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INTORDUCTION

The beginning of year 2021 continues with the rapid spread of the virus SARAS-CoV-2. The
pandemic of COVID-19 is still a reason for a change in social life on a global level and a serious
cause of the global crisis in all areas of our life.

As the world was adapting to this situation, many factories and warehouses were forced
to close, the production in many industries declined, state borders were closed. As other
branches of the industry were slowing down, the production and manufacturing of food and
drugs continued to work with full force. Social distancing was instigated, and thus, became
the new normal. This social distancing era did not affect science and education, as they
continued with the help of online platforms and the commodities that today’s technology
has to offer.

In these times of global economic crisis and a viral pandemic, the key role of science, was
once again proven. Science is in the front lines in fight against the pandemic with innovation
of vaccines, created by traditional or biotechnological methods, which are used for mass
global immunization against the SARAS-CoV-2 virus. The world will remember the beginning
of 2021 for start of vaccination of humans with a positive result, followed by expected
decline of infected people and control the pandemic. The fact that science is the solution to
numerous important problems in human life may once again be an ultimate truth. The mid
of 2021 will be a memorable one for the known decline of infected people and control over
the pandemic.

The agricultural industry did not go unaffected by COVID-19. Restrictions of movement,
as well as basic aversion behavior by workers, may impede farmers from farming and food
processors - who handle the vast majority of agricultural products - from processing. Shortage
of fertilizers, veterinary medicines and other input could affect agricultural production.
Closures of restaurants and less frequent grocery shopping diminish demand for fresh
produce and fisheries products, affecting producers and suppliers. However, besides all the
hardships that were brought along with the crisis did not halt the agricultural industry and
food production kept on developing and functioning in order to meet the demands.

Journal of Agriculture and Plant Sciences Vol. 19, No. 1 is published in the period of mass
immunization of humans for the SARS-CoV-2. The continuous publication of the journal in
time of the pandemic proves that science and scientific research are of profound importance
to agriculture and food processing and production, and must not be held down, even when
the world faces a pandemic.

JAPS Editorial board were given a great responsibility, to sustain the continuity of published
volumes of the journal in these difficult times of a pandemic and an economic crisis. Therefore,
with great honor and respect, we would like to present the latest scientific achievements in
agriculture.

Editorial Board, Editor in chief,

June, 2021 Prof. Liljana Koleva Gudeva, PhD
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CHEMICAL CHARASTERISTIC OF RABBIT HIBRIDS
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Abstract

The aim and purpose of the analysis was to evaluate the influence of the gender male/female on the
chemical, microbiological and sensory composition. Flemish giant rabbit and New Zealand white rabbits
(group ON), were used as a material for the study. Rabbits were fed ad libitum with commercial pelleted
feed, with the addition of small amounts of green feed and hay. The experiment included 6 rabbits, 3 males
and 3 females. Previously defined live weight of 1800 to 2500 g was achieved within 77 days and after that
they were slaughtered. This paper provides the conducted results of the research in regard of the chemical,
microbiological and sensory composition of the rabbit meat.

The average composition (n-6) of the inclusion of the water in the thigh, shoulder blade and the back are
71.89% / 74.51% / 72.61%, the inclusion of proteins is 19.46% / 18.62% / 21.28%, the inclusion of fats is 3.34%
/ 4.36% / 2.46%, the inclusion of minerals is 1.16% / 1.10% / 1.19%. In meat parts, are not found bacteria of
the following types: Clostridium, Staphylococcus, Proteus, Escherichia. The average microbiological content (24
hours post mortem) of total bacteria (bacillus) number varies from 2.44 to 2. 58 (log CFU/g). Male rabbits are
tougher, with more intensive color, taste and smell.

Keywords: rabbits, hybrids, chemical, microbiological and sensory composition

INTRODUCTION

Meat represents concentrated source of
nutritive composition (Higgs, 2000). Meat used
to be declared as product which is optimally
crucial for healthy growth of the humans.
That knowledge is not respected that well
lately, especially in regard to the reduction of
the composition of fats. The overuse of meat
products with high composition of fats, may
lead towards many diseases (hypertension,
cancer, diabetes). In regard to this matter it is
very important to choose meat without fats i.e.
meat with proper composition (Perc, 2001).

Rabbit meat is a reliable source of
essential fats and amino acids, protein with

high biological value, vitamins from B group
(B,,) and many other minerals (especially the
composition of calcium, copper and iron) (Koch
& Pav¢i¢, 2000; Para et al. 2015). The meat also
contains very little composition of sodium,
fats and cholesterol, very little composition of
connective tissue, very easy decomposable
in the organism, with sweet taste and it has
less energetic value than other types of meat.
Regarding all these characteristics and small
energetic values, rabbit meat is declared to
be protective food for the human heart (Griin,
2002; Lah, 2006).

The chemical content of different parts of
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the meat depends on the gender, age, genotype
and the type of the meat. This is the reason why
there are many deviations between the data
from different authors for the chemical content
of different types of meat. One of the factors
that influence the content and deposition
of the fats is the gender. Males grow more
intensively and gain more weight in opposition
to the females (Andronikov et al. 2019). Due to
this fact the meat from the females contains
more fat than the male meat (Suchy, 2002). As a
result of rabbits being slaughtered very young,
before they reach puberty, there are not many
significant statistical differences between the

genders. For differences to be determined, 15
chemical, microbiological and sensory features

of different parts of the rabbit’s body.

weeks of age have to pass (105 days) (Herndndez
& Lozano, 2001).

Because of the vast necessity of rabbit's
meat in the world, we can expect more
expansion of the production of this meat
(Skandro et al. 2008). Unfortunately, in Republic
of North Macedonia the breeding of rabbits is
not developed yet and they are bred on more
intensive way and there is no tradition of the
consummation of the meat as it is the case in
Western Europe where there are immense farms
for breeding rabbits and there is a tradition of
the meat consuming.

