
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Treatments and experimental design

The experiment has been conducted
according the method of random block system
with three variants and three repetitions. During
the period of investigation, all standard agro-
technical measures were conducted: cultivation
(deep and shallow tillage), soil fertilization
(350kg/ha NPK 8-16-24 in autumn and 100kg/
ha ammonium nitrate 33 % in spring), irrigation
(July- August) and plant protection (up to eight
times, due to the bad weather conditions in
2014). The monitored variants were:

1. Control NPK(without foliar fertilizer) in text
Variant I;

Soil analysis

pH - electrometric, carbonate content,
active lime by Drouineau-Galet; total N by
Kjeldahl, available forms of P,O, and K,O by AL
method; mobile fraction of Mg after extraction
by ammonium acetate solution and mobile
fraction of Fe after extraction by DTPA.

Plant analysis- leaf samples consisting of
10 leaves per replicate were taken opposite the
basal cluster, every year after harvest. Leaves
were gently washed, dried at room temperature
and fine grinded. Analysed elements (N, P, K, Ca,
Zn, Mn and Cu) in plant tissue were determined
with ISP-AES technique after its digestion
(Heating Digester DK 20)with concentrated
HNO, + H,0, (Cvetkovi¢, 2002). All tests were
performed each year in three replications.

2. NPK + Magni mag helat Mg EDTA (1.5 %
Mg; 24.14 % MgK, EDTA; 9.89 % NH,NO,) in
text Variant II;

NPK + Magni fer helat Fe EDTA (3.2 % Fe; 22
% FeK EDTA; 9.18 %. NH,Cl) in text Variant
M.

The fertilizers were foliary applied in
concentration of 0.5 %, four times during the
growing period, at the stages of: before and
after blooming, buckshot berries and version.
Applications were performed on mostly dry and
cloudy weather, with no precipitation, in early
morning hours.

Yield and grape quality

The total yield was calculated by counting
of clusters number and its weight per vine.
Representative random samples of 24 clusters
per variant were analysed to determine: cluster
weight, berries and peduncle weight per cluster
and percentage of berry’s per cluster. Random
samples of 100 berries from each replication
were analysed to determine the weight of:
berries, skin, seeds and pulp. The cluster and
berries properties were determined according
to the CODE system issued by the International
Organization of Vine and Wine (O.LV, 2011).

Statistical data analysis was carried out
with SPSS 20.0 package program.

RESULTS AND DISCUSSION
Effects of Mg and Fe fertilizers on grape yield and cluster structure

There are many factors that influence on
grape quantity and quality, as many ampelo
technical measures, the growth regulators and
proper plant nutrition (Prabhu and Singaram,
2001).

Out of the data presented in Table 2, it
can be concluded that the different types of
applied fertilizers showed a positive influence
even in the first year of research, compared to
the control variant. The results showed that all
tested variants of fertilizing had a higher yield
than the variant without foliar fertilization
(control), where the average yield is lowest,
with 4,18 kg/vine (13.59 t/ha). The variant lll had
the highest average yield of 4.58 kg/per vine
or 14.87 t/ha. According Bozinovi¢ (2010), fruit
yields can vary from year-to-year and vineyard

to vineyard depending on environmental
conditions and management practices, which
was confirmed with our results as well (Tab.
2). Grape yield was significantly different in
the 3 year of exemination, when the yield
was significantly lower compared to the
previous years. The negative influence of high
precipitations should be emphasized, especially
rainfalls in April (135.8 mm) in a phase of buds
opening and shoots growth, and in September
(124.0 mm) in the period of intensive harvest.
The unfavourable weather conditions during
May2014, with appearance of hail in the
beginning of the growing season and outburst
of Plasmopara viticola, were the main reasons
for low grape yield in this growing season,
which was significantly lower compared to the
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previous two growing seasons (2012/2013).
Despite the bad weather conditions in 2014,
foliarapplicationinvariantllandlllhad a positive
effects on grape yield in these two variants. The
differences among varieties may be related to

Table 2. Grape yield (2012-2014).

the Mg and Fe roles in chlorophyll molecules,
directly and photosynthesis indirectly, which
increased their ability to recover from hail
damages and resistance to infections.

Year 2012 2013 2014 Average
Variant kg/vine t/ha kg/vine t/ha kg/vine t/ha kg/vine t/ha
Control 4.90 15.89° 4.94 16.03° 2.72 8.832 4.18 13.59°
NPK+ MgEDTA 5.50 17.87° 5.04 16.35° 3.03 9.84° 4.52 14.68°
NPK+ Fe EDTA 5.40 17.54° 543 17.63° 2.91 9.44° 4.58 14.87°

Different letters (a, b) indicate significant differences among treatments.

Our results are in correlation with those
obtained by Duleti¢ and Mijovi¢ (2014) and
Zlamalova et al. (2015), who observed that
foliar treatment improved grape yield and its
parameters.

During Duleti¢ and Mijovi¢ (2014)
researched, authors noted that foliar fertilization
has positive influence on grape yield and cluster
weight (cv. Cardinal). All treated variants in his
research, had a higher yield (3.38-4.5 kg/vine)
and higher cluster weight (363 g) compared
with the not treated variant (2.9 kg/vine and
223 ). Zatloukalova et al. (2011) reported a
3.1-6.7% increase in yields of cv. Riesling italico
after 5 times repeated 5% foliar nutrition to vine
with the fertilizer Epso Top (9.65% Mg, 13% S)
and Epso combitop (7.8% Mg, 13% S, 4% Mn
and 1% Zn).

During the research period, significant
differences were noted in yield components at
tasted variants (Tab. 3). Foliar fertilizers have
effectonincreasing thetotal clusterweight (CW),
berries weight per cluster (BWC) and percentage
of berries (PB). Cluster weight and berries
weight per cluster were significantly higher in
treated variants (p < 0.05). The average weights
have a significantly highest values in Variants
[l (362.33 g) compared to the control (variant
[) with 330.92 g. Additionally, no significant
differences were detected in pedical weight
and percent of berries per cluster, weight of 100
berries, their skin, seeds and pulp weight. Out
of data presented, it can be noted that Variant Il
has the highest weight of 100 berries (526.77 g)
and 506.21 g pulp/100 berries. Treated variants
had a lower weight of skin and seeds, compared

with the control, where the average weights are
higher, with 14.83 g skin/100 berries and 7.17 g
seeds/100 berries.

The three main berry chemistry parameters
were analysed to evaluate harvest juice quality:
total sugar (TSS),pH and total acid (TA). Content
of total sugar was significantly higher at Variant
Il with 165 g/I, compared with other variants.
The reason for increase is due to iron serves as
activator for enzymes in growth process and
assist in soluble solids synthesis in grape vine
(Christenson et al. 1982).

Yogeesha (2005) noted that Fe foliar
spraying has significant effect on grape vyield
(quantity and quality). Namely, author obtained:
yield of 7.91 kg/vine or 26.32 t/ha, cluster weight
of 225.76 g, cluster width of 5.05cm, cluster
length of 12.60 cm, number of berry 162 and
etc. According the author accumulation of total
sugar, reducing sugar and non-reducing sugar
increased with increasing the soil iron level
with foliar sprays. The highest total (20.08%),
reducing (17.90%) and non-reducing sugars
(1.63%) were recorded in treatments receiving:
50 kg FeSO,/ha with foliar sprays, 0.2 % FeSO,
at 20 and 40 DAP, which is confirmed with our
results, as well. Increasing vine growth, grape
yield, mass and volume of the cluster and berry,
juice and total soluble solids percentage, during
the foliar fertilization, have been noted by many
authors, such as Yogeesha (2005) and Nikkhah
etal. (2013).

Yield components showed positive and
significant correlation with yield such as cluster
weight and TSS (0.946**, 0.700**) and cluster
weight and TSS (0.562**, respectively).
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Effects of Mg and Fe fertilizers on contents of
macro and micro elements in grapevine leaves

Leaf analysis (blades or petioles) is widely
recognized as the most reliable laboratory
method to determine the nutritional status
in grapevines. The macro and micronutrient
contentin leaf blade is directly influenced by the
type and dose of the fertilizer and by conditions
of nutrition and vegetation. The average values
of leaf blades samples from the examined
grapevine are given in Table 4.

Nitrogen content was in range between
2.10 and 2.39% depending on the season,
but with no statistical difference at 0.05 level.
Magnesium fertilizer significantly increased P
content. Phosphorus is present in leaf blade in
quantities ranging from the lowest 0.32 % P in
the control variant and 0.35 % P in the Variant Il.
Content of this element, at variant lll, decreased
during the research, which is probably resulting
of the antagonistic relations between P and
Fe. This phenomenon was also noted between
Mg and K content. During the whole research
period, Mg spray significantly decreased
the potassium content in leaf blade, with
significantly lower amount of 0.71%. Potassium
has a major importance for grapevine nutrition.
To obtain 1 ton of grapes, it's needed 3-3.5 kg
K. Therefore, the knowledge of the antagonism
between the potassium and the other elements
is of greatimportance for grape fertilizing. It acts
as a biocatalyst and is in antagonistic relations
with Ca, Mg and Na, as the presence of these
ions in large quantities hinders the absorption
of potassium (Sala and Blidariu, 2012).