However, the aim of this research is to
point out how the gender influences the

MATERIAL AND METHODS

Six rabbit’s hybrids (3 male and 3 female),
that is, crossed units from the so-called Belgium
oriash and New Zealand’s white rabbits (ON)
fed ad libitum with industrially pelleted food
(containing alfalfa, barley, corn, wheat, soy,
granules sunflower premixes, salt, vitamins and
minerals) were the research material for our
study (Andronikov et al. 2019).

The rabbits reached the defined weight
from 1800 to 2500 g in 77 days kept in separate
wire cages. 24 hours before slaughter, their
feeding was stopped. Slaughtering and primary
processing of rabbits was performed in the
usual way. The slaughter was done after the
veterinary examination and looting. 24 post
mortem cool carcasses were cut in basic pieces
and measured on an electronic scale, there in
each organ individually, and then cut to the
front, the middle and the back part (Bivolarski
etal.2011).

Chemical analyses

Total nitrogen (TN) was determined
according to the Kjeldahl method. Moisture
content was determined by drying at 103 +
2°C to constant mass. The intramuscular fat
content was determined according to AOAC
International method, with petroleum ether
as solvent. Ash was determined by burning
and combustion (4 - 5 h) at 525 - 550°C [Ash
of Meat, 1997]. Content of sodium chloride was
determined by ISO 1841-1/1999. Content of
nitrite were determined by ISO 2918- 1/1999.

Microbiological analysis

Following bacteria were determined: Total
bacteria (bacillus) number - 1SO 4833/2003.
Sown on nutrient agar to 37°C during 24 hours.
Staphylococcus ISO 6888-1/1999. Sown on
ETGP agar (barit parker agar) after termostating
on 37°C during 24 hours. Enterobacteriaceae
ISO 21528- 1/2004; ISO 21528-2/2009.
Escherichia coli are sown on lactose bujon and
brilliant green, thermostated on 37°C during
24-48 hours. Clostridium sown on sulfite agar,
thermostated on 37°C during 24-48 hours.
Data were transformed into log10 CFU/g
before comparison of means. The results were
statistically processed using mathematical
program Microsoft EXEL ANOVA (single factor)
2009/2013.

Sensory examination

The sensory analysis was done by five
experienced specialists. The meat of the thigh
of a rabbit was previously cut into cubes. Thus,
prepared meat was placed separately in pots
and thermally treated at a temperature of 72 to
85° C (cooking) without the addition of salt and
spices. The analyzed sensory characteristics of
the meat were the following: color, after-taste
of rabbit flavor, smell, mouth feeling, softness,
juiciness.The sensory analysis was done by using
a 9-level scale approved by VNIMP Moscow.

Statistical analyses were made by using
the statistical software SPSS ver. 21 (SPSS Inc,
Chicago, IL, 2012).
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RESULTS AND DISCUSSION

From table 1 we can notice that the
average composition of water on the back of
male rabbits is 73.06% and of females is 72.17%.
The average content of water on the back with
all rabbits is 72.61%.

The composition of the water on the
shoulder of the male rabbits is 75.83% and

of the female is 73.20%. The average content
of water on the shoulder with all co rabbits is
74.51%.

The composition of the water in the thighs
of the males is 71.92% and in females is 71.87%.
The average content of water in the thighs with
all rabbits is 71.89%.

Table 1. Chemical composition (%) in three parts (back, shoulder and thigh) of male and female rabbits

Chemical composition (%)
Back
Group Water Fat Proteins Minerals
BS ON 72.61+0.77 3.34+0.52 19.46+0.90 1.19£0.05
(n-6)
Male (n-3) ON 73.06+0.54 3.04+0.18 20.25+0.46 1.20+0.03
Female (n-3) ON 72.17+0.75 3.64+0.59 18.68+0.21 1.17+£0.07
Shoulder
Group Water Fat Proteins Minerals
BS ON 74.51+1.51 4.36+0.25 18.62+0.33 1.10+0.05
(n-6)
Male (n-3) ON 75.83£0.40 4.24+0.08 18.55+£0.43 1.11£0.06
Female (n-3) ON 73.20+0.73 4.49+0.31 18.70+0.23 1.10+0.04
Thigh
Group Water Fat Proteins Minerals
BS ON 71.89+0.60 2.46+0.25 21.28+0.61 1.16+0.04
(n-6)
Male (n-3) ON 71.92+0.79 2.42+40.15 21.72+0.58 1.194+0.03
Female (n-3) ON 71.87+0.46 2.50+0.35 20.84+0.15 1.14+0.03

X - mean, Sd - standard deviation; number of pieces = 3

The fats contents on the back of the males
are 3.04 % and in females 3.64%. The average
content of fats on the back with all rabbits is
3.34%. The content of fats on the shoulder
of males is 4.24% and in females 4.49%. The
average content of fats on the back with all
rabbits is 4.36%. The fats contents in the thigh
of males are 2.42% and in females 2.50%. The
average content of fats in the thighs with all
rabbits is 2.46%.

The content of proteins on the back of the
males is 20.25% and in females is 18.68%. The
average content of proteins on the back with all
rabbits is 19.46%. The composition of proteins
on the shoulder part of the males is 18.55%
and in females 18.70%. The average content
of proteins on the shoulder with all rabbits is

18.62%. The composition of proteins on the
thighs of the males is 21.72% and in females
20.84%. The average content of proteins in the
thighs with all rabbits is 21.28%.

The minerals on the back of the males are
1.20% and in females is 1.17%. The average
content of minerals on the back with all rabbits
is 1.19%. The minerals on the shoulder of the
males are 1.11% and in females is 1.10%. The
average content of minerals on the shoulder
with all rabbits is 1.10%. The minerals on the
thighs of the males are 1.19% and in females is
1.14%. The average content of minerals on the
thighs with all rabbits is 1.16%.

In our research the composition of the
proteins is the highest on the thighs of the
males 21.72% and the least is on the shoulder
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part of the males 18.55%. The composition of
the water is the highest on the rib part of the
males 75.83% and the least is on the thighs of
the males 71.87%. The content of the fats is the
highest on the rib part of the females 4.49% and
the least is on the back of the females 2.42%.
The composition of the minerals is the highest
on the back of the females 1.20% and the least
on the rib part of the females 1.10%.

Baiomy & Hassanien (2011) did a research
of the chemical content on the meat of New
Zealand white rabbits, in which they have
conducted the average content of proteins
20.35% (male / female — 20.06% / 20.01%), water
(male / female — 69.9% / 70.03%), minerals 0.99
% (male / female - 1.01% / 0.96%), fats 7.87%
(male / female - 7.99% / 7.75%).

The results that we have conducted
regarding the chemical contents are
corresponding with the results that have been
conducted by the rest of the authors (Dalle

Zotte et al. 1996; Hernédndez et al. 1998; Gondret
et al. 1998; Nizza & Moniello 2000; Metzger et al.
2003; Wood et al. 2003; Pascual et al. 2004; Polak
etal. 2006, Ali 2007; Chrenek et al. 2012; Nistor et
al. 2013; Belichovska et al. 2017). The mentioned
authors determined average composition of
water between 60 and 76%, proteins between
18 and 25.0%.

In addition to this, regarding the gender,
males have more composition of water, proteins
and minerals than females but the composition
of fats is bigger in females. Our provided fact
corresponds with the results conducted by the
other authors (Dalle Zotte et al. 1996; Polak et al.
2006, Ali 2007).

In opposition to this, Baiomy, AA. &
Hassanien H.H.M. (2011) claim that the
composition of proteins, fats and minerals in
male New Zeland rabbits is bigger than the
ones in females.

Table 2. Microbiology (24 h post mortem) (Total bacteria (Bacillus) number) in three parts (back, shoulder
and thigh) of male and female rabbits

Microbiology (24 h post mortem) (Total bacteria (Bacillus) number)
Group Shoulder Back Thigh

(log CFU/qg) (log CFU/qg) (log CFU/qg)

BS ON 2.44+0.12 2.47+0.17 2.58+0.08
(n-6)

Male ON 2.44+0.06 2.39+0.06 2.56+0.03
(n-3)

Female ON 2.44+0.19 2.55+0.24 2.59+0.13
(n-3)

X —mean, Sd - standard deviation; number of pieces = 3

In meat parts, not found bacteria of the
following types: Clostridium, Staphylococcus,
Proteus, Escherichia.

Table 2 shows that the back part,
the shoulder part and the thighs of the

examined rabbits are not contaminated with
microorganisms, which leads to the fact that
the slaughter and the primary processing of the
rabbits is done in strictly prescribed hygienic
conditions.

Table 3. Sensory analysis of male and female rabbits.

Sensory analysis
Group Colour After-taste Smell Mouth Softness Juiciness
of rabbit feeling
flavor
BS ON 7.90+0.85 7.95+0.89 7.75+0.97 8.40+0.99 7.60+0.75 6.75+0.72
Male ON 8.30+0.95 8.40+0.97 8.10+1.10 | 8.30+1.34 | 7.33+0.88 6.67+0.88
Female ON 7.56+0.53 7.44+0.53 7.44+0.70 | 8.44+0.53 7.90+0.48 6.90+0.52

X —mean, Sd - standard deviation; number of pieces = 3
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The average sensory values of rabbits are
between 6.75 (juiciness) to 8.40 (mouth feeling).
The sensory analysis determines that the males

have more intensive color, taste and smell in
opposition to the females with are softer and
juicier.

CONCLUSIONS

Based on results of investigation of
chemical, microbiological and sensory
characteristics in different parts of meat of
Flemish giant rabbit and New Zealand white
rabbit, it may be concluded as follows:

Male rabbits in opposition to female
rabbits have bigger composition of water,
proteins and minerals, meanwhile females have
bigger content of fats.

Male rabbits have more intensive color,
taste and smell in opposition to the females
with are softer and juicier.

No bacteria are found from the following
types of Clostridium, Staphylocoscus, Proteus,
Escherichia. The total number of bacteria
(bacillus) showed very low values.

The hygiene conditions in which the course
of this experiment was flawless.
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Pesume

BnujaHreTo Ha MONOT MaLLKW/XEHCKM Ha XEMUCKNOT, MUKPOOVONOLKMOT U CEH30PHMOT COCTaB 6ea e Ha
aHanm3a. Kako maTepuijan 3a oBa NCTpaXKyBakbe HM MOCNYXNMja XMbpuan Ha BKPCTEHW eAUHKN Of T.H. 6eNrnckn
opwujalun 1 HoBO3enaHACKN 6enu 3ajaum (OH), Kon 6ea xpaHeTn af NMOUTYM CO UHAYCTPUCKM NeneTmpaHa
XpaHa. Bo nuctpakyBarbeto 6ea ondaTteHun WeCT 3ajaun 1 Toa TPM MaLKK 1 3 Tpu XKeHcKku. JedurHrpaHaTta
XnBa maca og 1800 go 2500 g 3ajauuTe ja nocTUrHaa 3a 77 AeHa, No LWTO Ce U3BpLIN KoneweTo. Bo Tpygot
Ce M3HeCeHW pesynTaTuTe Off UCTPaXKyBatEeTO Ha XEMUCKNOT, MUKPOOMOOWKNOT U CEH30PHMOT COCTaB Ha
MecoTo of 3ajauun. MNpoceyHnoT ygen (n-6) Ha CcoapXKMHaTa Ha BoAa BO OyToT, niewkata v rpb6ot 71,89% /
74,51% / 72,61%, coppxunHaTa Ha npotenHn 19,46% / 18,62% / 21,28%, cogpxnHaTta Ha mactu 3,34% / 4,36%
/ 2,46%, cogpunHaTta Ha muHepanHuTe matepun 1,16% / 1,10% / 1,19%. Bo genosute og meco o 3ajauu He
ce NpoHajaeHn 6akTepun og cnegHute pogoswu: Clostridium, Staphylococcus, Proteus, Escherichia. MpoceyHnoT
MUKPOBMOOLWKM cocTaB (24 yaca post mortem) Ha BKYNHMOT 6poj Ha 6akTepun (bacillus) ce puxm of 2,44 no
2,58 (log CFU/g). MawkuTe 3ajaum ce NOTBPAW, CO MOVHTEH3UBHA 60ja, BKYC U MUPUIC.