Spraying grapevine plants four times per
season with 0.5% of Mg increased content of
Ca in leaves. During the research, variant Il has
the significantly higher concentration of this
element, from 2.28 to 3.29 % Ca. These results
are opposite of many previous researches,
which are based on antagonism between these
elements. In the analyses conducted by the
authors, a significant reduction was shown for
the uptake of calcium cations by leaves, with
an increase in the intensity of plant nutrition
with magnesium. This might be result to the
higher concentration of CaCO, (in carbonate
soils more than 80% is Ca, while 4% is Mg) and
Ca in soil, optimal level of Ca in analysed vine
leafs, even in control variant and process of
Ca reutilization in plant (once translocate Ca

into the leaves, is practically immobile). These
findings corresponds to the notes reported by
Wyszkowski (2001) and Herak et al. (2008). The
effect of magnesium in the accumulation of
other nutrients is dependent on the species,
plant organ and only to a slight degree on
the manner of its application (Wyszkowski,
2001). According to the Herak et al. (2008), the
amount of calcium in vine leaf varies depending
on the amount of physiological active lime in
the soil. Due to the unfavourable physical and
chemical properties of carbonatesoils and the
important role of magnesium in the chlorophyll,
foliar application with magnesium has a great
advantage over the root (soil) application
(Takacs et al. 2007).

Presented results showed that foliar
treatments had no influence on vine Zn
status, because during the whole period of
investigations, control variant has the higher
content of this microelement, with average
content of 35.85 mg/kg. During the research
period, Mn concentration was higher at variant
Il with average content of 133.24 mg/kg. Our
research data, confirmed antagonism between
iron and manganese. Application of Fe chelate,
during 2013 and 2014, decreased the content
of Mn, but without statistical difference at
0.05 level. Results in Table 4, indicates that leaf
content of Cu was not affected in vines treated
with foliar fertilizers. The differences between
treated variants and control are minimal and not
significantly. Content of copper was statistically
higher in 2014, from 33.28 to 35.07 mg/kg, as a
result of copper fungicides application, due to
bad weather conditions in that year.

Our results for macro and micro elements
content are consistent with the ranges which
are suggested by Mills and Jones (1996) and
Reuter and Robinson (1997). Mills and Jones
(1996) suggested critical leaf values for optimum
grapevine growing as follows: 1.6-2.8 % for
N, 0.2-0.6 % for P, 1.5-5.0 % for K, 0.4-2.5 % for
Ca, 10-100 mg/kg for Zn, 40-600 mg/kg for Mn
and 4-20 mg/kg Cu. As a long term of research,
the authors Reuter and Robinson (1997) gives
range values for the content of macro and micro
elements in the grape leaf. According to the
authors, grapevine has optimal levels by: 0,8-1,1
%N, 0,25-0,5% P, 1,8-3,0 % K, 1,2-2,5 % Ca, >0,4
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CONCLUSION:

The experimental and biometric results
of this three-year study indicate not only
increasing grape yield production, but also
some of the quality parameters were positively
affected resulting in increased cluster and
berries weights, TSS content and concentration
of some macro and micro elements in grape
leaves, also.

1. The highest average yield was noted at
variant lll, with 4.58 kg/vine or 14.87 t/ha;

2. Foliar fertilizing with Fe has significant
effect on increasing of: total cluster weight,
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NMPUHOC N MUHEPAJIEH COCTAB HA BUHOBA JIO3A NopA BJINJAHUE HA ®OJINJAPHO
FYBPEHE CO MATHE3WUYM U XEJIE30

XpuctuHa Monocka'*, lywko MykaeTtos', lywko HepgenkoBckn'
'3emjodesncku uHcmumym, YHusepaumem ,Cs. Kupun u Memooduj” — Ckonje,
yn. 16-ma MakedoHcka 6puzada 37 1000 Ckonje, Penybnuka CesepHa MakedoHuja

*KoHmakm asemop: hristinapoposka@hotmail.com

Pesume

Llen Ha oBa uctpaxyBarbe e ia ce yTBpan BnnjaHneTo Ha donujapHuTe fybprea (Magni mag
helat u Magni fer helat) Bp3 Brc1MHaTa Ha NPUHOCOT, KBAIMTETOT U XEMUCKUOT COCTaB Ha IMCTOBUTE
Kaj copTaTa KapAmHan Bo cnopenba co KOHTposiHaTa BapujaHTa (6e3 donnjapHo rybperse).