KnyuHu 360poBu: 3ajayu, xubpudu, xeMUCKU, MUKPOBUOJIOWKU, CEH30peH cocmas.
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Abstract

In the experimental field of the Agricultural Institute, Stara Zagora, on meadow - cinnamon type soil, an
experiment with a medium - late maize hybrid Antalya 450 from FAO in case of disturbed irrigation regime was
conducted. It was found that the optimally irrigated variant with three irrigations yields an average yield of
1607 kg/dry biomass, which is 20.0% higher than the yield obtained from the non-irrigation variant. With the
cancellation of the second irrigation the yield of dry mass decreases by 7.6% compared to the optimal variant,
and with the cancellation of the first irrigation the losses of dry biomass reach respectively 12.3% compared
to the control variant. The effect of the application of disturbed irrigation regime is highest when canceling
the first watering irrigation (K = 0.93) and the lowest values are for the variant with cancellation of the second
irrigation (K= 0.57).

Keywords: maize, irrigation, productivity, dry biomass

INTRODUCTION

The great potential of corn for high yields,
the high energy value of the feed obtained from
it, and its easy preservation by silage impose it
as a major source of bulky feed for ruminants
(Stoycheva, 1., 2015). studies for growing corn,
with optimal and insufficient security, but they
are mainly for grain production (Matev, 2001;
Matev et al, 2013; Kalaydzieva and Matev
2011; 2012; Georgieva et al., 2014; Glogova
and Nankov, 2006; Stoyanova, 2007; 2009).
A number of studies have been conducted
with corn for silage under irrigated conditions,

but mainly to study the various agrotechnical
factors on its productivity (Videva,et al., 1993;
Kertikova and Kertikov, 2011;). There is little
and insufficient research in connection with
the cultivation of silage corn in the conditions
of water deficit, which in the coming years will
increasingly accompany the cultivation of corn
in our country. The aim of the present study is
to establish the productivity and efficiency of
water in case of disturbed irrigation regime of
maize for silage grown as a main crop.

MATERIAL AND METHODS

The study was conducted in the period
2014 - 2016 in the experimental field of
the Agricultural Institute, Stara Zagora on
meadow - cinnamon soil with medium-late
maize hybrid Antalya 450 from FAO. The soil
in the experimental field is characterized by
the following water - physical properties: FC
- 26.57%, coefficient of wilting (KZ) - 18.19%,

porosity - 47% and bulk density - 1.45.Thetillage
and sowing of corn for silage were carried out in
the optimal agro-technical term for the region.
The application of nitrogen fertilizer was carried
out in phase 3 - 5 leaf of the culture. During
the vegetation we fought against annual and
perennial weeds with the herbicides Mistral
Opti 240SK in a dose of 21 ml / da and Casper
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55VGinadose of 30 g/ daapplied in the culture
phase of 3-5 leaves. During the vegetation we
performed manual hoeing and shaping of
the furrows for irrigation. The study includes
the following variants of disturbed irrigation
regime: lime.1 Without irrigation - control, lime.
2 Optimal irrigation by three watering cans.3

Irrigation as lime. 2, but with the abolition of the
first irrigation.4 Irrigation as lime.2, but with the
abolition of the second irrigation.5 Irrigation
as lime.2, but with the abolition of the third
irrigation. Mathematical processing of the data
was performed by software product ANOVA.

RESULTS AND DISCUSSION

The productivity of maize for silage
depends both on the agro-technical measures
and on the meteorological conditions of the
years. Of essential importance for maize is the
amount of precipitation that fell during the
months of active vegetation (VI - VIII). Figure
1 shows the sum of precipitation by months,
years and total for the study period. In terms
of rainfall, the months of June and July 2014,
which have a significant contribution to the
formation of maize yields, are characterized as
moderately wet, and August is a wet month,
with P&, 47.2%, 33% and 2%, respectively,
For 2015 the provision of precipitation for the

months of June, July and August is P - 4.7%,
89.8% and 62.4%, ie June is humid, July is dry,
and August is an average dry month. For 2016,
the month of June is covered by P - 50%, for July
- 95% and for August - 90.1%, ie June is wet, and
July and August - dry months. During the three
experimental years the amount of precipitation
was unevenly distributed. Most precipitation in
the period May-September fell in 2014 - 385.9
mm and compared to the same months of the
multi-year period this amount is higher by 134.2
mm. In 2015, the amount of precipitation was
29.8 mm higher, and in 2016 18.4 mm lower
than the average for the multi-year period.
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Figure 1. Sum of rains, mm

The sum of the average daily air
temperatures during the study years did not

differ significantly from those of the multi-year
period (Fig. 2)
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In determining the effect of the application
of the studied variants with the cancellation of
irrigation, if it is proved necessary by changing
the obtained yield of dry mass compared to the
non-irrigated variant, it is established that in
lime. 2 (optimal irrigation) the increase of the
yield is 20.0% (Table 1) In the variants irrigated
together with lime. 2, but with the abolition of
irrigation, the largest increase in the amount of
yield is observed in option 3 (with the abolition
of the first irrigation) - 12.3%. For the variants
with cancellation of the second and third
irrigation, respectively, the yield increases by 7.6
and 9.1%, respectively, compared to the control
variant.

When comparing the yields obtained in
the individual variants with the yield obtained
from the optimally irrigated variant, it is found
that the weakest reduction of the yield from dry
mass of corn is in the variant with cancellation
of the first irrigation (var.3), respectively -
6.4%. In the variants with cancellation of the
second and third irrigation (var4 and var.5)
the yield of dry mass decreased by 10.3% and
9.1%, respectively. The strongest decrease in
yield - 16.7% is observed when growing Sudan
without irrigation.