OnnTOT e NocTaBeH MO METOAOT Ha cJlydaeH 650K cucTem, Co 3 BapujaHTK, BO 3 NOBTOPYBakba.
DonuvjapHuTe fybpriBa CO pas3nMyeH XeMUCKM COCTaB Cce annuumpaHun Bo KoHueHTpauwmja og 0.5%,
yeTMpKM NaTy BO TEKOT Ha Beretauujata, BO dpasuTte: npel LBeTarbe, MO LBeTarbe, MOPacT Ha 3pHO U
NPOLLAPOK.

Pesyntatnte of TpuroaMWHOTO WUCTpPaXKyBare MOKaxkaa Aeka FybpueaTta Bp3 06a3a Ha
MarHesuym 1 »eneso umaart BiinjaHne Bp3 BUCMHATa Ha MPUHOCOT 1 KBAaNUTETOT Kaj BUHOBATa /103a.
Kaj BapujaHTaTa 3 e yTBpAEH HajBMCOK NpoceyeH npuHoc of 14.87 t/ha. ®onnjapHoTo rybpere co
Xeneso rnokaxa CUrHUPpMKaHTHO BNMjaHUE BP3 3rofieMyBaHeTO Ha: MacaTa Ha Fpo30T, MacaTa Ha
3pHa BO rpo3f 1 NPOLEeHTOT 3a 3pHa. TpeTMpaHUTe BapujaHTX MMaaT NoMasa Maca Ha NoKoXuua u
CEMKW, CNOopefeHo co KoHTponaTta. CUrHUPMKaHTHO BnnjaHue dponuvjapHuTe rybpriBa MaaT v Bp3
coApXKrHaTa Ha aHanM3npaHuTe efieMeHTN BO JINCTOT Of flo3aTta. HajBncoka npoceyHa CoapKmnHa Ha
P (0.35 %), Ca (3.03 %), N (2.25 %), Mn (133.24 mg/kg) n Cu (18.18 mg/kg) e yTBpAeHa Kaj BapujaHTaTa
2. PesyntatuTe of nvcHaTa aHanu3a MCTOBPEMEHO MOTBPAMja M aHTaroHM3am nomery Hekou of
aHanu3npaHuTe enemeHTn, Kako: Fe/P, Mg/K n Fe/Mn.

KnyuHu 360poBu: KapouHas, 3pHa, enemeHm, &ybpetrve, keaaumem.
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STUDY ON THE INFLUENCE OF PANAMIN LEAF FERTILIZER ON
PLANT DEVELOPMENT, RESISTANCE TO ABIOTIC STRESS,
PRODUCTIVITY AND GRAIN QUALITY OF WHEAT AND BARLEY

Dragomir Valchev', Darina Valcheva’
'Institute of Agriculture-Karnobat, Industrialna st., 1, 8400 Karnobat, Bulgaria
*Corresponding author: vulchevd@abv.bg

Abstract

The second treatment influence of leaf fertilizer Panamin Agro has been studied on plant growth,

resistance to biotic and abiotic stress, productivity and quality of the grain in wheat and barley. The aim of this
study was to investigate the effect of Panamin Agro leaf fertilizer on plant development, resistance to abiotic
stress, productivity and grain quality of wheat and barley. The study was conducted between 2017-2018 year at
the Institute of Agriculture - Karnobat, Bulgaria. It was found that at 100% of the nitrogen fertilization dose and
2 treatments with Panamin Agro and at 50% of the nitrogen fertilization dose and 3 treatments with Panamin
Agro wheat yields increased by 23.3% and 22.2% respectively and barley by 23.4% and 25.2%, respectively.

Key words: bio-immunostimulant, leaf feeding, yields, cereal

INTRODUCTION

To obtain greater yield and better quality
of cereal crops, an effective alternative for
an ecological and environmentally friendly
approach is the organic product Panamin
Agro. It is an innovative, globally unique blend
of rock flours harvested from highest quality
Austrian volcanic rocks, minerals and limestone.
Due to its innovative grinding technology, the
particle size is reduced to nanoparticles, which
contributes to the maximum absorption of
the product by the plant. It is applicable for

plant and soil remineralization in all crops by
means of foliar application. Panamin Agro is a
bio-immunostimulant for leaf-feeding. It is also
rich in most of the necessary micro- and macro-
nutrients to feed the plants.

The aim of this study was to investigate
the effect of Panamin Agro foliar fertilizer on
plant development, resistance to abiotic stress,
productivity and grain quality of wheat and
barley.

MATERIAL AND METHODS

The study was conducted in a two-year
period from 2017 to 2018, in the experimental
field at the Institute of Agriculture in
Karnobat, Bulgaria. Panamin Agro was tested
in multifactorial experiments on wheat and
barley. We used wheat varieties Mirjana and
six-row barley Zemela created in the Institute
of Agriculture - Karnobat, Bulgaria. Wheat
variety Miryana is a high-yielding variety widely
distributed in Bulgaria. Zemela variety is a new
Bulgarian variety, high yield with very good
grain quality.

The experience is set in six (I-VI) feeding
variants:

Variant | - control. Varieties of wheat
and barley were grown in technology
adopted for the conditions of Bulgaria and
recommendations of Hristova and Cheresharov
(2002) and Gramatikov et al. (2004). Sowing of
wheat and barley was carried out in optimal
terms for the region on October 20. In the spring
fertilization was carried out with ammonium
nitrate at a dose for wheat 50 kg/1000 m? and
for barley 30 kg/1000 m?.
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Variant Il - three treatments with Panamin
Agro were performed:

First treatment - It was administered in
autumn, during the 3-6 leaf crop stage, in a dose
of 150 g/1000 m-.

Second treatment - It was administered
in spring, at the beginning of active vegetation,
in a dose of 150 g/1000 m2.

Third treatment - It was administered
10-15 days after the second treatment. In
this variant, the herbicide treatment was
administered in a dose reduced by 50%, no
nitrogen feeding was used and there was no
fungicide treatment.

Variant Il - three treatments with Panamin
Agro were performed:

First treatment - It was administered in
autumn, during the 3-6 leaf crop stage, with 150
g/1000 m2,

Second treatment - It was administered
in spring, at the beginning of active vegetation,
in a dose of 150 g/1000 m2.

Third treatment - It was performed 10-15
days after the second treatment. In this variant,
the herbicide treatment was administered
in a dose reduced by 50%, 50% of nitrogen
fertilization was used and the plots were treated
with a 50% dose of fungicide.

Variant IV - Pre-sowing seed treatment
with Panamin Agro in dose 5 g/kg seed. Three
treatments with Panamin Agro were performed:

First treatment - It was administered in
autumn, during the 3-6 leaf crop stage, in a dose
150 g/1000 m?2.

Second treatment - It was administered
in spring, at the beginning of active vegetation,
in a dose of 150 g/1000 m2.

Third treatment - It was administered
10-15 days after the second treatment. In
this variant, the herbicide treatment was
administered in a dose reduced by 50%, 50%
of nitrogen fertilization was used and the plots
were treated with a 50% dose of fungicide.

Variant V - Two spring treatments were
administered:

First treatment - It was administered in
spring, at the beginning of active vegetation, in
a dose of 150 g/1000 m?.

Second treatment - It was administered
10-15 days after the first treatmentln this variant,
the herbicide treatment was administered

in a dose reduced by 50%, 100% of nitrogen
fertilization was used and the plots were treated
with a 50% dose of fungicide.

Variant VI - Two spring treatments were
administered:

First treatment - It was administered in
spring, at the beginning of active vegetation, in
a dose of 150 g/1000 m?2.

Second treatment - It was administered
10-15 days after the first treatment. In
this variant, the herbicide treatment was
administered in a dose reduced by 50%, 60%
of nitrogen fertilization was used and the plots
were treated with a 50% dose of fungicide.

The size of the plot was 10 m? Each
variant was set in 4 replications. During the
testing period, yield and its structural elements
were studied. The grain quality of wheat
was determined by the indicators: protein
content, test weight, 1000 grain weight, gluten,
relaxation, and bread-making strength index
(BMSI); and barley grain quality by the indicators:
protein content, test weight, starch content and
1000 grain weight.

All the results were statistically processed
by performing a Fit analysis using JMP 5.0.1
software (JMP, 2002). LSD values and VC% were
calculated.

Figures 1 and 2 show the average monthly
air temperatures and the monthly precipitation
by monthsandyears of experimentaswellasfora
multiannual period. The two experimental years
of testing were very different in meteorological
aspect. The crop vegetation in year 2016/2017
occurred under severe drought. The amount
of precipitation in all the months was less than
the multiannual period. The winter of 2017 was
very cold, with average monthly temperatures
significantly lower than the typical average
for this region. No frost damage was reported,
despite the low negative temperatures in
January, due to significant snow cover. The
second vyear, which was characterized by
abundant precipitation, was less favourable for
the development of barley. The vegetation in
October began with heavy rainfall and flooding
the crops. Along with the heavy rainfall during
vegetation, another deviation from the typical
weather for the region was the higher average
monthly temperatures from November until the
end of vegetation.
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Figure 1. Average monthly air temperatures by months.
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Figure 2. Sum of precipitation (mm) by months.