When analyzing the productivity indicator
per 1 m3 of irrigation water, it turns out that as
the number of irrigations decreases, so does
the productive use of water. On average for the
vegetation period of corn from one cubic meter

of water is obtained from 6.02 to 8.45 kg/da dry
biomass. The highest values of this indicator are
obtained atlime 3, respectively 8.45 dry biomass.
In second place is the option with the abolition
of the third watering - lime 5., respectively
8.21. When irrigating maize without a second
irrigation (var. 4) the productivity of 1 m3 of
irrigation water of the vessel reaches 8.10 kg /
da dry biomass. Last in terms of productivity per
1 m3 of water is the optimally irrigated option
2, in which 6.02 kg of dry mass is obtained from
each cubic meter of water.

The efficiency of the application of the
different irrigation regimes can be expressed
by the indicator - coefficient of the irrigation
norm K, which represents the ratio between
the increase of the yield (compared to the
variant without irrigation) and the size of the
realized irrigation norm. In case of variation
with cancellation of the first watering K is 0.93,
i.e. each cubic meter of water provided an
additional yield of dry biomass of 930 g.

In the case of optimally irrigated variant
2, the values of the efficiency coefficient of the
irrigation norm are 1.00. In case of cancellation
irrigation, respectively of the second and third
irrigation, the values of the coefficient are 0.57
and 0.69, respectively. each cubic meter of
water provided an additional yield of 570 g dry
biomass when canceling the second irrigation
and 690 g dry biomass when canceling the third
irrigation.
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Table 1. Efficiency and productivity of irrigation water for 2014 - 2016

M m¥|Yield|+/-yield|+/- yield in|+/- yield in|Productivity | Coefficient of
da d r ylk g/ d a|%compared|%compared|of 1m*water | efficiency of
m a s s|compared |tovar.l var.2 in kg /m? the irrigation
kg/ da norm
tovar. 1
Variants (K).
1.Without irrigation |- 1339 - 100 83,3 - -
(control)
2.0ptimalirrigation | 267 1607 268 120.0 100 6.02 1.00
- three watering
3.With the abolition | 178 1505 166 112,3 93.6 8.45 0.93
of the | watering
4.With the abolition | 178 1442 103 107.6 89.7 8.10 0.57
of the Il watering
5.With the abolition | 178 1462 123 109.1 90.9 8.21 0.69
of the Ill watering
Great differences
(GD) % 5%- 3.791
; 1%-5.182 ; 0.1%-
7.038 kg/da
CONCLUDING REMARKS

During the study period 2014 - 2016, the
optimally irrigated variant with three irrigations
yielded an average yield of 1607 kg/da dry mass,
which is 20.0% higher than the yield obtained
from the variant without irrigation.

With the cancellation of the second
irrigation the dry mass yield decreases by 7.6%
compared to the optimal variant, and with the
cancellation of the first irrigation the losses of
dry biomass reach respectively 12.3% compared
to the control variant.

The productivity of one cubic meter
of irrigation water in the optimally irrigated
variant is 6.02 kg / m3. The highest values of
this indicator are obtained for the variant with
cancellation of the first irrigation - 8.45 kg /m?3

The effect of the application of disturbed
irrigation regime is highest in the cancellation
of the first irrigation (K = 0.93), and with the
lowest values is in the variant with cancellation
of the second irrigation (K= 0).
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NPOAYKTUBHOCT N EOMKACHOCT BO HAPYLUEH PEXXM HA HABOAHYBAE HA MYEHKA
3A CUJNTAXKA KAKO INABHA KYJNITYPA
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Pe3sunme

Bo ekcneprmeHTanHOTO nosne Ha 3emjogenckmnoT UHCTUTYT, Ctapa 3aropa, Ha NoyBa of TUNoT

Ha NMBaja - LMmeT, 6ellie CpoBeeH eKCNEPUMEHT CO CpeHO-AoLHaTa XMbpuaHa nueHKa aHmanuja
450 opg ®AO co HapylleH peXxum Ha HaBogHyBare. OTKpPMEHO e ieKa ONTMMasHO HaBOAHYBaHaTa
BapwujaHTa Cco TPy HaBOAHYBaha AaBa npoceyeH npuHoc og 1607 kg / cysa 6romaca, wto e 3a 20,0%
noronem of NPUHoOcOT aobreH of BapujaHTaTa 6e3 HaBoaHyBare. CO OTKaXKyBaHheTo Ha BTOPOTO
HaBOAHYBake, NPUHOCOT HA CyBa Maca ce HaManyBsa 3a 7,6% Bo cnopefiba co onTumasiHaTa BapurjaHTa,
a Co OTKaXyBaHeTO Ha NPBOTO HaBOAHYBakbe 3arybuTte Ha cyBaTa b1omaca JOCTUIHYBaaT COOABETHO
12,3% BO cnopepfba coO KOHTPONHaTa BapujaHTa. EQeKToT of npumeHaTa Ha HapylueH pexum 3a
HaBOZHYBaHE € HajronemM Npu oTKaXkyBarbe Ha NPBOTO HaBOAHYBame 3a HaBogHyBame (K =0,93), a
HajHUCKMTE BPEAHOCTM Ce 3a BapmjaHTaTa CoO OTKaKyBahe Ha BTOPOTO HaBoAHyBame (K=0,57)

KnyuHun 360poBu: nyeHkd, HABOOHy8drbe, NPOOYKMUBHOCM, Cyga buomaca.

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 19, No. 1, pp. 17-21
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Abstract

The research was conducted in 2015 and 2016, at 11 oats genotypes in terms of organic production.
Three of the studied genotypes were domestic populations: Krivogashtani, Trebenishta and Kuchevishte. The
rest were introduced varieties, including Rajac, Slavuj and Lovken from Serbia and Kupa, Baranja, Eksplorer,
Shampionka and Istra from Croatia.