The monthly deviation ranged from
+1.1°C in March to +3.4°C in April. The lack of
negative temperatures, and having only low
positive temperatures close to zero, made it
possible for the vegetation to continue during
the winter months. It enabled both barley and
wheat tillering and at the beginning of March
were reported 4-5 tillers per plant. The weather
was colder and with snow cover in March (on
1.03.2018and 21.03.2018), and instead of spring,
winter came. April was characterized with
the highest deviation in the average monthly

temperatures with lack of precipitation. The
draught and warm weather in April boosted
the plant development and shortened the
developmental stages. As a result, the plants
remained short with small spikes and underfed
grains. On 17.05.2018 the experiments were hit
by hailstorm, which caused severe damages
to the crops in the region. The conducted
observations and measurements to account for
the losses after the hail in the experiments with
Panamin Agro showed losses of about 30%.

RESULTS AND DISCUSSION

Table 1 presents data on productivity
elements by wheat variants. The best results
were obtained in the variants with different %
of nitrogen feeding + 2 to 3 treatments with
Panamin Agro (Variants Ill, IV and V). The data on
the number of productive tillers per m?, as well
as the other indicators convincingly proved that
without nitrogen feeding the effect of Panamin
Agro with 3 treatments was weaker than the
untreated control. The higher tillering caused
the lower values in Variant Il. Very dense crops

needed more nutrients. Their lack led to lower
values than the other productivity elements.
The highest numbers of productive tillers per
m? were formed by Variants Il, Il and IV. The
percentage of unproductive tillers, however,
was also significant. The tree treatments
apparently stimulated the feeding of tillers, but
a high number of them also remained with no
spikes. After the untreated control, Variant V
formed the longest spikes — 4.72 cm.
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Table 1. Productivity elements of wheat variety Miryana by variants.
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Variants S g_ S ‘i g b g 3 ) 5 o 5 % Q 2
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38 352 38 E} 53 g5 5.
S 5 = - Q
Variant | - 910 ¢ 792 12.97 ab 7.18ab 35.72a 183a 4870a
control
Variant Il 998 a 650d 34.87 cd 5.30c 26.76 b 1.15b 42.55b
Variant lll 940 b 830a 11.70a 7.76a 40.76 a 1.96 a 46.84 ab
Variant IV 966 b 844 a 12.63 ab 7.74a 40.76 a 191a 51.29a
VariantV 950 b 840 a 11.58a 7.62a 3596 a 193a 48.35a
Variant VI 900 ¢ 790 b 12.22 ab 6.60 b 29.88b 1.40b 46.07 ab
Average 950 758 20.21 6.98 34.89 1.70 47.30
LSD 55.70 45.27 15.16 0.61 5.39 0.30 5.58
VC% 10.23 16.23 22.13 15.76 27.54 30.59 21.06

The highest number of grain per spike was
formedinVariantlll, but unfortunately, there was
the highest number of sterile spikelets. In Variant
V, during ear emergence was administered the
second treatment +100% of the nitrogen dose,
which led to a more favourable situation of
flowering, fertilization, and feeding of germs.
The spikes in Variant V were proven heavier,
followed by the ones in Variants Il and Ill. The
greatest 1000-grain weight was reported for
Variant lll, followed by Variants Il and V. Higher
Grain weight per spike and 1000-grain weight
of wheat reported Kenanov (2018; 2018a).
Better results after treatment with Panamir
Agro can be explained by the findings of other
authors. Lucipidis and Bozhinova (2010) say in
their research that the Miryana variety prefers

balanced fertilization. Higher nitrogen levels,
according to them, lead to an increase in the
elements of productivity and yield (Nankova,
2009).

The results in Table 2 show that barley
in Variant Il also reported the highest total
number of tillers per m2 Unlike wheat, the very
dense crops of barley more easily endured
the lack of sufficient nutrients. Except for the
number of sterile spikelets, all other indicators
for Variant Il showed values in group a and they
were proven high. Although there was no good
differentiation by number of grains per spike
by variants, the highest number of grains was
observed in Variants I, V and VI. The greatest
grain weight per spike was in Variants | and V.

Table 2. Productivity elements of barley variety Zemela by variants.
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Variant | - 860 810 ab 581a 4.84 a 46.80 a 840a 1.60 a 4113 a
control
Variant Il 1046 a 845 a 19.22 ¢ | 4.66 abc 49.32a 13.28 bc 142 ab 39.17 ab
Variant llI 999 a 830a 16.92 ab | 4.28 bc 44.68 a 9.96 bc 1.44 ab 41.60 a
Variant IV 1020 a 844 a 17.25ab | 4.18c¢ 4488 a 9.24b 1.23b 35.12c¢
VariantV 905 840 ab 20.50c | 4.72ab 47.28 a 6.72a 1.57 a 38.90 ab
Variant VI 890 790 b 11.24a | 4.68 abc 47.76 a 14.16 ¢ 1.23b 36.26 bc
Average 937 803 15.16 ab 4.56 46.79 10.29 1.42 38.70
LSD 52.13 42.27 10.08 0.71 541 341 0.32 3.76
VC% 32.00 26.23 22.14 19.96 20.65 58.89 40.85 17.36
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The vyield results are presented in Table
3. The wheat data shows that high yield was
obtained in Variants lll, IV, V and VI. There was
no good differentiation between them and the
yields from the four variants were in group a,

exceeding the untreated control by 22.2% to
26.6%. The highest barley yield was obtained
in Variants V and VI, exceeding the control by
23.4% and 25.2%.

Table 3. Yield results for wheat variety Miryana and barley variety Zemela by variants.

Variants / Yield Wheat variety Miryana Barley variety Zemela
kg/da % compared to kg/da % compared to
control control

Variant |- control 433 ¢ 100.0 461 c 100.0
Variant || 457 b 105.5 474 c 102.8
Variant Ill 530a 1244 543 b 117.8
Variant IV 548 a 126.6 536 b 116.3
VariantV 534a 123.3 569 a 123.4
Variant VI 529a 122.2 577 a 125.2
Average 505.06 526.83
LSD 21.10 22.62
VC% 5.84 5.26

The results of the yield obtained in wheat
and barley by variants confirm the findings
of Kenanov (2017). In his studies the author
claims that three sprays may increase the yield
of cereal to 60%. Effects on the yield and the
biomass from the increased fertilization norms

are reported by lvanova and Tzenov (2014).

Grain quality of winter wheat wheat
Miryana is good for intensive and moderate
mineral fertilization (Koteva and Marcheva,
2012). Table 4 presents results for the grain
quality of cultivar Miryana.

Table 4. Grain quality of wheat variety Miryana by variants.

Variants Protein content | Test weight 1000-grain Gluten | Relaxation | BMSI
(%) (kg/hl) weight (g) (%)

Variant | - control 16.10 ab 68.35 c 33.63ab 29.33ab | 17.93ab | 42.50b
Variant Il 14.98 ¢ 72.18 a 3545a 26.48 c 13.70d 45.25 a
Variant Il 15.95 b 70.58 b 32.75b 28.98ab | 16.08c 44,50 a
Variant IV 15.78 b 70.48 b 32.75b 28.63b | 16.95bc | 43.25b
Variant V 16.50 a 69.63 bc 32.00b 30.08 a 18.55 a 42.25b
Variant VI 16.00 ab 70.28 b 33.38ab 28.88 b 17.53b | 43.00b
Average 15.88 70.25 33.33 28.73 16.79 43.46
LSD 0.53 1.51 2.21 1.16 0.99 1.11
VC% 2.27 1.45 447 2.71 3.93 1.06

Table 5. Grain quality of barley variety Zemela by variants.

Variants Protein content | Hectoliter weight Starch content 1000-grain weight
(%) (kg/hl) (%) (9

Variant | - control 14.00 bcd 61.30b 5291b 35.63a
Variant Il 13.85 cd 64.55 a 5753 a 3550 ab
Variant Il 14.43 ab 62.88 ab 53.57b 35.00 ab
Variant IV 14.38 abc 62.18b 62.18b 34.50 ab
VariantV 14.58 a 62.13 b 62.13b 34.00 b
Variant VI 13.80d 61.83b 61.83b 34.00 ab
Average 14.17 62.48 54.02 34.92
LSD 0.55 1.79 2.06 1.49
VC% 2.61 2.57 2.57 2.89
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The data shows that the highest values for
grain protein were in Variants V and VI. The test
weight had very high values in Variant Il. This
shows that Panamin Agro with 3 treatments,
even without nitrogen feeding, can ensure
grain of high hectoliter mass.