On average, for both years, the variety Shampionka had the highest protein content (14.80%), which
indicates that the grain has a high nutritional value. There is a statistically significant difference between the
examined genotypes. The percentage of fat in oats, grown organically, in both years of research is statistically
different at different genotypes. On average, in both years of research, the fat content ranged from 2.31%in the
populationTrebenishta, up to 4.47% in the population of Krivogashtani. The variety Baranja is with the highest
ash content in the grains (4,35%) in average, for the period of research. In the same group a, is ranked variety
Shampionka, with 4.30%. Between genotypes there is a statistically significant difference. For the period 2015-
2016, all examined genotypes belong to group a, that is, all varieties and populations contain high cellulose
content. Given that the property cellulose content is negatively correlated with the quality of oats, in plant
selection, varieties with lower cellulose content are more important. Analysis of variance for the quality of oats
grain shows that the content of protein, fat and ash values are relatively constant in the years of the research.
The conditions in the years of research had a weaker effect than the genotype. The strength of the genotype is
65.06%, 67.06% and 72.04%, respectively. The properties content of protein, fat and ash are strongly influenced
by the genotype while the cellulose content is strongly influenced by the year.

Keywords: variety, population, proteins, fats, ash, cellulose

INTRODUCTION

Oat (Avena sativa L.) is one of the oldest
cereal crops grown as a stand-alone crop due
to its high commercial qualities. It has a high
protein content, with balanced amino acid
composition (Moudry,1992; Nikolic et al., 1989;
CnacoBa, 2008), unlike other cereals, a favorable
relationship between nutritional properties
and high digestibility, which make oats an
indispensable concentrated fodder in the diet
of domestic animals.

The agricultural relevance of oats is due to
the quality of the grain and the low demands
on cultivation conditions, so it can work well in

areas where other cereals produce low yields
(Spasojevic et al., 1984). With the development
of the food industry and the growing need
for healthy and dietary foods, the importance
of oats for people’s balanced nutrition has
increased. The oats breeding tends towards the
creation of higher yielding varieties, but also
requires some irreplaceable grain properties in
relation to the production of valuable food and
nutritional products (CaBoBa, 2007; [eoprues et
al., 2003).

Oat grain has features not found in other
cereals. These include: high fat content, proteins
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with balanced amino acid content (Moudry,
1992, Yeoh and Watson, 1981; Frey and Colville,
1986), fibers with high content of beta gluten
(Wood, 1986; Sterbia and Moudry, 2001).

Grainishighinquality proteinand therefore
in the food industry a range of easily digestible
products of high nutritional value, such as oat
flakes, semolina, oat flour is produced from the
oat grains (Antonova et al. 2000).

Many authors examine the content of
these valuable constituents in the oat grain
and conclude that the content varies with
the variety and conditions of crop cultivation
(Saastomoinen et al.,, 2004; Yeoh and Watson,
1981; Sterbia and Mourdy, 2001).

Oats are one of the most suitable cereals
for organic production (Spasojevic et al., 1984).
This is consistent with studies of other authors
(Lockeretz et ., 1981) that examining varieties of
oats in terms of organic production, discovered
that oats is very suitable cereal for organic
production, considering the high yields they
have received, which ranged from 4 to 5t/ ha.

The aim of our research was examining
the chemical properties of oat grain in terms
of organic production, which would allow to
determine the importance of varieties in human
nutrition and their recommendation in modern
culinary and food technology.

MATERIAL AND METHODS

Field trials were set up on the experimental
field of Faculty of Agriculture, University “Goce
Delchev’, in Strumica, during 2015 and 2016,
and laboratory examinations were performed
in the laboratories of the Faculty of Agriculture.

Eleven oat genotypes were analyzed. Three
ofthe populations were domestic: Krivogashtani,
Trebenishta and Kuchevishte. The rest introduced
varieties were from abroad, including Rajac,
Slavuj and Lovken from Serbia and varieties:
Kupa, Baranja, Eksplorer, Shampionka and Istra
from Croatia.

The experiments were set up in three
repetitions, arranged by the random block
system method, with its basic parcel of 5m?.

The distance between the variants was 0,50
m, and between repetitions 1 m. The distance
between rows was 20cm. Seed rate of 550
grains per Tm? was used. Basic soil tillage was
performed at a depth of 35 cm. Prior to sowing,
additional processing and fertilization with 30
t/ha biofertilizer was performed, in accordance
with the organic production regulations.

Prior to harvest, Tm? material was taken
from each plot for laboratory analysis, to
analyze the chemical properties of oat grains
that determine grain quality. The chemical
properties of the grain were determined by the
following methods:

e Cellulose: Intermediate Filtration
Method (ISO 6865: 2000). Animal feed -
Determination of raw fiber content;

e Protein: Cerealsandlegumes-Determination
of nitrogen content and calculation of crude
protein content according to the Kjeldahl
method (ISO 20483: 2006);

e Ash: Cereals, legumes and by-products -
Determination of ash content by incineration
(ISO 2171: 2007);

e Fat: Animal feed - Determination of fat
content (MKS ISO 6492: 2012).

Statistical analysis of the results was
performed by the method of variance analysis
and Principal Component Analysis, using the
JMP programme.

RESULTS AND DISCUSSION

Protein content

Oat grain is rich in high quality protein
and therefore in the food industry a range of
easily digestible products with high nutritional
value, such as oat flakes, semolina, oat flour is
produced (Antonova et al. 2000).

Among the constituent components of
oats, protein concentration is often ranked as

the highest because of its importance in the
diet.

On average, for the two years, the variety
Shampionka has the highest protein content
(14.80%), indicating that the grain is of high
nutritional value (Tab. 1). There was a statistically
significant difference between the examined
genotypes.
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Fat content

Oat grains have more favourable fat
composition than other cereals, since most
triglycerides in fatty acids consist of oleic and
linoleic acids. Oat grains are relatively rich in
fat than other cereals and can vary from 3% to
11% by weight of different varieties, with lines
containing up to 18% fat (Frey and Holland,
1999).

Among genotypes, the variance, in average
for the test period is higher. The coefficient of
variation (Tab. 1) is 19.37%. Compared with
the CV% of other properties it becomes clear
that only in fat the percent of variation is more
severe.

On average, for the two years, the variety
Krivogashtani has the highest fat content
(4.47%), indicating that the grain is of high
nutritional value (Tab. 1). The results of our
examinations match the examinations of Frey
and Holland, 1999. There was a statistically
significant difference between the analyzed
genotypes.

Ash content
Oatgraininterms of dry matter, on average,
contains 10-13% protein, 58-65% starch, 4.2 -

5.5% fat, 11.6 - 14% raw fiber, 1.4 - 2% sugar and
3.2-3.8% ash (Pospisil, 2010).

Regardless of the year of examination, the
best genotype from the analyzed ones, with
the highest ash content, showed the variety
Baranja, and with the lowest variety Istra.

On average, for the research period, the
variety Baranja have the highest ash content
of 4.35% (Tab. 1). Along with her in the group
a is also the variety Shampionka with 4.30%
ash. There is a statistically significant difference
between genotypes.

Cellulose content

The cellulose is located in the fruit and seed
layer in the amount of 10.0-11.50%. Its quantity,
above all, depends inversely on the size of the
grains and the climatic conditions of the area in
which it is grown (Bacunescku, 2004).

On average, for the period 2015-2016,
all genotypes studied belonged to group
a, ie all varieties and populations contain a
high content of cellulose (Tab.1). Given that
the property cellulose content is negatively
correlated with the quality of oats, in plant
selection, varieties with lower cellulose content
are more important.

Table 1. Chemical composition of oats grown organically for the period 2015-2016.

Protein content Fat content Ash content Cellulose content
Varieties / Populations
(%) (%) (%) (%)

Krivogashtani 13.75 ab 4.47 a 3.90 ab 1495 a
Trebenishta 13.25b 231c 3.90 ab 17.55a
Kuchevishte 13.50 b 3.65ab 4.00 ab 21.15a
Rajac 13.65b 3.80 ab 3.75b 23.15a
Slavuj 13.75 ab 3.48 abc 3.95ab 19.70 a
Lovken 12.85b 3.53 abc 3.90ab 21.85a
Kupa 1295b 2.61 bc 375b 19.50 a
Baranja 13.05b 2.81 bc 4.35a 3.20a
Eksplorer 13.60 b 2.64 bc 3.95ab 19.85a
Shampionka 14.80 a 3.12 bc 4.30a 17.80 a
Istra 13.65b 3.23 abc 3.20c 15.00 a

Mean 13.53 3.23 3.90 19.46

LSD 1.1 1.27 0.52 16.01

CV% 3.69 19.37 6.15 37.42

LSD - Least Significant Difference; CV - Coefficient of variance
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The analysis of variance for the quality
of oat grains in the period 2015-2016 is given
in Table 2. Figures show that the properties
protein, fat, and ash contents have relatively
constant values over the years of research.
For them, the conditions of the year had less
influence than the genotype. Genotype strength
was 65.06%, 67.06% and 72.04%, respectively.
The three features were also influenced by
the interaction between genotype and the

conditions of the year. Interaction ranges from
19.07% in ash content to 27.12% in fat content
(Tab. 2). The property, cellulose content, unlike
other properties, was strongly influenced by
the conditions of the year, with the strength of
the year factor being 69.12%. Genotype also
influences the content of cellulose (n =21.64%),
while the interaction between the factors year x
genotype is low (n = 9.24%).

Table 2. Analyzes of the variance of grain quality in oats for the period 2015-2016.

Source of variation
Properties Genotype Year Interaction
MS n MS n MS n
Protein content 1.618™ 65.06 1.559™ 12.54 0.557™" 22.39
Fat content 2.292™ 67.06 0.994™ 5.82 0.927" 27.12
Ash content 0.549™ 72.40 0.549™ 8.53 0.145™ 19.07
Cellulose content 45.570™ 21.64 759.584™" 69.12 20.312™ 9.24

MS - mean squares; n - effect of factor; *** - P<0,001

In order to get a clearer picture of the
general variation between the properties that
determine the quality of oat grain, Principle
Component Analysis, was performed. The
results of the analysis are presented in Table 3
and Figure 1.

In 2015, two main components with
eigenvalue higher than 1,00% were separated.
The first main component accounts for 48.09%
of the total variance, and the second with
27.51% of the total variance.

The cumulative percentage of both
components was 75.60% of the total variation.

It is relatively high and the model can explain
much of the variation in properties.

In 2016 there were also two main
components with a eigenvalue higher than 1%.
The first main component accounts for 41.76%
of total variance. The second component has a
load limit value of 1.22 and accounts for 30.57%
of the total variation of properties.

On the average, for the research period,
two main components were also extracted and
respectively for the two years, the cumulative
percentage of the two components was 70.90%
of the total variation (Tab. 3).

Table 3. Component vector analysis of the analyzed properties by years and average for the period 2015-

2016.
*E 2015 year 2016 year Mean for the period 2015-2016
Sl 02 | sz |28 | & |sz || % sz |&%
S S %5 | B2 S £EEs|BE25] S 25| B2
o c T8 | 368 c 82|38 c T8 | 368
5 o T & EL g t &5 |E¢% o o & E £
| & | &% |38 g (€% |38 | & | €% |38
1.92 48.09 48.09 1.67 41.76 41.76 1.61 40.21 40.21
1.10 27.51 75.60 1.22 30.57 72.33 1.23 30.69 70.90
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The Figure 1 shows a grain quality
projection of the analyzed oat varieties. The
positive quadrant of the projection contains
protein and fat content, indicating that there are
varieties in the test group with high values. The
vectors of these two indicators draw an acute
angle, which proves the positive relationship
between them. A positive relationship exists
with the other two indicators characterizing the
quality of the grain - ash content and cellulose
content. Their vectors are in the negative
quadrant of the plane and show that they are
negatively related to protein and fat content

and their value depends on the conditions of
research. The genotypes Shampionka, Slavuj
and Krivogashtani have the best combination
of values according to the studied indicators.
They are located in the positive part of the plane
close to the vectors of protein and fat. Istra is
also a variety with good quality indicators, but
the location in the lower positive quadrant
also indicates a dependence on environmental
conditions. The greater number of varieties is
located close to the cellulose vector, indicating
that they have high values for this indicator.

gf
y
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AC - Ash content; CC - Cellulose content; PC - Protein content; FC — Fat content

Figure 1. Projection of quality of oat varieties average for the test period of study.