The 1000-grain weight was the highest
in Variants Il and VI, whereas gluten was
convincingly the highest in Variant V. The best
results in three of all indicators were shown by
Variants Il and V. Good Bread Wheat Quality is
achieved with optimal fertilization (Yanchev
et al, 2014). Researchers report that it is very

important to achieve higher levels of protein
and gluten.

Table 5 shows data on grain quality of
barley by variants. The highest values of grain
protein content were reported for Variant V,
where 100% of the nitrogen dose +2 treatments
resulted in the highest protein value. The test
weight showed its highest values in Variants
Il and lll, and starch - in Variant Il. The biggest
grains were inVariants I, lll, IVand VI. For a better
quality of the grain of barley with balanced
fertilization, report Ivanova et al. (2014).

CONCLUDING REMARKS

As a result of this study can be drawn the
following conclusions:

Regarding wheat: the highest statistically
proven yield was formed by Variants Ill, IV, V
and VI, where Variant IV had the highest values
- 548 kg/da or 26.6% more than the untreated
control. The effect on yield caused by 50%
nitrogen feeding +3 treatments with Panamin
Agro was equal to 60% of nitrogen feeding
+2 treatments with Panamin Agro. Close yield
values were observed for Variants IV and V, i.e.
high yield can be obtained by 50% nitrogen
feeding +3 treatments with Panamin Agro, or by
100% nitrogen feeding with 2 treatments with

Panamin Agro.The grain quality was better in 3
of the indicators for Variants Il and V.

Regarding barley: the highest statistically
proven yield was formed by Variants V and
VI - 569 kg/da and 577 kg/da, respectively,
or 23.4% to 25.2% more than the untreated
control. Close vyield values to Variants V and
VI were observed for Variants Ill and 1V, i.e.
high yield can be obtained by 50% nitrogen
feeding +3 treatments with Panamin Agro or
by 100% nitrogen feeding with 2 treatments
with Panamin Agro. The highest values in three
of the grain quality indicators were obtained in
Variant Il.
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NCNUTYBAHE HA BJINJAHUETO HA ®OJINJAPHOTO FYBPUBO MAHAMUH
BP3 PACTOT HA PACTEHWUJATA, OTNOPHOCTA HA ABUOTCKUOT CTPEC,
NMPOAYKTUBHOCTA U KBAJINTETOT HA 3PHOTO KAJ NYEHULA A JAMMEH

Aparomup BanueB', [lapnHa BanueBa'
"MHcmumym 3a 3emjodesicmao — KapHobam, yi. ,MIHOycmpuan” 1, 8400, KapHobam,
Peny6nuka byzapuja
Koxmaxkm asmop: vulchevd@abv.bg

Pesume

BnnjaHueTo Ha donnjapHoTO Fy6prBo MNaHaMUH arpo e NCNUTYBaHO BP3 PacToT Ha pacTeHNjaTa,
OTMOPHOCT Ha OMOTCKM 1 ABMOTCKM CTPEC, MPOAYKTUBHOCTA U KBANIMTETOT Ha 3PHOTO Kaj NueHuuaTa
1 jaumeHoT. LlenTta Ha oBaa cTyauja Gewwe fa ce ucnuta epekToT Ha rybpmBoTo Ha lNaHamuH arpo
JINCT BP3 PA3BOjoOT Ha pacTeHMjaTa, OTNOPHOCTA HAa abMOTCKM CTPeC, MPOAYKTUBHOCTA U KBAIUTETOT
Ha 3PHOTO Ha NuUeHuLaTa 1 jaumeHoT. VicTpaxkyBarbaTa 6ea cnpoBefeHu nomery 2017 n 2018 rogunHa
BO MIHCTUTYTOT 3a 3emjopencTBo - KapHobart, Peny6nvika byrapuja. YTBpaeHo e geka 100% op go3ata
Ha a30THO Fy6purBO Co 2 TpeTMaHu of MaHamuH arpo 1 50% opf go3aTta Ha a3oTHO Fy6puBO Co 3
TpeTmaHu of lNaHamuH arpo rv 3ronemusie NpUHoOCUTe Kaj nyeHnua 3a 23.3% 1 22.2% coofBeTHO, a
Kaj jaumeHOT npuHocuTe ce 3ronemune 3a 23.4% n 25.2 % coofBeTHoO.

Kﬂy‘-IHIII 360p03|/|: 6uoumyHocmumynamop, JIUCHA npexpaHa, NpuHoOCU, XUmHU KyJimypu.
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