CONCLUDING REMARKS

Based on two years of research and the
results of the chemical composition of oats
grown in organic production we can conclude
that:

«  On average, for the two years, the variety
Shampionka has the highest protein
content (14.80%), indicating that the grain
is of high nutritional value. There was a
statistically significant difference between
the examined genotypes.

«  On average, for the period 2015-2016, the
fat content of oats grain is highest in the
genotype Krivogashtani (4.47).

«  On average, for the research period, the
variety Baranja has the highest ash content
- 4.35%. Along with it in the group a is

also the variety Shampionka with 4.30%.
There is a statistically significant difference
between genotypes.

«  On average, for the period 2015-2016, all
genotypes studied belong to group a, i.e.,
all varieties and populations contain high
cellulose content. Given that the property
cellulose content is negatively correlated
with the quality of oats, in plant selection,
varieties with lower cellulose content are
more important.

« The properties content of protein, fat
and ash are strongly influenced by the
genotype while the cellulose content is
strongly influenced by the year.
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KBAJINTETHU CBOJCTBA HA OBECOT OAINIEAYBAH BO YCJIOBU HA OPFTAHCKO
nPOU3BOACTBO

Oparvua CnacoBa', lapuHa BanueBa?, bunjaHa AtaHacoBa', AgpujaHa bypoBcka’,
OywaH Cnacos', Mute UnueBckn'
'3emjodencku ¢pakynmem, YHusep3umem ,foye [enyves ’; LLImun, yn. Kpcme Mucupkos 10-A, 2000 Limun,
Peny6nuka CesepHa MakedoHuja
2MiHcmumym 3a 3emjodenue, 8400 KapHobam, Penybnuka byzapuja
*KoHmakm-aemop: dragica.spasova@ugd.edu.mk

Pesunme

WcTpaxkyBareTo e cnposefeHo Bo 2015 1 2016 roguHa, Ha 11 reHOTMNOBM OBEC BO YC/IOBM Ha
OpraHcKo Npoun3BoAcTBO. Tpn o MCNNTYBaHUTE FeHOTUMOBU Ce AOMALUHV MONyNaLMn: KpUBOraluTaHu,
TpebeHunwWwTa 1 KyyesmwuTe. OcTaHaTUTE 8 Ce MHTPOAYMPAHM COPTU, 1 TOa: Pajall, ClaByj 1 IOBKEH Of
Cp6uja n Kyna, 6aparba, ekcniopep, WaMnroHKa U CTpa of XpBaTcka.

Bo npocek, 3a AgBeTe rogMHW Of WCAUTYBaweTO, COpTaTa LIAMMNUOHKA MMalle Hajronema
copgpXurHa Ha npoteuHu (14,80%), WTO yKa)kyBa [eKka 3pPHOTO MMa BMCOKA XpaH/MBa BPeOHOCT.
MocTon CTaTUCTUYKM 3HayajHa pa3nuKa Nomery UCNMTyBaHUTE reHOTUNOBU. [TPOLIEHTOT Ha MacTh
BO OBECOT, OPraHCKu oArneayBaH, BO ABETE rOANHN Ha UCTPaKyBarbe e CTaTUCTUYKN Pa3fiNyeH Kaj
NCNUTYBaHNTE reHOTUNOBU. BO npocek, BO ABeTe roAnHN Ha UCTPaXKyBame, COAPXMHATa Ha MacTu
ce geumxelue of 2,31% kaj nonynauujaTta TpebeHnwTa, fo 4,47% Kaj nonynawuvjata KpUBOraLITaHW.
CopTaTa Gaparba e Co Hajronema CogpXrHa Ha nenen Bo 3pHaTa (4,35%) Bo npocek, 3a nepuogoT
Ha UCTpaxyBarbe. Bo ncrarta rpyna a e paHrupaHa 1 coprtaTa WaMnuoHKa, co 4,30% nenen. MNomery
reHOTUMOBUTE MOCTOM CTAaTUCTMUYKM 3HayajHa pasnuka. 3a nepuogot 2015-2016 rogmHa cute
WCNUTaHM reHOTUNOBW NpunaraaT Ha rpyrnaTa a, O4HOCHO CUTE COPTY U MOMynaLuy Coap»KaT BUCOKa
coapurHa Ha uenynosa. Co ornej Ha Toa Aeka CBOjCTBOTO COAP»KMHA Ha Lienynosa € BO HeraTuseHa
Kopenaumja CO KBAJMTETOT Ha OBECOT, BO CeneKkumjata Ha pacTeHujata, MO3HaYajHU ce copTuTe
CO MOHMCKa COoApPXMHa Ha uenynosa. AHanm3ata Ha BapuvjaHCa 3a KBaNUTETOT Ha 3pHaTa of oBec
NOKaXXyBa JeKa coaprKMHaTa Ha NPOTeUHW, MaCHOTUWN W nenen e penlaTMBHO KOHCTaHTHa BO TeKOT
Ha roAvHNTE Ha NCTPa)KyBareTO. YCIIOBUTE BO FOAMHUTE Ha UCTPaXKyBakbe Umaa nocsiab epekt of
reHoTUMOT. JaumHaTta Ha reHoTnnoT e 65,06%, 67,06% 1 72,04%, cooaseTHo. CBOjCTBaTa, COAPKMHA
Ha NPOTEeNHM, MaCTU 1 Nenen ce NOA CUAHO BAIYjaHNe Ha reHOTUMNOT, I0AeKa COAPXKMHATa Ha Lenynosa
€ NnoJ CUJIHO BfINjaHMeE Ha BINjaHMETO Ha YCNIOBUTE Ha rOAMHATa Ha UCNUTYBame.

KnyuHu 360poBu: sapuemem, nonynayuja, npomeuHu, Macmu, nener, yesysao3d.
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